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INTRODUCTION 

The Hail-Harper Creek Copper Prospect i s l o c a t e d 
approximately 7 a i r k i l o m e t e r s south of the Yellowhead South 
Highway between the towns of Clearwater and Vavenby, BC. The 
d e p o s i t s were d i s c o v e r e d and explored i n the mid to l a t e 
60's. This was f o l l o w e d by p r e l i m i n a r y open p i t designs and 
economic cash flows i n the e a r l y 70's. Although under some 
assumptions the p o t e n t i a l f o r a p r o f i t a b l e mine e x i s t e d the 
economic c r i t e r i a would not i n d i c a t e the type of p r o f i t s 
r e q u i r e d f o r the companies i n v o l v e d . Aurun Mines L t d . has 
a q u i r e d some i n t e r e s t i n these d e p o s i t s and has c o n t r a c t e d 
D.W.Philip, P.Eng. to review the a v a i l a b l e data and to look 
fo r p o t e n t i a l o p p o r t u n i t i e s or mine l a y o u t s t h a t w i l l 
i n c r e a s e the p o t e n t i a l p r o f i t a b i l i t y of any mining p r o j e c t . 

The p r e l i m i n a r y f e a s i b i l i t i e s conducted to date r e s u l t e d i n a 
f i n a l design based on open p i t mining of approximately: 

84 m i l l i o n tons of 0.39% Cu M i l l Feed 

The p r i v a t e company r e p o r t s and memorandums upon which t h i s 
r e p o r t i s based were made a v a i l a b l e by J.A.Chapman, Aurun 
Mines L t d . 
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SUMMARY 

The computer a s s i s t e d mine lay o u t s prepared to date have o n l y 
c o n s i d e r e d s u r f a c e mining of a number of zones based upon 
copper v a l u e s . The proposed mine would c o n s i s t of two l a r g e r 
open p i t s and one s m a l l e r one. 

Molybdenum, gold and s i l v e r values have been added to 
economic cash flows based upon assay values from two d r i l l 
core compisited samples f o r molybdenum and estimated values 
f o r g old and s i l v e r . M e t a l l u r g i c a l r e c o v e r i e s of 85% f o r 
copper, 30% f o r molybdenum and copper concentrate grades of 
26% are based upon very l i m i t e d t e s t work on co r e . 

Assuming t h a t work completed by Noranda i n the 1970's i s of 
a c c e p t a b l e q u a l i t y i t i s apparent t h a t higher recovered 
d o l l a r values of products and/or lower c o s t s are necessary to 
d e f i n e a commercially a t t r a c t i v e s u r f a c e mining o p e r a t i o n as 
proposed i n the computer a s s i s t e d mine l a y o u t s . 

The p o t e n t i a l f o r a s m a l l e r higher grade p o r t i o n of the 
d e p o s i t s l o c a t e d on the p r o p e r t y s t i l l e x i s t s . G e o l o g i s t s 
now b e l i e v e t h a t there i s a much higher p o t e n t i a l t h a t these 
d e p o s i t s were formed i n a manner s i m i l i a r manner to the 
volcanogenic s t r a t a formed s t r a t a bound d e p o s i t s ( 1 ike the 
A n v i l d e p o s i t i n the Yukon). Previous e x p l o r a t i o n and 
e v a l u a t i o n appear to be based upon the bulk type low grade 
copper mines of c e n t r a l B r i t i s h Columbia. 

Tita n i u m values from 1.22 to 2.77% T i have been re p o r t e d i n 
v a r i o u s rock types i n the area. No work has been done on 
determining the t i t a n i u m content of the proposed m i l l feeds 
nor any economic p o t e n t i a l f o r t i t a n i u m r e c o v e r y t h a t might 
e x i s t . 

2 



CONCLUSIONS 

Considerable e x p l o r a t i o n work has been conducted on the 
pro p e r t y . 

The economic p o t e n t i a l f o r a bulk type low grade s u r f a c e 
copper mine has been reviewed. The p r e l i m i n a r y f e a s i b i l i t y 
under reasonable assumptions was p r o f i t a b l e ( E g . ROR & 0%NPV 
were gr e a t e r than zero) but unacceptable economic 
s e n s i t i v i t i e s were r e q u i r e d to produce an ROR r e q u i r e d by 
Noranda f o r a commercial p r o j e c t . 

The copper d i s t r i b u t i o n i n the d e p o s i t s was obtained from 
d r i l l core a s s a y s . L i m i t e d m e t a l l u r g i c a l t e s t i n g has been 
done. Molybdenum, gold and s i l v e r values were e i t h e r 
estimated or obtained from l i m i t e d composited core samples. 
Only very g e n e r a l work has been done on the t i t a n i u m content 
of the l o c a l a r e a . No work has been to determine the 
t i t a n i u m content of any p l a n t feeds nor to see i f there i s 
any p o t e n t i a l l y economic value a s s o c i a t e d with any t i t a n i u m 
content. 

The c u r r e n t g e o l o g i c a l understanding of the o r i g i n and 
h i s t o r y of these d e p o s i t s may have a l a r g e e f f e c t on the 
a b i l i t y to l o c a t e s m a l l e r s i g n i f i c a n t l y higher value d e p o s i t s 
w i t h i n the a r e a . 

M i n e s i t e , t r a n s p o r t a t i o n , s m e l t i n g , and other c o r p o r a t e c o s t s 
can vary w i d e l y depending upon p r o j e c t s p e c i f i c scoping 
prameters. 
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RECOMMENDATIONS 

1) G e o l o g i c a l work should be r e l a t e d to s e a r c h i n g f o r 
l o c a l i z e d higher grade d e p o s i t s or determining the 
d i s t r i b u t i o n of t i t a n i u m , molybdenum, gold and s i l v e r . 

2) Experts i n the v a r i o u s d i c i p l i n e s r e q u i r e d (geology, 
mining, metallurgy, marketing, o p e r a t i o n s , management, 
e n g i n e r i n g , procurement, c o n s t r u c t i o n , e t c ) should b r a i n s t o r m 
and i d e n t i f y p o t e n t i a l commercial mining p r o j e c t general 
parameters f o r f u r t h e r s t u d i e s . 

3) The program i n i t i a t e d to review the c a p i t a l p r o j e c t 
should c o n t i n u e . A +/- 15% scoping and c o s t i n g f o r the p l a n t 
and f a c i l i t i e s may be of gr e a t e r accuracy than the other 
components ( g e o l o g i c a l d e p o s i t model, t r a n s p o r t a t i o n , 
marketing, e t c ) p a r t i c u l a r l y i f t i t a n i u m p r o d u c t i o n i s 
r e q u i r e d . 

4) M e t a l l u r g i c a l t e s t work should be persued to s e e i f b e t t e r 
copper and molybdenum r e c o v e r i e s and concentrate grades are 
eco n o m i c a l l y a t t r a c t i v e . 

5) M e t a l l u r g i c a l s t u d i e s should be conducted and i f p o s s i b l e 
m e t a l l u r g i c a l t e s t s should be conducted to determine the 
market q u a l i t y of any re c o v e r a b l e t i t a n i u m c o n c e n t r a t e s . 

6) Market c o n t a c t s should be made i n order to i d e n t i f y 
t y p i c a l c o n d i t i o n s t h a t can be expected. Copper, molybdenum, 
gold and s i l v e r may be a n t i c i p a t e d but t i t a n i u m marketing i s 
unknown. 
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SURFACE MINING POTENTIAL 

H i s t o r y 

During the mid to l a t e 1960's copper m i n e r a l i z a t i o n was found 
and the area was explored f o r bulk type low grade copper 
d e p o s i t s t h a t c o u l d be mined by s u r f a c e mining methods. By 
the e a r l y 1970's a j o i n t venture agreement between Noranda 
and Quebec C a r t i e r Mining was i n p l a c e . E a r l y i n d i c a t i o n s 
were th a t two main d e p o s i t s e x i s t c o n t a i n i n g at l e a s t 100 
m i l l i o n tons grading 0.43% Cu. Because of the a t t i t u d e of 
the d e p o s i t s , i t was q u e s t i n a b l e whether the e n t i r e reserve 
c o u l d be mined at an a c c e p t a b l e s t r i p p i n g r a t i o . 

Noranda prepared computer a s s i s t e d open p i t d e s i g n s . A 15 
year mine p r o d u c t i o n schedule was prepared to process 84 
m i l l i o n tons of 0.386% Cu as p l a n t feed at a r a t e of 5.7 
m i l l i o n tons per year (approx. 15,500 TPD). No c o n s i d e r a t i o n 
was given to byproduct molybdenum, g o l d , s i l v e r v a l u e s . 

A Masters T h e s i s was submitted by Gary David B e l i c k to the 
U n i v e r s i t y of B r i t i s h Columbia i n November of 1973 "Geology 
of the Harper Creek Copper Deposit". I t containes a t a b l e 
showing t i t a n i u m values from 1.22% to 2.77% T i f o r v a r i o u s 
l o c a l rock types. 

James E. K r a f t , P.Eng of Noranda i n 1974 prepared economic 
cash flows f o r the s u r f a c e mining p r o j e c t which produced the 
f o l l o w i n g r e s u l t s : 

A) Base Case 0.41% ROR $ 2 . 7 m i l l i o n - 0 % NPV 

B) Mo,Au,Ag i n c . 
85% Cu r e c o v e r y 
$0.56 NSR Cu 
5% c o s t e s c a l a t i o n 

10.7% ROR $ 5 3 . 8 m i l l i o n - 0 % NPV 

C) New p i t d e s i g n 11.4% ROR 

D) Revised s t r i p p i n g 11.8% ROR 
schedule 

$ 4 2 . 2 m i l l i o n - 0 % NPV 

$ 4 1 . 8 m i l l i o n - 0 % NPV 

E) 70% of c a p i t a l 
c o s t s 

17.4% ROR $ 6 7 . 9 m i l l i o n - 0 % NPV 

The main f a c t o r r e s u l t i n g i n the 10 to 12% r a t e s of r e t u r n 
was the p o s s i b i l i t y of s e l l i n g copper i n t o the f u t u r e s market 
a t a p r i c e 36% above the base case value of $0.55 per pound. 
Thi s p o t e n t i a l to s e l l copper i n t o the f u t u r e s market 
combined with a r e d u c t i o n of c a p i t a l c o s t s r e s u l t s i n the 
17.4% r a t e of r e t u r n . 
A reexamination of the economics of the p r o j e c t i n 1979 by M 
Power of Noranda i n d i c a t e d that the s u r f a c e mining p r o j e c t 
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would r e q u i r e a copper p r i c e 50% above the then c u r r e n t $1.00 
per pound of copper before a.commercial 15,500 TPD s u r f a c e 
mining o p e r a t i o n c o u l d be c o n s i d e r e d . The economics run at 
$1.50 per pound of copper and $10.00 per pound of molybdenum 
r e s u l t e d i n : 

- 14.8% ROR $ - 0 . 6 m i l l i o n -15% NPV 

A l l scoping, c o s t i n g and economics work completed to date has 
been based on gross s c a l i n g f a c t o r s a p p l i e d by personnel from 
an experienced mining company. S i t e s p e c i f i c c o n s i d e r a t i o n s 
are general and many r u l e of thumb parameters were used. 
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Requirements 

The h i s t o r y of the e v a l u a t i o n of these d e p o s i t s i n d i c a t e s 
t h a t some combination o f : 

1) Higher Net Revenues 

2) Lower C a p i t a l Costs 

3) Lower Operating Costs 

i s r e q u i r e d to a l l o w a v i a b l e commercial s u r f a c e mining 
o p e r a t i o n as proposed by Noranda. Any reexamination of t h i s 
p r o j e c t as proposed should c o n s i d e r : 

A) REVENUES 
1) Current and futu r e metal markets 

2) Canadian/US d o l l a r exchange r a t e s 

3) The d i s t r i b u t i o n of of molybdenum, gol d , and s i l v e r 
as these c o u l d c o n t r i b u t e to net revenues. Estimates i n 
the s t u d i e s by Noranda could r e s u l t i n as much as 10% of 
the copper v a l u e s . 

4) I n c r e a s i n g the molybdenum re c o v e r y above the 30% 
used i n the s t u d i e s 

5) Economic p o t e n t i a l f o r t i t a n i u m p r o d u c t i o n 

- G e o l o g i c a l D i s t r i b u t i o n 
-Recovery P o t e n t i a l 
-Marketing 

B) LOWER CAPITAL COSTS 

Aurun i s i n the process of i n i t i a t i n g a p r o j e c t to 
bra i n s t o r m mining and m i l l i n g a l t e r n a t i v e s , to s e l e c t 
the most a t t r a c t i v e a l t e r n a t i v e s then to scope and co s t 
the s e l e c t e d case or cases. 

C) LOWER OPERATING COSTS 

Noranda gave no c o n s i d e r a t i o n to lowering o p e r a t i n g 
c o s t s below those chosen f o r the base case. Scoping of 
g e o l o g i c a l and mine lay o u t parameters may present some 
o p p o r t u n i t y f o r c o s t savings e v a l u a t i o n . The l o c a l 
metasedimentary f o l d e d p h y l i t e s and s c h i s t s may provide 
lower rock breaking, c r u s h i n g and g r i n d i n g c o s t s . A 
mine lay o u t of waste dumps and t a i l i n g s ponds may 
provide haulage, or pumping s a v i n g s . 

An undrestanding must be tha t the goal i s to improve o v e r a l l 
economics. To recover and s e l l more higher q u a l i t y 
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marketable products the c a p l t a t and o p e r a t i n g c o s t s may have 
to i n c r e a s e . 

Titanium 

I f c a p i t a l and o p e r a t i n g c o s t s do not change then some 
minimum amount of t i t a n i u m must be recovered and s o l d to make 
the proposed p r o j e c t v i a b l e . C u r r e n t l y no byproduct t i t a n i u m 
producers from copper mines have been l o c a t e d and a l l 
assumptions are made from general r e f e r e n c e d e s c r i p t i o n s of 
the i n d u s t r y . 

1) Value r e q u i r e d based upon the assumption t h a t the 
p r o j e c t r e q u i r e s $1.50 per pound copper with markets now 
at $1.00 per pound, 

Copper grade - 0.39% 
Copper y i e l d - 80% 
Pounds of copper s o l d per ton m i l l e d 

0.39x20x0.80 = 6.3 pounds 
Value r e q u i r e d per ton m i l l e d 

6.3x0.50 = $3.15 

2) Value of t i t a n i u m per pound of 95% Ti02 r u t i l e 
c o n c e n t r a t e , 

- 1982 Ti02 p r i c e per s h o r t ton of c o n c e n t r a t e : 

Small l o t s $450 - 475 US ($640 - 675 Can) 
Large l o t s $275 - 300 US ($390 - 430 Can) 

S y n t h t e i c r u t i l e (FOB Mobile AL) $350 US ($500 
Can) 

- Ti02 estimated to be 60% T i 

1 ton of concentrate c o n t a i n s 
2000x0.95x0.60 = 1140 pounds of T i 

- At $400 per ton of concentrate 
400/1140 = $0.35 per pound T i 

- At $600 per ton of concentrate 
600/1140 = $0.53 per pound T i 

3) Pounds of marketed T i r e q u i r e d 

- At $0.35 per pound T i 
3.15/0.35 = 9 pounds per ton of p i n t feed 

- At $0.53 per pound T i 
3.15/0.53 = 6 pounds per ton of p l a n t feed 
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4) Percent T i r e q u i r e d i n the p l a n t feed (must be able 
to produce an ac c e p t a b l e r u t i l e or s y n t h e t i c r u t i l e 
c o n c e n t r a t e ) . 

At $0 .35 per pound T i , 
9/0.50/20 = 0.9% 

50% 
T i 

y i e l d 

At $0 .35 per pound T i , 
9/0.70/20 = 0.6% 

70% 
T i 

y i e l d 

At $0 .53 per pound T i , 
6/0.50/20 = 0.6% 

50% 
T i 

y i e l d 

At $0 .53 per pound T i , 
6/0.70/20 = 0.4% 

70% 
T i 

y i e l d 

4) No allowances have been i n c l u d e d f o r c o s t s of 
pr o d u c t i o n and marketing the 95% Ti02 c o n c e n t r a t e . 
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Conclus ions 

The t i t a n i u m head grades c a l c u l a t e d from the p r e l i m i n a r y 
assumptions are a l l w i t h i n the values found f o r the general 
rock types by Gary D B e l i c k i n h i s 1973 masters t h e s i s . If 
the t i t a n i u m i s w i t h i n and adjacent to areas of s u l f i d e 
m i n e r a l i z a t i o n as h y p o s t u l a t e d then there appears to be 
adequate evidence to persue f u r t h e r the p o s s i b i l i t y of 
s u f f i c i e n t t i t a n i u m to p l a n , develop and operate a 
commercially a t t r a c t i v e mine as proposed i n the 15,500 TPD 
p r o j e c t . 

The new g e o l o g i c a l d e p o s i t o r i g i n and h i s t o r y hypothesis i f 
found to be t r u e and l o c a l l y higher grade d e p o s i t s can be 
i d e n t i f i e d then by more s e l e c t i v e mining and perhaps a lower 
m i l l i n g r a t e commercial p r o j e c t can be i d e n t i f i e d . 

The p o s s i b i l i t y of heap l e a c h i n g the near s u r f a c e lower 
grade, p o s s i b l y a l t e r e d , copper m i n e r a l i z a t i o n has been 
suggested. Heap l e a c h i n g with aqueous le a c h s o l u t i o n s i s 
e f f e c t e d very much by c l i m a t i c c o n d i t i o n s such as r a i n f a l l 
and temperature. E x c e s s i v e amounts of p r e c i p i t a t i o n d i l u t e 
the l e a c h s o l u t i o n s making c o n t r o l of the process d i f f i c u l t 
and add to l o s s e s of l e a c h reagents. While c o o l temperatures 
above f r e e z i n g help prevent e v a p o r a t i o n of water, prolonged 
winter f r e e z i n g c o u l d shorten the a c t i v e l e a c h i n g season. 
Weather records and l e a c h a c t i v i t y t e s t i n g would very 
essential» M i n i n g , l e a c h p i l e p r e p a r a t i o n and l e a c h 
o p e r a t i n g c o s t s must be recovered. 

Mining and l e a c h p i l e p r e p a r a t i o n c o s t s of $0.60 to $1.00 
per ton and waste mining c o s t s of $0.60 per ton with leach 
o p e r a t i n g c o s t s of $0.25 to $0.50 per ton and overhead 
c o s t s at $0.50 per ton would d i c t a t e t h a t at a: 

- 0:1 waste to leach m a t e r i a l r a t i o the minimum copper 
y i e l d a t $1.00 per pound of copper must be: 

0.60+0.25+0.50/1.00 = 1.35 pounds of copper 

to 1.00+0.50+0.50/1.00 = 2.0 pounds of copper 

- 0.5:1 waste to l e a c h m a t e r i a l r a t i o 

0.90+0.25+0.50/1.00 = 1.65 pounds of copper 

to 1.30+0.50+0.50/1.00 = 2.30 pounds of copper 

- 1:1 waste to l e a c h m a t e r i a l r a t i o 

1.20+0.25+0.50/1.00 = 1.95 pounds of copper 

to 1.60+0.50+0.50/1.00 = 2.60 pounds of copper 
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No allowances have been made f o r t r a n s p o r t a t i o n and 
marketing of u l t i m a t e l e a c h products. 
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UNDERGROUND MINING POTENTIAL 

H i s t o r y 

There does not appear to be re p o r t e d h i s t o r y of 
i n v e s t i g a t i o n s of underground mining p o t e n t i a l . 

D i s c u s s i o n 

There i s a ge n t l e n o r t h e r l y d i p to the main m i n e r a l i z e d zones 
and some apparent i n c r e a s e i n grade down d i p . If t h i s i s any 
i n d i c a t i o n t h a t l o c a l i z e d higher grade zones w i l l be found 
then a m i l l s i t e down the north s i d e of the h i l l towards the 
North Thompson River with the p l a n t l o c a t e d somewhere between 
4000 and 4500 f e e t above sea l e v e l might accomodate both 
s u r f a c e and underground mining. 

1) A 1 to 2 kil o m e t e r conveyor would a l l o w p r o c e s s i n g of 
su r f a c e mined p l a n t feed from the designed p i t s . 

2) A 1 to 1.5 kilo m e t e r a d i t would i n t e r s e c t the bottom of 
or be below the deepest m i n e r a l i z e d copper i n t e r s e c t i o n i n 
d r i l l hole J-33 of 150 to 200 f e e t of 0.60% copper 

A m i l l c a p a c i t y of 6000 TPD would r e q u i r e 22 m i l l i o n tons of 
p l a n t feed f o r a 10 year p l a n t l i f e . Graph 1 repr e s e n t s i n 
grap h i c form f o r g e n e r a l g u i d e l i n e purposes the approximate 
r e l a t i o n s h i p of T o t a l Corporate Costs ( i n c l . s h i p p i n g and 
treatment) i n $/ton of p l a n t c a p a c i t y and the Copper 
E q u i v a l e n t C u t t o f f Grade. The Marginal Revenue = Marginal 
Cost c u t t o f f assumption was used. This r e p r e s e n t s the case 
where no l e v e r e d ownership p o s i t i o n s e x i s t and a l l taxes are 
p r o f i t taxes. The f o l l o w i n g l i s t prepared from the graph 
might be h e l p f u l when l o o k i n g a t g e o l o g i c a l data f o r l o c a l 
high grade d e p o s i t s : 

Any e q u i v a l e n t value of f i n a l marketed products would e f f e c t 
the r e q u i r e d copper grade. An estimated 10% of the copper 
values may be found i n combined molybdenum, gold and s i l v e r . 

The understanding of t i t a n i u m economics i s more u n c e r t a i n 
t h e r e f o r e a t t h i s time i t would be of l i t t l e value to t r y to 
be to c e r t a i n about any copper e q u i v a l e n t s f o r t i t a n i u m 
grades. They co u l d d e f i n a t e l y have an e f f e c t on any p r o j e c t 
economics. With marketed t i t a n i u m values of from $0.35 to 
$0.53 per pound and 50% to 70% y i e l d s a 2% T i grade would 

T o t a l Cost 
$20.00 per ton 
$30.00 per ton 
$40.00 per ton 
$50.00 per ton 

Copper E q u i v a l e n t C u t t o f f 
1.2% Cu 
1.8% Cu 
2.4% Cu 
3.0% Cu 
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40x0.5x0.35 = $ 7.00 per ton of p l a n t feed 
40x0.5x0.53 = $10.60 
40x0.7x0.35 = $ 9.80 
40x0.7x0.53 = $14.84 

An i n v e s t i g a t i o n of the p o t e n t i a l f o r producing marketable 
t i t a n i u m from r u t i l e should i n c l u d e the p r o d u c t i o n of 
s y n t h e t i c r u t i l e from other t i t a n i u m minerals i f they are 
present. 

Underground Mining Costs 

Graph 2 and graph 3 were prepared f o r underground Canadian 
mines from g e n e r a l l y a v a i l a b l e p u b l i c data i n annual r e p o r t s , 
j o u r n a l s , newspapers, e t c . and by word of mouth i n the l a t e 
1970's. They are i n c l u d e d here to show: 

1) There can be a wide range of o p e r a t i n g c o s t s 
a s s o c i a t e d with any m i l l s i z e . These can to a great 
extent be e x p l a i n e d by d i f f e r e n c e s i n the t e c h n i c a l 
scope of the v a r i o u s p r o j e c t s . 

2) In the ranges from 1 to 3% copper e q u i v a l e n t from 
Graph 1 a f u r t h e r i n v e s t i g a t i o n of the p r o j e c t s p e c i f i c 
scope, c u r r e n t c o s t estimates and economics i s necessary 
for d e f i n a t i v e e v a l u a t i o n . 

Estimates made i n the l a t e 1970's from p u b l i c data i n d i c a t e d 
t h a t the Craigmont mine had a m i l l c a p a c i t y of 5000 TPD, an 
ore reserve of 5.2 m i l l i o n tons of 1.85% copper. The 
m i n e s i t e o p e r a t i n g c o s t s were $8.00 to $8.25 per ton of p l a n t 
c a p a c i t y and the t o t a l c o r p o r a t e c o s t s were $14.00 to $15.00 
per ton of p l a n t c a p a c i t y . These are g e n e r a l l y c o n s i d e r e d to 
be low c o s t s when compared to most underground mines with 
c a p a c i t i e s near 5000 TPD. 

Conclus i ons 

T h i s very general d i s c u s s i o n of unerground mining may be of 
help when t r y i n g to review g e o l o g i c a l data. The most 
a t t r a c t i v e underground p o t e n t i a l should r e c i e v e at l e a s t a 
p r e l i m i n a r y review f o r commercial mining p o t e n t i a l . 
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TITANIUM 

The recovery of t i t a n i u m concentrates from p l a n t feeds can be 
by g r a v i t y or f l o a t a t i o n methods depending on the s i z e of the 
p a r t i c l e s . The s e p a r a t i o n of a heavy metal t i t a n i u m 
concentrate may i n c l u d e e l e c t r o s t a t i c or magnetic methods. 

The r u t i l e or s y n t h e t i c r u t i l e c oncentrate i n modern p l a n t s 
i s upgraded to sponge metal or pigment grade Ti02 u s i n g a 
c h l o r i t e p rocess. Lower grade i l m e n i t e or t a n t i 1 i f e r o u s i r o n 
s l a g c o n c e n t r a t e s are u s u a l l y upgraded using the o l d e r 
s u l f a t e p rocess. 

1982 US r e p o r t s of i l m e n i t e concentrate shipments of 233 
thousand tons having a value of $19 m i l l i o n US would r e s u l t 
i n concentrate values of approx $80.00 US per ton ($115 to 
120 Can.). 

US producers of pigment grade Ti02 are E.I.duPont deNemours & 
Co. Inc., NL I n d u s t r i e s Inc., American Cyanamid Co., SCM 
Corp., and Gulf & Western N a t u r a l Resources. 1982 t i t a n i u m 
d i o x i d e pigment consumption has been r e p o r t e d a t 700 to 725 
thousand tons at a p r i c e of $0.69 US per pound ($0.98 Can) 
f o r the anatase form and $0.75 US per pound ($1.07 Can) f o r 
the r u t i l e form. 

US producers of t i t a n i u m sponge are Timet (Henderson, 
Nevada), RMI (Ashtabula, Ohio), Ormet (Albany, Oregon), D-H 
T i t a n i u m (Free P o r t , Texas), TWCA (Albany, Oregon), and 
I n t e r n a t i o n a l T i t a n i u m (Moses Lake, Washington). 1982 US 
sponge metal consumption was r e p o r t e d at approx. 17 thousand 
tons at $5.55 Us per pound ($7.90 Can). 1985 i n d i v i d u a l US 
p l a n t c a p a c i t i e s were expected to range from approx. 1000 TPY 
to 16,000 TPY f o r a t o t a l US c a p a c i t y of 36 to 37,000 TPY. 
The Japanese t o t a l 1985 p r o d u c t i o n c a p a c i t y was expected to 
be approx. 59 to 60,000 TPY. F i n i s h e d metal products are 
produced by r e d u c i n g the sponge metal. F i n i s h e d metal can 
have a value of $12 to $13 US per pound ($17 to $18 Can) 

The h i s t o r i c a l t i t a n i u m p r o d u c t i o n data i n c l u d e d i n t h i s 
r e p o r t should be used fo r p r e l i m i n a r y scoping purposes only. 
I f any p o t e n t i a l f o r commercial t i t a n i u m p r o d u c t i o n e x i s t s 
a f t e r a review of the g e o l o g i c a l data combined with some 
m e t a l l u r g i c a l evidence t h a t a c c e p t a b l e c o n c e n t r a t e s can be 
produced the economics of t i t a n i u m p r o d u c t i o n must be f u r t h e r 
i n v e s t i g a t e d . 
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