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Jk?tillellen~ Copper Col-~,~,i-;~~.j"".J~!, ____ _ _  
l n t roduc t ion  
---I_ 

Bcthlehcn~ Copper CorpornLion opcrater ,  a n  opeu-.l:i t cop l~ : r  iiii.iic i n  t:hc 

Highland Valloy a rea  of south-cci i t ra l  B r i t i : : l i  Colu1:ibiil. !I i.ns and p l a n t  are loca ted  

a t  l a t i t u d e  50 3 0 ' ,  1 . o n ~ i t u d e  1 2 1  0 0 ' ,  and e l e v a t i o n  4,9110 f e e t  above sea 1cvc.l i n  a 

s e t t i n g  of g e n t l ~ y  r o l l i n g ,  f o r e s t c d  uplands. A 28-iiiile paved road t c  tile no r t l~wes t  

c.onnects with inain r a i l  and higlivay rou te s  a t  Ashcroft .  To t h e  soii t l icast  a 44-mi1.e 

g r a v e l  road l eads  t o  the to'vn of Nc . r r i t t .  N i n e  output f o r  the ycnrs 1 9 6 8  t o  1 9 7 1  

averaged an annual  50,000,000 1.b of copper i n  concen t r a t e  form. A1.l p r o d u c t i o n  h a s  

0 0 

been shipped t o  Japan t o  the Nii1iai:ia smelter o f .  t h e  Siimitonio Ketal. hiining Company. 

H i s  t o r y  

Copper occurrences i n  the 1iighl.and Valley have drairii sporad~i .c  a t t e n t i o n  

s ince  e a r l y  stakings around the t u r n  of t h e  century.  

yea r s  1915 and 1916, a&cuiited t o  9G t ons  of hnud-cobled o r e  gi-sdii;:; 30:; coppei-. I n  

1917 t h e  ope ra t ion  of the  neighbouring 0.1;. Mine t r e a t e d  1.0,OOO tons  of o r e  a t  a 

grade  of  3.5% copper. 

IJa::oii sliipiiients, r:iade i n  the 

The Bethkhem operat ioi ls  grew from the j o i n t  e f f o r t s  of P. bl. Reynolds, 

H. H. Hues t i s ,  and J. A .  McLallen. These t h r e e  inen s t a r t e d  by s t a k i n g  thc  ground 

i n  1954 and founded t.hc company i n  1955. During t h e  per iod  of 1955 t o  1 9 6 1  explo- 

r a t i o n  work and diamond d r i l l i n g  were undertaken on t h e  proper ty  and f e a s i b i l i t y  

s t u d i e s  prepared f o r  a p l a n t .  

f i c i e n t  funds t o  b r i n g  t h e  proper ty  i n t o  product ion.  

I n  1961 Sumitonio !fetal  !lining Company advanced suf -  

&out  50% of t h e  shares of Bethlehem a r e  h e l d  by three iimjor companies, 

Grgnges, Newmout, and Sumitomo, who a r e  represented  on t h e  board of d i r e c t o r s  of 

t h e  company. The balance  of t h e  s h a r e s  are widely d i s t r i b u t e d  anioiig approsinlately 

' 6,000 shareholders. 

Product ion commenced i n  December 1962 a t  an i n i t i a l .  rate of 3000 t p d  
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w j t l i  a griiiiliiig  plan^ of one rod n i i l l ~  slid t w o  I ~ a l l  i i i i I 1 s .  TIlcr1: I d l o w c J  il SLIC-  

cess ion  of expansions at interval: ;  of 2 t o  3 y<'ars l e n d i i i l :  t o  a 1970 mil.liiig i - ~ t . e  

of 15000 t p d  from a gr inding  plai i t  cnlargcd t o  two rod mi1.l.s and f j . w  bil1.l i i i i l . l s .  

The  l a t e s t  expansion, on streiim i n  111i.d-1972, involved t l i c  a d d i t j c i i l  of two pc1;Lle 

m i l l s  s i z i n g  16'6"x32'0", moving the. p l a n t  capac i ty  t o  17000 t p d .  

expansions cont inue  t o  emerge froin the compaiiy drawin:: boards. 

Plans f o r  I : r t u ~ - e  

Tile year-to-year i nc rease  i n  mine o u t p u t  has bccn accoxpani.c,cl by a11 i~ii- 

verse t r end .  i n  m i l l  f eed  grade. 

r e t r e a t e d  s t e a d i l y  t o  a l e v e l  of 0.51% copper i n  1970.  

From a c r e s t  of 1.06% cupl)er i ~ n  1963  the grade 

T h e  Beth1cher.i prodc.ctioii  

record dur ing  these  years e s t a b l i s h e d  t h e  company as the forerunner  of l a r g e r  sca le ,  

low-grade, open-pit copper mines i n  B r i t i s h  Columbiz and throu$iout Canada. 

Geology a112 O r c b o d i c s  

The major r eg iona l  geo log ica l  f e a t u r e  i s  the Guichon b a t I i o ? i t l i ,  a nort-h- 

s t r i lc i i ig  e l l i p t i c a l  :;lass 02 rock s t r e t c h i n g  over 40 iiiiles lciig aud ;G i1,iles w L L r .  

It c o n s i s t s  of s e v e r a l  i n t r u s i v e  d i o r i t e  pha.s'es arrangcd i n  a conceii:ric p a t t e r n  

around a c e n t r a l  core  of Rethsaida qua r t z  monzonite. 

and Middle J u r a s s i c  is given by s t r a t i g r a p h i ~ c  and i s o t o p i c  da.f:ing. 

Val ley ,  t r end ing  n o r t h ~ ~ c s t - s o u t h e a s t ,  d iv ides  thc b a t h o l i t h  approsi11iate1.y i n  h a i f .  

The Bethlehem proper ty ,  ca r ry ing  a n u d e r  of mine ra l  d e p o s i t s  of var ious  ex ten t ,  

l i es  near t h e  c e n t r e  of t h e  b a t h o l i t h .  Flanking Gethlehcm respec t i .v f ly  t o  t h c  

west, southwest and sou th  a r e  t h e  neighbouring p r o p e r t i e s  of V a l l c y  Copper, Lornex, 

and Highmont, a l l  of which c a r r y  major mine ra l  depos i t s .  

An ag:f' betwcen IJpper T r i z s s i c  

The Highln:1:3 

On the Bethlehem proper ty  t h e  ini-neral d e p o s i t s  are a s s o c i a t e d  wi th  tvo  

major phases of the  Guichon b a t h o l i t h .  

g ra ined  rock l o c a l l y  c a l l e d  Guiclion qua r t z  d i o r i t e .  

younger phase c a l l e d  t h e  Betlileliem q u a r t z  d io r i . t e .  

c l o s e  t o  the con tac t  of t hcse  two phases i n  areas of pronounced I a i i l ~ i i i g ,  b recc i -  

The p r e v a i l i n g  phase is a niedi.um- t o  f h e -  

I t  has been in t ruded  by  a 

The  minera l  d e p o s i t s  a r e  loca t ed  
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a t i o n  alld porphyry dykc i n t r u s i o n .  

c l a sc .  

f r a c t u r e  f i l l . i n g s  and disseoiinafcd g r a i n s .  

p lanes  and associ-ated w i ~ t h  q u a r t z  ve in ing .  

i n  poorly def ined hcl1.0~ on t h c  p e r i p h c r i e s  of '  t h e  m.inera1. zones. 

P r i n c j ~ p a l  rock niinerals a r e  qi iar tz  and p1a;;i.o- 

Chalcopyr i tc  and  borni . te  a r e  t h e  important  copper mi.ncra1 :i, occurr ing  a s  

N i n o r  imol.ybdcnitc i s  found ~ J . I > I I : ;  s l i p  

P y r i t e  occurs  i n  low conccnt~-; i t ic~rrs  

During t h e  exp lo ra t ion  program t h a t  preceded mill cons t ruc t ion  t!iree 

phys ica l ly  s e p a r a t e  orebodies  d i sp l ay ing  d i s t i n c t  geo log ica l  and metal1urgica. l  

c h a r a c t e r i s t i c s  were ou t l ined .  They were t h e  E a s t  J e r s e y ,  J e r sey  and Iona zones.  

The east J e r s e y  was  a r e l a t i v e l y  low-tonnage (3,000,000 tons  m i l l e d ) ,  

high-grade (1% copper),, coa r se ly  minera l ized  orebody i n  which t h e  main copper mine- 

ral was born i t e .  The h o s t  rock was extremely hard .  

The Jersey  orebody, from which 30,000,000 tons  was mined, was somewhat 

A s o f t e r .  

very  s i g n i f i c a n t  m e t a l l u r g i c a l  d i f f e r e n c e  e x i s t e d  i n  comparison t o  t h e  E a s t  .Jersey 

i n  t h a t  t h e  minera ls  were very f i n e l y  disseminatcd i n  t h e  h o s t  rock. The average 

grade  was 0.55% copper. 

The  copper mine ra l i za r ion  was a mixture  of b o r n i t e  a?d cha lcopyr i t e .  

The Iona Zone is a tabular- type d e p o s i t  conta in ing  c h a l c o p y r i t e ,  b o r n i t e ,  

a s  w e l l  as oxide and carbonare copper minera l i za t ion .  It i s  relat ively s m a l l ,  i n  

t h e  range of 10,000,000 toils and t h e  c a l c u l a t e d  grade  of the o r e  r e se rves  i s  0.55% 

copper. 

When the mi1.l was cons t ruc t ed  i t  was s i t u a t e d  s o  as t o  a l low t ruck  haulage 

A f t e r  the m i l l  was b u i l t  a f o u r t h  orebody, t h e  l i ues t i s ,  from these three orebodies .  

w a s  discovered.  

The h o s t  rock is s l i g h t l y  s o f t e r  than  i n  t h e  Jersey  and t h e  primary m i n e r a l i z a t i o n  

is cha lcopyr i t e ,  wi th  minor b o r n i t e  mine ra l i za t ion .  

that  thc mine ra l s  are f i n e l y  disseminated.  

The o r e  reserve  was c a l c u l a t d d  a t  26,000,000 t o n s  a t  0.56% copper. 

It i s  siniil.ar t o  t h e  Je r sey  i n  

For tuna te ly ,  i t  is a l s o  wi-thin t ruck  
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haul.nge d i~s tnnce  of the p resen t  p l a n t  f a c i l i t i e s .  

I n  t h e  coursc. of mine dewlopment the  E a s t  J e r scy  was exp l~o i t ed  f i r s t ,  

t h e  Je r sey  was then m i n e d ,  and the H u e s t i s  Zone i s  p resen t ly  i n  t h e  c x p l o i t a t i o n  

s t a g e .  It is planned t o  b r i n g  the  Iona  Zone i n t o  product ion i n  1974.  

I n  a d d i t i o n  t o  t h e  above zones,  w i th in  conveyor 11; i i~ l : ig~  d i s t a n c e  of t h e  

> presen t  m i l l  Bethlehem has ore reserves  i n  excess of 200,000,000 tons  of 0.4% 

copper contained i n  i t s  s h a r e  of t h e  V a l l e y  Copper d e p o s i t ,  and approximately 

300,000,000 t o n s  a t  0.40% copper i n  t h e  3-A Zone. 

Mining 

P resen t  ore  pro.duction a t  a rate of 17000 tpd i s  der ived  from the Hues t i s  

P i t ,  which i s  s i t u a t e d ,  some 2,000 f t  from t h e  primary c rusher  and m i l l  i n s t a? l a t i . on .  

The c u r r e n t  s t r i p p i n g  r a t i o  i s  2.5:l .  

The Huest is  P i t  i s  approxirnately 1,800 f t  i n  diameter  a t  t h e  s u r f a c e .  The 

u l t i m a t e  desianed depth i s  1,000 f t .  MLninz is carried o u t  on 33-f t  benches wi th  

s l o p e s  designed t o  45 i n  rock and 38 i n  overburden. Road widths  a r e  60 f t ,  wi th  

a one-mile o r e  h a u l  a t  12% grade.  The major i ty  of  t h e  waste is talcen t o  waste dumps 

a s h o r t  h a u l  froin t h e  p i t .  Some waste  i s  talcen f o r  t a i l i n g s  dam construc. t ion a d i s -  

t ance  of one mile a t  a miiius 3.5;; grade.  

0 0 

Equipment u t i l i z e d  f o r  d r i l l i n g  c o n s i s t s  of two 45-R  drill.^, one ope ra t ing  

and one s tandby.  

t h e  powder f a c t o r  is 0.25 lb / ton .  

D r i l l  p a t t e r n s  are 25'x25' ,  exp los ives  are an AN/PO product ,  and 

Loading' is accomplished wi th  four 5+yd shovels  and fou r  12-yd loade r s .  

Four u n i t s  ope ra t e ,  usually two shove l s  and two loaders .  

The haulage f l e e t  c o n s i s t s  of seventeen 50-ton Wabco Haulpaks, t h r e e  50- 

ton C a t  t rucks ,  and t h r e e  50-ton Eucl id  t rucks .  Fourteen of  t h e  Haulpaks are 5 y e a r s  

o l d  and have logged i n  excess of 30,000 hours  of product ion.  

Hnulpalts, t h e  t h r e e  Cats ,  and t he  t h r e e  Euclids Iicive been purchased w i t h i n  Lhe l a s t  

The remaining t h r e e  
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18 months. 

The s e r v i c e  equ?.pnient inc ludcs  two No. 14 grade r s ,  one 8211 rul)her- t i red 

dozcr ,  t h r e e  D8H Cat dozers., one f u e l  t ruck ,  one dual-purpose sand and wiltcr t ruck ,  

and one a i r t r a c .  

The equipnient, f o r  t h e  s i z e  of t h e  ope rn t ion ,  i s  gcnc ra l ly  sinall. Average 

d a i l y  tonnage moved i s  between 50,000 and 60,000 tons.  Ex i s r ing  f a c i . 3 ~ i t i i ? s ,  p i t  

shops ,  roads,  e t c . ,  as w e l l  a s  t h e  need f o r  mob i l i t y  between p i t s ,  have d i c t a t c d  

use of t h e  mobile equipment w i t h  sma l l e r  ccpac i ty  than  would normally be u t i l i z e d  

i n  t h i s  s i z e  of opera t ion .  

M i l l i n g  

Corning on st,ream wi th  t h e  incep t ion  of mining i n  l a t e  1962, t h e  Bethlehem 

Copper m i l l  has logged 10 y e a r s  of continuous ope ra t ion  and processed over  38,000,000 

tons  of ore .  High ope ra t ing  t imes,  qua ternary  g r ind ing ,  pebble m i l l i n g ,  l a r g e  dia- 

meter cyc lones ,  h igh  u n i t  tliroughput i n  f l o t a t i o n ,  and sand-slime scavencinf: are 

f e a t u r e s  of  t h e  p l a n t .  Downtime was minimal through.out t h e  s e v e r a l  expansion s t a g e s .  

The p l a n t  i s  coinpact b u t  f l e x i b l e  s o  opera t ions  proceed w i t h  1 i t t l . e  d i s r u p t i o n  dur ing  

maintenance per iods.  

No unusual problems have been encountered i n  t r e a t i n g  t h e  Bethleheiii o res .  

Metal lurgy f o r  the e a r l i e r  Cast  J e r sey  and J e r s e y  o res  was s a t i s f a c t o r y  and ore f r o n  

the  c u r r e n t  Hues t i s  Mine responds favourably.  Moderate weather cond i t ions  p r e v a i l ,  

w i t h  low annual r a i n f a l l ,  warm sunmiers, and w i n t e r  temperatures  d ipping  t o  sub-zero 

levels f o r  s h o r t  per iods .  Fresh  water i s  pumped from nearby deep w e l l s  and i s  ade- 

qua te  i n  supply and q u a l i t y .  

accounts  f o r  some 75% of  t h e  process  wa te r  requirement.  

M i l l  t a i l i n g s  a r e  t o t a l l y  impounded and reclaim water  

Crushin&. TWO s t a g e s  of open-c i rcu i t  c rush ing  and a f i n a l  c l o s e d - c i r c u i t  

s t a g e  b reaks  p i t - run  o r e  t o  a crushed product  s i z i n g  -%'I. . The c rush ing  p l a n t  is n o t  

s e c t i o n a l i z e d .  A l l  t h r e e  s t a g e s  a r e  housed i n  a s i n g l e  b u i l d i n g  on a h i l l s i d e  imme- 
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d i a t e l y  abovc the  concent ra tor .  

Thc primary s t agc  is a 42"x65" A l l i s - C l i d i i i e i : ~ ;  gyra tory  brcak.inl; t o  -6". 

l'riiiiary d i s -  A "Hobgoblin" impact breaker  handlcs  occas iona l  ove r s i zc  b loc ixgcs .  

charge is conveyed t o  an open coarse  s t o c k p i l c .  

I n  t h e  secondary s t a g c  coarse  o r e  is witldrawn by  tunnel  c o n v q o r  t o  a n  

8'x16'  Ailis-Chalmcrs 215-deck s c r c c n ,  y i e l d i n g  four  s i z e  f r a c t i o n s .  

deck s c a l p s  -4"+1?' lumps f o r  g r ind ing  media i n  the- concent ra tor  pebble mills. 

maining +1%" m a t e r i a l  is crushed through a 7-ft Symons s tandard  cone. The cone 

d ischarges  a -1" product  which j o i n s  an in t e rmed ia t e  s c reen  f r a c t i o n  s i z i n g  -1y' 

+y' t o  f e e d  the f i n a l  c rush ing  s t age .  The sc reen  unders ize  i s  a -%" f r a c t i o n  which 

j o i n s  t h e  flow t o  t h e  f i n e  o r e  b in .  

The p a r t i a l  

Re- 

The t e r t i a r y  s t a k e  c o n s i s t s  of a p a i r  of 7-fl: Symons shor thcad  cones 

c losed  by 8'x16' Allis-Chalmers single-deck screens .  

decks a r e  v i b r a t e d  u p h i l l  or downhill  as d i c t a t e d  by flow and crushini: c h a r a c r r r i s -  

t i c s . o f  t h e  ore .  Screen unders ize  i s  conveyed t o  a covered f ine-ore  s t o c k p i l e  

having a capac i ty  of 30,000 tons,  of which 10,000 i s  l i v e .  

a l low pushing dead s t o r a g e  by dozers .  

Apertures  a r e  !5"x3!5" and t h e  

. 
The pi1.e i.s designed t o  

The crusher  i s  operated on a continuous t h r e e - s h i f t  b a s i s  and is he ld  a t  

full capac i ty .  Capacity i n  excess  of mill requircmcnts  Ls u t i l i z e d  'to b u i l d  coarse  

and f i n e  s t o c k p i l e s  froin which o r e  is re turned  during major maintenance per iods .  ' 

T h i s  p r a c t i c e  c o n t r i b u t e s  t o  an ope ra t ing -  t i m e  of over..902 f o r  t h e  secondary - t e r t i a ry  

s t ages .  

Grinding. The concen t r a to r  g r ind ing  bay enc loses  fou r  s t a g e s  of  wet gr in-  - 
ding carried out  i n  n i n e  Dominion m i l l s .  The gr ind ing  system is n o t  s e c t i o n a l i z e d .  

Arrangement of t h e  mills i s  shown i n  Fig. 1. 

feede r s  reclaim f i n e  o r e  onto two p a r a l l e l  var iable-speed conveyors which d e l i v e r  

t o  t h e  rod mills through a system of secondary b e l t s  equipped wi th  Plerrick "E" 

I n  t h e  primary s t a g e ,  Mexican-type 
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weiglltonictcrs. Rod m i l l  d i s c h a r y  j o i n s  secondary stage b a l l  mil 1 di:;chaq:c and a 

14"x1~2" G.I.W. pump d e l i v e r s  the coml~incd pulp t o  a s i n g l e  modified Krcbs 1150 cycl.one 

which c loses  t h e  secondary m i l l s .  A M i l l t r o n i c s  e l e c t r i c  c a r  c o n t r o l  systcin on t h e  

primary and secondary m i l l s  r ccords  gr inding  cond i t ions  and guides  t h c  grjndini;  

ope ra to r  i n  s e l e c t i n g  and c o n t r o l l i n g  feed r a t e  by adjustment of feed  bel l .  speed. 

Overflow from t h e  Krebs D5O cyclone i s  s p l i t  t h r e e  ways t o  feed  t h e  t h r e e  

t e r t i a r y  s t a g e  b a l l  m i l l s .  Each of t hese  mills i s  c losed  by a Krcbs D 4 0 B  cyclone 

through a 14"xlZ" Allis-Chalmers S.R.L. pump. 

Overflows from t h e  t h r e e  Krebs D40E cyclones a r e  combined and s p l i t  t o  

f eed  t h e  two quaternary  s t a g e  pebble mills. Each pebble  m i l l  is c losed  by a c l u s t e r  

of f i v e  Krebs D20B cyc.lones f e d  through a 16"xlG" G.L.N. pump. 

media i s  d r a m  from a 1,000-ton s t o r a g e  b i n  and conveyed t o  t h e  m i l l s  on a timed 

Pebble  grindSng 

sequence governed by power demand readings.  Consumption of -4" Sl+j" raw pebbles  

' runs 200 t o  300 tud uer m i l l .  

Typical  d a t a  f o r  t h e  qua ternary  system a t  a m i l l i n g  r a t e  of 17000 tpd  is 

presented  i n  Table 1. Rod m i l l  f e e d  e n t e r s  t h e  system a t  on 80% pass ing  s i z e  of 

8,250 microns. Grinding wi th  s teel  i n  t h e  f i r s t  t h r e e  s t a g e s  consumes 8.90 kwh/tOn 

and r e g i s t e r s  a Bond Work Index of 17.0. Feed t o  t h e  f o u r t h  s tage  s i z e s  80% pass  

254 microns and the f i n a l  product  measures 80% pass  118 microns. The pebble  mill 

energy consumption of 5.82 kwh/ton y i e 1 d s . a  Bond Work Index va lue  of 20.1 f o r  this 

s t a g e .  

f o r  an o v e r a l l  Work Index value of 18.2. 

T o t a l  energy consumption i n  t h e  qua ternary  system comes t o  14.72 kwh/ton 

I n  a d d i t i o n  t o  t h e  main g r ind ing  m i l l s  t h e  p l a n t  h a s  two 7'xS' A l l i s -  

Chalmers regr ind  u n i t s ,  one of which t r e a t s  concen t r a t e  pulp grad ing  near  20% cop- 

p e r ,  w h i l e  t h e  o t h e r  processes  scavenger  products  i n  t h e  range o f - 1 %  t o  2% copper. 

Appl ica t ion  of four-s tage g r ind ing  and inco rpora t ion  of pebble  m i l l i n g  

in the f i n a l  s t a g e  a r e  two unusual  f e a t u r e s  of t h e  Bethlcheiii r educ t ion  c i r c u i t .  
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An i n t e r e s t i n g  no te  i s  t h a t  tile prototype 50" and 40" lari;e-di.;~metfr K i - d : ;  cycloiles 

werc ln t roduced  hcre. Also,  t h e  f i r s t  commercial two-way and Lliree-w;ly Tcch-Taylor 

va lves  made t h e i r  appearance a t  t h i s  pl .ant.  These f e a t u r e s  have increclscd c i ~ l - c u i t  

f l e x i b i l i t y  and con t r ibu ted  t o  h igher  u n i t  throughput and t o  an opera t ing  time of 

over  97% f o r  the rod  ni i l .3 . s .  

F l o t a t i o z .  F l o t a t i o n  feed  coiiies from t h e  pebble m i l l s  a t  a s i z e  of 1Z t o  

5% +65 m e s h  and 65X t o  60% -200 mesh and a grade  near  0.55% coppcr. 

t r e a t e d  by roughing and sand-slime scavenging. Rougher concen t r a t e  passes  througli 

t h rce - s t age  c leaning  and emerges wi th  a grade  nea r  33% coppcr a t  88% t o  90% recovery.  

T h e  p u l p  i s  

Scavenger products  and t h e  No. 1 c leane r  t a i l i n g  are t r e a t e d  i n  a middl ings c i r c u i t .  

Sand scavenger and slime scavenger t a i l i n g s  e x i t  t h e  c i r c u i t  as t h e  final waste  

products  and t h e  sand Gtream is u t i l i z e d  f o r  t a i l i n g s  dam cons t ruc t ion .  

One-half t h e  rougher pulp flows down an e f g h t - c e l l  No. 120 A g i t a i r  machine 

' and the  o t h e r  one-half i s  s p l i t  between two p a r a l l e l  l i n e s  of s i x t e e n  No. 30 Denver 

DR c e l l s .  Net volume of t h e  A g i t a i r  machine i s  2,100 cu f t  f o r  a roughing t i m e  of 

5 m i n u t e s .  Volume of t h e  two Denver machines t o t a l s  2,800 cu f t ,  c o n t r i b u t i n g  a 

roughing t i m e  of 6 minutes.  

The rougher t a i l i n g  i s  jo ined  by d i l u t e  middling t a i l - i n g  and t h e  combined 

pulp is pumped through a b a t t e r y  of e i g h t  24" Dorrclones producing f e e d s  t o  the sand  

scavenging and slime scavenging s e c t i o n s .  Sand scavenging i s  c a r r i e d  ou t  i n  an 

e i g h t - c e l l  No. 96 A g i t a i r  machine having a ne t  volume of 1 ,150 cu f t  and a f l o t a t i o n  

t i m e  of 5 minutes. Slime scavenging is c a r r i e d  out i n  two p a r a l l e l  For res te r - type  

90-ft  B r i t a n n i a  cells. These a i r  cells  have a volume of 5,400 cu f t  and c o n t r i b u t e  

6 minutes siime scavenging t i m e .  Arrangement of the sand-slime s e c t i o n  i s  shown i n  

Fig. 2. 

Cleaning i s  c a r r i e d  out  i n  a primary s t a g e  of f i v e  No. 30 Denver DI1 c e l l s  

followed by secondary and t c r t i a r y  s t a g e s  of e i g h t  No. 24 Denver DR c e l l s .  I n  a 
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depa r tu re  from norrnal prac t i -ce ,  regr indiug  is c a r r i c d  out  on L l ~ e  primary cl .caner 

concen t r a t e  employing a 7'x&' Allis-Chal~mcrs 1nil.1. c losed  w i t l i  Kr<?h:; 1110 cyclones. 

llie t e r t i a r y  concen t r a t e  is tl i ickened, f i l t e r e d  through a G ' x G '  D~rr-Oli .vcr-Loi i~ 

d i s c  f i l t e r ,  and d r i e d  through a 4'x2&' Lockhead-IIai;~rrty o i l - i i r c d  ro t a ry  k i l n .  

T e r t i a r y  c l e a n e r  t a i l i n g  is recycled through t h e  second:~ry s t a g e .  Secon- 

dary  c le iner  t a i l i n g  is d i v e r t e d  t o  t h e  g r ind ing  c i r c u i t  as makeup wa te r ,  

primary c l eane r  t a i l i n g  is jo ined  w i t h  t h e  sand and sl.ime scaveiiger concent ra tes  

and t h i s  pu lp  i s  reground i n  a second 7'x&' Allis-Chalmers m i l l  c losed  by Krebs 

D10 cyclones.  The cyclone overflow feeds a middl ing s e c t i o n  of a twelve-ce l l  ?Io. 

60 A g i t a i r  c l eane r  machine fol.lowed by a twelve-cel l  No. 66 L'emco scavenging 

machine. 

while t h e  middl ing scavenger concen t r a t e  i s  r e c i r c u l a t e d .  A t y p i c a l  and d e t a i l e d  

m e t a l l u r g i c a l  ba lance  i s  inc luded  i n  Tables 1 and 2. 

The  

Middling c l ehne r  concent ra te  is d i r e c t e d  t o  primary and secondary c leaning ,  

The sand-slime scavenging s e c t i o n  is one of t h e  most iimuortant features 

of t h e  f l o t a t i o n  c i r c u i t .  Table 3 presen t s  t h e  s a l i e n t  m e t a l l u r g i c a l  da t a .  The 

s e c t i o n  c o n t r i b u t e s  5%: t o  t h e  t o t a l  copper recovery and l a b o r a t o r y  test work ind i -  

cates a premium of 2% recovery over s t r a i g h t  scavenger f l o t a t i o n .  

A second d i s t i n c t i o n  of the c i r c u i t  w a s  t h e  ea r ly  p r a c t i c e  of d i r e c t i n g  

large-tonnage pulp flows through i n d i v i d u a l  rows of f l o t a t i o n  cells. T h e  more 

recent  des igns  of l a r g e  tonnage m i l l s  have favoured inco rpora t ion  of t h i s  p r a c t i c e .  
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Table 1 

Stage 

Xi11 type * 
Size 

Drawn hp 

Kwh/t 

Bond work index, Wi ** 
Screen Analyses Mill Feed 

Mesh % Wt 

+.525" 4.0 

+. 3 71" 10 .1  

+ 3N 14.4 

+ 4  10.5 

+ 6  a. a 

+ 8  a. o 

- 8  44.2 

80% passing size, microns 8,250 

Quaternary-Zrinding Data 

Primary 

2 rod mills 

12'6"x15'0" 

2,800 

2.59 

19.4 

Mill DischarE 

Mesh 

+ 81.1 

+ 10 

+ 14  

+ 20 

+ 28 

+ 35 

+ 45 

+ 65 

- 65 

% Wt 

9.4 

10.7 

11.5 

10.7 

9 . 1  

7.9 

6.6 

5.1 

29.0 

1,680 

* 
*'\ Work index values not corrected for  mill diameter. 

All mills manufactured by Dominion Engineering Ltc;. 

Secondary 

2 ball mills 

ll 'O"x14'0" 

10' 6"x14'0" 

2,050 

2.32 

32.4 

Cyclone O/F 

Mesh 

+ 10 
+ 14 

+ 20 

+ 28 

+ 35 

+ 48 

+ 65 

+loo 
-100 

% Wt 

6.7 

9.2 

11.2 

10.5 

- 

a. a 
8.4 

6.8 

6 . 1  

32.3 

1,030 

Tertiary 

3 ball mills 

2 @ ll 'O"x14'0" 

1 @ 12'6"xlj 'O" 

3,850 

3.99 

12.3 

Cyclone O/F 

Mesh % Wt 

9uaternarv 
2 pebble mills 

16'6"x32'0" 

5,500 

5.82 

20.1 

Cyclone O/F 

Mesh I - 
P 
I- 

I 

4- 48 14.2 

+ 65 12.6 + 65 3.7 

+loo 10.3 +loo 7.8 

+150 10.1 +150 12.8. 

+200 a. 3 1209 11.3 

+325 9 . 3  +325 13.7 

-325 35.2 -325 50.7 

254 118 
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Table 2 

Sec t ion  

Coniplete p l a n t  

-__ 

Rough e r 

Sand-slime cyclone 

Sand scavenger 

Slime scavenger  

Middling c l eane r  

Primary c l e a n e r  

Secondary c l e a n e r  

F i n a l  c l eane r  

M i l l  feed 

M i l l  concen t r a t e  

M i l l  t a i l - i ng  

Feed 

Concentrate  

T a i l i n g  

Feed 

Feed 

Concentrate  

T a i l i n g  

Feed 

Concentrate  

T a i l i n g  

Feed 

Concentrate  No. 1 

Concentrate  No. 2 

T a i l i n g  

Feed 

Concentrate  

T a i l i n g  

Feed 

Concentrate  

T a i l i n g  

Feed 

Concentrate  

T a i l i n g  

709 

10 

699 

716 

28 

688 

723 

253 

6 

247 

470 

18 

452 

38 

2 

1 

35 

29 

15 

14  

18 

11 

7 

11 

10 

1 

.53 

33 

.063 

.55 

12 

.090 

.094 

.13 

2 

.085 

.074 

.65 

.051 

1.1 

1 4  

8 

.17 

1 2  

22 

1.3 

20 

31 

3 

31 

33 

5 

100.0 

88.3 

1 1 . 7  

83.6 

2.4 

2.3 

88.3 

r1 



Tnblr! 3 

Mesh 

+ 48 

+ 65 

+ 100 

+ 150 

+ 200 

-- 

+ 325 

- 325 

80% pass ing  s i z e ,  microns 

Sand-slime s p l i t t i n g  r a t i o  
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Sand-Sliior S p l  i& 

Under f l o w  , 

Cyclone Sand ScnvLwgcr 

Feed 

- 0.6 

3.0 8.2 

10.1 29.2 

11.5 24.8 

12.6 15.5 

11.3 4.9 

51.5 16.8 

_____- Feed --- 

120 180 

100.0 34.8 

- 
0 .8  

3.6 

10.7 

14.2 

70.7 

63 

65.2 
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Fig. 1 Bethlehem Copper quaternary g r ind ing  system 

Crusher 71 Fine ore  b i n  

7 7  Pebble b i n  

Primary 12k'x15' rod m i l l  1215'x15' rod mi 11 t 
A 

l l . ' x l4 '  b a l l  mill 
f 

Secondary 10$'x14' .4 b a l l  m i l l  14"x12" G.I .14 .  - I -  3-way y p l i t t e r  

11'x14' b a l l  m i l ~ l  l l ' x 1 ~ 4 '  b a l l  m i l l  

Krebs  1140 

16"x16" C . I . W .  

Quaternary  

Krebs U20U 

I 

Krebs D20B 

To f l ~ t n t i o n  To fl0t:ation - 
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Fig.  2 Bethlehem Copper flotation c i r c u i t  

Sand 
tailing 

t o  da1n 

Sl. inie 
t a i l i ~ i i g  
to pond 


