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Subject: B r i t i s h Co lumbia Molybdenum L im i t ed - Ore Reserves 

A t the o r a l request of M r . C . T . Penney, Genera l Manage r , B . C . 
M o l y , I v i s i t ed the property f r om November 5th through 11th to rev i ew 
B . C . Mo ly*s latest ore r e se r ve es t imates . These ore r ese rves were 
prepared as a p r e l i m i n a r y to determine whether an expansion of the oper­
at ion would improve i ts economic p rospec t s . 

S u m m a r y 

* The ore r ese rves have been r c - estimated both manua l l y and by 
computer to incorpora te recent d r i l l i n g resul ts and using costs which the 
m ine est imates would be attainable on a 12,800 T P D operat ion . A b reak­
even pit l i m i t increment was determined using a pit l i m i t cut-of f grade of 
0 .113% M o S ^ , va r i ab l e s t r ipp ing rat ios and a s tr ipping cost of $0.32 per 
ton waste . A pit l i m i t slope of 45° was used . Close agreement was 
reached between the manua l l y est imated and computer ized ore r e se r ves 
because the same d i s t r i bu t i on of values based on DDH assay resu l t s and 
geo log ica l pred ic t ions was used in both case s . The computer i zed ore 
r e s e r v e s a r e : 

119,419,326 tons at a grade of 0.181% MoS? wi th an o v e ra l l 
s t r i p ra t io of 1 .48:1 and a m i l l i n g cut-off grade of 0.113% 

of 0.207% M 0 S 2 and a s t r i p ra t io of 2 . 6 : 1 , us ing a m i l l i n g 
r n f - n f f crrxclf* n f 0 . 1 A 0 ^ M n S . t  

0 - - C • 

I checked the ore r ese rves by rev iewing the l eve l maps and 
sect ions and by manua l l y est imat ing the s tr ipping rat ios at the pi t l i m i t s 
on s i x sect ions and found that . wi th the parameters used , they are v a l i d . 
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OPINION 

I a m concerned about the inc lus ion of the deep ore (amounting to 
roughly 20 ,000 ,000 tons below the 1360* leve l ) , i n the posit ive ore r e s e r v es 
for the fo l lowing r easons : 

1. The s t r ipp ing cost of $0.32 per ton used i n the de terminat ion 
of the pit l i m i t increment i s , i n m y opinion, too low i n l i ght 

* of the cur ren t m in ing and str ipping costs of $0 .43/ton . 

2 . Inc l ined holes have shown that grade cut-offs w i th in the ore 
body are sharp and are v e r t i c a l . These inc l ined holes a re 
r e l a t i v e l y shal low and although deep d r i l l i n g has indicated 
that the ore body extends to depth, the d is tr ibut ion of values 
and the outl ine of the ore body, pa r t i cu la r l y below the 1360 r 

l e v e l , have had to be determined ma in ly by geological i n t e r ­
p r e ta t i on . Deep and sparse ly d r i l l e d ore reserves of this 
nature should be ca l l ed , f probable , f o r e . 

The p i t l i m i t cut-of f grade wajs der ived f rom the m ine ' s est imate of 
what the operat ing costs would be for a 12,800 T P D operat ion. Even i f the 
pa ramete rs used were v a l i d , the ore reserves would not be va l i d un t i l approva l 
has been given for the expenditure of funds on an expansion. F o r r epor t ing 
purposes for January 1970, i t i s recommended that the January 1969 ore r e s e r ­
ves , amended to take into account min ing dur ing the past y e a r , be u s e d . These 
ore r e s e r v es (1/1/69) were : 

Tons % M o S 7 

P o s i t i v e O r e , 0.16% M o 3 2 Cut-of f 37,792,000 0.23 
P robab l e O r e , 0.10% M o S 2 Cut-o f f 36,000,000 0.15 

To ta l O r e , 1/1/69 73,792,000 0.19 

Ore r e s e r v e s est imated by using a pit l i m i t break-even cut-of f grade 
inc lude an unknown quantity of ore which cannot support deprec ia t ion of the 
ex is t ing plant or deprec ia t ion of cap i ta l expenditures on new p lant . They 
cannot, the re fo re , be used n p e r s e n for expansion considerat ions , but mus t 
be broken down into m in ing per iods to re f lect the order in wh ich the ore w i l l 
be m i n e d . The most convenient way of developing these min ing per iods i s to 
compute ore inventor ies us ing a ser i es of a rb i t r a r y pit l i m i t cut-of f grades , 
e . g . 0 .24%, 0 .20%, 0 .16%, 0 .14%, 0 .12%, 0.10% and 0.03% M o S 2 , g iv ing 
r i s e to s e v e ra l essent ia l l y concentr ic p i t s . The highest cash flow p i t , i . e . , 
the one w i th the highest pit l i m i t cut-off grade w i l l be mined f i r s t fo l lowed by 
the one wi th next highest p i t l i m i t cut-off grade, and so on u n t i l the b r eak -even 
pi t l i m i t inc rement i s r eached . P r a c t i c a l operating slopes a re used i n a l l the 



pits except the l as t when the s lope i s steepened to an engineered safe s l ope . 
The contents of the ore inventor ies i n t e rms of dif ferent m i l l cut-of f grades 
w i l l be developed at the same t ime as the ore inventory i s deve loped. 

With ' the above data, fourteen f inanc ia l evaluations can be p r e p a r e d . 
In each eva luat ion , m i n i n g w i l l be i n the sequence of high cash f low pi t through 
i n t e r m e d i a r i e s to the b reak-even pi t and each evaluation w i l l inc lude the mos t 
financially a t t rac t i ve method of handl ing deprec ia t ion . The fourteen f inanc ia l 
evaluations would be based on: 

1. Two product ion ra tes - the present 6,400 T P D and an expanded 
opera t ion of 12,800 T P D . * 

2 . F o r each product ion r a t e , seven m i l l i n g cut-of f g rades , name ly 
0 .24%, 0 .20%, 0 .16%, 0 .14%, 0 .12%, 0.10% and 0 .08% M o S 2 . 

The evaluat ion which gives the highest net present value w i l l be the 
one wh ich ind icates future act ion i n the sense of whether an expansion is 
wor thwhi l e and what the m i l l i n g cut-of f grade should be . The ore inventory 
which prov ides the highest net present va lue , prov id ing the pa ramete rs used 
i n r espec t to product ion rate and m i l l cut-of f grade a re imp l emented , w i l l 
then become the ore r e s e r v es of the njiine. In the mean t ime , i t i s r e c o m ­
mended that the January 1969 ore r e se r ves updated for operations dur ing 1969 
be amended to January 1970 r e p o r t i n g . 

O R E R E S E R V E E S T I M A T E S 

The o re r e se r ves est imated both manual ly and by computer based on 
0.113% M o S 2 p i t l i m i t cut-of f and va r i ab l e s t r ipp ing ra t ios a r e : 

Tons Ore Grade Waste S . R . 

M a n u a l 1 2 9 , 6 4 1 , 4 0 0 1.180% M o S 2 223 ,378,000 1.72:1 
Computer 119,419,326 0 . 1 8 1 % M o S 2 176,927,436 1.48:1 

P a r a m eters 

In es t imat ing B . C . M o l y ' s ore r e s e r v e s , the pit l i m i t inc rement 
was de te rmined on the v a l i d bas is that, i n any open p i t , m in ing w i l l continue 
u n t i l such t ime as the m i n i n g and p rocess ing of an increment does not prov ide 
a cash f low. In this inc r ement the revenue f r o m a b lock of ore on sur face i s 
r e qu i r ed to cover operat ing c o s t s , through to s a l e s , inc lud ing i ts share of 
r ep lacement cap i ta l n e c e s sa r y to ma in ta in operations but exc luding deprec ia t ion 
of ex is t ing p lan t . The grade of this b lock i s the pit l i m i t cut-of f g rade . A 
b lock of o re at depth i s r equ i r ed to be of a higher grade such that the addi t ional 
revenue over and above that of a cut-of f grade b l o ck -w i l l cover the costs of 
s t r ipp ing necessa ry to expose i t for m i n i n g . 
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The pa ramete r s used i n both manua l and computer i zed r e s e r v e s were : 

U l t ima t e pit slope 4 5 ° 
M i n i m u m pit bottom width 120 1 

P i t l i m i t cut -o l f grade 0.113% M 0 S 2 

St r ipp ing cost $0.32 per ton waste 

"The u l t imate p i t slope i s conserva t i ve . Studies by M r . K . H . R ippe r e 
of M M D - E D indicate that the fo l lowing safe u l t imate pit slopes a re f eas ib le : 

4 9 ° i n the N E quadrant 
5 5 ° i n the S E quadrant 
60° i n the SW quadrant , and 
38° i n the NW quadrant . 

The m i n i m u m pit bottom width i s r e a l i s t i c . 

The c r i t i c a l pa ramete rs which affect the ore r e s e r v e est imate a re 
the pit l i m i t cut-of f grade and the s t r ipp ing cos t . 

P i t L i m i t Cut-o f f Grade 

The operat ing costs used for de termin ing the cut-of f grade are shown 
below together wi th B . C . M o l y ' s operat ing costs for J a n . - Sept . 1969: 

B . C . M o l y ' s Costs Costs Used for 
J a n . - Sept. 1969 Cut-o f f Grade 

$/ton ore $/ton ore 

M i n i n g (w/o str ipping) 0.453 (1) 0 .430 
Concent ra t ing 1.040 0.800 
G e n e r a l P l a n t 1.111 0.795 
Dep r e c i a t i on 0.656 0.107 (2) 
Sales @ $0 .059/ lb Mo 0.143 0.072 

$3,403 $2 ,204 

(1) Includes $0.02 per ton de ferred expense a m o r t i z a t i o n . 

(2) F o r r ep lacement cap i t a l of $500,000 per year on l y . 

The cut-of f gra-de used , 0 .113% MoS^ would y i e l d 1.22 lbs Mo/ton ore 
for sa le a ssuming a 90% m i l l r e c o v e r y at this grade . Revenue at $1 .80 per lb 
M o wou ld , the re f o r e , be $2,196 per ton ore which equates w i th the operat ing 
costs u s e d . 
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The costs used for the cut-*off grade are the m ine f s est imate for a 
m i l l i n g ra te of 12,800 T P D . The ore reserves developed a r e , the re fo re , on 
this one factor a lone , only sui table for a 12,800 T P D operat ion and could not 
be jus t i f i ed for the present product ion r a t e . 

F o r r epor t ing purposes the ore reserves should be based on the 
present product ion capac i ty and assoc iated c o s t s . 

S t r ipp ing Costs m 

The cost of s t r ipp ing used i n pit l i m i t determinations has a profound 
effect on the magnitude of the ore r e s e r v e s . A ton of ore which w i l l support 
four tons of s t r i pp ing at , say , 32£/ton of s t r ipp ing w i l l only support two tons 
of s t r i pp ing at 64£ per ton of s t r i p p i n g . 

It i s m y opinion that the s t r ipp ing cost of 32£/ton used i n the deter ­
m ina t i on of the ore r e s e r v e s , compared with the current s t r ipp ing cost of 
43£/ton, i s too l ow . 

I 
The use of a lower than current s t r ipp ing cost which is out of l ine 

w i th cu r r en t K C C prac t i c e wou ld : 

1. Be suspect i n the eyes of K C C ' s Management and a lmos t impos ­
s ib l e to defend. The f i r s t step i n determining the best course 
of act ion for B . C . M o l y and obtaining acceptance for such a 
course i s to develop ore r ese rves which are de fens ib le . 

2 . Include i n the r e s e r v e s , o re at depth which i s m ined toward the 
end of the l i f e of the mine and wh i ch , because of the t ime value 
of money has l i t t l e effect on the N P V . Th is o r e , i n any event, 
i s spa r s e l y d r i l l e d and i ts existence i s due a lmost ent i re l y to 
geo log ica l p r e d i c t i o n s . 

F o r the above reasons I recommend using a s t r ipp ing and m i n i n g 
cost of 43 £ per ton m a t e r i a l , a ssuming that higher future haulage costs w i l l 
be offset by future operat ing economies . Th is would fol low the p rac t i c e used 
i n the other D i v i s i ons where cu r r en t m in ing and s tr ipp ing costs a r e used for 
long-range ore r es erve ca l cu l a t i ons . % . . -w ~ * ' » - 1 

M a n u a l E s t i m a t i o n of Ore Rese r v es 

The ore r e s e r v e s were prepared manual ly by M r . E i don B r a y , 
C ^ ~. « r TP Z - 3 <~ — t * - t - •» im T~* T i l . _ . 4.1. - JP - .7 _ . 
w u ^ c i V A O V - / A u i i j u ^ i i i c c i x i i ^ emu. u c u i u g \ CLL. JL» • . x v i u x y . ± l i i e t a u u . u s e u v v d b 
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1. Sect ions of the ore body were p repared , f r om D D H assay 
in fo rmat ion and us ing judgment to delineate ore containing 
0 . 1 0 0 % - 0 .159%, 0.160% - 0 .239%, 0 . 2 4 0 % - 0 .319%, 
and + 0.320% M o S 2 together with waste below 0.099% M o S 2 . 
Inc l ined D D H ' s have indicated steep assay cut-off w a l l s , 
and this in fo rmat ion was used i n the sections to del ineate ore 
g rades . / 

L e v a l maps were prepared at 35 1 bench height in t e rva l s , 
containing co lor contours of the different-grades of ore and 
was te . 

A s t r ipp ing rat io graph was prepared (Exhibit 1) showing 
acceptable s t r i pp ing rat ios for the pit l i m i t inc rement against 
the grade of the o r e . F o r this purpose a pit l i m i t cut-of f 
grade of 0.113% M o S 2 (based on estimated operating costs 
for a 12,800 T P D operat ion of $2,204 per ton ore exc luding 
s t r ipp ing but inc lud ing depreciat ion of replacement capita l ) 
and a s t r ipp ing cost of 32£/ton was used . 

A n u l t imate pit s lope of 45° and a m i n i m u m 120 f p i t bottom 
width were used . 

5 . L e v a l maps of segments of t r i a l pits were drawn and the 
waste content compared wi th the c ntained ore g rade . By 
a p rocess of t r i a l and e r r o r an ore r ese rve was developed 
wh ich conformed wi th the s tr ipping rat io g raph . 

Computer E s t i m a t i o n of Ore Rese r ves 

Subsequently (Sept. 2 1 , 1969), the ore r ese rves were es t imated by 
computer us ing the fo l lowing pa rame te r s : 

1. Geo l og i ca l mode l and l e v e l maps as prepared m a n u a l l y . 

2 . A pit l i m i t cut-of f grade of 0.113% M 0 S 2 and a s t r ipp ing cost 
of $0.32 per t on . (Same as manual. } 

3 . A n u l t imate pit s lope of 45° and a m i n i m u m 120 1 p i t bottom 
w id th . (Same as manua l . ) 

3 . 

4 . 

B lo cks s i z ed 25 f x 25 ? x 35 f bench height. 
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The computer i zed ore r e se r ves a re : 

0 .113% M 0 S 2 P i t L i m i t Cut-of f f Var iab le Str ipping Rat ios 

M i l l Cutoff Tons Ore Grade Tons Waste S . R . 

0 .113% M o S 2 ,119,419,326 0.181% M0S2 176,927,436 1.48:1 
0.160% M0S2 82,656,800 0.207% M0S2 213,689,962 2.59:1 

These are i n c lose agreement with the manual est imates of ore 
r e s e r v e s , but , because the geolog ical mode l and interpretat ion of values 
were the same i n both cases , i t is s imp ly a tr ibute to the met icu lous accuracy 
and care used by M r . E ldon B r a y i n his manual computat ion. 

E X A M I N A T I O N O F O R E R E S E R V E S 

1. The f i l es contain a substantial amount of correspondence between 
M r . E l d o n B r a y and the S & E C C concerning D D H bea r ings , c o l l a r 
l o ca t i ons , depth of holies , etc . arid i t i s accepted that the in fo r ­
mat i on used i n this regard is c o r r e c t . 

2 . F o r check ing the ore r e s e r v e s , the graph showing supportable 
s t r ipp ing rat io v s . ore grade developed by the mine was used . 

3 . Us ing the u l t imate pit contour map (Exhibit 2) and sect ions of the 
ore body prepared by M r . E ldon B r a y , s i x sect ions were drawn 
showing the re la t i onsh ip of the ore to the ul t imate pi t on E104 ,500 ; 
E 1 0 5 , 0 0 0 ; E105 ,600 ; N106,800; N107,400 and N180,000 (Exhibi t 3). 
The p i t l i m i t s t r ipp ing ra t io was determined f r om the sect ions so 
drawn and compared with the supportable s t r ipp ing ra t i o g raph . 
In each cas e , i t was found that the ore at pit l i m i t s could support 
a l a r g e r amount of s t r ipp ing than was indicated by the supportable 
s t r ipp ing ra t io graph used in the ore r ese rve e s t ima t i on . 

4 . A deta i led check of the grade co lored contour l e v e l maps f r om the 
2025' l e v e l to the 835 f l e ve l was made to determine to what extent 
the geo log ica l pred ic t ions concerning the extension of the ore body 
away f r om d r i l l holes Influenced the magnitude of the r e se r ves . 
A por t i on of the worksheet cover ing levels 1360 1 and below and the 
1430' l e v e l map a re attached (Exhibits 4 and 5) and r e v ea l that: 

a . There i s a dearth of D D H in format ion between D47 on 

N E , N , and NW portions of the ore body f r o m the 1430' 
l e v e l down. 
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b . D D H or assay information i s avai lable f r o m 13 holes 
on the 1360 1 l e v e l , reduced to 6 on the 1185 1 l e v e l , 
to 3 on the 975 f l e v e l , and 2 or* the 905 1 l e v e l and 
be low. * 

O r e down to the 1360 r l eve l i s we l l covered by d r i l l i n g and can be 
t e rmed "proven o r e " . Ore below the 1360* leve l should be c l a ss i f i ed as 
"probable o r e . 1 ' 

' D E T E R M I N A T I O N O F O P T I M U M O R E R E S E R V E S 

A n improvement i n operating costs has been recorded over the past 
y e a r , such that B . C . Mo l y i s now making a working pro f i t , but this is insuf­
f i c ient to cover the in teres t payments on the debentures. A n expansion of the 
operat ion to 12,800 T P D by m in ing ore to a lower cut-off grade wi th a con­
sequent reduct ion of operat ing costs due to a bigger spread of the overheads 
i s p resent l y cons idered the mos t l i k e l y way of improv ing the economics of the 
opera t i on . 

However , ca re has to be taken in the use of ore r e se r ves which have 
been est imated us ing a b reak-even pit l im i t increment for expansion purposes . 
Included in such ore r e s e r v es is an unknown quantity of ore which does not 
support deprec ia t ion of the ex is t ing plant, nor docs i t support the deprec ia t i on 
of cap i ta l expended on an expansion. F r o m one pit i t i s imposs ib l e to est imate 
the quantity of this m a r g i n a l o r e . The only sat isfactory way of de te rmin ing 
" op t imum ore r e s e r v e s " for any property ( "opt imum" i n the sense of p rov id ing 
m a x i m u m net present wo r th , m a x i m u m overa l l pro f i t s , m a x i m u m product ion 
of m e t a l , or any other m a x i m u m required) i s to estimate s e v e ra l ore inven­
to r i es us ing a range of pit l i m i t cut-off grades producing essent ia l l y a . se r i es 
of concentr i c pits . The pit w i th the highest pit l i m i t cut-off grade is m ined 
f i r s t fo l lowed by the others in sequence through to the break-even pit l i m i t p i t . 
P r a c t i c a l work ing slopes a r e used for a l l pits except the break-even pit l i m i t 
pit where the slope is steepened to an engineered safe s l ope . F i n a n c i a l eva lu­
ations are then done at di f ferent m i l l i n g cut-off grades and dif ferent rates of 
p roduc t i on , us ing the most advantageous method of handling deprec ia t ion and 
taxes . A compar i son of the f inanc ia l evaluations w i l l r evea l wh ich of the o re 
inventor ies is mos t sa t i s fac tory for the " o p t i m u m " r equ i r ed , and this inventory 
then becomes the ore r e se r ve for the vime. 

Important - F o r annual r epor t ing purposes the ore r eserves must be based on 
the cur ren t operat ing capacity of the m i n e . Ore reserves se lected for expansion 
purposes mus t r e m a i n i n embryo and used as supporting data on ly , un t i l such 
t ime as the expenditure of funds on such an expansion is approved . 
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B . C . M o l y Ore Rese r ves 

In the case of B . C . M o l y , the opt imum ore r eserves r equ i r ed are 
those that w i l l , when m i l l e d at some to -be-determined-ra te , y i e l d the highest 
net present w o r t h . 

The recommended sequence for determining such ore r e s e r v e s i s 
as f o l l pws : 

1< Compute r i z e 7 ore inventor ies using the fol lowing pa rame t e r s : 

a . P i t l i m i t cut-of f grades of 0.24%, 0 .20%, 0 .16%, 0 .14%, 
0 .12%, 0 .10% and 0.08% M o S 2 . 

b . S t r ipp ing cost @ 43f per ton . 

c . P i t slopes of 45° throughout. Because of the conf igur­
at ion and the method of mining the ore body, an operat ing 
slope of 45° can be used . 

2 . P r e p a r e 14 f inanc ia l evaluations using the fo l lowing pa rame t e r s : 

a . Ore to be mined i n sequence using the high cash flow 
(0.24% M o S 2 p i t l i m i t cut-off grade f i r s t ) . 

b . Two m i l l i n g rates to be used - 6,400 T P D and 12,800 T P D , 

c . Wi th each m i l l i n g ra te , m i l l i n g cut-off grades of 0 .24%, 
0 .20%, 0 .16%, 0 .14%, 0.12% 0.10%-and 0.08% M o S 2 to 
be used . 

d . The best present ly estimated capi ta l costs for m i l l 
expans ion, a n c i l l a r i e s , townsite, etc . , and m ine 
equipment to be incorporated where app l i cab l e . 

e. De t e rm ine the N P V of the mine i n each c a s e . 

A n examinat ion of the f i nanc ia l evaluations w i l l r e vea l whether or not 
an app l i ca t ion for funds for the engineering of an expansion can be suppor ted . 

J . L . Ha l l s 
J L H f f 

E n d . 

cc : M r . S. D . M i c h a e l s o n 


