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OPEN PIT M~THODS AT BETHLEHEM COPPER CORPORATION LTD. 
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OPEN PIT METHODS AT BETHLEHEM COPPER CORPORATION LTD, 

I .  

' :  

BY : No G. kWANCHUK 
(MANAGER, MINE PRODUCTION AND STAFF), 

ABSTRACT: 

The Jersey Open P i t  Mine is t he  second of a number of copper deposits which w i l l  

be mined by Open P i t  Methods a t  Bethlehem Copper Corporation Ltd,, operation i n  

South Central Br i t i sh  Columbia, 
(. 

t- 
This paper describes the  geology,.'p%t design, and the  mining equipment used, as' 

w e l l  as some of t he  problems'encountered i n  operatton, 

INTRODUCTION: 

The Bethlehem property is located i n  t h e  Highland Valley area about 28 m i l e s  

southeast of Ashcroft, B.C. It consis ts  of 256 mineral claims covering an area 

i n  excess of.10,000 acres. The open p i t s  and mflling in s t a l l a t ions  are located 

a t  an elevat ion of approximately 4900 feet above sea'level i n  an area of gent ly  

d 

. .  

I 

. ro l l ing  h i l l s ,  characterized by moderate snowfalls i n  winter and moderate amounts of 
' 

r a i n f a l l  and pleasant temperature ' i n  summer, 

Copper mineralizatton i n  the  Highland 'Valley has been know s ince  the  turn of  the 

century. 

. I  

- 
. I n  the  year J.899, a group of mineral claims w a s  staked i n  the  area now 

* known as the Snowstorm Zone, I n  1915 - 16, several  tons of highgrade were shippec . 

, .  

Although exploration was carr ied on i n  the  area of f -and  on, i t s f a i l e d  t o  demarcate 

any economical ore  bodies, 

In  1954,. t he  McLallen-Reynolds-Huestis Syndicate d i d  some prospecting work i n  the . 
Highland Valley area and staked about 100 mineral cl.aims i n  an area covering Snowstorm 

. Iona-Jersey Zones, Bethlehem Copper Ltd, # was incorporated i n  1955 and the claims 

. - 1  
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staked by the Syndicate were transferred t o  the Compauy. 

Company t o  bring the  property i a to  production, backed by the  f a i t h  of its originators ,  

Persistent e f f o r t s  of th ia  

Hr. McLallen, Nr.  Reynolds, M r .  H u e e t i s ,  w e r e  ftaally rewarded in 8962 when the 

first shipat of copper oomceatrates w a s  produced by Bethlehem and shipped t o  Japan. 

Zoday, Bethlehem operates oae of the l a rges t  opem-p&t copper mines in B.C., and i o  

a m q  the major copper producers i n  Canada, 

The property occurs war the center of the Gui&om batbol i tk  of lower Jurasbic age. 

'%be bathol5th is about 40 m i l e s  long t x t  a North-South d i rec t ion  and abouo 16 males 

wfd,e. 

,caliEed the- - 
*.- 

The rock is a massfve, coarse textorad, grey quarrz d i o r i t e  Wch is local ly  

-- -e., Lmally tbe qmartz d i o r i t e  has been - The origin ob this breccia is aot daf fn t te ly  known, but there are several 

pwsfbi l i t ies-  

11 Explosion 
2 )  X n t n d o n  
3) htrusive...... 

 he mtnerdizatim coa~ists 04-J 6 
W c h  occur as disseminated gra tas ,  fracture fillings, lease deposits,  and as k r r e g k  

UMtse blebs. 

'Geologically several 'ore a- are located dose t o  tbe coutach bavreem the Guichom 

batholith 5nd t b  y q c r  ixttnrsives, where breccla may oz may not be fomd. 

-. 
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EAST JUISEY FAULT 
I ,.- 

EAST JERsEl MINE 

PIGURE 1. Showing Geology of the Jersey and E a s t  Jersey Open Pit. 

w . 

. ' .  



. I  

Figure l., shows the pertinent f a u l t s  of Qhis system i n  both the  Jersey and East 

, Jersey Mines. Noteworthy is the- - J . .  0 

m-, 'In t h e l q k h e  orebody appeared t o  be f a u l t  controlled as 
. I  it is 8. me maim tonnage ofi itbe 

Jersey mebody is om the hawing w a l l  of the Jersey fault; h o m e r ;  the  ore  is consider 

abPy fur ther  from tke  f au l t .  

f a t t i n g ,  as there are many f a u l t s  t h a t  were mapped and not show. 

om REsERms: 

Pygure I., does not illustrate the  true densi ty  of 

The -off grade f o r  tlre ore  rezyemes d c u r c l t i o a s  is 0.35% capper. 

t h i s  cutoff grade 1s c la s s i f i ed  as was te .  

dumps or ueted in the construction of the tai1-s d a .  

ceptible t o  leech due t o  the extresely high carbonate comtemt. 

pmsenaly baing mimed. 

Any material, belm 
*.- 

mis material  %E stmckpbled im large waste 

"he waste remowed is not su.- 

The Jaxsey B i t  

As of Jenurrry lst, 1968, tlie r c l n a i a i n g ~ e r e :  

or0 : 34.lrl50*540 Toms @ 10.601 00-a .  

Wastec 14,185,601 Tars. 

Wastelore: 0.41611 

FIT IJESIGW: 

The Jersey P i t  is about 2400 f e e t  10% a d  1900 feet &de. 

a t  smplettLom w f l l  be about LO50 feet. 

sloped at a 70' -le a d  a 25 foot safety h m n  is left mery second bench t o  catch 

any fallimg roc& and t o  give added s t a b i l i t y  Lo the P i t  wall.' Extra wkde be- are 

provided where wcessarp because of s t ruc tu ra l  or operat2onal ccnsiderat im.  Yhe 

P i t  is deafgad at  an overall slape ob 480, d&o@ indavtdqaal wall slopes vary 

msfdexably because of &e bc*teom of h a d  mads. 

Winnrm depth of the P l t  

Mi- is done ZTI 33 foot  benches. P i t  w a l l s  a 

- 
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FIGURE 2. Jersey Open Pit, Bethlehea Design 134. 

. .  

11,600 

FIGURE 3. A Typical Section Through the Jersey Open P i t .  
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There is a w e l l  equipped shop on the  property where a l l  necesaary repairs can be 

made t o  any equipment. 

PIT DEVELOPMENT: 

Although the  Jersey P i t  is designed f o r  an over-a11 waste/ore r a t i o  of 0.65511, a 

major portion of t h i s  waste is concentrated on the upper benches. 

the desired o re  production a t  the  average p i t  grade, it has been necessary t o  rchedule 

.production at  a W/O r a t i o  of 211 o r  more f o r  the  first few years. 

system had t o  be designed so t ha t  o re  production could be obtained from lower benches 

while w a s t e  from the  top benchea is removed. 

planned and t i g h t  schedules have t o  be maintained. 

As a r e s u l t ,  w e  expect tha t  by t he  middle of 1969, t he  major tonnage of w a s t e  will  

have been removed. After t h i s  period the  W/O r a t i o  w i l l  be  0.2511 or less. A t  that 

time w e  plan t o  u t i l i z e  the  extra capactty to  s t r i p  other  proven ore zones, such an 

the Iluestis and Iona. 

DRILLING : 

Primary d r i l l i n g  is done with the  45R Rotary D r i l l  d r i l l i n g  9 718" dianeter  holes. 

33-Foot benchea are d r i l l e d  with 40 f t . ,  holes giving a sub-grade of 7 fee t .  

Jersey P i t  rock is r e l a t ive ly  easy to  d r i l l .  

with steel tooth Tri-cone b i t s  which are equipped with tungsten carbide buttons on t h e  

outside of t he  s h i r t  ta i ls  f o r  gauge protection. 

per hour are achieved with the  average a t  about 64 feet. 

28' x 28' pat tern except i n  the  v i c in i ty  of the  P i t  walls where the  burden on the hole  

is cut down almost t o  half, 

the hole and thus minimizes daaage t o  the  p i t  walls, 

3" percussion holes, where needed. 

toes between holes, 

I n  order t o  obtain 

A temporary road 

Mining of ore and w a s t e  has to  be closely 
?- 

The 

Prac t ica l ly  a l l  d r i l l i n g  is carr ied out 

Penetration rates of 60 to 80 feet 

Hoiea are d r i l l e d  on a 

The l igh te r  burden permits lighter explosive charge i n  

The p i t  walls are trimmed with 

The holes are rtaggered on succesive rows to avoid 

.. 
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Experiments with wider pat tern d r i l l i n g  a r e  now i n  progress. 

with t h i s  burden but t o  increase the  spacing between holes. 

a t  the bottom of the D r i l l  stem is equipped with a water separator f o r  w e t  d r i l l i ng .  

Nonetheless w e  do not f ind it necessary t o  we water f o r  d r i l l i n g  f o r  a major p a r t  of 

The Plans are t o  keep 

The d r i l l  reamer-etabiliz 

t h e  time. 

problems. 

Water is used f o r  d r i l l i n g  t n  bummer when the  dry weather creates  dust 

BLASTING : 

krmonium-nitrate - f u e l  o i l  mixture t s  used f o r  blast ing i n  a l l  holes except i n  very 

wet ground, The crmmonim n i t r a t e  an 

the f u e l  o i l  is carr ied on the  t ruck i n  separate tanka and is mixed as it fa fed into 

the hole, The hole is prh'ed near the bottcm and detonating cord is w e d  through the 

The ANH) mix is supplied by C.I.L. a t  the  hole. 
.A. 

complete length of t he  hole. 

Short period electric blastfng caps are w e d  t u  blasting. 

extra holes  are d r f l l e d  t o  etart t h e  bench as i l l u s t r a t e d  i n  Fig. 4. 

I n  starti- a new bench, 

. .  

? .- , 

'PIDURE 4. Showing Dr2ll Role pa t te rn  used f o r  t h e  first B l a s t  on 
4667-ft. Bench. 
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me holes a r e  delayed away from an open face o r  broken rock. 

to blast  behind a previously broken muck p i l e  whenever possible. 

several advantages4 

The usual praccace am 

This method has 

(1) 

(2) 

Better fragmentation and less f l y  rock. 

There is l i t t l e  la teralmwement  of the  broken material; t h e  

rock remains essent ia l ly  i n  its o r ig ina l  posit ion,  avoiding 

mixing of ore  and waste. 

When shovelling, the face of the broken muck p i l e  retnains <3) 

nearly ve r t i ca l ;  thus, the  s o r t e r  knows a t  a l l  times where 

the face is i n  r e l a t ion  t o  o re  o r  waste holes'. . *.- 

Effort is made t o  pump out t he  water from the  wet  holes, insert a p l a s t i c  l i n e r  and 

use ANFO f o r  the  explosive charge. Two submersible electric punps with an overa l l  

aimeter of 5 318" (Prosser Series 1300) are used i n  tandem t o  pmp out the  holes. 

portable generator, t he  pmps and the  discharge hose are carr ied on a pick-up truck 

A .  

ishich is backed right up t o  the  hole  f o r  pmping. 

hole as soon as it is pmped and the  ANFO charge is loaded. 

uet and cannot be pmped, i t  is loaded with a metallized s lu r ry  (hydromex i n  8"dia. 

A p l a s t i c  l i n e r  is lowered i n t o  a 

I f  t he  hole is excessively 

cartridges), primed with a pentamex primer. 

lls ANFO, a l l  e f fo r t s  are made t o  keep the hydromex consumption to  t h e  m i n h u m .  

:enerally we use very l i t t l e  of the  metallized s l u r r y  during surmer. 

:old weather during winter, pmping of holes is not very p rac t i ca l  and s l u r r i e s  have t o  

be used. 

provides the  advantages of water proof blast tng agent v i t h  comparable speed of detonatio 

at a lover cost. 

GRAOB CONTROL: 

The average o re  grade i n  the  Jersey P i t  is 0.60% copper and the  cut  off  grade between 

ore aad waste is 0.35%. 

Since hydromex is almost 5 times as cos t ly  

I n  the  extreme 

A non-metallized s lur ry ,  llydromex - T3, is now under t r ia l ,  This new s l u r r y  

With this close margin between the ore and the w a s t e  grade it 
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very important to  es tab l i sh  a r e l i ab le  method of grade control ,  A l l  of the following 

factors form a basis  f o r  this control: 

. 

I 

. .  

c 

1. Geology is u t i l i zed  i n  selective sor t ing  by predici t ing the  

location of contacts, dykes, and waste ore  boundaries. 

2. Representative samples are taken from the  b l a s t  hole 

cutt ings.  

muck p i l e  with a plane table. 

demarcated by d i f f e ren t  coloured ribbona. 

The cut t ings are sampled with a 4" d i q e t e r  piece of iron 

pipe. 

cut t ings a f t e r  the cut t ings frun the  sub-grade d r i l l i n g  

are pushed of f .  

and then r i f f l e d  t o  a convenient s i z e  f o r  assaying. 

I n  order t o  mfnfmirce any lateral  movement  of roc& blas t ing  

is done behind broken muck as much 88 possible. 

Personnel is trained t o  v i sua l ly  eetjmate the value of low 

grade o r e  blocks. 

These grades are marked on s t a h  located on the. 

Ore and w a s t e  areas are 

3. 

A nmber of cu ts  are taken from the p i l e  of d r i l l  

The cuts  are combinea t o  make one sample 

4. 

5. 

l'he effectiveness of t h i s  method of grade control is ref lec ted  i n  a comparison of the 

reported shipping grade and the m i l l  heads, 

3ethlehem. 

WAVATING AND HAULING: 

&e broken muck is loaded by Bucyrus-Erie 88-8 shovels equtpped wfth 5 1/2 yard buckets. 

This is generally within one percent a t  

hro shovels work i n  each a h f f t  and are supplemented With a Caterp i l la r  988 front end 

losder. 

developing good shovel faces after b la s t s .  

An extra shovel fa available i n  case of breakdowns o f  tfre scheduled shovela as w e l l  

The loader is used f o r  berm cleanup, l o a d t w  fn tQht  working area8 and 
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IS during maintenance and servfce work. The three  s h w e l s  are so placed about the  p i t  

:hat l a rge  moves f o r  the  shovels are generally not required. 

Ul hauling is done with a f l e e t  of 15 - 50 ton Haulpak rear d&p trucks. 

lenerally work  with 4 t o  5 trucks and the front  end loader with two t o  three depending 

1n the  haul distance, as well OS the  speed of loading. 

:o a minim- and the  supervisors pickups are a l l  radio equ€pped; therefore  a maxi rPun 

A shovel 

I d l e  t h e  on e q u i p e n t  is cu t  

iobility of the equipment and operations can ba realized. 

bout 10 t o  11 trucks work on any one s h i f t  and two noxmally spare  u n i t s  are ava i lab le  

if needed. Aa 

:he fleet worh 24 hours a day, 7 days per week, we f ind i t  essential that each unit is 

ierviced once i n  a 24 hour period. 

The two o r  three trucks are generally fa for serwfcing and maintenance. 
4. - 

'IT. DUMPS & ROAD HAINTENANCE: 

:n order t o  obtain equipment eff ic iency and low th-e costs ,  a l l  e f f o r t  is  made to 

laintain the P i t  f loors  and haul  roads i n  a f f r e t  class'shape. A grader is kept on the  . .  
laul.roada constantly along w i t h  four dozers, a packer, a water truck, and other 

iubsidiary equipment needed t o  keep the  p f t  f loors  and w a s t e  dunps i n  shape. A rubber 

:ired dozer is used t o  get  a grea te r  mobflfty f n  cleaning up around shovels and moving 

between the  various dump areas. 

FZPAIRS & MAINTENANCE: 

Aheavy equipment maintenance shop equipped with the  latest  type of too ls  and equipment 

Capable of effecting a l l  repairs and complete overhaul of any un i t  on the  job, is 

available at  the  Minesite. Service and r epa i r  crews work around the clock although 

major repairs and overhaul jobs are concentrated during the  day Sh i f t .  

A l l  equipment is regularly serviced and is thoroughly checked by mechanical C r e w s  

according t o  a preventative maintenance schedule. A 100% percent working of the 

*choduled operations is aimed f o r  and t o  date  we have been successful i n  obtaining t h i s  
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The ultimate test of a cormnercfal operation fs in t he  cost  of production. 

production cost  a t  Bethlehem are kept in complete de ta i l .  

each week and any var ia t ions i n  cos t s  are analyzed t o  point out the  areas where. r e s u l t s  

might be improved. 

accelerated depreciation an w e l l  as reseme account t o  cover major maintenance c o s t s , '  

Records of 

Estimates of cost are made 

Direct cos t s  of minfng per ton moved, including the  charge for an 

range between 29 - 26 cent8 per ton with the  following rough break-dovn. 

Dr i l l ing  c 1.5 cents 
. 4.- Blasting - 1.8 cents 

loading - 4.9 cents 
Hauling -11.0 cents 

c 3.8 cents 
-' 'a 2.0 'eedts 

Pits, Dmps 6 Road Maiutenance 
Supervision, Engineering, ?fisc, 

Amajor portion of t he  w a s t e  i a  used to  bui ld  up the  t a i l i n g s  den. 

has been estimated t o  cost 3.2 cents per ton and fa  included in our mining cost. 

Acla7omKDGMENT: 

Before I leave, I would l i k e  t o  express my thanks t o  the  Management of Bethlehem Copper 

for permission t o  present t h i s  paper. 

Thia extra haul 
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