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THIS PROSPECTUS CONSTITUTES A PUBLIC OFFERING OF THESE SECURITIES ONLY ,IN THOSE JURISDICTIONS WHERE T H c r  MAY BE LAWFULLY 
OFFERED FOR SALE AND THEREIN ONLY BY PERSONS PERMITTED 7y3 SELL SUCH SECURITIES. 
N O  SECURITIES COMMISSION OR SIMILAR AUTHORITY IN CANADA HAS IN ANY WAY PASSED UPON THE MERITS OF THE SECURITIES OFFERED 
HEREUNDER AND ANY REPRESENTATION To THE CONTRARY IS AN OFFENCE. 

PROSPECTUS EFFECTIVE DATE: August 17, 1987 

CANTRELL RESOURCES LTD. 
(hereinafter called the “Issuer”) 

#302 - 543 Granville Street, Vancouver, B.C. 

PUBLIC OFFERING: 
400,000 Common Shares without par value. 

Shares 
Price to 
Public 

Agent’s Net Proceeds to 
Commission be Received bv the Issuer * 

.................................. Per Share $1 .oo $0.10 $0.90 
Total ........................................ $400,000 $40,000 $360,000 
* Before deduction of the costs of the issue estimated not to exceed $20,000. 

There is no current market through which these securities may be sold. The price of shares offered hereby was determined 
by negotiation between the issuer and the agents. 

A purchase of the securities offered by this prospectus must be considered as speculative. All of these properties in 
which the issuer has an interest are at the exploration stage only and are without a known body of commercial ore. 
No survey of any property of the issuer has been made and therefore: in accordance with the laws of the jurisdiction 
in which the properties are situate, their existence and area could be in doubt. See also paragraph headed “Risk Factors”. 

Various of the directors and officers of the issuer are directors and officers of other material resources companies. Refer 
to the helading “Conflict of Interest” for details of how any conflicts of interest are to be resolved. 

No person is authorized by the issuer to provide any information or to make any representation other than those contained 
in this prospectus in connection with the issue and sale of the securities offered by the issuer. 

Upon completion of this offering this issue will represent 20.1% of the shares then outstanding, as compared to 51.89% 
that will then be owned by the promoters, directors, senior officers and substantial security holders of the issuer, and 
will have an net tangible book value of approximately $0.30 per share resulting in an immediate dilution of $0.70 per 
share, being 70% of the issue price. Refer to the heading “Principal Holders of Securities” for details of shares held 
by promoters, directors, senior officers and controlling persons, and associates of the agents and of the immediate pro 
forma dilution of a purchaser’s investment based upon the book value of net tangible assets. 

The Vancouver Stock Exchange has conditionally listed the securities being offered pursuant to this Prospectus. Listing 
is subject to the issuer fulfilling all the listing requirements of the Exchange on or before February 15, 1988, including 
prescribed distribution and financial requirements. 

The agents conditionally offer these securities subject to prior sale, if, as and when issued by the issuer and accepted 
in accordance with the conditions contained in the Agency Agreemeint referred to under “Plan of Distribution”. 

AGENTS 
CANARIM INVESTMENT CORPORATION LTD. 
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OTHER MATERIAL FACTS 

There are no other material facts not disclosed in this Prospectus. 

STATUTORY RIGHTS OF WITHDRAWAL AND RESCISSION 

The Securities Act provides a purchaser with a right to withdraw from an agreement to 
purchase securities within two business days after receipt or deemed receipt of a 
prospectus and further provides a purchaser with remedies for rescission or damages 
where the prospectus and any amendment contains a material misrepresentation or is not 
delivered to the purchaser prior to delivery of the written confirmation of sale or prior 
to midnight on the second business day after entering into the agreement, but such 
remedies must be exercised by the purchaser within the time limit prescribed. For 
further information concerning these rights and the time limits within which they must 
be exercised the purchaser should refer to Sections 66, 114, 118 and 124 of the -____._ Securities 
Act or consult a lawyer. 
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CERTIFICATE OF QUALIFICATIONS 

I, Wayne M. Ash, P. Eng., of 401 - 1765 Duchess  S t r ee t ,  West Vancouver, British 

Columbia,  do hereby c e r t i f y  as follows: 

1. I a m  a g r a d u a t e  of t h e  Haileybury School of Mines (Ontario, 1965) a n d  
Michigan Technological University (Michigan, 8. Sc. Mining Engineering, 1969). 

2. I have  been d i rec t ly  a s s o c i a t e d  with t h e  mining industry for the past  twenty-  

six y e a r s  a n d  have  b e e n  a m e m b e r  of t h e  Association of Professional Engineers of 
Brit ish Columbia since 1971 (Regis t ra t ion No. 7940). 

3. I have  n o  in t e re s t ,  e i t he r  d i rec t ly  o r  indirect ly  in  t h e  proper ty  or secur i t ies  of 

C a n t r e l l  Resources  Ltd.  or Candorado  Mines Ltd., but  m a y  ga in  a n  in te res t  in  t h e  

future .  

4. I inspected t h e  proper ty  severa l  t i m e s  in  1984, 1985, a n d  1986, a n d  have  

supervised all  sampling a n d  test work to da te .  

5. I hereby grant  permission to Cant re l l  Resources  Ltd. or Candorado Mines Ltd.  

to use  th i s  repor t ,  or any port ion of i t ,  for  a n y  legal  purposes normal  to  t h e  

business of t h e  f i rm,  so long as t h e  portions used do not  mater ia l ly  d e v i a t e  f rom 

t h e  in t en t  of th i s  repor t ,  as set o u t  in t h e  whole. 

D a t e d  at Vancouver, B.C., th i s  9 t h  d a y  of December ,  1986. 

i 
\ 

#’ 

TABLE OF CONTENTS 

Page 

Summary  

Introduct ion 

Proper ty  

History 

Ore Reserves 

Metallurgy 

Processing Plant 

Agglomeration Heap-Leach Process  Descr ipt ion 

Specif ic  Process Descr ipt ion 

Product ion Schedule 

C a p i t a l  Costs 

Opera t ing  Costs 

Financial  Analysis 

Recommendat ions and  C o s t  E s t i m a t e s  

C e r t i f i c a t e  

Table  1 Production Schedule 
Table  2 Capi ta l  Costs 
Table  3 Operat ing Costs 
Table  4 Financial  Analysis 

Figures 

Figure 1 Location Plan 
Figure 2 Tailings Locat ion Plan 

Appendices 

1 

I 

1 

1 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

14 

8 
9 

11 
11 

.. 
I 1  

111 
... 

Appendix 1 R e p o r t  o n  Mineral  Reserves  of t h e  Hedley Pro jec t ,  
by W.M. Ash, P.Eng. d a t e d  September  4, 1986 



- 13 - / 

Phase I1 
- Final feasibi l i ty  s tudy 

I 

$ 100,000 SUMMARY 
i 

T h e  Hedley ta i l ings pro jec t  i s  def ined  as a pro jec t  to inctall and ope ra t e  a 
4000 ton  per d a y  h e a p  leach  p lan t  a t  Hedley B.C. t o  process  t h e  old Nicke l  
P l a t e  mil l  tailings. T h e  plant  would process  a n  e s t i m a t e d  1,681,000 ton$ of 
ta i l ings having a n  e s t i m a t e d  a v e r a g e  g r a d e  of 0.041 ounces  gold per  ton, 
plus minor  silver. Value of gold and  s i lver  t h a t  would be recovered based 
o n  c u r r e n t  m a r k e t  pr ices  i s  e s t i m a t e d  to b e  approx ima te ly  $26.9 million.* 

Total Phase I br Il $ 275,150 

Submit ted  by, T h e  ta i l ings tonnage  and  prec iour  m e t a l  va lues  have  been tes ted  by various 
explora t ion  companies  in  t h e  pas t  1 3  years .  T h e  au tho r  supervised t h e  
dr i l l ing of 57 a u g e r  hole5 to ta l ing  s o m e  1900 l ineal  feet (578 m e t r e d  in t h e  
t w o  ta i l ings piles. 

.....- 

T h e  proven mineral  reserves  h a v e  been  es tab l i shed  a t  1,681,000 tons  
grad ing  0.041 oz Au/ton. The  in-depth l abora to ry  test work present ly  in 
process  is lending increasing op t imism t h a t  t h e  Hedley ta i l ings project  will 
be a n  economica l ly  viable  opera t ion .  Incomple t e  test work to d a t e  
sugges t s  t h a t  gold recover ies  in t h e  range  of 70 to  75% may be  ant ic ipated.  

In t h e  likely e v e n t  t h a t  t h e  l abora to ry  tests con t inue  to conf i rm t h a t  t h e  
ta i l ings  can be re - t rea ted  at a prof i t ,  a major  program of leaching on--site 
test heaps  will be  conducted.  T h e  r e su l t s  of th i s  work will be  utilized in 
t h e  f ina l  feasibi l i ty  s tudy and  u l t ima te ly  in full production. T h e  on-site 
tests will requi re  approximate ly  t h r e e  months.  Cons t ruc t ion  of t h e  
product ion p l an t  is e s t i m a t e d  a t  4 to 8 months ,  depending upon t h e  plant  
des ign  resu l t ing  f r o m  t h e  l ab  and  on-site l e a c h  test5. T h e  likely s ta r t -up  
d a t e  fo r  t h e  ful l  scale opera t ion  is e x p e c t e d  to be June ,  1988. 

, 

To process  t h e  ta i l ings,  a h e a p  l each  p l an t  was  s e l e c t e d  for t h e  preliminary 
design. This  p lan t  would be  o p e r a t e d  fo r  3 y e a r s  baged on  a 3 sh i f t  day 7 
d a y  week a n d  6 month  year. F i f t e e n  o p e r a t i n g  personnel  per  day  would be 
requi red  to operate t h e  plant. O p e r a t i n g  costs have  been e s t ima ted  t o  be 
$5.25 per t o n  of ta i l ings based on a H e a p  L e a c h  P lan t  design and  include 
labour ,  r e a g e n t  suppliec, main tenance ,  r ec l ama t ion ,  e l e c t r i c  power, fuel ,  
w a t e r  a n d  ove rhead  charger .  

Cap i t a l  i nves tmen t  ha5 been  e s t i m a t e d  to be  $3.2 Million (pluc 0.6 million 
working cap i t a l )  and  ope ra t ing  cost h a r  been e s t i m a t e d  to be  $ I  1.3 Million, 
including roya l t i e s  and  refining. R e t u r n  o n  inve5tment  fo r  t h e  project  
pa r t i c ipan t s  would be $11.5 Million be fo re  i n t e r e s t  charge5  on  capi ta l  and  
taxe$.* 

+Based on a n  a q w m e d  recovery  of 70%, a gold p r i ce  of $400 US. per  ounce,  
a n d  a 7 2 ~  Canad ian  dollar. 
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RECOMMENDATIONS AND ESTIMATED COSTS 

In order  to ga in  i ts  45% working i n t e r e s t  in t.re Hedley Tailings Pro jec t ,  an( 
assuming t h e  present  labora tory  tests cont inue  t o  produce posi t ive -- results,  Can t r e l l  

will conduct  a two-phase program, t h e  second phase being cont ingent  upon 

favourable  r e su l t s  of t h e  f i r s t  phase: 

- Phase  I will include in t e rmed ia t e  feasibi l i ty  studies,  pollution con t ro l  

test work, baseline envi ronmenta l  s tudy,  hydrological f ie ld  work, 

produce t h e  hydrological,  environmental  and  stage reports,  ob ta in  a l l  

pe rmi t s  necessary  for production, and  conduct  public in format ion  

meet ing.  

- Phase  11, cont ingent  on approvals  in Phase I, would consist  of t h e  f inal  

feasibi l i ty  study. 

Can t re l l  will also pay for all proper ty  p a y m e n t s  which c o m e  due during i t s  p rogram 

t i m e  interval .  

ESTIMATED COSTS 

Phase1 
- In t e rmed ia t e  feasibi l i ty  s tud ies  
= Pc!!ution contro! test work 
- Baseline envi ronmenta l  s tudy 
- Hydrological f ie ld  work 
- Environmental  r epor t  
- Hydrological r epor t  
- Stage  I r epor t  
- Permi t t i ng  
- Public in format iona l  meet ings  
- Proper ty  p a y m e n t s  
- Contingencies  15% 

$ 30,000 
15 :OOO 
15,000 

5,000 
3,000 

40 , 000 
15,000 
6 , 0 0 0  

16 ,000  
18.150 

12 ,000  

175,150 

I 4 
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INTRODUCTION 

T h e  au tho r  proposes to process  1,681,000 tons of ta i l ings from t h e  old Nickel P l a t e  

mill  site nea r  Hedley, B.C. Hedley i s  l oca t ed  210 mi les  by road due e a s t  of 
Vancouver,  B.C. (Figure 1). The ta i l ings consis t  of 2 large piles containing a n  

es t i rna ted  0.041 ounces  of gold p e r  ton  a n d  lesser  quan t i t i e s  of silver. 

Over  t h e  years  various sampling and  t e s t ing  p rograms  of t he  tail ings have been 

c a r r i e d  out. T h e  resu l t s  of these  have  been reviewed by t h e  author.  Tailings piles 

have  been tes t -dr i l led and  prel iminary test work which showed much promise is 

being followed-up by a la rge  b a t t e r y  of lab  tes ts .  T h e  laboratory,  located in 

Vancouver, was  specif ical ly  designed for t h e  in-depth test work of the  Hedley tails. 

I t  is proposed to cons t ruc t  and  o p e r a t e  a cyanide  leaching fac i l i ty  at Hedley n e a r  
t h e  old mill sites. The  potent ia l  feasibi l i ty  of this has  been invest igated and t h e  

following r epor t  discusses resources,  g rade ,  meta l lurg ica l  questions,  plant design, 

cons t ruc t ion  schedules  and  costs. 

PROPERTY 

The proper ty  cons is t s  of t h e  t w o  mill tai l ings piles, t h e  "Old" and "New" ta i l ings 

piles ( see  Figure 2) l oca t ed  within lot  2900 in t h e  Similkameen Division of the  Yale 

Land Dis t r ic t  in t h e  Province of Brit ish Columbia,  a n d  t h e  r ights  t o  ut i l ize  t h a t  

por t ion  of lot 2900 necessary f o r  t h e  t r e a t m e n t  of such mill  tailings. 

T h e  cu r ren t  legal status of the  proper ty  is beyond t h e  scope  of this repor t  and m a y  

b e  ver i f ied  through independent  legal opinion. 

HISTORY 

T h e  Hedley a r e a  is  an old mining c a m p  t h a t  h a s  had product ion from a ser ies  o f  

gold-bearing o r e  bodies loca ted  in  t h e  Nickel P l a t e  Mountain one mile north o f  
Hedley,  B.C. The  ore which was  discovered in  1898 and  was mined through two  

underground mines,  ca l l ed  t h e  Nickel Plate mine  and  t h e  Mascot Fraction. 
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1.44 

0.69 

T h e  Nickel P l a t e  mine  is o n e  of t h e  oldest  mines in t h e  Province.  The mine 

o p e r a t e d  from 1904 to 1930 and,  a f t e r  a period of shut-down, f rom 1935 to  1955. 

In t h e  f i r s t  per iod t h e  Yale  Mining Company a n d  Daly Reduct ion Company opera ted  

0.35 

1.00 

for six y e a r s  a n d  t h e  Hedley Gold Mining Company for twenty-one. In t h e  second 
per iod t h e  m i n e  was revived by t h e  Kelowna Exploration Company Limited,  whose 

n a m e  w a s  changed t o  Kelowna Mines Hedley Limited in 1951. 

1 

T h e  Nickel P l a t e  Mountain o r e  z o n e s  were  largely mined through t h e  Nicke l  P l a t e  

workings, but Hedley Mascot Gold Mines Limited mined a b o u t  680,000 tons of t h e  

m a i n  o r e  z o n e  f r o m  t h e  Mascot Frac t ion  be tween 1936 a n d  1949. The tail ings piles 
for th i s  product ion a r e  s i t ua t ed  d i r ec t ly  nor th  of t h e  town of Hedley, o n e  on e i t h e r  

s ide of t h e  20-Mile Creek  which f lows  south through t h e  town. 

T h e  t o t a l  o re  mined a n d  milled, f r o m  t h e  Nickel P l a t e  proper ty  a n d  t h e  Mascot 

Frac t ion ,  according to published g o v e r n m e n t  records,  h a s  a m o u n t e d  to 3,967,350 

tons  with a recovered  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,) 39 ounces  of silver,  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. consis t  of t w o  piles, # 3  a n d  #4  

from t h e  Nickel P l a t e  M i l l ,  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  resu l t s  of drilling, 
sampling a n d  assaying in 1986, t h e  individual piles conta in  t h e  following proven 

(assured)  tonnages  a n d  grades.  

Tonnage Ounces  Gold/Ton 

Pi le  113 ("Old" pile) 61 2,000 0.0352 
Pi le  /.I4 ("New" pile) 1,069,000 0 . 0444 

1,681,000 0.041 

f 
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Operating Costs Summation 
Reagents :  Cyanide 2.0 Ibs/ton @ -72 = 

L i m e  15 Ibs @ 4.6c 

C e m e n t  I5 Ibs @ 4.6c/lb (del ivered)  = 

P a r t s  bC Sippl ies  

Power 
R e c  I a m  at ion 

P a d s  

Equip't r en ta l  & maint.  

Labour 

Year  - 

0.40 

$ 5.24 / ton 

FINANCIAL ANALYSIS 
(x $1000 Cdn.) 

Oz. of Cold  Produced 
Value at $556 per  02.  

Oz. of Silver Produced 

Value a t  -$8.30 per  oz. 

Gross Revenue  

O p e r a t i n g  Costs 
Cost of Refining 

Royal ty  

Preproduct  Exp. 

C a p i t a l  Amort izat ion" 

Net  Prof i t  before  
In t e re s t  Charges  & Taxes 

1988 -1 989 1- 9 9.0. Total 

17,220 

9,574 

4,600 

38 

9,612 

3,150 

81 

237 

1,700 

1,371 

3,073 

22,960 

12,766 

6,100 

51 

12,817 

4,200 

109 

399 
- 

1,827 

6,282 

* Including working cap i t a l  but  n o t  i n t e re s t  o n  capi ta l .  

8,040 48,220 

4,470 26,810 

2,100 12,800 

.17 106 

4,4g7 26,916 

I ,  470 8,820 

38 228 

140 776 
1,700 

640 3,838 

- 

2,199 11,554 
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Leaching 
Pregnant  pond: 200' x 200' @ (3.60 x 1.56) + 7.20) + 10.76 

Barren  pond: 200' x 200' @ $12.82/m2 + 10.76 

Surge  (P ro tec t ion )  pond (as above)  

Pipes, pumps, valves, 

Based on  c u r r e n t  m a r k e t  p r i ces  of $400 (US.), or $556 (Can.) pe r  ounce gold a n d  
$8.30 (Can.) per  ounce  s i lver  t h e  gross value of prec ious  m e t a l s  contained in t h e  

ta i l ing is $38.3 million. T h e  ave rage  precious m e t a l  va lue  p e r  ton is t h e r e f o r e  
$22.80. 

48,000 

48,000 

48,000 

150,000 

294 000 

. 

L i t e r a t u r e  concern ing  t h e  c h a r a c t e r  of t h e  o r e  ind ica tes  t h a t  t h e  precious m e t a l  

va lues  in  e a c h  of t h e  ta i l ings p i les  would be  in t h e  fo rm of f r e e  gold and  as sub- 

micron  par t i c les  in sulphides  and  gangue  minerals. 

. 

Gold Recovery 

Carbon Columns,  Stripping, Carbon regenera t ion  incl. Bldg. 

Assaying L a b  

Eiec  t rowinning 

Ref inery  

150,000 

90 ,000  

80,000 

75,000 

395.000 

METALLURGY 
I 

Pre l iminary  meta l lurg ica l  t e s t s  w e r e  ca r r i ed  o u t  for t h e  au tho r  on composi te  

s amples  taken  f rom both of t h e  tailings piles. These involved 72-hour cyanidation 
tests on e a c h  of t h e  13  compos i t e  samples  taken.  

I 

2 61 7 000 

524 . 000 

To tal 

Cont ingencies  (20%) I 

$3,14  1,000 

- 

1. Sampling 

A major  sampling program of t h e  ta i l ings was superv ised  by t h e  au thor  in ea r ly  
April. Some 57 auger  holes  (1900 lineal f e e t  or 580 l ineal  metres) ,  8f inch 

Q! .5  cm) I!? didmeter ,  were dri!!ed OR the "new" and "O!d" tai!ing; piles (see Figure 

2). These  holes were  dr i l led comple te ly  through t h e  p i les  i n t o  t h e  original land 

su r face ,  a i  approximate iy  equid is tan t  spacing. Each ho ie  w a s  sampied  a t  4 t o  5 

f o o t  in te rva ls  (1.2 to 1.5 metres) .  In consequence  s o m e  360 samples  were  

recovered ,  compris ing over  20 tons  of mater ia l .  This i s  p resent ly  in Vancouver 

OPERATING COSTS 

T e s t  work has  n o t  ye t  

I 

p rogressed to t h e  stage where  t h e  r eagen t  consumption c a n  be  

to t a l ly  eva lua ted .  However ,  d u e  to t h e  appa ren t  sho r t  l each  cyc le  requirement ,  t h e  
s t rongly a lka l ine  composi t ion  of t h e  agglomerat ions,  t h e  long al lowable cur ing  period, 

a n d  consider ing t h e  cyanida t ion  test d a t a  obta ined  to d a t e ,  t h e  au thor  considers  t h e  

r eagen t  consumptions to be  in t h e  order  of 0.5 to 2 Ibs. per t o n  for cyanide, 19 to 

20 Ibs. per  t o n  of c e m e n t ,  a n d  10 to 20 Ibs. pe r  t o n  of lime. 
be ing  ut i l ized in  meta l lurg ica l  test work. 

Drilling Summary 
A t  this  t i m e  i t  is a l so  assumed t h a t  t h e  company's ope ra t ing  c r e w  will consis t  o f  15 
people. 

No. of Lineal 
Auger Holes F e e t  (m) 

No. of 
Samples Deposit 

Old Tailings Pile ( # 3 )  
New Tailings Pile (114) 

26 870 ( 2 6 5 )  
31 1056 (322)  

. 157 
206 

I 

1 
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, 

I 
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2. Test Work 

In J u n e  1986, 40 s e l e c t e d  samples  f r o m  t h e  total of 363 samples  avai lable  were  
combined  to f o r m  13 composi tes .  These were  m a d e  up of various ca t egor i e s  of 
ta i l ings (i.e. leached  sur face ,  oxidized sur face ,  etc.). Each of these  13 composi tes  

were  then  cyanided for  72 hours. In addi t ion  e a c h  of t h e  363 samples  was assayed  

fo r  gold con ten t .  

While t h e  purpose for  t h e  above  t e s t  work was s imply for t h e  assessment  of 

possible t r e a t m e n t  procedures  fo r  t h e  363 individual samples ,  t h e  t e s t  r e su l t s  

ob ta ined  gave  s o m e  very  encouraging  informat ion  o n  t h e  c h a r a c t e r  of t h e  ta i l ings 
mater ia l :  

a) T h e  a r i t h m e t i c  m e a n  of t h e  assays  was  0.041 oz. Aulton, exac t ly  t h e  

s a m e  as t h e  a v e r a g e  weighted assay  of t h e  mineral  reserve.  This  

conf i rms  t h e  cons is tency  of t h e  dr i l l  hole spacing and  re la t ive  assay  

g r a d e  cons is tency  be tween  drill holes. 

b) T h e  a r i t h m e t i c  m e a n  of t h e  overa l l  g r a d e  recovery  f rom t h e  13 samples  

was  74.4%, somewha t  higher t han  the  recovery  an t ic ipa ted  by t h e  
author .  

c) An a v e r a g e  of 93% of t h e  recoverable  gold w a s  recovered  in t h e  f i r s t  24 

hours of leaching,  suggest ing t h a t  pad  leaching  will produce rapid 
recovery.  

I t  should b e  no ted  t h a t  while t h e  above  f igures  a r e  m o s t  encouraging a n d  add  

fu r the r  credibi l i ty  t o  the po ten t i a l  of t h e  pro jec t ,  f ina l  judgement  must  b e  withheld 

unt i l  t h e  major  meta l lurg ica l  test work is comple te .  

T h e  meta l lurg ica l  t e s t s  present ly  being conducted  in Vancouver include cyanidat ion 

ag i t a t ion  t e s t s  on 363 samples ,  bench agglomera t ion  tests, sma l l  heap  leach  t e s t s ,  

co lumn tests, prec ip i ta t ion  a n d  gold winning t e s t s ,  a l t e rna t ive  process  t e s t s  using 

Bio-D and  thiourea.  

i 
f4 
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I 
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I t  should be  noted  t h a t  suggest ing a cap i t a l  cost a t  th i s  t ime,  before  adequa te  
tes twork  has  been  done, is pu t t ing  t h e  cart be fo re  t h e  horse. However ,  t h e  au thor  

h a s  a t t e m p t e d  to c o m e  up with some e s t i m a t e d  f igures  o n  capi ta !  costs. I t  should 

b e  aga in  noted  t h a t  t h e  process  cons idered  a t  th i s  t i m e  is t h e  h e a p  l each  process. 

T h e  following basic  assumptions a r e  m a d e  in preparing t h e  cap i t a l  costs fo r  t h e  

heap-leach plant: 

1) Product ion will o p e r a t e  on  a 180 d a y  year  a t  a r a t e  of 4,000 tons pe r  

day. 

2 )  T h e  ta i l ings will b e  picked up by e a r t h  moving equipment ,  - hauled to t h e  

agglomerat ion area, dumped in to  a hopper, conveyed t o  a n  

agglomera t ion  plant, a n d  t h e n c e  to l each  pads  where  cyanide  solutions, 

will b e  sprayed,  pe rco la t ed  through,  a n d  co l l ec t ed  for processing i n  a 

cen t r a l  processing plant .  

3) T h e  c e n t r a l  processing p lan t  will cons is t  of pregnant  a n d  bar ren  solut ion 

ponds, ca rbon  adsr -p t ion , -pol lu t ion  cont ro l  s,ys t em a n d  gold ref inery.  

Capi-tal Cost 
. - - - - - . . 

Highway Underpass $ 58G,OOO 

Agglomeration 
Hopper: (50 Cu  yds) 

Conveyors: 2 @ 50' @ $400/f t  

Cement-Bins: 4 3 40 tons  @ $-l,OOO/ton 

Sc rew Conveyors: 4 @ 7,000 

Agglomerators: 2 @ $300,000 

Conveyors: 2 @ 250' @ $600/f t  

Transf orrner  

Misc tanks, piping, va lves  

50,000 

40 ,000  

160,000 

28,000 

600,000 

30-0 , 000 

100,000 
70,000 

1,928,000 



I 
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P r t x i p i t a t i o n  and Gold Winning 

T h e  gold may e i t h e r  b e  recovered  by t h e  a c t i v a t e d  ca rbon  process  or t h e  Merrill- 

C r o w e  process. I t  is expec ted  t h a t  t h e  a c t i v a t e d  carbon process  will be used in this  
ins tance .  When t h e  pregnant  solut ion is pumped through t h e  ca rbon ,  t h e  gold drops 
o u t  of solut ion and  is adsorbed (prec ip i ta ted)  o n t o  t h e  coconu t  carbon. T h e  gold 

may  then  be recove red  f rom t h e  coconu t  carbon by one  of seve ra l  carbon 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 

e lec t ro lys i s ,  not dissimilar to a n  e l e c t r i c  b a t t e r y  process. T h e  gold is t hen  s t r ipped 

f r o m  t h e  cel ls ,  poured in to  bars, a n d  s e n t  to t h e  Royal  Canadian  Mint for  f inal  

r e  fining. 

Pollution Cont ro l  

In genera l ,  i t  i s  expec ted  t h a t  t h e  process  will require  no posi t ive e f f luent  

d i scha rge  to  t h e  environment ,  d u e  to  t h e  ar idi ty  of t h e  local  c l ima te .  On t h e  o t h e r  
hand, t h e  a u t h o r  is well acquain ted  wi th  pollution con t ro l  processes ,  having severa l  

t imes  des igned  a n d  ope ra t ed  bo th  alkaline-chlorination a n d  INCO sulpur-dioxide - 
a i r  p rocesses  in  several  British Columbia  mines. A s tandby pollution cont ro l  

process will  be instdled i f i  the need t o  discharge ~ i s e t s .  

PRODUCTION SCHEDULE 

Tab le  1 g ives  a n  e s t i m a t e  of t h e  f eed  supplied to t h e  p lan t  over  a proposed 

o p e r a t i n g  per iod of 3 years. T h e  e s t i m a t e d  gold recovery  is a l so  shown. 

TABLE 1 

1988 1989 1990 

F e e d  (tons) 600,000 800,000 280,000 
% Gold Recovered  70  70 70 
Ounces  Gold 17 ,220  22 ,960  8,040 
% Silver Recove red  60 60 60 

Product ion  Value $ 9,612,000 $1 2 , 8  17,000 $4,487,000 
Ounces  Silver 4 ,600  6,100 2,100 

Gold $400 (U.S.) or $556 (Cdn) per  ounce  / Silver $8.30 (Cdn) per ounce  

f \ 
I 

- 5 -  

Assays t o  do wi th  t h e  present  test program are not  y e t  available. However ,  t h e  

t e s t  work to date indica tes  t h a t  overa l l  cyan ide  consumption may  b e  lower than  

previously an t i c ipa t ed  a n d  lower t h a n  t h a t  shown. 

PROCESS PLANT 

Based 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  a r e  l i s ted  as follows: 

Convent ional  Cyanide Leach Process  

Cyanide  Heap Leach  Process  

"Bio-D" Leach  Process  

Labora tory  t e s t s  present ly  being conduc ted  will de t e rmine  which of t h e  above  

processes  i s  su i tab le  for t r e a t m e n t  of t h e  Hedley Tailings. 

Although i t  is t o o  e a r l y  to conduc t  a ful l  feasibi l i ty  s tudy,  t h e  au tho r  h a s  used  t h e  
d a t a  g leaned  t o  d a t e  t o  assess t h e  gene ra l  prof i tabi l i ty .  I t  is a s sumed  t h a t  a 

cyanide  h e a p  i each  process wiii be used, as data to-bate suggests this as t h e  

process  likely to  b e  mos t  feasible. The h e a p  l each  process  h a s  shown itself to b e  
very  successful  in  t h e  processing old mine ta i l ings  in  southwes t  U.S. It is f u r t h e r  

a s sumed  t h a t  1,680,000 t o n s  of ta i l ings a r e  leached ,  which conta in  a n  a v e r a g e  of 

0.041 oz. Au/ton,  w i th  70% gold recovery.  

A pre l iminary  f low shee t  was prepared  fo r  t h e  Heap  Leach  Process  a n d  c a p i t a l  

costs for  p lan t  cons t ruc t ion  h a v e  been  e s t ima ted .  The various componen t s  fo r  t h e  

plant  a r e  l i s ted  as follows: 

Feed  Sys tem 
Agglomerat ion Plant  

Leaching Pads 
Carbon  Adsorption Process  

Refining 
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AGGLOMERATION-HEAP LEACH BRQCESS DESCRIPTION 

In ord inary  cyanidat ion processes cyanide  is used t o  "dissolve" t h e  gold f rom t h e  

ore .  T h e  gold,  is held as a f lu id  c o n s t i t u e n t  of t h e  cyanide  solution by any  of 

s e v e r a l  c h e m i c a l  processes.  

C y a n i d e  c a n  only dissolve gold with which i t  c o m e s  in  c o n t a c t .  If t h e  rock is 
porous,  t h e  cyanide may ac tua l ly  p e r c o l a t e  through t h e  rock, dissolving a n d  

t ranspor t ing  t h e  gold in i t s  soluble f o r m  o n  i t s  way through. However, in most  
cases, t h e  rock  is not  very porous a n d  in th i s  s i tuat ion t h e  only gold t h a t  can  be  
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  cyanide solution i s  s p r a y e d  on a heap  of crushed, granular  ore 

par t ic les .  As t h e  cyanide p e r c o l a t e s  downward through t h e  pile i t  w e t s  t h e  ore 
par t ic les ,  dissolves a n d  t r a n s p o r t s  t h e  gold. 

When gold-bearing l imes tone  or o t h e r  absorbant  rocktype  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  through boulders over  2 feet in  d i a m e t e r ,  but in t h e  case of 

o t h e r  rock  types ,  such  as c h e r t  which " re jec t  t h e  solutions", poor recoveries  may be 

a c h i e v e d  e v e n  though t h e  rock m a y  b e  c rushed  so t h a t  t h e  la rges t  par t ic le  is no 

l a rge r  t h a n  a pea. 

In ta i l ings  t h e  s i z e  of a l l  par t ic les  a r e  v e r y  small ,  a n d  a l l  things being equal ,  c a n  

yei ld  very  high recover ies  in gold. 

S o m e  t y p e s  of rock produce a s ignif icant  a m o u n t  of clay-sized rock particles.  

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 operation. 

Howeve,.  when more than  a few percent  of t h e  par t ic les  a r e  clay-sized or smaller ,  

"blinding" occurs.  The  c l ay  pa r t i c l e s  form a n  essent ia l ly  impervious layer ,  a c t i n g  

l i k e  a n  umbrel la ,  shielding t h e  o r e  pa r t i c l e s  below f r o m  c o n t a c t  with t h e  cyanide 

solution. This can lead  to t h e  slowdown of percola t ion  to t h e  point where enough 
gold c a n n o t  b e  e x t r a c t e d  t o  pay f o r  t h e  opera t ion .  

- 7 -  

T h e  tail ings pa r t i c l e s  of t h e  Hedley ta i l ings pi les  a r e  so finely-ground t h a t  they 

may b e  en t i re ly  c lassed  as being "clay-sized", a n d  c a n n o t  be  heap-leached by 
normal  means.  However,  by the  process  of agglomerat ion,  blinding does n o t  occur ,  

excel lent  percolat ion cha rac t e r i s t i c s  may b e  maintained,  a n d  t h e  pe l le t s  are 
porous,  t hus  allowing t h e  cyanide  solution to pass  direct ly  through, dissolving a n d  
picking up a l l  t h e  "exposed" gold. Agglomerat ion is t h e  forming of semi-spherical  

pe l le t s  by combining ta i l ings with c e m e n t  and/or  l ime, a n d  a small  a m o u n t  of 
w a t e r ,  rolling t h e  mixture  around. Between 15 a n d  30 Ibs of c e m e n t  (and/or l ime)  

p e r  t o n  of o r e  a r e  normal-ly required fo r  agglomera t ion  of tailings. 

SPECIFIC PROCESS DESCRIPTION 

Mining 
_. 

In th i s  process- t h e  tail ings a r e  e x c a v a t e d  a n d  t ranspor ted  to t h e  agglomera t ion  

plant  by e a r t h  moving belly-loaders. This  is t h e n  heaped in to  a conveyor  hopper by 

D-7 Caterp i l la r  bulldozer a n d  c0nveye.d to t h e  Agglomerator.  

Agglomerat ioh and Stacking 

In t h e  agglomera tor  (several  types a r e  avai lable)  t h e  tail ings,  c e m e n t  a n d  w a t e r  a r e  
combined a n d  ro t a t ed ,  forming t h e  agglomerat ions.  These pe l le t s  a r e  t h e n  s t a c k e d  

by a s tacking  conveyor  onto a l a rge  leach  pad. 

L e a c h  Pad and Leaching 

T h e  leach  pad  is c o n s t r u c t e d  on pre-sloped ground which h a s  been  smoothened by 
tamping  a n d  covered  by a thick PVC plas t ic  s h e e t  (liner). The  s t a c k  of "pellets", a f t e r  

deposit ion o n  t h e  leach  pad, is  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.  The cyanide 

solution p e r c o l a t e s  through t h e  heap. The  agglomerat ions,  due to the i r  porous na ture ,  

a l low t h e  solution to pass  through t h e m ,  dissolving and flushing t h e  dissolved gold f rom 

the.  "pellets". When t h e  solution r e a c h e s  t h e  PVC liner i t  t r ick les  down t h e  slope of  

the  PVC liner a n d  is  recovered  in t h e  "pregnant" (gold-bearing cyanide solution) pond. 

I 
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The m i n e r a l  reserves  w i t h i n  t h e  ' 'o ldf '  and ttnewtf t a i l i n g s  p i l e s  
w i t h i n  L o t  2900 a r e  c a l c u l a t e d  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  o f  0 . 0 4 1  oz Au/ ton .  

D r i l l i n q  
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  an e i g h t - i n c h  d iameter  - 

a u g e r  d r i l l .  The  holes were d r i l l e d  t o  t h e  o l d  l a n d  surface 
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 .  Each h o l e  was d r i l l e d  v e r t i c a l l y .  
As b e s t  as 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 .  T w e n t y -  
s i x  h o l e s  were d r i l l e d  o n  t h e  f r o l d f f  t a i l i n g s  p i l e s  w h i l e  3 1  were 
d r i l l e d  on  t h e  % e w r f  p i l e .  

Sampl i n q  
Each 5-fOOt r u n  o f  " c o r e f r ,  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  on  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  m i x  p u l p s  i n  assay  o f f i c e s .  E a c h  sample was 
" f o l d e d "  2 4  t i m e s .  An e i g h t  t o  t e n  pound sample  was t h e n  t a k e n  
f o r  t h e  n e x t  p h a s e  o f  work t o  be c o n d u c t e d  i n  Vancouver .  The  r e s t  
was bagged i n  f i b e r  b a g s  and  s t o r e d  i n  a warehouse o n - s i t e .  

Assay inq  

t o  Vancouver .  A s e l e c t e d  g r o u p  o f  s amples  was weighed wet, and 
d r y  f o r  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  a s s a y e d  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. 

A t o t a l  o f  363  s a m p l e s  (over 1 1/2 tons of  m a t e r i a l )  was t a k e n  

A l l  3 6 3  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 ,  

B u l k  D e n s i t v  Tests  

t h e  ffnewff t a i l i n g s  p i l e  and one  on  t h e  p i l e .  I n  each  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 .  The mater ia l  r e c o v e r e d  was weighed 
( d a m p ) ,  mixed and  sampled .  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 .  The 
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 w e i g h t  o f  water .  T h e  c a l c u l a t i o n s  t o  a tonnage  
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  dec ima 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  per d r y  t o n .  

B u l k  d e n s i t y  t es t s  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  

! 



Resul t s  

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

However, t h e  t onnage  o f  t h e  t a i l i n g s  p i l e s  was b a s e d  o n  a n  
e s t i m a t e  o f  d r y  t o n s .  

The  m o i s t u r e  c o n t e n t  o f  t h e  t a i l i n g s  v a r i e d  from 1 2  to 2 4 % .  

Tonnaqe 
F i q u r e  1 is a t a b u l a t e d  summary (of t h e  h o l e s  d r i l l e d  i n  t h e  

r r o l d f f  t a i l i n g s  p i l e .  F i g u r e  2 shows t h e  p l a n  o f  t h e  r r o l d ' f  
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 e a  o f  
i n f l u e n c e  o f  e a c h  h o l e ,  as used  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  
c a s e s  t h e t o 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  ton was 
u s e d .  F i g u r e  3 is a t a b u l a t e d  summary of t h e  h o l e s  d r i l l e d  i n  t h e  
"new" t a i l i n g s  p i l e  w h i l e  F i g u r e  4 s:hows t h e  p l a n  o f  t h e  ffnewfr 
p i l e ,  w i t h  h o l e  numbers and 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 .  

Summary o f  Tonnaqces 6 Grade 

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

old 26 
new 31 

612,059 
1,069,010 
1,681,069 

Submitted by : 

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

Wayne M. Ash P .  Eng 

0.0352 
0.04437 
0.04103 
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FIGURE 3 
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