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I CANEX PLACER LINITED 
E n d a k o  Mines Div is ion  



CANEX PLACER LIMITED, ENDAKO MINES DIVISION 

(La t i tude  540N., Longitude 1250E., E leva t ion  3,200 f e e t )  

LOCATIONS. ACCESS AND CLIMATE 

The Endako molybdenum d e p o s i t  is  l o c a t e d  about  100 m i l e s  w e s t  of 
P r i n c e  George i n  C e n t r a l  B r i t i s h  Columbia. T h e  mine p rope r ty  is s i x  
miles southwest of Endako V i l l a g e ,  which is  on Highway 16 and t h e  B.C. 
North Div i s ion  of  t h e  Canadian Na t iona l  Railway. 

The Endako area is  w i t h i n  t h e  I n t e r i o r  system of t h e  Canadian 
C o r d i l l e r a  and, more s p e c i f i c a l l y ,  w i t h i n  t h e  phys iographic  s u b d i v i s i o n  
r e f e r r e d  t o  as t h e  Nechako P la t eau .  Local t e r r a i n  i s  f l a t  t o  g e n t l y  
r o l l i n g .  P l e i s t o c e n e  g l a c i e r s  moved eastward a c r o s s  t h e  area,  and have 
imprinted and accentua ted  e a s t e r l y - t r e n d i n g  l ineaments .  Topographic 
r e l i e f  ranges from an e l e v a t i o n  of 2 ,200 f e e t  a t  Endako V i l l a g e  t o  3,500 
f e e t  on t h e  crest of Endako open p i t .  

Climate f o r  Endako area is  c h a r a c t e r i z e d - b y  r e l a t i v e l y  co ld  w i n t e r s  
and mild summers.' Winter season  commences i n  e a r l y  November and L 

cont inues  to late March, Temperatures can drop to -400F. range for 
short p e r i o d s  du r ing  win ter .  
about 500F. w i t h  p e r i o d i c  h o t  s p e l l s  when tempera tures  rise t o  950F. 
Snowfall  accounts  f o r  approximately one-half of annual  20-inch p r e c i p i -  
t a t i o n .  Maximum depth  of snow on t h e  ground a t  any t i m e  i s  about t h r e e  
f e e t  . 

Average tempera ture  f o r  summer months i s  

HISTORY AND OWNERSHIP 

The molybdenite d e p o s i t  w a s  d i scovered  i n  1927 by two l o c a l  h u n t e r s  
who s t aked  fou r  minera l  claims t o  cover an  area of mine ra l i zed  f l o a t .  
They subsequent ly  uncovered a two-foot wide quartz-molybdenite v e i n .  
During 1934, a s h o r t  i n c l i n e d  s h a f t  w a s  sunk on t h e  v e i n  s t r u c t u r e  and 
a s h o r t  a d i t  was d r iven  i n t o  t h e  h i l l s i d e  t o  i n t e r s e c t  ano the r  v e i n .  
The p rope r ty ,  du r ing  t h e  pe r iod  1934 t o  1959, was examined by v a r i o u s  
companies and i n d i v i d u a l s ,  b u t  l i t t l e  e x p l o r a t o r y  work w a s  done and 
t h e  mine ra l  claims were allowed t o  l a p s e .  

The key claims were la ter  re-staked and, fo l lowing  a program of 
t r ench ing  and mapping, R and P Metals Corpora t ion  Ltd. i n i t i a t e d  diamond 
d k i l l i n g  i n  1962. 
(N.P.L.) was inco rpora t ed ,  i n i t i a l l y  as a p r i v a t e  company and s h o r t l y  
a f t e rwards  as a p u b l i c  company. 

D r i l l i n g  results were encouraging and Endako Mines Ltd. 

Canadian ExplorationLltl l i ted,  a wholly-owned s u b s i d i a r y  of P l a c e r  
Development Limited,  en te red  i n t o  e x p l o r a t i o n  of t h e  p rope r ty  i n  October 
1962. Following t h c  completion and e v a l u a t i o n  of 190 diamond d r i l l  h o l e s  
t o t a l l i n g  80,000 fee t  and 2,700 f e e t  of underground work f o r  bu lk  sample 
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t e s t i n g ,  t h e  d e c i s i o n  t o  develop t h e  proper ty  f o r  product ion was announced 

i n  February, 1971. 
i n  March, 1964. Endako Mines Ltd.  w a s  amalgamated w i t h  Canex P l a c e r  Limited W 

Construct ion of t h e  10,000 tons per  day mine p l a n t  and development of 
t h e  open p i t  began i n  June, 1964. The mine was o f f i c i a l l y  opened on June 8, 
1965. Modif icat ions t o  t h e  p l a n t  dur ing  t h e  f i r s t  two y e a r s  allowed mine 
product ion  t o  b e  g radua l ly  inc reased  t o  a throughput of 17,500 tons  per  day. 
A major m i l l  expansion t o  increase m i l l i n g  c a p a c i t y  t o  25,000 tons  p e r  day 
was completed i n  November, 1967. 

M i l l  throughput is  c u r r e n t l y  being maintained a t  26,500 tons  per  day a t  
Two products ,  molybdenum d i s u l p h i d e  and 

Estimated mineable o r e  reserves a t  December 
an average o r e  grade of 0.15% MoS2. 
molybdenum t r i o x i d e  are produced. 
31, 1975, us ing  a cut-off grade  of 0.08% molybdenum d i s u l p h i d e ,  were 
196,000,000 tons  a t  an  average grade  of 0.156% molybdenum d i s u l p h i d e .  

* The Endako molybdenite orebody occurs  i n  t h e  Topley I n t r y s i o n s ,  which 
Topley rocks  are i n t r u d e d  i n t o  are considered t o  be of l a t e  J u r a s s i c  age.  

la te  Palaeoz ioc  and e a r l y  Mesozioc sedimentary and v o l c a n i c  rocks.  Regional 
d i s t r i b u t i o n  of t h e  Topley I n t r u s i o n s  extends from t h e  c e n t e r  of Babine Lake 
t o  Quesnel, a d i s t a n c e  of about  180 m i l e s  a long a r e g i o n a l  nor thwes ter ly  
t rend .  
g r a n o d i o r i t e ,  q u a r t z  d i o r i t e  and d i o r i t e  have been i d e n t i f i e d .  

It is a composite b a t h o l i t h  i n  which g r a n i t e ,  q u a r t z  monzonite, 

The Endako d e p o s i t  i s  c e n t r a l l y  s i t u a t e d  w i t h i n  t h e  b a t h o l i t h ,  and 
occurs  i n  o l d e r  Endako q u a r t z  monzonite t h a t  is  bounded on t h e  south  by 
Francois  g r a n i t e  and on t h e  n o r t h  by Casey a l a s k i t e  and Glenannan g r a n i t e .  

The orebody i n  p l a n  is  roughly a n  elongated cigar-shaped zone of 
stockwork. 
The wesEerly two-thirds of orebody l e n g t h  d i p s  30 
conjugat ing 50° south  and 20° northwest  d i p s  p r e v a i l  f o r  e a s t e r l y  p o r t i o n .  
The h o s t  Endako q u a r t z  monzonite is  in t ruded  by pre-mineral  a p l i t e ,  
p o r p h y r i t i c  g r a n i t e  and quar tz - fe ldspar  porphyry dykes t h a t  are  proximal 
and c r o s s c u t  t h e  orebody. 
p o s s i b l y  t h r e e  concentrated s w a r m s  which are  a l igned  t o  r e g i o n a l  northwest 
and n o r t h e a s t  t rends .  Post-mineral  b a s a l t  dykes i n t r u d e  s e v e r a l  major 
f a u l t s .  Movement a long post-mineral  f a u l t s ,  which predominantly t rend  
n o r t h e a s t e r l y ,  nor thwes ter ly  and e a s t e r l y ,  i s  g e n e r a l l y  less than 25 f e e t .  
Larger i n f e r r e d  o f f s e t s  up t o  500 f e e t  are  apparent  a long s e v e r a l  major 
n o r t h e a s t e r l y - s t r i k i n g  f a u l t s .  The major north-dipping South Boundary 
F a u l t  is  loca ted  200 f e e t  s o u t h  of p r e s e n t  East P i t  and d e l i m i t s  o r e  
d e p o s i t  a t  depth.  

The 11,000-foot-long westerly-plunging body s t r i k e s  N 70 W. 
t o  60° south ,  whereas 

These dykes occur predominantly i n  two and 

Minera l iza t ion  is simple and c o n s i s t s  of molybdenite,  p y r i t e ,  magnet i te ,  
and minor c h a l c o p y r i t e .  C a l c i t e  and chalcedony are l a t e  v e i n  minera ls .  
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The o r e  minerals are i n t i m a t e l y  a s s o c i a t e d  w i t h  q u a r t z  ve in ing  and occur  
Qv 

i n  two types  of ve ins :  1. as l a r g e  four-inch t o  four-foot-wide v e i n s  
i n  which molybdenite t y p i c a l l y  occurs  as t h i n ,  c l o s e l y  spaced laminae,  
and 2 .  
O r i e n t a t i o n  and l i m i t s  of economic stockwork are c o n t r o l l e d  by major sub- 
p a r e l l e l  sets of south  dipping and complementary f l a t - l y i n g ,  south- 
e a s t e r l y  and northwester ly-dipping vein systems. 

as  f i n e  f r a c t u r e - f i l l i n g s  and v e i n l e t s  i n  t h e  form of stockwork. 

A p y r i t e  zone bounds t h e  orebody t o  t h e  south .  The zone c o n s i s t s  of 
f i n e  q u a r t z  and p y r i t e ,  minor magnet i te  and rare molybdenite m i n e r a l i z a t i o n  
as f r a c t u r e - f i l l i n g s  i n  a poorly-developed stockwork. The zone has  n o t  
been recognized i n  o t h e r  p e r i p h e r a l  areas of t h e  orebody. 

Three d i s t i n c t  hydrothermal a l t e r a t i o n  products  are recognized i n  
t h e  Endako o r e  zone. Orange-pink K-feldspar has  been developed as 1/8- 
i n c h  envelope t o  two-foot wide zones on v e i n s  and f r a c t u r e s .  A quar tz -  
ser ic i te  p y r i t e  phase is  a l s o  developed as 1/8- t o  2-inch wide envelope 
o n . v e i n s .  Pervas ive  k a o l i n i z a t i o n  of t h e  Endako q u a r t z  monzonite is  
widespread, and va.r ies  from a s l i g h t  development .of k a o l i n i t e  i n  plagio-  
clase and K-feldspar t o  a s o f t  creamy w h i t e  o r  green c l ay .  

A concept of e longated doming near  o r  a t  an i n t e r s e c t i o n  of r e g i o n a l  
northwest and e a s t e r l y  s t r u c t u r e s  is  proposed f o r  p o s s i b l e  development 
of r e s t r u c t e d  Endako stockwork. Longi tudina l  major f a u l t i n g ,  w i t h  
a t t e n d a n t  a n t i t h e t i c  f a u l t i n g  and r e p e t i t i v e  per iods  of concomitant 
f r a c t u r i n g  a c r o s s  domal s t r u c t u r e ,  is v i s u a l i z e d  f o r  l o c a l i z a t i o n  of a 
favourable  f r a c t u r e  system f o r  hydrothermal a l t e r a t i o n  and economic 
m i n e r a l i z a t i o n .  

w 

PROP.ERTY OPERATION 

The s u r f a c e  l a y e r  of t h e  Endako mine i s  shown i n  F i g u r e  1, "General 
The mine o p e r a t e s  w i t h  s i x  departments under P lan  of Endako Mine Area." 

t h e  Adminis t ra t ion  of a r e s i d e n t  Mine Manager and an A s s i s t a n t  Mine 
Manager. 
d i s t r i b u t e d  as fol lows:  

A s  a t  31 May 1976, t h e  t o t a l  o p e r a t i n g  crew s t r e n g t h  w a s  

, 

Hourly Rated S t a f f  T o t a l  

Adminis t r a t i o n  

Employee R e l a t i o n s  

Accounting 

Mine Engineering 

Mining 

Minera 1 Process ing  

P l a n t  Maintenance 

TOTALS 

4 4 

12 
11 

9 

130  

99 

213 

474 
- 

9 21 
23 34 

23 32 

16 14  6 

24 123 

31 244 

130 604 
- - 
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MINING ENGINEERING 

P i t  Planning 

Much of t h e  long range  p lanning  a t  Endako is  done by means of a 
Univac 1106 computer l oca t ed  a t  t h e  Placer Development Head O f f i c e  i n  
Vancouver, which is  accessed through a Comterm Data Communications 
Terminal a t  t h e  mine s i te .  3-Dimensional P i t  Design computer programs 
are used t o  determine economically fgasab le  p i t  o u t l i n e s .  Reserves 
c a l c u l a t i o n s  and long range schedul ing  are a l s o  done through t h e  
computer . 

Design Sequence 

The p r i n c i p a l  cons ide ra t ion  i n  the es tab l i shment  of a mining 
sequence is  t h e  maximization of t h e  discounted n e t  cash  flow over  t h e  
life of t h e  mine. To t h i s  end, t h e  3-dimensional p i t  des ign  programs 
are used t o  gene ra t e  a series of optimum p i t s ,  w i t h i n  a n  u l t i m a t e  p i t ,  . 

from geo log ica l  i n t e r p r e t a t i o n s  of t h e  diamond d r i l l  da t a .  Reserves from 
each of - the  optimum p i t s  are  c a l c u l a t e d  a t  predetermined cut-off grades ,  
by means of a reserves program. The ou tpu t  from t h e  r e s e r v e s  program i s  
stored on t a p e  and used as i n p u t  f o r  the schedul ing  program, which deter- 
mines d a t e s  f o r  cut-off grade changes,  t r u c k  requirements  and mine grades  
by year .  
t o  be eva lua ted .  The yea r ly  mine grades  determined by t h e  schedul ing  
program p l u s  c u r r e n t  ope ra t ing  s t a t i s t i c s  are inpu t  t o  t h e  cash flow 
program which determines n e t  d i scounted  cash  f l o w  f o r  t h e  l i f e  of t h e  
mine f o r  each  sequence. 

The schedul ing program i s  run once f o r  each sequence of p i t s  

P I T  GEOLOGY 

The p i t  g e o l o g i s t  con t inua l ly  r eco rds  t h e  open p i t  geology as t h e  
benches a r e  mined. This  in format ion  is  used to :  

A) Add more informat ion  t o  our  diamond d r i l l i n g  d a t a .  

B) Assist i n  p r o j e c t i n g  r e s e r v e s  t o  subsequent benches. 

C) A s s i s t  t h e  o r e  grader  t o  l o c a t e  c o r r e c e  areas f o r  t h e  shovels  
t o  o b t a i n  a good blend of  rock  types and metal grade.  

The p i t  geo log i s t  is  a l s o  r e sponsb i l e  f o r  monitor ing t h e  p i t  w a l l s  
for s l o p e  movement, and f o r  del inea, t ing geologic  s t r u c t u r e s  which may 
produce zones of weakness o r  i n s t a b i l i t y  i n  t h e  p i t  w a l l s .  

OPEN PIT OPERATIONS 

The p r e s e n t  open p i t  excavat ion  encompasses a n  area of two hundred 
acres and extends t o  a depth  of s i x  hundred f e e t .  
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Current ly ,  t h e  d a i l y  mine product ion  ra te  of 61,000 tons  per  day of 
which 26,500 tons  per  day is m i l l  f eed ,  is mined i n  accordance w i t h  t h e  ..rip 

fol lowing des ign  parameters .  

Overburden bank s l o p e  3 4 O  
S a f e t y  berm a t  base  of overburden 
Bench i n t e r v a l  h e i g h t  33 f e e t  

40 f e e t  wide 

Safety berms i n  rock 30 feet w i d e  every second bench 

Working f a c e  s l o p e  68O 

Haul road wid th  

Haul road grade 10% maximum 

80 f e e t  minimum 

M i n i m u m  p i t  w a l l  c u r v a t u r e  
, 

Radius not  less than 75 f e e t  

Working f l o o r  s l o p e  F l a t  

B l a s t  h o l e  spacing 9 i n c h ' a n d  9-7/8 inch  diameter  
h o l e s  w i t h  a 15 f o o t  by 22 f o o t  
t o  17 foot by 35 f o o t  p a t t e r n .  

Sub-grade d r i l l i n g  7 f e e t  

Powder f a c t o r  0.50 l b . / t o n  

Tabulat ion of Open P i t  Operat ing S ta t i s t i c s :  

Product ion 

1. Product ion May 1965 through December 1975. 

Overburden 
Waste Rock 
Stockpi led  
Low Grade 
M i l l  Feed 

6.1 m i l l i o n  yards  
29.2 m i l l i o n  tons  

30.6 m i l l i o n  tons 
82.3 m i l l i o n  tons  

. 2. Product ion f o r  Year.Ending 31 December 1975. 

Waste Rock 8.7 m i l l i o n  tons  
S to  c kp i led  
Low Grade 3 .8  m i l l i o n  tons  
M i l l  Feed 9.5 m i l l i o n  tons 
T o t a l  Mined 22.0 m i l l i o n  tons  
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- Consumed S u p p l i e s  f o r  Year E n d i n g  31 Deccm1)c.r 1975. 

1. Blasting 

ANE'O 

Slurry 

Pr irner s 

Detonation Cord 

2. Diesel Fuel  

3. Haulage Truck Tires 

. -  . 
4. Electric Power 

5 .  D r i l l  Bits 

9.8 million pounds 

2.4 m i l l i o n  pounds 

39,000 
1.9 million feet  

1,097,000 galloils 

$662,000 

8,728,000 kilowatt  hour s  

174 



TABLE NO. 1 

OPEN P I T  PRODUCTION EQUIPMENT. 

May 31, 1976 

OPERATORS 
P E R  U N I T  

UNIT PERFORMANCE 
PER SHIFT 

NO. OF SCHEDULED SHIFTS PER 
FUNCTION TYPE OF UNIT UNITS PER SHIFT OPERATING DAY 

1 
1 

1 

410 ft. a t  9 i n c h  diam. 
680 f t .  a t  9-7/8 in .  diam. 

Blast H o l e  - B.E. 40R Electric 3 1 
D r i l l i n g  - Marion M4 Electric 1 1 

3 
3 

I 

10,900 tons Rock Loading - P&H 2100B Electric 1 1 3 

- Marion 191B Electric 1 1 3 

- P&H 2100 BL 1 1 3 

13 cubic  yard 

13 cubic  yard 

13 cubic  yard 

8 cubic  yard 
3 

3 

- - B.E.  150B Electr ic  1 

- P&H 1400 Electr ic  1 - 

1 10,900 tons  

1 10,900 tons  

1 

1 

5,600 tons  

I 3,700 tons  
w 
0 

Rock Haulage - Unit Rig Lectra Haul 

- Unit Rig L e c t r a  Haul 
85 ton 

100 ton 
Dump Maintenance - Tracked dozers  

' 

and Shovel D-8 C a t e r p i l l a r  
Cleanup 

824 C a t e r p i l l a r  
988 C a t e r p i l l a r  

- Tired dozers  - 

Road Maintenance - Road Grader 
- 1 6  C a t e r p i l l a r  - 1 4  C a t e r p i l l a r  
- 1 2  C a t e r p i l l a r  
- Watering Trucks 
- Sanding Trucks 

10 

8 

3 

I 

3 

3 

1 2,000 tons  12 

2 1 

'1 '1 3 1 

. .  
3 
3 
3 ' .  

3 
3 
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MINEML PROCESSING 
I 

The Endako concen t r a to r  was p u t  i n t o  product ion  w i t h  a nominal 
capac i ty  of 12,000 tons  per day of m i l l  f eed .  
throughput w a s  i nc reased  above normal c a p a c i t y  t o  r each  17,000 tons  
per  day a f t e r  14 months of product ion .  I n  November 1967, t w o  more 
gr ind ing  and rougher f l o t a t i o n  s e c t i o n s  were added t o  raise t h e  through- 
p u t  t o  t h e  c u r r e n t  level of 26,500 tons  pe r  day. 

Shortly a f t e r  s t a r t - u p ,  

Primary Crushing 

Primary c rushing  c o n s i s t s  of one g y r a t o r y  c rushe r  o p e r a t i n g  i n  
open c i r c u i t  . 

P i t  r u n  o r e  i s  dumped from 85 and 100-ton "Lectra Hauls" over  a 
f i x e d  r a i l  g r i z z l y  of 6 i n c h  openings.  Overs ize  f a l l s  d i r e c t l y  i n t o  
the  crusher  w i t h  a t i g h t  s e t t i n g  of 5% inches .  Primary c rusher  d i s -  
charge,  combined w i t h  g r i z z l y  unde r s i ze ,  is c a r r i e d  by conveyors t o  
feed  t h e  primary s c r e e n  of t h e  secondary c rush ing  p l a n t .  Material 
flow t o  t h e  conveyors is r e g u l a t e d  by two v i b r a t o r y  feeders . ,  each of 
nominal capacity of 1,000 tons p e r  hour. 

Dust c o n t r o l  i n  t h e  primary c rushe r  b u i l d i n g  is  performed by a 
baghouse through which is exhausted 42,000 a c t u a l  cub ic  feet  pe r  
minute of d u s t  l aden  a i r  from above and below t h e  c rushe r  c a v i t y .  

Data 

Primary Crusher Capacity 1,600 t o n s  pe r  hour 
Mantle L i f e  3,500,000 tons  m i l l  f eed  
Concave L i f e  4,000,000 tons  m i l l  f e ed  

Secondary and ter t iary crushing  

Primary c rushe r  product i s  f i r s t  s i z e d  on a primary sc reen ,  w i t h  a 
top  deck of stepped manganese r a i l s  set  1% inches  a p a r t  and a bottom 
deck of 1 inch  s l o t t e d  openings. 

P r imaryesc reen  unde r s i ze  goes d i r e c t l y  t o  t h e  f i n e  o r e  b i n s ,  w h i l e  
the o v e r s i z e  (p lus  1 inch )  goes t o  a s t o c k p i l e  which c o n t r o l s  su rges  i n  
t h e  primary c rushe r  product ion .  The normal 100,000 tons  dead s t o r a g e  
capac i ty  of t h e  s t o c k p i l e  can be  r a i s e d  t o  200,000 tons  w i t h  bu l ldoze r s .  
When t h e  primary product ion  cannot 'cope w i t h  t h e  demand of t h e  secondary 
c rushe r ,  dead s t o r a g e  can  b e  reclaimed. 

Four i n - l i n e  v i b r a t o r y  pan f e e d e r s  reclaim o r e  from underneath t h e  
s t o c k p i l e  t o  feed  t h e  dua l  13 x 84 "Hydrocone" Secondary c rushe r s .  
Secondary c rushing  is  performed in open c i r c u i t  w i t h  t h e  product going 
s t r a i g h t  t o  t h e  t e r t i a r y  c rush ing  c i r c u i t .  
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CANEX PLACER LTD. 
ENDAKO MINES DIVISION SEPT. 1974 

CRUSHING ROASTER 

I - PRMARV CRUSHING 42% 6V C W  mRAlUW 
2 - 2-VIBRATING FEE- 6 b x 1 0 2 * ~ N  WB 
3 -NalWNVEYOR54%27'BL355FPY 15HR 
4 - m 2 m I W  54'~372'K. UOEPW. a0 Hr! 
5 - PRIMAM SCREEN d x W ' C f f i  MODEL XXH 
6 - Wo.3CONVEIOR M8'x45d a. 415 FAI. ISOHP 
7 - STOCKRLE 20,OWTONS LIVE CAPWITI 7.HlNUS 
8 - 4-VIBRAnf f i  FEEDERS 42'172'WHTRON FH46 
9 - M 4 CMNEVUR 42% 517' BL 420 FPM 150 W 
m - METAL DETECTORS - RENS 
I 1  -2-SECONDAMCRUYlERS f i W ' C A C  -E 
12 - Na 5 CONVEYOR 48'1 64'K 580 FRI 30 HP. 
I3 - Na6 CONVEYOR 48'. 2 5 9 ' L 4 K , F P Y .  WOW. 
14 - N a 7  W V O D R  5 4 " ~ 2 4 ' B L . 5 W  FPM 30HP 
IS - m s  WNVEWR @ ~ 2 3 6 ' ~ ~ 4 0  FPY W O W  
16 - 2 - S E C O W  EREENS 9'IW'uC YmEL SH 
17-N09089bCC+N€YOP5 Sg'.17'mBL345FPW Ion! 
111 - 2 - TERTIARY -HERS S'lW CY: HIWOCONE 

W - CONVE*oR SCALES TRwYElW 

22-'iRIPPER-SEPHENSADUlOON IIFPY. S W  

19 -  NO^ IO CONVEWR emx me' K. ~ 1 s  rn 201) w 

21 - hl I CMNEIDR 4#"355%L 300 FFU SOHP 

CONCENTRATOR 

u - I WL HILL SLSOIA.XI~CAC X)OHP 
34 - 216 R U O l E R C E L S  NO 48AGlTpR 3% f f * - ~ C E L L  LwlLs 
35 - 64 -HER C E L S  M 30 DENVER 2 SEC ff 2-6  CELL WKS 

Sg- 3-REGRINDHILLS 6'DlAx12'OOMlNCU 2 M H P  

SB - IMlDDLlNOS THICKNER MaA.llr MRR. 
33 - IMIDDLINGS THICKNER 125'W.XB'WRR. 
40 - 12-SECoM UEPHER CELLS M 48 mTAIR 

37 - S - I S ~ C L ~ N E R C E L L S  ~ . ~ ~ A G ~ I R I S E C . ~ ~ ~ - I ~ C E U B ~ N ~ L ~  

41 - 6- THIRO CLEANER CELLS N p . 4 8  AGGITNR 
4 - 14-Rurm C-R CELLS No- IS DENVER ISEC. ff PICELL W K S  
u - I FIW CDNCENTRATE WDXNER 20 '01  x Id WRR 
44 - I STOCK TANK 20'MAxlZ'  3 LlGHTNlN MIXERS S I P  ma. 
4 5 - I S T O M  TANK 10'DIA.X Id I UGHTNlN M l Z R  SIP-  
46 - ISTOCK T A M  n' 0U.x 12' 3 UGHTNIN MIXEPS SHPW. 
47 - I I %AVENGER CELLS NO. 6COH ENVER 
48 - U- flFTH CLEANER CELLS Ib. 15 DENVER I SDC ff 2-7-  RAM5 

S - I FILTER 6'DlA -4DlSC ElMCO AGlOlSC 
50 - I - DRVER IO' Om. 4 HEARTH NWCCS HERRESHaF 
51 - I ~ RDTOCLONE TYPE N SIZE 6 A.AF 36 SS 4.5M)CFY 
52 - Na I 84  BINS SULPHIDE STORAGE 90T CAR 0% 

53 - Np.2 BIN PACKER FEED. IOT CAP. 
34 - I -SULPHIDE PACKER GENERU ~ E C T R I C  a, HP. 
55 - 20-SCREWCONVEYORS MRlEDSlZES 
56 - 0 BUCKET ELEVATORS 
Sl - W.3 8 5  BINS ROASTER FEEDS 5T CW ea 
58 -2-BRT WNVEIORS-ROPSTER FEW M . 1 5 ' 0 ~  ROFPH. 2HP. 

5)  - I-ROASTER I8'DlA.- 12 HElRTH NICHOLS HERRESHOFF 
M - 2-eALL HlUS M.M.x36'5HP. 
61 - I-ROASTER K ' D I A - 1 0  HEARTH NICHOLS HERUESHDFF 
62 - 2- VIBRAmNG S C R E W  If.42' SF 300 SYNTRXI 
63 - ~ ~ 1 . 2 8 3  BINS OXIDE S ~ R A O E  =TI* 
M - N ~ .  s BIN OXIDE S ~ R A G E  mr. 
65 - 4 TOLEW SCALES 
66 - 2 -  ELECTROSTATIC PRECIPITATORS 4 FIELDS em. JOY YANUF. 
67 - 1  STACK 4'-6'MA.. r14B'HlGH 3 6  SS 

68 - 5 VIBRATING FEEERS SINTRON 

SOr ABSORPTION 

69 - I RIMAM CWLING TOWER V'HXS'-~.DIA. 6 . 5 % ~  STEEL.LEPD e CERAMIC 
lU - I SECCUDAM C W L l f f i  TOYER S?H I 12'aA. 5.THK. F.R.P. 
71 - I SO. AssoRpTlCN TOWER 46% ZlZ'DIA.5.M. F.R.P. 
R - ISTACK 4'-U DIA.r9O'H .<THK. F.R.P. 

BRIQUETTING 

73 - I SCREW CONVODR. 12"UA. 
74 - 2 B W  ELEVATORS 
75 - I OXIDE BIN ZST. CAP 

76 - IFITCH BIN 3T. CAP 
7 7  - 2 BIN ACTWTORS 
7B - 4 VIBRATING FEEDERS S n m a N  
79 - I BATCH S C U  B B I N  
IK) - I RENDER 
81 - I B R I O U ~  FEED WER 
82 - I B R I W E T E  FEW S C U  
B - I BROUETE PRESS M3oEL CV-I x x ) T  HmRAULlC 
84 - ITOLEDD CHECKWEIWER 
m - I O U ~ W T I C  DELUXE PIVIOYATIC PACUAGINO MACHINE- SCHFCEDER 
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T e r t i a r y  c rush ing  is performed by d u a l  3 x 84 "Hydrocone" t e r t i a r y  
c r u s h e r s  i n  c l o s e d  c i r c u i t  w i t h  two double  deck secondary sc reens .  The 
top  decks have 1% i n c h  s q u a r e  openings i n  '/2 i n c h  w i r e ;  
c o n s i s t  of 3 / 4  i n c h  by 4 i n c h  openings i n  % i n c h  w i r e .  

t h e  bottom decks 

Secondary s c r e e n  u n d e r s i z e  is t h e  f i n a l  p roduct  which i s  d i s t r i -  
buted among t h e  s i x  f i n e  o r e  b i n s  by a t r i p p e r .  Each b i n  i s  60 f e e t  h igh  
and 50 f e e t  i n  d iameter ,  w i t h  a l i v e  load  c a p a c i t y  of 4,500 tons .  The 
t r i p p e r  is  ope ra t ed  cont inuous ly  t o  d i s t r i b u t e  t h e  o r e  among t h e  b i n s  f o r  
a w e l l  blended m i l l  f eed .  Bin levels are  measured w i t h  a mechanical 
device .  

The g r e a t e r  p a r t  of d u s t  c o n t r o l  i s  c a r r i e d  by a baghouse through 
which 42,000 a c t u a l  cub ic  f e e t  p e r  minute of d u s t  l aden  a i r  i s . d r a w n  
through 16,800 squa re  f e e t  of nylon 
d u s t  c o l l e c t i o n  systems o p e r a t e  a t  v a r i o u s  p o i n t s  of t h e  c rush ing  
c i r c u i t s  t o  ensu re  t h e  d u s t  count remains w i t h i n  a c c e p t a b l e  levels.  
Regular scheduled d u s t  counts  are  taken  by mine personnel  u s ing  t h e  same 
t y p e  and make of equipment as t h e  B r i t i s h  Columbia Department of Mines. 

bags. Water sp ray  and a u x i l i a r y  

Data 

Primary Screen  Top deck l i f e  Replaced as worn o u t  
Bottom deck l i f e  3 Weeks 

Secondary Screen Top deck l i f e  3 Weeks 
Bottom deck l i f e  3 Weeks 

Secondary Crusher Mantle l i f e  4,000,000 Tons m i l l  f e e d  
Concave l i f e  7,000,000 Tons m i l l  f eed  

Throw 1 3 / 4  i nches  
- Tigh t  s i d e  s e t t i n g  1% i nches  

T e r t i a r y  Crusher Mantle l i f e  3,810,000 Tons m i l l  f eed  
Concave l i f e  5,000,000 Tons m i l l  f eed  
T igh t  s i d e  s e t t i n g  % i n c h  
Throw 2 inches  

Primary Grinding 

Of t h e  f i v e  primary g r i n d i n g  s e c t i o n s ,  thre .e  were o r i g i n a l l y  i n s t a l l e d  
when t h e  m i l l  w a s  b u i l t  i n  1965 and two added on l a t e r  i n  t h e  1967 
expansion . 

Each s e c t i o n  i s  comprised.of one rod m i l l  followed by one  b a l l  m i l l  
i n  c losed  c i r c u i t  w i t h  cyclones.  
i n  d iameter  by 15 f e e t  long. 

A l l  t e n  m i l l s  are i d e n t i c a l ,  12% fee t  

. 

No. 1 primary g r ind ing  s e c t i o n  has an  e x t r a  9% f o o t  d iameter  by 13 
f o o t  long b a l l  m i l l  i n  c losed  c i r c u i t  w i t h  a cyc lone ,  g iv ing  t h i s  
s e c t i o n  an e x t r a  800 t o n s  d a i l y  g r ind ing  capac i ty .  
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Rod m i l l s  are d i r e c t l y  d r i v e n  through d i s c  c l u t c h e s  w i t h  1,250 hor se  
power, 240 r e v o l u t i o n s  pe r  minute, synchronous motors through a s i n g l e  
h e l i c a l  gear  mounted on t h e  f eed  end. B a l l  m i l l  d r i v e s  are  i d e n t i c a l ,  
except t h a t  a l l  bu t  No. 1 primary b a l l  m i l l  are d r i v e n  by 1,500 ho r se  
power motors . 

The g e a r s  of t h e  rod and b a l l  m i l l s  a r e b l u b r i c a t e d  by a pneumatic 
Trunnion bea r ings  a r e  l u b r i c a t e d  by a system opera ted  au tomat i ca l ly .  

d u a l  p r e s s u r i z e d  system, w i t h  a manual s t a r t  d i p  system on standby. 

The rod m i l l s  of t h e  t h r e e  o r i g i n a l  s e c t i o n s  ( N o .  1 t o  3)  are f ed  by 
twenty-four tube  f e e d e r s .  Each tube  measures 9% inches  a c r o s s ,  a r ranged  
i n  threesomes pe r  b e l t  and two o r  t h r e e  b e l t s  for each s e c t i o n .  B e l t  
speed under t h e  tube  f e e d e r s  v a r i e s  from 33 t o  100 f ee t  pe r  minute. 
The conveyor is d r i v e n  by a v a r i a b l e  speed d r i v e  which is  pneumat ica l ly  
c o n t r o l l e d  by t h e  b e l t  scale. The b e l t  scale weighs, r eco rds  and 
r e g u l a t e s  w i t h i n  a pre-se t  l i m i t ,  the weight of f eed  t o  each of t h e  
t h r e e  rod m i l l s .  

The two new rod m i l l s  (No. 4 and 5) are  f e d  by s l o t  f e e d e r s  d r i v e n  
by b e l t  scale  c o n t r o l l e d  v a r i a b l e  speed motors. 

The f eed ing  system works s a t i s f a c t o r i l y  except  when f r o z e n  lumps 
p lug  up t h e  tube  f e e d e r s  i n  s e v e r e  win te r  weather.  

C l a s s i f i c a t i o n  of d i scha rge  from each b a l l  m i l l  is  performed by d u a l  . 

30 i nch  cyc lones ,  w i t h  a s i n g l e  36 i nch  cyclone f o r  s e c t i o n s  1, 2 and 3 ,  
and d u a l  30 i n c h  cyclones f o r  s e c t i o n s  4 and 5 as  standby u n i t s .  I n l e t  
p r e s s u r e  is 3 t o  5 pounds per: squa re  inch ,  gauge p r e s s u r e  g i v i n g  a 
c l a s s i f y i n g  e f f i c i e n c y  of 80%. 

P ip ing  of cyc lone  feed  i s  schedule  80 unl ined  p i p e  w i t h  v i c t a u l i c  
f i t t i n g s .  Wear has n o t  been seve re  d e s p i t e  v e l o c i t e s  of 7 feet  p e r  
second . 

Cyclone overflow from t h e  t h r e e  o r i g i n a l  g r ind ing  s e c t i o n s  is pumped 
t o  one  of t h r e e  rougher s e c t i o n s ,  each con ta in ing  fou r  banks of A g i t a i r  
cel ls .  A f o u r  way s p l i t t e r ,  which is a c y l i n d r i c a l  t ank  w i t h  f o u r  
equa l ly  spaced s l o t s ,  is  used t o  d i s t r i b u t e  t h e  cyc lone  overflow. The 
two new g r ind ing  s e c t i o n s  d i scha rge  by g r a v i t y  d i r e c t l y  t o  t h e i r  rougher 
cells  a r ranged  i n  two back-to-back banks pe r  sec. t ion.  

Data 

S i z e  f e e t  0 x L 
Throughput tons/day 

M i l l  speed r.p.m. 

Motor r a t i n g  

M i l l  f eed  

% Cr i t i ca l  

Type 
r.p.m. 

K.W. 
KWH/ton mi l l ed  

Power H.P. 

Rod M i l l  

1255 x 15 
6,000 
6,800* 
13.9 
63.5 
1,250 
Synchro no u s 
240 
1,115 
835 
3 . 3  

Foot Note: * Grinding # 1 sec t io t j  

B a l l  M i l l  T o t a l  

125 x 15 
6,000 
6,800* 
17.2 
78.5 
1 , 500** 
Synchronous 
24 0 
1,485 
1,110 
4.7 8.0 

** 11 1 Ball  m i l l  1,250 

. 
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Rod Mill 
4 
SAE 1090 
0.96 
chrome 
moly 
NiHard 
Cr-Mo 
0.052 
78.0 

B a l l  M i l l  , T o t a l  

Grinding media s i z e ,  i n c h  
Material 

Consump t i o n ,  l b .  / t o n  m i l l e d  
L i n e r ,  material - l i f t e r  

S h e l l  
End s 

Consumption lb. / t o n  m i l l e d  
Density m i l l  d i scharge  
% S o l i d  cyclone overflow 

2 
Forged 
.082 
n/a 

NiHard 
NiHard 
0.055 
74.0 

F l o t a t i o n  

1.68 

0.107 

40 

B a s i c a l l y  f l o t a t i o n  i s  c a r r i e d  o u t  i n  one s t a g e  s t r a i g h t  through 
roughing followed by f o u r  s u c c e s s i v e  s t a g e s  of c leaning .  Each of t h e  
f i r s t  t h r e e  c l e a n e r s  is preceded by a r e g r i n d i n g  b a l l  m i l l  i n  c losed '  
c i r c u i t .  w i t h  a cyclone. Except t h a t  firs-t c l e a n e r  t a i l i n g s  go t o  t h e  
scavenger cell's, a l l  t h e  c l e a n e r  t a i l i n g s  are  r e c i r c u l a t e d  back t o  t h e .  
preceeding c leaning  s t a g e .  

A bank of e leven 600H Denver cel ls  were r e c e n t l y  i n s t a l l e d  t o  
scavenge t h e  combined rougher t a i l i n g s  and f i r s t  c l e a n e r  t a i l i n g s .  T h e  
scavenger c o n c e n t r a t e  i s  r e c i r c u l a t e d  t o  No. 1 r e g r i n d  b a l l  m i l l .  
scavenger t a i l s a r e t h e  f i n a l  t a i l i n g  t o  be pumped t o  t a i l i n g s  ponds f o r  
d i s p o s a l .  

The 

Rougher f l o t a t i o n  t a k e s  p l a c e  i n  f i v e  s e c t i o n s ,  one f o r  each of t h e  
f i v e  primary gr inding  s e c t i o n s .  
(No. 1 t o  3)  c o n s i s t  of f o u r  banks, each of e i g h t e e n  No. 48 A g i t a i r  
cells .  The two new s e c t i o n s  (No. 4 and 5) are  each double banks of 
No. 30 Denver DR ce l l s .  Rat io  of rougher c o n c e n t r a t i o n  is  about 120 
t o  1. Each rougher s e c t i o n  is sampled f o r  head, c o n c e n t r a t e  and t a i l i n g .  

The t h r e e  o r i g i n a l  rougher s e c t i o n s  

C o l l e c t o r  o i l  used i s  "Texaco No. 3491" which has  a g r a v i t y  AP1 of 

To enhance 
23 and v i s c o s i t y  SUS 100 seconds a t  100OF. 
used but  t h e  p r a c t i c e  is  d iscont inued  due t o  s h o r t  supply.  
t h e  s t a b i l i t y  of t h e  f r o t h ,  "Syntex L" is used, which i s  a mixture  of 
sulphated monoglycerides. This  reagent  a l s o  a c t s  as a f r o t h e r .  Guardsman 
No. 60 p i n e  o i l  i s  used as a f r o t h e r .  

"Vapour O i l "  w a s  p rev ious ly  

I n  t h e  c l e a n e r  c i r c u i t s ,  sodium s i l i c a t e  is  added t o  prevent  slimes 
To from covering up exposed molybdenite s u r f a c e  and lowering recovery.  

suppress  t h e  f l o t a t i o n  of small amounts of p y r i t e  and c h a l c o p y r i t e  i n  
t h e  o r e ,  sodium cyanide i s  used as a depressant .  

Due t o  t h e  h igh  r a t i o  of c o n c e n t r a t i o n  i n  roughing, t h e  concent ra t ion  

Excess reagent  i s  removed i n  t h e  overflow by th ickening  t h e  f i r s t  
of reagents  i n  t h e  c l e a n e r  c o n c e n t r a t e  makes a very s t i f f  and s t a b l e  
f r o t h .  
c l e a n e r  concent ra te .  Water and r e a g e n t s  so  removed are r e c i r c u l a t e d  t o  
t h e  primary gr inding  c i r c u i t  as p a r t  of process  water .  
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Thickening of t h e  f i r s t  s t a g e  c l e a n e r  c o n c e n t r a t e  takes  p l a c e  i n  
two success ive  t h i c k e n e r s ,  a 50-footer d i scharg ing  t h e  overflow t o  
feed a 125-footer. No f l o c c u l a n t  is added because adhesion of s l i m e  
p a r t i c l e s  t o  exposed molybdenite s u r f a c e  is d e t r i m e n t a l  t o  recovery.  

Rougher Data 

Sections No. 4,5 Sections No. 1,2,3 

A g i t a i r  
40 
735 
72 
2,880 
12.9 
40 
Cells 1-6 s tandard  
Cells 7-18 C h i l l  X 
173 
1,222 * 

Denver DR 
200 
735 
1 6  
3,200 
14.3 
40 
Standard 

Make of cells  
S ize ,  cu. f t .  
H.P. per  cell  
No. .of c e l l s  per  s e c t i o n  
Volume of c e l l s / s e c t i o n ,  cu. ft. 
Retent ion  t i m e ,  minutes 
Pulp d e n s i t y ,  % s o l i d s  
Impel lor  type 

180 
1 ,272  

S h a f t  Speed r.p.m. 
P e r i p h e r a l  speed f t . /mine 

P o i n t s  of Addit ion Lbs. Per  Ton Mil led . Reagents 

Rod and b a l l  m i l l s  
Rod m i l l s  
B a l l  m i l l  d i scharge  

Texaco No . 3491 
Syntex L 
Guardsman #60 p i n e  o i l  

0.20 
0.030 
0 . 050 

3rd - 4 t h  - 2nd - 1s t 
7 

Cleaner F l o t a t i o n  

Agi t a i r  
40 
5 
6 
240 
8 
9.6 
Standard 
190 

Denver 
12 
1% 
1 4  
168 
8 
9.9 
Standard 
420 

Make of C e l l  
VoIume/cell i n  cu. f t .  
H.P. p e r  ce l l  
No. of cells 
Total Volume of cells ,  cu. f t .  
Pulp d e n s i t y ,  % s o l i d  
Reten t ion  t i m e ,  minutes 
Impel le r  type  
S h a f t  speed r.p.m. 

Ag i ta ir A g i t a i r  
40 40 
5 5 
36 12 
1,440 480 
11 12 
15.6 14.5 
Standard Standard 
190 19 0 

Lbs. P e r  Ton Mil led 
I 

P o i n t s  of Addit ion Reagents . 

No. 1 r e g r i n d  b a l l  

No. 1, 2 and 3 

No. 2 & 3 r e g r i n d  b a l l  

No. 1, 2 & 3 r e g r i n d  

m i l l  

c l e a n e r s  

m i l l  & No. 2 c l e a n e r s .  

b a l l  m i l l s  
No. 2 c l e a n e r s .  

Texaco No. 3491 

Guardsman No. 60 p i n e  oil 

0.025 

0.006 

0.16 Sodium s i l i ca t e  

0.025 Sodium cyanide 
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Scavenger Cells 

Make of ce l l  
Volume/cell, i n  cu. f t .  
H.P. per  cel l  
No. of ce l l s  
Total volume of cells ,  i n  cu. f t .  
Pulp d e n s i t y ,  % s o l i d s  
Reten t ion  t i m e ,  minutes 
Imp e 11 er type  
S h a f t  Speed, r.p.m. 

Rea g en t s 

Texaco No. 3491 
Guardsman No. 60 P i n e  Oil 
Syntex-L 

Regrinding 

Denver 
600 
100 
11 
6,600 
38 
5.6 
Denver DR 
162 

Lbs. Per  Ton Mil led 

0.02 
0.003 
0.005 

. 

Preceding each of the f i r s t  t h r e e  c l e a n i n g  s t a g e s  i s  a r e g r i n d i n g  
s t a g e .  The t h i r d  r e g r i n d  s t a g e  is  run  i n t e r m i t t e n t l y  t o  main ta in  a 
f i n a l  c o n c e n t r a t e  s i z i n g  of 60 t o  70% minus 9 microns. 

Each r e g r i n d  s t a g e  c o n s i s t s  of a b a l l  m i l l  i n  c losed  c i r c u i t  w i t h  
Regrind m i l l s  are overflow b a l l  m i l l s  6 f e e t  a rubber  l i n e d  cyclone. 

i n  diameter  by 1 2  f e e t  long. 

Power consumption i n  r e g r i n d i n g  is  about  600 H.P. For No. 2 and 
No. 3 r e g r i n d  b a l l  m i l l s ,  rejects from primary b a l l  m i l l s  a re  used as 
g r i n d i n g  medium. 
The ra te  of gr inding  medium consumption i s  0.03 pounds p e r  t o n  of m i l l  
feed.  

To No. 1 r e g r i n d  b a l l  m i l l  1% i n c h  b a l l s  are charged. 

Metallurgy 

I n  Endako o r e ,  t h e  occurrence of molybdenite is  concent ra ted  a long  
p l a n e s  o f  weakness, so  t h a t  a r e l a t i v e l y  coarse  g r i n d  i s  s u f f i c i e n t  t o  
l i b e r a t e  t h e  mineral .  This ,  toge ther  w i t h  t h e  e a s i l y  f l o a t a b l e  n a t u r e  
of molybdenite,  makes i t  p o s s i b l e  t o  f l o a t  i t  a t  a c o a r s e  g r i n d .  
mineral  o t h e r  than molybdenite is recovered. 

No 

In  g e n e r a l ,  recovery i n  t h e  rougher c i r c u i t s  f l u c t u a t e s  around 84%' 
w i t h  o v e r a l l  recovery d i f f e r e d  by around 0.5%. The e x t r a  2% recovery 
of t he  scavenging c i r c u i t  compensates f o r  t h e  e f f e c t  of 98% e f f i c i e n t  
c leaning  c i r c u i t .  

P a s t  experience i n d i c a t e d  t h a t  f o r  a l l  p r a c t i c a l  purposes ,  i n c r e a s i n g  
the c o n c e n t r a t i o n  of c o l l e c t o r  i n  rougher E l o t a t i o n  improves recovery.  
However, t h i s  i s  l i m i t e d  by t h e  collapse of f r o t h  by even s l i g h t  excess  
i n  c o l l e c t o r .  
t o  t a k e  care of s l i g h t  i n c r e a s e  i n  head assay .  Thorough blending of m i l l  

A s  a r e s u l t ,  excess c o l l e c t o r  a d d i t i o n  cannot b e  p r a c t i c e d  
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feed t o  maintain a s teady  head assay  and a d d i t i o n  of c o l l e c t o r  o i l  
emuls i f ied  w i t h  Syntex L h e l p  t o  ensure  maximum recovery.  

The grade  of rougher c o n c e n t r a t e  is c o n t r o l l e d  t o  g i v e  a r a t i o  
of 120 t o  1, and rougher recovery appears  i n s e n s i t i v e  t o  changes i n  
t h i s  r a t i o .  

A c l o s e  r e l a t i o n s h i p  exists between t h e  f i n e n e s s  of r e g r i n d i n g  
and t h e  grade  of f i n a l  Concentrate a f t e r  f o u r  c l e a n i n g  s t a g e s .  
Fineness  can be ad jus ted  by running o r  bypassing t h e  t h i r d  r e g r i n d  
b a l l  m i l l .  

F l o c c u l a t i o n  of slime is v e r y  harmful t o  t h e  recovery  of molyb- 
d e n i t e .  I n  t h e  c l e a n e r  c i r c u i t s ,  sodium s i l ica te  i s  added t o  ensure 
that  exposed molybdenite s u r f a c e  is  n o t  p a s s i f i e d  by a c o a t i n g  of 
s l i m e  . 

. -  Dewatering - .  

F i n a l  concent ra te  produced by t h e  f o u r t h  c l e a n e r s  is  thickened 
to  about  50% s o l i d s  i n  a 20-foot diameter th ickener  us ing  Separan 
as f l o c c u l a n t .  The underflow i s  pumped t o  a s t o c k  tank ,  20 f e e t  i n  
diameter  and 1 2  f e e t  high,  w i t h  a 3 by 3 s o f t  rubber  l i n e r  (SRL) 
pump c o n t r o l l e d  by a pre-set  on-off t i m e r .  

The  s t o c k  tank s e r v e s  t o  c o n t r o l  surges  i n  m i l l  product ion,  t o  . 
blend f i n a l  concent ra te  f o r  a more uniform grade  and t o  serve as a 
leaching  tank f o r  a m u r i a t i c  a c i d  leach .  Leaching reduces t h e  
amount of ca lc i te  i n  t h e  c o n c e n t r a t e  ensuring t h e  su lphur  conten t  
of r o a s t e d  concent ra te  can be reduced t o  below 0.10%. 

The leached concent ra te  is f i l t e r e d  t o  about  30% mois ture  by a 
t h r e e  d i s c ,  6 f o o t  diameter f i l t e r .  Sprays on t h e  f i l t e r  cake wash 
o u t  t h e  d isso lved  calcium from t h e  leaching  s t e p .  

Moisture  is  reduced from 30% down t o  about  3% i n  a n a t u r a l  gas  
f i r e d  10 f o o t ,  4 h e a r t h  dryer .  
a t t a c h e d  stir and t r a n s f e r  t h e  feed  a c r o s s  each h e a r t h  and down t o  
t h e  n e x t  h e a r t h  through a l t e r n a t i v e  i n  and o u t  dropholes .  N a t u r a l  
g a s  burners  a re .  i n s t a l l e d  t o  provide h e a t  f o r  d r y i n g ,  t h r e e  on No. 
1 h e a r t h  and two on No. 2 h e a r t h .  The dryer  is  downdraughted. 

Revolving arms w i t h  r a b b l e  t e e t h  

Res idua l  moisture  a long w i t h  c o l l e c t o r  o i l  remaining i n  t h e  
c o n c e n t r a t e  i s  maintained around 5 t o  7% f o r  a h igh  bulk  d e n s i t y  
and good d u s t  c o n t r o l  f o r  t h e  canning process .  

Dried concent ra te  i s  conveyed t o  e i t h e r  one o r  two 100-ton 
s t o r a g e  b i n s  t o  provide feed  f o r  t h e  canning l i n e  and r o a s t e r s .  
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10-f oo t Dryer 

Diameter 10 f e e t  
Hearths  4 
T o t a l  Area U t i l i z e d  
Feed rate, dry tons/hour  1.5 t o  2.5 
Hear th  loading ,  l b s . / s q . f t .  3.0 

Temperature - No. 1 Hearth 1400 - 1600°F. 

360 square  f e e t  

- No. 2 Hearth 800 - 850OF. 
Heat inpu t ,  BTU p e r  t o n  400,000 

Rabbling - speed r.p.m. 1 - t e e t h  p e r  h e a r t h  i n  h e a r t h  - 1 2  
o u t  h e a r t h  - 1 2  

Exhaust gas volume, a c t u a l  
cubic  f e e t  p e r  minute 5,000 

* .  Roast ing , ' 

I n c r e a s i n g  demand f o r  molybdenum i n  t h e  form of i t s  t r i o x i d e  has 
r e s u l t e d  i n  t h e  r e c e n t  conversion of a 1 6  f o o t  dryer  t o  a r o a s t e r .  
The 16  f o o t  r o a s t e r  combined w i t h  t h e  18 foot r o a s t e r  w i l l  r o a s t  90% 
of concent ra tor  product ion.  
and des ign  to  t h e  1 0  foot  dryer .  

Both r o a s t e r s  are similar i n  s t r u c t u r e  

Cont ro l  of temperature ,  a i r ,  and h e a t  i n p u t  a t  t h e  v a r i o u s  p o i n t s  
of t h e  r o a s t i n g  process  is  very  important  t o  produce a low su lphur  
c a l c i n e .  A i r  p l a y s  t h e  d u a l  r o l e  of coolan t  and oxidant .  S i n c e  
o x i d a t i o n  of molybdenum s u l p h i d e  t o  t r i o x i d e  is  exothermic,  a d j u s t -  
ment of t h e  amount of a i r  i n p u t  can b e  used t o  raise o r  lower t h e  
h e a r t h  temperature  thus  r e g u l a t i n g  t h e  ra te  of any p a r t i c u l a r  s t e p  
i n  t h e  o v e r a l l  r o a s t i n g  process .  

Most of t h e  h e a t  r e q u i r e d  i n  r o a s t i n g  is  s u p p l i e d  by t h e  o x i d a t i o n  
of molybdenum s u l p h i d e  t o  t r i o x i d e .  
i n p u t  is  requi red  t o  i n i t i a t e  r o a s t i n g ,  and t o  main ta in  su lphur  removal 
when sulphur  conten t  i n  t h e  feed drops too low f o r  r o a s t i n g  t o  b e  auto- 
genous. 
of No. 1 and No. 9 h e a r t h s ,  and i n  foursomes i n  each of No. 10 ,  11 and 
12 h e a r t h s .  In  t h e  1 6  f o o t  r o a s t e r  burners  a r e  placed i n  p a i r s  i n  No. 
7 h e a r t h  and foursomes i n  each of No. 1, 8, 9 ,  and 10 h e a r t h s .  

A modest amount of e x t e r n a l  h e a t  

I n  t h e  18 f o o t  r o a s t e r ,  burners  a r e  placed i n  p a i r s  i n  each 

Roast ing of molybdenum c o n c e n t r a t e  i n  t h e  18 f o o t  r o a s t e r  can b e  
broken down i n t o  f o u r  s t e p s .  
h e a t  t o  remove the  l a s t  t r a c e  of moisture ,  t o  vapor ize  and i n i t i a t e  
combustion of c o l l e c t o r  o i l s  i n  t h e  feed.  
burning i s  s u f f i c i e n t  t o  s u s t a i n  complete removal of water  and o i l  i n  
t h e  top  two h e a r t h s .  

The two burners  of No. 1 h e a r t h  provide  

Heat given o f f  by t h e  o i l  
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When c o n c e n t r a t e  reaches  No. 3 h e a r t h ,  i ts  temperature  i s  h i g h  
enough to  i n i t i a t e  o x i d a t i o n  of molybdenum s u l p h i d e  t o  d ioxide .  
A i r  is  in t roduced  t o  No. 4 and 5 h e a r t h s  t o  provide  oxygen f o r  
r o a s t i n g .  The r o a s t i n g  r e a c t i o n  i s  exothermic and a w e l l  a d j u s t e d  
air i n p u t  main ta ins  t h e  r e a c t i o n  temperature.  

The second s t a g e  of o x i d a t i o n  t o  t r i o x i d e  t a k e s  p l a c e  i n  No. 6 
to 9 h e a r t h s .  The r e a c t i o n  is a g a i n  exothermic and oxygen is re- 
qui red .  

To ensure  a product of less than  0.10% sulphur ,  a t o t a l  of 1 4  
burners  are l o c a t e d  on t h e  bottom f o u r  h e a r t h s  which remove t h e  
l a s t  remaining traces of su lphur ,  which amounts t o  1% i n  No. 9 
hear th .  
out" occurs .  
glowing and appears  a yel low colour .  
h e a r t h s  i s  u s u a l l y  an i n d i c a t i o n  of a c c e p t a b l e  c a l c i n e .  

The process  c o n t r o l  c r i t e r i o n  is t h e  h e a r t h  a t  which " ta i l -  
T a i l o u t  is s a i d  t o  t a k e  p l a c e  when t h e  load s t o p s  

T a i l o u t  on N o .  10 o r  11 

Roast ing i n  t h e  16 foot r o a s t e r  fo l lows  a similar sequence. 
Drying of t h e  molybdenum s u l p h i d e  c o n c e n t r a t e  and burn'ing of t h e '  
f l o t a t i o n  oils 'are complete i n  No. 2 h e a r t h .  
proceeds from N o .  3 t o  5 h e a r t h s .  F i n a l  t ransformat ion  t o  t r i o x i d e  
t a k e s  p l a c e  i n  No. 6 and 7 h e a r t h s  t o  g i v e  a t a i l o u t  i n  No. 8 h e a r t h .  
F i n a l  removal of sulphur  below 0.10%' is accomplished by t h e  t i m e  t h e  
c a l c i n e  l e a v e s  No. 10 h e a r t h .  

Oxidat ion t o  d i o x i d e  

Data 

Diameter 

Hearth - Number 

Feed Rate  - Lb. Mo/day 

Temperature OF. - Highest 

- Area i n  sq. f t .  

- Lb. Mo/day/sq. f t .  

- T a i l o u t  

Product Sulphur .Content  

Heat I n p u t  - BTU/day - BTU/lb. Mo 

Rabbling - Speed i n  r.p.m. 
- Teeth f o r  i n  h e a r t h  
- Teeth f o r  o u t  h e a r t h  - Furrows/hour 
- Furrows/hour/sq.f t .  

Recovery 

Product S i z e  Control  

18 Fee t  

12  
2,255 

40,000 
11.2 

1,200 
No. 3 Hearth 

No.10 Hearth 
1,000 

16 F e e t  

10 
1,306 

1,300 

1,000 

No. 3 Hearth 

No. 8 Hearth 

Maximum 0.10% 

38,400,000 12,900,000 
1460 

0.5 
27 
29 
10,000 
4.8 

0.5  
22 
23 
6,600 
4.8 

90 
Minus 10 mesh (Tyler  Screen) 
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SULPHUR D I O X I D E  REMOVAL 

The su lphur  d i o x i d e  removal p l a n t  was designed t o  handle  45,000 
hu 

ACFM of f l u e  gases  a t  500°F., con ta in ing  approximately 1.4% su lphur  
d i o x i d e  by volume, from two r o a s t e r s  and one  d r y e r .  

The p l a n t  is  a t h r e e  s t a g e  p rocess  c o n s i s t i n g  of two coo l ing  
stages and one a b s o r p t i o n  s t a g e .  
the two r o a s t e r s  e n t e r  t h e  primary c o o l e r ,  which i s  a mild s t ee l  
vessel l i n e d  w i t h  l e a d ,  and an  a c i d  r e s i s t a n t  b r i c k .  
in t roduced  through t h r e e  sp ray  assembl ies  t o  c o o l  t h e  gases from 5000F. 
t o  1000F. Some of t h e  water vapor i zes  t o  s a t u r a t e  t h e  gases ,  and any 
l i q u i d  l e f t  se t t les  t o  t h e  bottom and d r a i n s  t o  t h e  secondary coo le r .  
Water consumption i s  approximately 100 USGPM. 

Exhaust gases  from t h e  d r y e r  and 

A water sp ray  i s  

The secondary c o o l e r  is  a f i b e r g l a s s  r e i n f o r c e d  p o l y e s t e r  tower, 
p a r t i a l l y  packed w i t h  3 i n c h  polypropylene " In ta lox"  sadd le s  which 
p rov ide  l a r g e  amounts of s u r f a c e  area f o r  gas  and l i q u i d  h e a t  exchange. 
Primary c o o l e r  exhaus t  gases  enter t h e  secoxidary c o o l e r  through a 
n o z i l e  i n  t h e  bot tom and r i s e  up t h e  tower becoming c o o l e r  as .they 
come i n t o  c o n t a c t  w i t h  water p e r c o l a t i n g  down through t h e  packing. 
Water i s i n t r o d u c e d t h r o u g h  a d i s t r i b u t o r  a t  a ra te  of 700 USGPM t o  
cool t h e  gases to  450F. 

The absorber  is s i m i l a r  t o  t h e  secondary c o o l e r  though t a l l e r ,  
i n  o rde r  t o  g a i n  a longe r  r e s i d e n c e  t i m e .  Packing i s  2 inch  " In ta lox"  
s a d d l e s ,  which p rov ide  a g r e a t e r  s u r f a c e  area than  t h e  t h r e e  inch  
s a d d l e s  i n  o r d e r  t o  f a c i l i t a t e  su lphur  d i o x i d e  abso rp t ion .  Water 
consumption is 1100 USGPM. 

St r ipped  gases  from t h e  absorber  are exhausted through a f i b e r -  
g l a s s  r e i n f o r c e d  p o l y e s t e r  s t a c k  t o  t h e  atmosphere. A two m i l l i o n  
BTU/hour burner  a t  t h e  b a s e  of t h e  s t a c k  r e h e a t s  w e t  exhaus t  gases  
f o r  b e t t c r  d i s p e r s i o n .  

E f f l u e n t  from t h e  p l a n t  is  d ischarged  by g r a v i t y  t o  t h e  t a i l i n g s  
pump box i n  t h e  basement of t h e  m i l l ,  where n a t u r a l l y  occur r ing  b a s i c  
mine ra l s ,  p r i m a r i l y  ca l c i t e ,  a re  used t o  n e u t r a l i z e  t h e  a c i d i c  l i q u o r  
en rou te  t o  t h e  t a i l i n g s  pond. , 

The water system is  designed t o  run t h e  su lphur  d i o x i d e  p l a n t  
on reclaim water. During pe r iods  when reclaim water is  i n  s h o r t  supply ,  
t h e  primary and secondary c o o l e r s  can b e  switched over t o  f r e s h  water. 

Opera t ion  of t h e  p l a n t  depends on t h e  amount of water going i n t o  
each tower. Gas tempera tures  a re  good i n d i c a t o r s  of t h e  e f f i c i e n c y  of 
t h e  ope ra t ion .  F u r t h e r  F.R.P. towers and p l a s t i c  packing cannot s t a n d  
high tempera tures  wi thout  s u s t a i n i n g  permanent damage. Ther fore ,  t h e  
flow of water t o  t h e  p l a n t  is c a r e f u l l y  c o n t r o l l e d  and temperatures of 
the two coo le r  exhaus ts  a r e  cont inuous ly  monitored by platinum 
r e s i s t a n c e  thermometers . 

b v  
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Product Packaging w 
Molybdenite (MoS2) c o n c e n t r a t e  product ion  is  marked as molybdenite 

Concentrate  i n  33 US g a l l o n  drums, o r  molybdenum t r i o x i d e  (MoO3) conc- 
entrate i n  33 US g a l l o n  drums and small p a i l s ,  o r  as p i t c h  bonded 
b r i q u e t t e s .  

Because of i t s  l o w  unpacked b u l k  d e n s i t y ,  molybdenite c o n c e n t r a t e  
is packed w i t h  a f o r c e  f e e d  auger  t o  g i v e  a packed d e n s i t y  of 110 
pounds p e r  cubic  f o o t .  Drums are not  f i l l e d  t o  c o n s t a n t  weight ,  b u t  
a range of 400 t o  460 pounds of molybdenite c o n c e n t r a t e  p e r  drum is 
maintained. Drums are s t r a p p e d  f o u r  t o  a p a l l e t  f o r  sh ipping  t o  
Vancouver by t ruck .  

Molybdenum t r i o x i d e  is packed a t  a c o n s t a n t  weight  of  463 pounds 
or  210 kilograms per  drums. A manual f a s t  f i l l  on a v i b r a t i n g  t a b l e  
is followed by a p h o t o - e l e c t r i c a l l y  c o n t r o l l e d  s t a g e  of topping up. 
Oxide drums are packed and shipped i n  a similar manner t o  su lphide .  

.Small cans are f i l l e d  on a v i b r a t i n g  t a b l e  by a p h o t o - e l e c t r i c a l l y  
c o n t r o l l e d  feeder .  Manual adjustment  .is o c c a s i o n a l l y  r e q u i r e d  t o  g i v e  . 
a constant w e i g h t  of 10 kilograms of contained molybdenuh. 

The rest of t h e  oxide  product ion  is  marketed i n  t h e  form of 
c y l i n d r i c a l  b r i q u e t t e s  w i t h  p i t c h  as t h e  b i n d e r .  
molybdenum content  of t h e  oxide  concent ra te ,  t h e  weight of t h e  b r i -  
q u e t t e  i s  v a r i e d  t o  g i v e  a c o n s t a n t  weight of 2.5 pounds of contained 
molybdenum f o r  t h e  domestic market o r  one ki logram f o r  f o r e i g n  consump- 
tion. 
sulphur content  is  kept  below .15%. 

According t o  t h e  

The amount of p i t c h  i n  t h e  b r i q u e t t e  r u n s  about 10%. O v e r a l l  

T a i l i n g s  Disposal  

M i l l  t a i l i n g s  are pumped from a combined t a i l i n g  pump box t o  two 
No. 1 pond covering 531 acres and s e p a r a t e  t a i l i n g s  d i s p o s a l  areas: 

No. 2 pond covering 327 acres. 

No. 1 l i n e  of 31,000 f e e t  of 22 inch  and 24 inch  wood s t a v e  and 
s teel  p i p e  feeds  No. 1 pond and ex tens ion .  No. 2 l i n e  of 13,000 f e e t  
of 27 i n c h  wood s t a v e  and s teel  p i p e  f e e d s  No. 2 pond. I n  most cases 
p ip ing  is l a i d  a t  a down grade  of 0.5% between c y l i n d r i c a l  drop tanks  
of steel .  

* 

T a i l i n g s  are t rapped behind dams b u i l t  up by s p i g o t t i n g  t a i l i n g s  
behind a berm of sand pushed up ahead of  t i m e  by s m a l l  b u l l d o z e r s .  

Water is reclaimed from t h e  two t a i l i n g s  ponds a t  a rate of about  
6,500 US g a l l o n s  per minute by pumps mounted on barges  near  t h e  s h o r e  
of each pond. Make up water ,  which amounts t o  20% of m i l l  d i s c h a r g e ,  
is pumped from Francois  Lake a t  a r a t e  of 1,500 US gallons p e r  minute.  
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Assaying and Research 

Atomic absorp t ion  technique was implemented by the assay  l a b o r a t o r y  
of Endako t o  perform f a s t  molybdenum analyses  of samples w i t h  molyb- 
denum content  below 3%. The spectrophotometer c u r r e n t l y  i n  s e r v i c e  
is a "Techtron" model AA 5. For h igher  grade samples,  t h e  s tandard  
l e a d  molybdate gravimetric method is used. 

Trace elements such as  copper, l e a d ,  bismuth, and i r o n  i n  t h e  
c a l c i n e  are analysed wi th  atomic a b s o r p t i o n  method. 
conten t  is  determined by w e t  chemical method. 
c i n e  i s  analysed wi th  t h e  "Leco" combustion appara tus .  

Phosphorous 
Sulphur l e v e l  of cal- 

Calcium content  is determined because i t  i s  c l o s e l y  r e l a t e d  t o  
the r e s i d u a l  sulphur  c o n t e n t  of c a l c i n e .  Atomic a b s o r p t i o n  technique 
proved t o  b e  w e l l  s u i t e d  f o r  t h e  low concent ra t ions  involved. 

The r e s e a r c h  department is  equipped t o  conduct tests i n  f l o t a t i o n ,  
grsnding,  leaching', and r o a s t i n g .  The su lphur  d i o x i d e  removal p l a n t  
was designed on t h e  b a s i s  of p i l o t  p l a n t  work conducted ,by r e s e a r c h  
personnel .  

Along a more r o u t i n e  v e i n ,  research 'depar tment  is  r e s p o n s i b l e  f o r  
sub-sieve s i z i n g  of samples down t o  10 micron range. A c y c l o s i z e r  is 
used f o r  t h i s  purpose and proved t o  be a v a l u a b l e  t o o l  i n  c o n t r o l l i n g  
t h e  grade  of f i n a l  concent ra te .  Dust l o s s  measurement i n  t h e  c r u s h e r ,  
r o a s t e r  and d r y e r  are  checked f r e q u e n t l y  on a r e g u l a r  b a s i s  i n  an  e f f o r t  
t o  c o n t r o l  t h e  amount of d u s t  exhaust ing t o  t h e  atmosphere. A i r  borne 
d u s t  count is a l s o  checked r e g u l a r l y  i n  t h e  c rush ing  p l a n t s .  

PLANT DEPARTMENT 

Planning  

The planning s e c t i o n  r e q u i s i t i o n s  p a r t s  and materials, and schedules  
and co-ordinates  work f o r  t h e  p l a n t  department through a work o r d e r  
system. , 

These work o r d e r s ,  which can b e  i n i t i a t e d  by any i n d i v i d u a l  o r  
from p a s t  h i s t o r y  i n  schedul ing,  s e r v i c i n g  and p r e v e n t a t i v e  maint- 
enance, are  a l s o  used f o r  record ing  maintenance h i s t o r y .  

On p r e s e n t  performance, approximately 40% of a l l  work i s  planned. 

The p i t  s e c t i o n ,  o p e r a t i n g  under a master mechanic and out  of a 
c e n t r a l  shop, maintains  a l l  mobile equipment. 
equipment, shovels ,  d r i l l s ,  and some 60 mobile s e r v i c e  v e h i c l e s .  

This  inc ludes  production 
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Again, a c t i n g  u n d e r  a master mechanic, t h i s  s e c t i o n  i s  s p l i t  i n t o  
mill, p l a n t  and shop areas.  
is schedulcd d u r i n g  day shift  w i t 1 1  the  exccpt ion  of  emergency r epa i r s  
which are covered by 8 s h i f t  mechanics sclicdulcd on cont inuous  shifts. 

Nearly a l l  work car r ied  o u t  i n  t h i s  scctioll 

L Electric r\l- 

Operated under a chief e l e c t r i c i a n ,  t h i s  s e c ' i o n  i s  s p l i t  i n t o  
e l e c t r i c j . a n s  (20) and  i n s t r u m e n t  d e c t r i c i a n s  (5 ) .  The e l ec t r i ca l  
s e c t i o n  ma in ta ins  a l l  p l a n t  e lec t r ica l  i n s t a l l a t i o n s  includj-ng the p i t  
equipment. AIIY major e l e c t r i c a l  i n s t a l l a t i o r l  i s  u s u a l l y  c o n t r a c t e d  out 
from the d e s i g n  s tage.  

- .  Surface . 

Responsible  for m a i n t a i n i n g  a l l  buildings, roads, transportation, 
etc. the s u r f a c e  s e c t i o n  employs carpenters, painters,  equipment opera tors  
and l a b o u r e r s .  
summer t o  maintain and r e l o c s t e  where r e q u i r e d  the 7 m i l e s  of t a i l - ings  

S e a s o n a l l y ,  this section i s  i n c r e a s e d  i n  s i z e  d u r i n g  the 

line 

hhv 
Equipment 

The p l a n t  department  ope ra t ed  and main ta ins  a l l  services. These are 
b a s i c a l l y  : 

E l e c t r i c a l  Power 69 KV supply ,  connected l o a d  25,000 H.P. 
D i s t r i b u t i o n  through 69 KV t o  4 ,160  and 
then 600 v o l t s .  

Fresh Water Supply From ndjoini l lg  F r m c o i s  Lakc. Supply r a t e  
2,500 gpm max. " 

Bui ld ings  Plost b u i l d i n g s  a rc  of B u t l e r  d e s i g n  and are  
hea ted  from a g i s  f i r e d  * c e n t r a l l y  located 
hot water systers.. 
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the apprentice w i l l  receive pract ica l  training i n  various aspects of 
the plant.  

There are normally between 55 and 60 apprentices employed by the 
plant department . 

* * * * * * *  

, 


