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SUMMARY 

C a n t r e l l  Resources  Ltd. has t h e  oppor tuni ty  to gain a 45% intere5t  in t h e  
Hedley Tailings pro jec t  by expendi ture5  of t h e  funds  necessary  to cove r  all 
costc to t h e  end  of the final feas ib i l i ty  qtudy, expec ted  to be in t h e  r ange  
of $500,000. 

The  Hedley tail ing5 pro jec t  i s  def ined as a p ro jec t  to instal l  and  o p e r a t e  a 
4000 ton  p e r  d a y  h e a p  leach  p lan t  a t  Hedlley B.C. to process  t h e  old Nickel 
P l a t e  mill  tailings. The  plant would process  a n  e s t i m a t e d  1,681,000 tons  of 
tail ings having an es t ima ted  a v e r a g e  g r a d e  of 0.041 ounces  gold per  ton ,  
pluq minor  s i lver .  Value of gold and  Filver t h a t  would b e  recovered  based 
on c u r r e n t  m a r k e t  pr ices  is e s t i m a t e d  to b e  approximate ly  $28.9 million.* 

The  ta i l ings tonnage  and  precious m e t a l  va lues  have  been t e s t e d  by var ious 
explora t ion  companier  in t h e  pas t  13 years .  The au thor  supervised t h e  
dril l ing of 57 auge r  hole5 to ta l ing  yome 1900 l ineal  feet (578 me t re s )  in l the  
two  tail ings piles. 

B 

The dr i l l - indicated mineral  reserves  have  been establ iqhed at 1,681,000 
tons  grad ing  0.041 oz Au/ton. Cyanida t ion  t e s t  work conducted  on 13 
compos i t e  qamples suggest  t h a t  gold r ecove r i e s  70 to 75% m a y  b e  
an t ic ipa ted .  

Additional test5 and  pilot  plant  work a r e  requi red  to subs t an t i a t e  t h e  gold 
recovery, e s t i m a t e d  reagent  consumption,i:o f ina l ize  t h e  plant  f lowshee t  for  
de t a i l ed  engineer ing design. Teyting, pilot  plant work and  design will 
r equ i r e  6 months.  Cons t ruc t ion  of t h e  p lan t  has been  e s t i m a t e d  at 4 to 8 
inonthy depending on the  plant  design resu l t ing  from t h e  pi lot  plant work 
and  t h e  likely s t a r t -up  d a t e  is  e x p e c t e d  t o  be  June,  1988. 

To proceqs t h e  tail ings,  a h e a p  l each  p lan t  was  s e l e c t e d  for  t h e  prel iminary 
design. This p lan t  would b e  o p e r a t e d  for  2 f  y e a n  based  on  a 3-shift d a y  7- 
day week and 6-month year .  F i f t een  ope ra t ing  personnel  per  d a y  would be  
requi red  t o  o p e r a t e  t h e  plant.  Opera t ing  co5ts  have  been  e s t i m a t e d  t o  be  
$5.25 per  ton of tail ing5 based on a H e a p  Leach Plan t  design and  include 
labour ,  r e a g e n t  supplies,  main tenance ,  r ec l ama t ion ,  e l e c t r i c  power,  fuel, 
wa te r  a n d  overhead  charges .  

Cap i t a l  invec tment  has  been e s t i m a t e d  to be $3.2 Million and  ope ra t ing  
cost has  been e s t i m a t e d  to be  $11.3 Million, including roya l t ies  and  

Million be fo re  in t e re s t  c h a r g e s  on  c a p i t a l  a n d  taxes." 

9 

@ 

r refining. Re tu rn  on  inves tment  for  t h e  pro jec t  pa r t i c ipan t s  would be  $15.1 

I 
"Based on  a n  a w m e d  recovery  of  70%, a gold pr ice  of $430 U.S. per  ounce,  
and  a 72c Canadian  dollar. 
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INTRODUCTION 

T h e  a u t h o r  propo5es t o  proces5 1,681,000 tons of tailing5 from t h e  old Nickel P l a t e  

mill Fite nea r  Hedley, B.C. fledley i5 loca t ed  210 miles  by road  d u e  e a 5 t  of Vancouver, 

B.C. (Figure 1). T h e  tail ings cons i s t  of 2 l a rge  pile5 containing a n  e s t i m a t e d  0.041 

ounce5 of gold a n d  lesqer quan t i t i e5  of cilver per  ton. 

Over  t h e  year5 variouq sampling and  te5t ing program5 of t h e  tailing5 have been c a r r i e d  

out .  T h e  regultc of t h e s e  h a v e  been  reviewed by t h e  author .  Sampling a n d  prel iminary 
te5ting have  a l s o  been c a r r i e d  o u t  by t h e  a u t h o r  t o  conf i rm t h e  previou5 work. 

I t  i5 propoced to c o m t r u c t  a n d  o p e r a t e  a cyan ide  leaching faci l i ty  a t  Hedley n e a r  t h e  . 

old mill cites. T h e  po ten t i a l  fea5ibil i ty of thi5 hac been  invest igated a n d  t h e  following 

repor  t diccusses re5ource5, g rade ,  me ta l lu rg ica l  questions,  plant design, conqtruct ion 

schedules  and  coqt 5.  

PROPERTY 

T h e  p rope r ty  cons i s t s  of t h e  t w o  mill  tailing5 piles, t h e  "Old" and  "New" tail ing5 piles 

(see F igu re  2) l o c a t e d  within l o t  2900 in the! Similkameen Division of t h e  Yale  Land 

Dis t r i c t  in t h e  Province of Britiyh Columbia,  a n d  t h e  r i g h t s  to ut i l ize  t h a t  portion of 

lo t  2900 neces ra ry  for t h e  t r e a t m e n t  of such mill  tailingq. 

T h e  c u r r e n t  legal  s t a t u 5  of t h e  p rope r ty  is beyond t h e  ccope of this r epor t  and  may b e  

ver i f ied through independent  legal  opinion. 

HISTORY 

T h e  Hedley a r e a  is a n  old mining c a m p  t h a t  ha5 had product ion from a ser ie5 of gold- 

bear ing o r e  bodies  l o c a t e d  in t h e  Nickel P l a t e  Mountain o n e  mile  n o r t h  of Hedley, B.C. 

T h e  o r e  which w a s  discovered in 1898 and  was  mined through two underground rnine5, 

ca l l ed  t h e  Nickel P l a t e  m i n e  a n d  t h e  Mascot  Fract ion.  

T h e  Nickel P l a t e  m i n e  i5 o n e  of t h e  oldect  mines  in t h e  Province.  

f rom 1904 to 1930 and,  a f t e r  a per iod of  qhiit-down, f rom 1935 t o  1955. 

The mine  o p e r a t e d  

In the  f i r s t  

period t h e  Yale Mining Company a n d  Daly Reduction Company ope ra t ed  for 5ix year5 

a n d  t h e  l k d l e y  Gold Mining Cornpany for twenty-one.  In t h e  gecond period the  m i n e  
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w a s  revived by t h e  Kelowna Exploration Company Limited,  whose n a m e  was changed  

to Kelowna Mines Hedley Limited in 1951. 
.... 

T h e  Nickel P l a t e  Mountain ore zones w e r e  largely mined through t h e  Nickel P l a t e  . 4 

workings, bu t  Hedley Mascot Gold Mines Limi ted  mined a b o u t  680,000 t o n s  of t h e  main 

o r e  zone  from t h e  Mascot Frac t ion  b e t w e e n  1936 a n d  1949. The  ta i l ings piles for  this  

product ion are s i tua t ed  d i rec t ly  n o r t h  of t h e  t o w n  o f  Hedley, one o n  e i the r  s ide of t h e  
20-Mile C r e e k  which flows south  through t h e  town. 

Y 

. .  

1 

, 

The t o t a l  o r e  mined a n d  milled, f rom t h e  Nickel P l a t e  proper ty  a n d  t h e  Mascot 
Frac t ion ,  accord ing  to published government.  records ,  h a s  a m o u n t e d  to 3,967,350 tons  

wi th  a r e c o v e r e d  gross c o n t e n t  in o r e  a n d  c o n c e n t r a t e s  of 1,556,749 ounces  of gold, 

188,139 o u n c e s  of s i lver ,  a n d  4,077,305 pounds of copper .  

ORE RESERVES 

T h e  ta i l ings ava i lab le  to C a n t r e l l  Resources  Ltd. c:onsist of t w o  piles, 1'13 a n d  1'14 f r o m  

t h e  Nickel P l a t e  Mill, containing a n  e s t i m a t e d  1,681,000 t o n s  a n d  a n  e s t i m a t e d  g r a d e  

of 0.041 o u n c e s  gold p e r  ton. Based on t h e  r e su l t s  of dril l ing,  sampling a n d  assaying in 
1986, t h e  individual piles a r e  e s t i m a t e d  to c o n t a i n  t h e  following dril l- indicated 

tonnage  a n d  grades.  

Tonnage  Ounces  Gold/Ton 

Pi le  113 ("Old" pile) 612,000 0.0352 

Pile # 4  ("New" pile) 1 , 0 6 9 , 0 0 0  0.0444 

1 , 6 8 1 , 0 0 0  0.041 
J 

. 
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Based o n  c u r r e n t  m a r k e t  pr icec of $430 (U.S.), or $597 (Can.) per  ounce  gold a n d  $8.30 

(Can.) per ounce Filver t h e  gro5s value of prlecious m e t a l c  con ta ined  in t h e  ta i l ing is 

$41.3 million. T h e  a v e r a g e  precious m e t a l  value pe r  ton i? t h e r e f o r e  $24.50. 

L i t e r a t u r e  concerning t h e  c h a r a c t e r  of t h e  o r e  indicate5 t h a t  t h e  precious metal 
values  in  e a c h  of t h e  tail ings pile5 would b e  in t h e  form of f r e e  gold a n d  as wb-micron 

par t i d e s  in sulphide5 and  gangue  minerals.  

METALLURGY 

Prel iminary metal lurgical  t e s t s  w e r e  c a r r i e d  o u t  for t h e  a u t h o r  o n  compos i t e  sample5 

t a k e n  f r o m  b o t h  of t h e  tail ings piles. Theqe involved 72-hour cyanidat ion tests on  e a c h  

of the 1 3  compos i t e  samples  taken.  

. 

1. Sampling 

A major  sampl ing  program of t h e  tail ing5 was supervised by t h e  a u t h o r  in early April.  

Some 57 a u g e r  holec (1900 lineal f e e t  or 580 lineal metrec) ,  8i inch (21.5 c m )  in 

d i a m e t e r ,  w e r e  dril led on t h e  "new" a n d  "old" tailirigc piles (see Figure 2). Theqe hole5 

w e r e  dril led comple t e ly  through t h e  pilec i n t o  t h e  or iginal  land su r face ,  a t  

app rox ima te ly  equidiqtant spacing. Each  hole  w a s  sampled  a t  4 to 5 foot intervals  (1.2 

to 1.5 metres) .  In conqequence s o m e  360 s a m p l e s  w e r e  r ecove red ,  comprising ove r  20 

tons of ma te r i a l .  Smaller  r e p r e s e n t a t i v e  sample<;  of 4 kg e a c h  were  t aken  of each 

l a r g e  sample.  T h e  sma l l  s amples  w e r e  s e n t  to Varicouver for a s say  and  metal lurgical  

t ec twork  while t h e  major  t onnage  w a s  left on c i t e  for f u t u r e  pilot  plant test work. 

Drilling Summary 

Deposi t 

Old Tailings Pile ( 1 / 3 )  
New Tailings Pile (114) 

. 

No. of Lineal 
Auger !-!ole> F e e t  (in) 

26 570 ( 2 6 5 )  
31 1056 ( 3 2 2 )  

No. of 
Sa m ple F 

157 
206 
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2. Test Work 

.,.r 

In Vancouver, 40 r e l e c t e d  5amples  from thle total of 363 sample5 ava i lab le  w e r e  

combined t o  fo rm 13 composi tes .  The5e were  m a d e  up of variou5 ca t egor i e5  of ta i l ings 

(Le. l eached  su r face ,  ox id ized  Furface, etc.). Each  of the5e 1 3  composi te5 w e r e  t h e n  

cyanided fo r  72 hour5. In addi t ion  e a c h  of  t h e  363 sample5 wa? a s t ayed  for  gold 
con ten t .  

* 

t 

While t h e  purpore  for t h e  a b o v e  t e s t  work was simply for t h e  agyeysment of possible 

t r e a t m e n t  p rocedures  fo r  t h e  remaining 363 samples ,  t h e  test r e w l t s  ob ta ined  g a v e  
5ome ve ry  encourag ing  in fo rma t ion  o n  t h e  c h a r a c t e r  of t h e  ta i l ings ma te r i a l  to b e  

t e s t e d  in  d e t a i l  fo r  t h e  n e x t  phase  of test work. 

a )  T h e  a r i t h m e t i c  m e a n  of t h e  a s a y s  was 0.041 oz. Au/ton, e x a c t l y  t h e  s a m e  
as  t h e  a v e r a g e  we igh ted  asyay of t h e  minera l  reserve .  Thi5 conf i rms  t h e  

cons i r t ency  of t h e  dr i l l  hole spac ing  a n d  r e l a t i v e  a s say  g r a d e  cons is tency  

b e t w e e n  drill holes. 

b) T h e  a r i t h m e t i c  m e a n  of t h e  over(al1 g r a d e  r ecove ry  f rom t h e  13  sarnplec 

was  74.4%, s o m e w h a t  h igher  t h a n  t:he r ecove ry  an t i c ipa t ed  by t h e  au thor .  

c )  An a v e r a g e  of 93% of t h e  r ecove rab le  gold was  r ecove red  in t h e  f i ryt  24 

hours  of leaching, Fuggesting t h a t  pad leaching  will p roduce  rapid recovery .  

I t  rhould be no ted  t h a t  while t h e  a b o v e  figurles a r e  m o s t  encourag ing  a n d  add fu r the r  

c red ib i l i ty  to t h e  po ten t i a l  of t h e  p ro jec t ,  - f i n a l  judgement  m u s t  b e  withheld unt i l  t h e  

major  me ta l lu rg ica l  t e s t  work is  comple t e .  

T h e  n e x t  phase  of t e s t ing  will inc lude  t h e  cyan ida t ion  of e a c h  of t h e  3 6 3  samples  and 

will p rove  concluqively t h e  spec i f i c  gold r ecove ry  which m a y  b e  e x p e c t e d  f rom t h e  

t a  il i ngs . 
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3. G e n e r a l  Assessment  

The  present  ta i l ing pi les  a r e  t h e  product5 of a t  leaqt two  mills, which employed var ious 

procesqer  a t  d i f f e r e n t  t imes.  The milled ore was  fine-ground, a lways  a t  l ea s t  8016 

rninur 200 mesh  (at t i m e s  ar f ine  as 84% minus 325 mesh)  and  a sulphide c o n c e n t r a t e  

was produced. A t  t i m e s  t h e  sulphide5 and /o r  gangue mine ra l s  w e r e  cyanided;  a t  o t h e r  
t i m e s  they  were  not .  

The  a u t h o r  h a s  loca t ed  six f lowshee ts  t h a t  w e r e  used by t h e  Nickel P l a t e  mill and  t h e  

a c t u a l  number of process  var ia t ions  used ir likely g r e a t e r .  In conqequence, i t  is 
impor5ible to d e t e r m i n e  wi th  a n y  a c c u r a c y  t h e  form in which t h e  bulk of t h e  gold lie3. 

However ,  year ly  product ion s t a t i s t i c s  a r e  ava i lab le  a n d  t h e  r ecove r i e s  of t h e  mills a t  

variouq t i m e s  were  a l so  published. In consequence ,  t h e  g r a d e  of any  5pecific sample  
may  vary d u e  to t h e  gold c o n t e n t  of t h e  ore, recovery ,  d h t a n c e  f rom t h e  d ischarge  
point, a n d  spec i f ic  mill method used a t  t h e  t i m e  t h e  sample area was filled. 

PROCESS PLANT 

Ba5ed on  informat ion  avai lable ,  t h r e e  possible plant  designs fo r  leaching t h e  ta i l ing 

a p p e a r  to be  feasible .  These  are l i s ted  as follows: 

Convent iona l  Cyan ide  Leach P r o c e w  

Cyan ide  H e a p  Leach  Process  

Thiourea o r  "Bio-D" Leach P r o c e w  

Fur ther  labora tory  a n d  pi lot  plant  t e y t s  a r e  requi red  to d e t e r m i n e  which o f  t h e  above  

processec  would be m o s t  su i tab le  for  t r e a t m e n t  of t h e  Hedley Tailings. 

Although i t  is too  ea r ly  t o  conduc t  a full feasibi l i ty  citudy, t h e  au tho r  has  used t h e  d a t a  

g l eaned  to d a t e  t o  asses5 t h e  gene ra l  prof i tabi l i ty .  It i q  aqsumed t h a t  a cyanide  h e a p  
leach  p r o c e w  will b e  used, as d a t a  to-da te  sugges t5  th i s  a5 t h e  process  likely t o  be 

mos t  feacible .  The  h e a p  leach  process  h a s  shcown i tself  to be  very successful  in t h e  

p rosewing  old mine  ta i l ings in  qouthwe5t 1J.S. It is fu r the r  assurned tha t  1,650,000 

_ ,  . - - .  .~ _ .  , ........._ . ... - . - . . - . .- .. - .. . . . . - - ".. . - -  ~ 
- . .. 



t ons  of ta i l ings 

gold recovery .  

re leached ,  which con ta in  i3n a v e r a g e  of 0.041 oz. Au/ton, with 70% 

<..a 

A pre l iminary  flow s h e e t  W a c  p repared  for t h e  Heap Leach Process and  c a p i t a l  co5t5 

for plant cons t ruc t ion  have  b e e n  e s t i m a t e d .  T h e  variouc componentc  for t h e  p lan t  are 

listed as follows: 

* *  

* 

Feed  SyFtern 

Agglomerat ion P lan t  

Leaching Padc 
Carbon  Ad.wrption Procesc  

Refining 

AGGLOMERATION-HEAP LEACH PROCESS DESCRIPTION 

In ord inary  cyanida t ion  processes  cyan ide  is used to "di5solve" t h e  gold from t h e  ore. 

The gold, i5 held as a fluid cons t i t uen t  of t h e  cyan ide  solution by a n y  of seve ra l  

chern ica l  procesqe5. 

Cyan ide  c a n  only dissolve gold wi th  which i t  c o m e s  in  c o n t a c t .  If t h e  rock  is  porouq, 

t h e  cyan ide  m a y  a c t u a l l y  p e r c o l a t e  th rough t h e  rock, dissolving a n d  t r a m p o r t i n g  t h e  
gold in i t s  so luble  form on  its way through. However ,  in m o s t  case5, t h e  r o c k  is not  

very  porouc a n d  in  thiy Gtua t ion  t h e  only gold t h a t  c a n  b e  dissolved is gold which 

ac tua l ly  "peeks-out", or is par t ly  exposed. 

In h e a p  leaching ,  t h e  cyan ide  so lu t ion  is sp rayed  o n  a h e a p  of c rushed ,  granular  o r e  

par t ic les .  As t h e  cyan ide  p e r c o l a t e s  downward through t h e  pile it w e t s  t h e  o r e  

par ticleq, dissolves a n d  t r anspor t s  t h e  gold. 
4 

When gold-bearing l imes tone  or o t h e r  abso rban t  r o c k t y p e  is heap-leached t h e  c y a n i d e  

c a n  p e r c o l a t e  th rough boulders  o v e r  2 feet in d i a m e t e r ,  bu t  in j h e  case of o t h e r  rock  

types,  such  as c h e r t  which " re j ec t  t h e  solutions"',  poor r e c o v e r k g  m3y be  ach ieved  

e v e n  though t h e  rock  m a y  b e  crughed so t h a t  t h e  la rges t  pa r t i c l e  is no l a rger  t h a n  a 

pea. 
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In tail ings t h e  size of a l l  par t ic le?  a r e  very m a l l ,  a n d  al l  thing? being equal ,  c a n  yeild 

ve ry  high r ecove r i ec  in gold. 

Some t y p e r  of rock produce a s ignif icant  a m o u n t  of clay-sized rock  particlec.  These 

m a y  b e  as p a r t  of t h e  rock,  or m a y  be f o r m e d  by t h e  crushing operat ion.  However ,  

when m o r e  than a f e w  pe rcen t  of t h e  pa r t i c l e s  a r e  clay-sized or sma l l e r ,  "blinding" 

occur$. T h e  c l a y  pa r t i c l e s  form a n  e w e n t i a l l y  impervious layer ,  a c t i n g  like a n  
umbrel la ,  shielding t h e  ore par t i c l e s  below from c o n t a c t  with t h e  cyan ide  solution. 
Thic c a n  l ead  to t h e  slbwdown of pe rco la t ion  t o  t h e  point  w h e r e  enough gold c a n n o t  b e  

e x t r a c t e d  to pay for t h e  operat ion.  
I 

I 

T h e  ta i l ings par t i c l e s  of t h e  Hledley ta i l ings piles a r e  so finely-ground t h a t  t h e y  m a y  b e  

en t i r e ly  c l a s sed  as being "cla)r-qized", a n d  c a n n o t  b e  heap-leached by no rma l  means.  

However ,  by t h e  process  of agg lomera t ion ,  blinding d o e s  n o t  occur ,  exce l l en t  
percolat ion c h a r a c t e r i r t i c r  may be rnaintaiLned, a n d  t h e  pe l l e t s  a r e  porous, t h u s  

allowing t h e  cyan ide  solution t o  pass  d i r ec t ly  through, dissolving a n d  picking up  all t h e  

"exposed" gold. Agglomerat ion is t h e  fo rming  of semi-cpherical  pe l l e t s  by combining 

ta i l ings wi th  c e m e n t  and/or  l ime, a n d  a s m a l l  a m o u n t  of w a t e r ,  rolling t h e  mix tu re  

around. Between 15 a n d  30 lbs of c e m e n t  (and/or l ime)  pe r  t o n  of o r e  are normally 
* required for agg lomera t ion  of tailings. 

SPECIFIC PROCESS DESCRIPTION 

Mining 

In this  proceqs t h e  ta i l ings a r e  e x c a v a t e d  a n d  t r anspor t ed  t o  t h e  agg lomera t ion  plant 

by e a r t h  moving belly-loaders. Th i s  is t h e n  heaped  i n t o  a conveyor  hopper by D-7 

Cate rp i l l a r  bulldozer a n d  conveyed  to t h e  Agglomera tor.  

Agglomeration and Stacking 

In the agg lo rne ra to r  (several  types are ava i l ab le )  the tail ings,  c e m e n t  a n d  w a t e r  a r e  

coinbined arid r o t a t e d ,  forming t h e  agglornerLltion5. These pel le ts  a r e  then s t a c k e d  by 

a s t ack ing  conveyor  o n t o  a l a rge  l each  pad. 
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Leach Pad and Leaching 

The  leach  pad is cons teuc ted  on  pie-sloped ground which has  been smoothened  by 
tamping and  covered  by a th ick  PVC IAastic s h e e t  (liner). The s t a c k  of  

agglomerat ions,  a f t e r  deposi t ion on  t h e  leachi pad, a r e  a l lowed to cure.  Then a weak 
solution of sodium cyanide ,  w a t e r  a n d  sodium hydroxide (or l ime)  a r e  sprayed over  t h e  

heap. T h e  cyanide  solut ion pe rco la t e s  through t h e  heap. The  agglomerat ions,  due t o  
their  porous na tu re ,  a l low t h e  .solution to pass  through them,  dissolving and  flushing 

the  dissolved gold from t h e  "pellets". When t h e  solut ion r eaches  t h e  PVC l iner  it 

t r ick les  down t h e  d o p e  of t h e  PVC liner a n d  i s  recovered  in t h e  "pregnant" (gold- 

bear ing cyanide  solut ion)  pond. 

T 

- 

Prec ip i t a t ion  and Cold Winning 

The  gold may e i t h e r  be recovered  by the a c t i v a t e d  carbon process or t h e  M e r r i l l -  

C r o w e  p r o c e s .  I t  i s  e x p e c t e d  t h a t  t h e  a c t i v a t e d  carbon process  will be used in th i s  

instance.  When t h e  pregnant  solut ion is pumped through t h e  carbon,  the gold drops  o u t  

of solution and  is adsorbed  (prec ip i ta ted)  o n t o  t h e  coconut  carbon.  The gold may then  

be  recovered  f rom t h e  coconu t  ca rbon  by o n e  of seve ra l  ca rbon  s t r ipping - r eac t iva t ion  

processes ,  o n e  of which includes t h e  e lec t rowinning  of gold through electrolyqis ,  no t  
dissimilar t o  a n  e l e c t r i c  b a t t e r y  process.  T h e  gold is t h e n  s t r ipped  from t h e  cells, 

poured in to  bars ,  and  s e n t  to t h e  Royal  Canadian  Mint for f ina l  refining. 

Pol lut ion Con t ro l  

In genera l ,  i t  is e x p e c t e d  t h a t  t h e  process  will  requi re  n o  posi t ive e f f l u e n t  d i scharge  to  
t h e  envi ronment ,  due  to t h e  a r id i ty  of t h e  loca l  c l ima te .  On  t h e  o t h e r  hand,  t h e  

au tho r  is wel l  acqua in ted  with pollution controll processes ,  having severa l  t imes  

designed and  o p e r a t e d .  both ;tlkaline-chlorinatiorr a n d  INCO culpur-dioxide - air 

processes  i'n s eve ra l  Brit ish Columbia  mines.  A s tandby pollution con t ro l  process  w i l l  

.r' 

be  inctal led in  case t h e  need to d ischarge  ar ises .  
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PRODUCTION SCHEDULE 
<... 

Tab le  1 gives  a n  e s t i m a t e  of  t h e  feed supplied t o  t h e  plant o v e r  a proposed ope ra t ing  
period of 3 year?.  T h e  e s t i m a t e d  gold r ecove ry  i5 also shown. 

9 

TABLE 1 

1989 1990 - 1988 

F e e d  (tons) 600,000 800,000 280,000 

% Gold R e c o v e r e d  70 70 70 

Ounce?  Gold 17,220 22 ,960  8 , 0 4 0  

% Silver R e c o v e r e d  60 60 60 

Ounces Silver 4 , 6 0 0  6,100 2,100 

Product ion Value $10,318,000 $1 3 , 7 5 8 , 0 0 0  $4,817,000 

Gold $430 (U.S.) or $597 (Cdn) pe r  o u n c e  / Silver $8.30 (U.S.) per ounce 

CAPITAL COSTS 

I t  Fhould b e  n o t e d  t h a t  suggest ing a c a p i t a l  c o s t  a t  t h i s  t i m e ,  be fo re  a d e q u a t e  t e r twork  
h a s  b e e n  done,  i5 in t h e  e x t r e m e ,  pu t t ing  t h e  c a r t  b e f o r e  t h e  horqe. However,  t h e  

a u t h o r  h a s  a t t e m p t e d  to c o m e  up  with s o m e  e s t i m a t e d  f igure5 on  cap i t a l  costs .  It 

should b e  aga in  n o t e d  t h a t  t h e  process  c o m i d e r e d  a t  this  t i m e  is t h e  h e a p  l each  

process.  

T h e  following bas i c  a s sumpt ions  a r e  m a d e  in preparing t h e  c a p i t a l  cos t5  for t he  heap-  

l e a c h  plant: 

1) Product ion will o p e r a t e  on a 180 d a y  yea r  a t  a r a t e  of 4,000 tons per day. 

-. - . 

- .- .. . . .. . .... -. .. _. 

- - . . ._ . . . . -~ .. . . . . .. . .. . . .. . . . . . . . . .. . - . -.. . -. . . .- - .. . . ...~ . . . .. , 
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2) 

3) 

The tail ings wi l l  be  picked up by e r th  moving equipment ,  which w i l l  dump 

in to  a hopper, be  conveyed  t o  an agglomera t ion  plant,  and  thence  t o  leach  

pads where  cyanide  qolutions will be percola ted  through and co l l ec t ed  for 

processing i n  a c e n t r a l  processing plant., 

The c e n t r a l  processing plant will consis t  of pregnant  and barren solution 

pondc, ca rbon  ad.sorption, pollution control  system and gold ref inery.  

capital cost i 
- i  

Highway Underpass 

Agglomeration 

Hopper: (50 Cu yds) 
Conveyors:  2 3 50' @ $400/ f t  

C e m e n t  Bins: 4 2 40 tons @ $1,00O/ton 

Screw Conveyors:  4 @ 7,000 

Agglomera tors: 2 @ $300,000 

Conveyors:  2 250' 3 $600/ f t  

Trans for in e r 
Misc tanks,  piping, valves 

Leaching 
Pregnant  pond: 200' x 200' @ (3.60 x 1.56) + 7.20) + 10.76 

Barren pond: 200' x 200' @ $12.82/rn2 ii 10.76 

Surge ( P r o t e c t i o n )  pond (ac above)  

Pipes,  pumpq, valves, 
L. 

$ 580,000 

50,000 

40,000 

160,000 

28,000 

600,000 

300,000 

100,000 

70 000 

1,488,000 

48,000 

48,000 

48 ,000 

150,000 

294,000 

. . .. ... - -. .. .~ . I . . ... .. ~ - - . , , . . - . .. . . 
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Gold Raxovery 
Carbon  Columns,  Stripping, Carbon r egene ra t ion  incl. Bldg. 150,000 

AsMying Lab  90', 000 

Electrowinning 80,000 

R e f  inery 75 , 000 

T o  t a l  2,737,000 

Cont ingencies  (14%) 384,000 
$3,141,000 

OPERATING COSTS 

T e s t  work h a s  n o t  y e t  progressed to t h e  stage where  t h e  r e a g e n t  consumption c a n  b e  

to t a l ly  eva lua ted .  However ,  d u e  to t h e  a p p a r e n t  sho r t  l each  c y c l e  requi rement ,  t h e  
s t rongly  a lka l ine  composi t ion  of t h e  agglomerlations,, t h e  long a l lowable  cur ing  per iod,  

a n d  conqidering t h e  cyanida t ion  t e s t  d a t a  ob ta ined  to d a t e ,  t h e  au thor  considers  t h e  

r eagen t  consumpt ions  to be in t h e  order of 2 I t x .  per  ton  for cyanide,  1 2  lbs. per  ton  of 

c e m e n t ,  a n d  12  lbs. pe r  t on  of lime. 

A t  th i s  t i m e  i t  is a l so  acsumed t h a t  t h e  company's  o p e r a t i n g  c r e w  will consiqt of 15 

people. 

Operating Costs Summation 

Reagents :  Cyan ide  2.0 lbs/ ton 3 .72 = 1.44 
0.69 

0.68 

L i m e  12 lb5 @ 5.1c 

C e m e n t  12 lb5 @ 5.1C/lb (del ivered)  = 

P a r t s  & Supplies 0.10 

Power 0.07 

Rec lama t ion  

Pads  

Equip't r e n t a l  Jc maint .  

Labour 

0.50 

0.35 

1 .oo 
0 .40  

$ 5.24 /ton 



Year 

0 2 .  of Gold Produced 

Value a t  $597 per oz. 

Oz. of Silver Produced'  

Value a t  $8.30 per 02. 

Gros r  Revenue  

O p e r a t i n g  C o s t s  

Cost of Refining 

Royal ty  

P rep roduc t  Exp. 

C a p i t a l  Amor t i za t ion  * 

Net  P ro f i t  be fo re  
I n t e r e s t  Charge5 3( Taxes 

- 1 2 -  

FINANCIAL AINALYSIS 

( X  $1000 Cdn.) 

1988 -- 

17,220 

10,280 

4,600 

38 

10,318 

3,130 

81 

25 4 

1,418 

1,371 

5,415 

1989 -- 

;22,960 

13,707 

6,100 

51 

13,758 

4,200 

109 

428 

- 

1,827 

7,194 

* Including working c a p i t a l  bu t  n o t  i n t e r e s t  on c a p i t a l .  

1990 

8,040 

4,800 

2,100 

17 

4,817 

I ,  470 

38 

150 

- 

640 

. -  
Total 

48,220 

28,787 

12,800 

106 

2,519 15,128 

32,493 - 

8,820 

228 

832 

1,418 

3,838 

".  I ~. , . - -. . . . . _.l_ . . 
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RECOMMENDATIONS AND ESTIMATED COSTS 

A four-phase program is  recommended for  t h e  Hedley Tailings Project .  

Phase I h a s  a l r e a d y  been  completed.  I t  included t h e  dril l ing of t h e  tailing5 piles a n d  

t h e  prel iminary bench-scale test work. Funds have  a l r eady  been  a l l o c a t e d  for this  and  

d o  n o t  show up  in t h e  following e 5 t i m a t e d  cost$. 

Phase I1 will cons i s t  of bench sca l e  t e s t  work of t h e  363  Famples, t h e  d e t e r m i n a t i o n  of 

ove ra l l  g rade ,  gold r ecove ry ,  r eagen t  u$age, and  mine ra l  r e s e r v e r  calculat ions.  

Phase  111 will b e  con t ingen t  upon favourable  resul t5  in Phase  I1 a n d  will include pi lot  

r c a l e  test work fo r  f ina l  conf i rma t ion  of recovery,  permiabi l i ty ,  a n d  recovery with 

r e s p e c t  to t ime .  

Phase  IV  will b e  con t ingen t  upon favourable  r e su l t s  in Phase  111 and  will include t h e  

main  t h r u s t  of t h e  env i ronmen ta l  f ie ld  work. 

S t a g e  V will b e  con t ingen t  upon favourable  resu1t:s in Phase  I V  and  will include t h e  

Stage I r e p o r t ,  pe rmi t t i ng ,  public mee t ings ,  etc. ,  f o r  a n d  including t h e  f inal  feasibil i ty 
study. 

E s t i m a t e d  Costs 

Phase I1 

Cyan ida t ion  tests (363 samples )  
Bulk tonnage  test work 
Tonnage  ca l cu la t ions  
P re l imina ry  bench  agg lomera t ion  t e s t s  
C o l u m n  l e a c h  t e s t s  
P r e c i p i t a t i n g  a n d  goldwinning te5 ts 
A l t e r n a t i v e  s y s t e m s  (Thiourea a n d  "Bio-0") 
In-House R e p o r t  
P r o p e r t y  op t ion  p a y m e n t s  

$ 29,000 
2,400 
4,500 

20,400 
15,000 
16,800 
30,000 

3,100 
6.000 

$ 132,200 
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Phase III 
Pilot  plant design and ins ta l la t jgn 
Pi lot  plant opera t ion  

Phase IV 
I 

Pollution control  t e s t  work  
Baseline envi ronmenta l  5tudy 
Geophysics ( se i smicd:  5 km @ $6,00O/krrr 
Tes t  wells: 6 35 m @ $130/m 
Hydrological f ield work 
Proper ty  paymen t s  

I Phase V 
Hydrological r epor t  
S t age  I report 
Pe r m i t t ing 
Public meet ings ,  promotion 
Proper ty  paymen t s  
Final feasibi l i ty  5tudy 

Tota l  Phase  11, 111, I V  & V 
Cont ingencies  11% 

TOTAL 

$ 40,000 
48,000 

$ 88,000 

$ 15,000 
15,000 
30,000 
27,300 
12,000 
6,000 

$ 105,300 

$ 3,000 
40,000 
15,000 
6,000 

10,000 
50,000 

$ 124,000 

$ 449,500 
50.500 

$ 500.000 

J 

.. - 
. -  

,. , 1  --. .- - . . . ... . - . 
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CERTIFICATE OF QUALIFICATIONS 

I, Wayne M. Ash, P. Eng., of 401 - 1765 Duchess Street, West Vancouver, British 

Columbia,  do hereby ce r t i fy  as follows: 

1. I a m  a g r a d u a t e  of the  Haileybuty School of 1965) and Michigan 
Technological U n i v e n i t y  (Michigan, 8. Sc. Mining Engineering, 1969). 

. .rL 

2. I have been d i rec t ly  as.sociated wi th  t h e  mining industry for t h e  past twenty-six 
years  a n d  have  been  a member  of t h e  Association of Profest ional  Engineers of Brjtish 
Columbia s ince 1971 (Regis t ra t ion No. 79401). 

3. I have no in te res t ,  e i t he r  d i rec t ly  or indirect ly  in t h e  property or secu r i t i e s  of 
Cantre l l  Resource5 Ltd. or Candorado Miner Ltd., bu t  may gain an i n t e re s t  in the 
future .  

4. 
supervired all .sampling and test work to date .  

I inspected t h e  property several  t i m e s  in  1984, 1985, and 1986, and have 

5.  I hereby g r a n t  permission to C a n t r e l l  Resources  Ltd. o r  Candorado Mines Ltd. to 
u s e  th i s  repor t ,  o r  a n y  portion of it, for anly legal  purposes  normal to t h e  business of 
t h e  firm, 50 long as t h e  portions used do not mater ia l ly  d e v i a t e  from the intent  of this  

r epor t ,  a c  $et out in  t h e  whole. 

Dated  a t  Vancouver, B.C., this  2nd d a y  of October ,  1986. 
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APPENDIX 

Summary Report 

Mineral Reserves 

Hedley Tailings Project 

Hedley ,  British Columbia 

for 

Cantrell Resources L t d . ,  
3 0 2 - 5 4 3  Granville! Street, 

Vancouver, B. C. 
V6C 2x8 

by 

Ash & Assoc ia tes  - Mining Consultants 

Wayne M .  A s h  P. Eng. 

September 4 ,  1986 



I . .  

.... 

The m i n e r a l  reserves  w i t h i n  t h e  " o l d "  and "new" t a i l i n g s  p i l e s  
w i t h i n  Lot 2900 a r e  ca l cu la t ed  t o  c o n t a i n  1,681,000 t o n s  o f  
t a i l i n g s ,  g r a d i n g  a n  a v e r a g e  of  0 . 0 4 1  0 2  Aul ' ton,  

p r  i 11 i n q  

a u g e r  d r i l l .  The h o l e s  were d r i l l e d  t o  t h e  o l d  l a n d  s u r f a c e  
p r o f i l e ,  i n  f i v e - f o o t  s e c t i o n s .  
As b e s t  a s  p o s s i b l e ,  each h o l e  was e q u i d i s t a l l y  s p a c e d .  
six h o l e s  were d r i l l e d  on  t h e  
d r i l l e d  on t h e  f fnewO p i l e .  

S a m p l i n q  
Each S-fOOt r u n  o f -  " c o r e " ,  a p p r o x i m a t e l y  8 0  t o  100 lbs., was 

p l a c e d  o n  a p l a s t i c  s h e e t  and  mixed t h o r o u g h l y  by t h e  " f o l d i n g "  
p r o c e d u r e  used  t o  mix  p u l p s  i n  a s say  o f f i c e s .  
" f o l d e d f f  2 4  t i m e s .  A n  e i g h t  to t e n  pound salmple was then taken 
for t h e  n e x t  p h a s e  o f  work t o  be conduct:ed i n  Vancouver .  
was bagged i n  f i b e r  bags and s t o r e d  i n  a1 warehouse  o n - s i t e .  

Assay i n q  

'to Vancouver .  
d r y  for t h e  d e t e r m i n a t i o n  o f  a v e r a g e  m o i s t u r e  c o n t e n t .  

d i s s o l v e d  by aqua  r e g i a  and  assayed  by Atomic a b s o r p t i o n  t e c h n i q u e  
a t  A c m e  Labs .  

D r i l l i n g  was c o n d u c t e d  by t h e  u s e  o f  a n  e i g h t - i n c h  diameter 

Each  h o l e  was d r i l l e d  v e r t i c a l l y .  
Twenty- 

t a i l i n g s  p i l e s  w h i l e  31 were 

E a c h  sample  was 

The r e s t  

A t o t a l  o f  363 s a m p l e s  ( o v e r  1 1 1 2  tons o f  mater ia l )  was t a k e n  
A s e l e c t e d  g r o u p  o f  s a m p l e s  w a s  weighed wet, and  

' A l l  363 s a m p l e s  were mixed (damp) a t  t h e  assay o f f i c e ,  d r i e d ,  

Bulk D e n s i t y  Tests 
Bulk d e n s i t y  tests were c o n d u c t e d  a t  t h r e e  l o c a t i o n s ;  two on 

t h e  rfnewtf t a i l i n g s  p i l e  and  one  on t h e  " o l d "  p i l e .  I n  e a c h  case a 
s e v e n - i n c h  d i a m e t e r  a u g e r  h o l e  was d r i l l e d  by hand a u g e r ,  t o  
d e p t h s  o f  15 t o  18 f e e t .  T h e  ma te r i a l  r e c o v e r e d  was weighed 
( d a m p ) ,  mixed and  s a m p l e d .  E a c h  sample  was t h e n  d r i e d  and r e -  
weighed  i n  o r d e r  t o  d e t e r m i n e  t h e  a v e r a g e  m o i s t u r e  c o n t e n t .  T h e  
h o l e s  were t h e n  l i n e d  w i t h  o v e r s i z e d  p l a s t i c  t u b i n g  and f i l l e d  
w i t h  a known we igh t  o f  water. 
f a c t o r  were i d e n t i c a l  i n  a l l  t h r e e  i n s t a n c e s  t o  t h r e e  d e c i m a l  
p l a c e s ,  o r  f o r  a n  a v e r a g e  o f  2 1 . 2 3  c u b i c  f e e t - p e r  d r y  ton. 

T h e  c a l c u l a t i o n s  t o  a t onnage  

- A S H  d ASSOCIATES Mlnlng Consultants 811 - 543 Grrnvlllo Street. Vancouver, 6.C. V6C 1x0  A 

_ _ _  - -  - - -  
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Resill t s  

M o i s t u r e  C o n t e n t  

However, t h e  t o n n a g e  o f  t h e  t a i l j - n g s  p i l e s  was based on  a n  
es t imate  o f  d r v  t o n s .  

T h e  m o i s t u r e  c o n t e n t  o f  t h e  tailings v a r i e d  from 1 2  t o  2 4 % .  

Tonnaqe 
F i g u r e  1 i s  a t a b u l a t e d  summary o f  t h e  h o l e s  drilled i n  t h e  

“ o l d f f  t a i l i n g s  p i l e .  
t a i l i n g s  p i l e ,  w i t h  t h e  h o l e  numbers  and  b o u n d a r i e s  o f  t h e  a r ea  o f  
i n f l u e n c e  o f  e a c h  h o l e ,  as  u s e d  f o r  t o n n a g e  c a l c u l a t i o n s .  I n  a l l  
cases  t h e t Q n n a g e  f a c t o r  o f  2 1 . 2 3  c u b i c  f e e t  ( d r y )  p e r  t o n  was 
u s e d .  F i g u r e  3 is  a t a b u l a t e d  summary o f  t h e  h o l e s  d r i l l e d  i n  t h e  
“newff  t a i l i n g s  p i l e  w h i l e  F i g u r e  4 shows t h e  p l a n  o f  t h e  “newff 
p i l e ,  w i t h  h o l e  numbers a n d  a r e a - - o f - i n f l u e n c e  b o u n d a r i e s .  

F i g u r e  2 shows t h e  p l a n  o f  t h e  ‘ ‘o ld”  

Summary o f  Torinaqes & Grade 

No. o f  T o t a l  Grade 
Tons oz Au/ ton  P i l e  Holes 

o l d  26 
new 31  

612,059 
1,069,01& 
1,681,06!t 

0.0352 
0.04437 
0.04103 

S u b m i t t e d  b y :  

Ash  & A s s o c i a t e s  - Mining  C o n s u l  icants 

Wayne M .  Ash P .  Eng 
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