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INTRODUCTION 

The tour was organized by John A. Wood, V i c e - P r e s i d e n t of Chapman, 
Wood, & Griswold L t d . , Vancouver, B. C. 

The tour was an i n f o r m a t i v e t r i p and the operations v i s i t e d were 
i n the main l a r g e open-pit mines r e c e n t l y placed i n t o production. 

Kerr Addison Mines L i m i t e d r e p r e s e n t a t i v e s were: 

Mr. J . H. S t o v e l , P r e s i d e n t . 
Mr. Peter Stym, Adanac P r o j e c t Manager. 

Chapman, Wood, & Griswold r e p r e s e n t a t i v e s were: 

Mr. E. P. Chapman J r . , P r e s i d e n t , Vancouver, B. C. o f f i c e . 
Mr. John A. Wood, V i c e - P r e s i d e n t , Vancouver, B. C. o f f i c e . 
Mr. G. R. Gri s w o l d , P r e s i d e n t , Albuquerque, New Mexico o f f i c e . 
Mr. Jim M e l v i n , Albuquerque, New Mexico, f o r the v i s i t s o l e y 

to the Questa D i v i s i o n , Molycorp. 
Mr. D. F. I r v i n g , Albuquerque, New Mexico. 
Mr. C. R. D. M i l l e r , Vancouver, B. C. 
Dr. A. M. Coode, Vancouver, B. C. 
Mr. W. A. H e p e n s t a l l , Vancouver, B. C , f o r the v i s i t to 

S i e r r i t a and Twin Buttes. 

The group was accompanied by: 

Mr. John B r i t t o n , C o n s u l t i n g M e t a l l u r g i s t , Vancouver, B. C. 
Mr. L y a l l Ames, C o n s u l t i n g M e t a l l u r g i s t , Port C r e d i t , O n t a r i o . 
Mr. E. S. Barton, Senior V i c e - P r e s i d e n t , Sandwell & Company L t d . , 

Vancouver, B. C. 
Mr. John K l i m o v i c h , Chief Engineer, Sandwell & Company L t d . , 

Vancouver, B. C. 

Operations v i s i t e d : 

January A, S i e r r i t a , Duval C o r p o r a t i o n , Tucson, A r i z o n a . 
January 5, Twin Buttes, Anaconda Copper, Tucson, A r i z o n a . 
January 6, A l l , Tyrone, S i l v e r C i t y , New Mexico. 

PM, Kennecott - Crushing p l a n t , Hurley, New Mexico. 
January 8, Molycorp, Questa u n i t , New Mexico. 

The w r i t e r made a tour of the above operations i n March 1967 and 
v i s i t e d the f i r s t f o u r l i s t e d again i n December 1968. Data of i n t e r e s t 
was noted and documented. Copies of each r e p o r t are a v a i l a b l e at 
the Kerr Addison Mines L i m i t e d Adanac P r o j e c t o f f i c e i n Vancouver. 

To minimize r e p e t i t i o n , only p e r t i n e n t changes and other items of 
i n t e r e s t are recorded i n the f o l l o w i n g . 

* * * 
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SIERRITA - DUVAL CORPORATION 

GENERAL 
- ore - 0.35% Cu, 0.035 M 0 S 2 . 

- M i l l t r e a t i n g 60,000 tons per day. 
- P i t removal, 180,000 tons per day 7 days per week. 
- ore body - 70%, d i o r i t e ; 30% monzonite. 
- : 12,000 f e e t of b e l t conveying from primary crusher to m i l l . 

B e l t speed i s 700 f e e t per minute; c a p a c i t y , 5,000 tons per 
1 hour; maximum i n c l i n e , 14°. 

- Less than 10% f i n e s (-5/8" m a t e r i a l ) i n the mine-run ore, 
p a r t i c u l a r l y d i o r i t e , i s given as the reason f o r treatment 
under 72,000 - ton per day design. 

- A c t i o n underway to i n c r e a s e t e r t i a r y crushing p l u s b a l l m i l l 
g r i n d i n g c a p a c i t i e s . 

- G r i n d i n g Index of ore averages 14. 
- Treatment of monzonite alone slimes the c i r c u i t and recovery 

i s very low - approximately 70%. When t r e a t i n g monzonite ore 
as a r e s u l t , b l e n d i n g i s necessary. 

- P l a n s are afoot to i n c r e a s e i n the near future p i t removal 
to 240,000 tons per day and subsequently to 300,000 tons. 

- T o t a l employees, 1,260. 

PIT 
- D r i l l i n g equipment, 60R and 45R u n i t s . Diesel-powered u n i t s 

p r e f e r r e d . D r i l l i n g p a t t e r n , 30 f x 30 f with 12 1/4" d i a . 
h o l e , 25 f x 25* w i t h 9 7/8" h o l e . Subgrade d r i l l i n g , 9 f e e t 
60R provides 350 f e e t of 12 1/4" d i a . hole on the average per 
s h i f t . 

- U t i l i z e P & H 15-yd. shovels. Have experienced c o n s i d e r a b l e 
f a i l u r e s - shipper s h a f t assembly, bottom of boom hinge p o i n t s , 
t r a v e l t r a i n of gears, swing b u l l gears, and other. They 
b e l i e v e the c u r r e n t 15-yd. models s u p p l i e d by P & H i n c o r p 
o r a t e s the necessary m o d i f i c a t i o n s and improvements. 

- Haulage u n i t s , 120 - ton Wabco and D a r t s , w i t h e l e c t r i c wheel 
motors and 1,000 H.P. engines. Load f a c t o r averages a p p r o x i -

j n a t e l y a 100 tons. T i r e l i f e , approximately 2,000 hours. Truck 
a v a i l a b i l i t y , approximately 75-80%. S l i g h t preference given 
to Wabco. Recently have placed an order f o r 8 150-ton Wabco 
t r u c k s . 

- Main ramps, 120' wide - 2 lanes up; l,down. Maximum g r a d i e n t , 
10%. 

- Water i s encountered i n 90% of t h e i r b l a s t h o l e s . As a r e s u l t , 
a h i g h percentage of s l u r r y i s used. Powder f a c t o r , approx
i m a t e l y 0.45 l b s . / t o n . 

MILL 
- 2 60" gyratory u n i t s , - primary c r u s h i n g . Discharge, - 5". 
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- Coarse ore s t o c k p i l e , 40,000 tons l i v e load. Operators 
t h e r e c o n s i d e r t h i s storage very low and inadequate. 

- A secondary, 10 t e r t i a r y c r u s h i n g u n i t s ¬
- 72,000 to n s , - 5/8" m a t e r i a l , f i n e ore storage c a p a c i t y . 
- r P r i m a r y g r i n d i n g , 14 16 1/2* x 19.0 1 b a l l m i l l s 
- primary g r i n d , 80% - 60 mesh (= 55% - 200 mesh ? ) . 
- A l k a l i c i r c u i t . 
- Reagents and b a l l s fed to m i l l s by g r a v i t y from storage. 
- Use t a i l i n g s t h i c k n e r ; discharge.,55 to 58% s o l i d s . T a i l i n g s 
pond l o c a t e d approximately 4 m i l e s from concentrator. No 
r e c l a i m a v a i l a b l e from t a i l i n g s pond a f t e r 8 months of m i l l 
o p e r a t i o n . Fresh water f o r m i l l pumped a d i s t a n c e of 10 m i l e s . 
E s s e n t i a l to have t h i c k n e r s , as no e a r l y r e c l a i m from t a i l i n g s 
pond p o s s i b l e , evaporation l o s s e s are very h i g h i n the pond 
d u r i n g the hot weather, and a long distance of pumping r e 
q u i r e d f o r the f r e s h water. 

- Serious wear was encountered on the t a i l i n g s discharge l i n e 
a f t e r 6 months of use and r e p a i r s were underway. The v i s i t i n g 
group b e l i e v e t h i s t o have r e s u l t e d from a l i n e g radient much 
steeper than 0.5%. I t appears as i f a d d i t i o n a l drop boxes 
were being i n s t a l l e d at the time of t h i s v i s i t . 

- Copper recovery, 90%; molybdenite recovery, 80%. 

TWIN BUTTES - ANACONDA COPPER 

GENERAL 
- ore grade - 0.7 to 0.8% C u v 0.01 to 0.02% MoS 2. 
- m i l l treatment, 28,000 tons per day. 
- Waste rock and ore removal at the r a t e of approximately 
80,000 tons per day. 

- overburden s t r i p p i n g i s c o n t i n u i n g - pushback e f f o r t i n 
the main. 

- G r i n d i n g Index of ore v a r i e s from 10 to plus 20, averaging 
approximately 12. 

- A f t e r primary c r u s h i n g , there i s an ore screening complex, 
to provide pebbles f o r the g r i n d i n g m i l l s . 

- Power gen e r a t i o n planned on s i t e was a f a i l u r e . Now pur
c h a s i n g power from an o u t s i d e u t i l i t y . 

MILL 
- F i n e ore storage, - 5/8", 44,000 tons l i v e . 
- G r i n d i n g u n i t s - 3 s e c t i o n s of 1 rod and 2 pebble m i l l 

combinations. Rod m i l l , 14' x 18'; pebble m i l l , 14' x 28'. 
- Primary g r i n d , 50% - 200 mesh. 
- Use s t e e l b a l l s i n r e g r i n d m i l l s . 
- Copper recovery, approximately 75% - ore c u r r e n t l y h i g h i n 

o x i d e s . 
- 2 400' diameter t a i l i n g s t h i c k n e r s . Discharge to t a i l i n g s 

pond, 52 to 55% s o l i d s . No t a i l i n g s water reclaimed as yet 
- dams p l u s f l o o r h i g h l y p e r v i o u s . 

- 12A employees t o t a l i n the m i l l - s t a f f , maintenance, p l u s 
operators but does not i n c l u d e primary crushing crews. 



TYRONE - PHELPS DODGE CORPORATION 

Ore grade, 0.7 to 0.8% Cu. 
M i l l t r e a t i n g 28,000 tons per day. 
D a i l y removal i n the p i t , 140,000 tons. 
M i l l and mine operate 12 consecutive days f o l l o w e d by 
2 days o f f . 
P i t m a t e r i a l l e s s than 0.19% Cu i s r e j e c t e d as waste; 
0.19% to 0.39% Cu, s t o c k p i l e d f o r l a t e r l e a c h i n g ; p l u s 
0.39 Cu, t r e a t e d i n the concentrator. 
24,000 KW i s generated on s i t e . Power p l a n t design 
enables use of f u e l mixture 90% n a t u r a l gas and 10% 
d i e s e l or e n t i r e l y d i e s e l . 
Expansion plans are afoot to increase treatment to 45,000 
tons per day. 
Design and o p e r a t i o n of p i t and m i l l are e x c e l l e n t . 

Primary crusher, 60" g y r a t o r y . Discharge, approximately 
- 12". 
Coarse ore s t o c k p i l e , 25,000 l i v e tons, designed w i t h a 
canopy cover, to reduce o x i d a t i o n e f f e c t s . 
2 secondary c r u s h e r s , 5 t e r t i a r y . 
F ine ore storage, - 3/8", approximately 25,000 l i v e tons. 
Primary g r i n d i n g - 12 12' x 12' b a l l m i l l s i n o p e r a t i o n ; 
1 b a l l m i l l , standby. 
Primary g r i n d , approximately 8% - 65 mesh (= 65% - 200 mesh ?) 
(Considerable c h a l c o c i t e i n the o r e ) . 
Rougher c e l l s r e t e n t i o n time i s 16 minutes. 
Cu recovery, 85 to 89% i n s u l p h i d e s ; o v e r a l l recovery, 
due to o x i d e s , i s 80%. 
Concentrate average grade, 23% Cu. 
4 325* diameter t a i l i n g s t h i c k n e r s a r e i n use. Discharge 
to t a i l i n g s pond, 47 to 48% s o l i d s . Current design r e q u i r e s 
speab&esiscdx: pumping. For the expansion, i t . i s planned to 
u t i l i z e g r a v i t y flow discharge - from the bottom. This 
l a t t e r i s considered more e f f e c i e n t and l e s s problematic. 
Thickner f l o o r i s constructed of concrete. F l o c c u l a n t 
i s used f o r t h i c k e n i n g . 
T a i l i n g s l i n e g r a d i e n t , 0.65%. Elaborate system i s i n 
use f o r t a i l i n g s inpoundment and water r e c l a i m . Reclaim 
i s by decanting. T a i l i n g s dam i s constructed w i t h cyclones 
b u i l t at t h e i r own shop. Slope of dam c o n s t r u c t i o n (sands), 
3 to 1. 
Fresh water f o r the m i l l i s pumped a d i s t a n c e of 26 m i l e s . 
M i l l - design f o r dust c o n t r o l and communication (radio 
system) i s e x c e l l e n t . 
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KENNECOTT - HURLEY, NEW MEXICO 

GENERAL 
- Jaw crusher, 66" x 84" s i z e , 2,000 tons per hour c a p a c i t y . 

Discharge, - 8". An e f f e c t i v e TV system i n c o r p o r a t e d 
f o r operator use. 

- Jaw crusher o p e r a t i o n i s f o l l o w e d by secondary and t e r t i a r y 
r c r u s h i n g , reducing m a t e r i a l to a l l - 5/8" s i z e . A l l - 5/8" 

m a t e r i a l i s then reduced to - 1/4" by a b a t t e r y of r o l l s 
c r u shers. 

- M i l l treatment, 22,800 tons per day. Ore contains 0.02% 
M0S2 and i t i s recovered as a by product. 

- T a i l i n g s Thickners are. u t i l i z e d . Discharge to t a i l i n g s pond 
i s 35% s o l i d s . Water^feclaimed from t a i l i n g s pond. 
Seepage l o s s e s are s l i g h t ; evaporation l o s s e s are high 
du r i n g the h o t t e r months. 

- I t was noted that the concrete s t r u c t u r e to accommodate 
i n s t a l a t i o n of the jaw crusher i s s i z e a b l e . 

QUESTA UNIT MOLYCORP 

GENERAL . 
- T o t a l d a i l y removal on a seven days per week, 160,000 

tons. 
- M i l l treatment, 16,000 tons per day. 
- Mining c u t - o f f grade i s 0.10% M 0 S 2 and there i s only 

l i m i t e d s t o c k p i l i n g of low grade p r a c t i s e d , m a t e r i a l 
grading 0.10 to 0.12 M 0 S 2 . Rapid breakdown of the 
ore occurs when s t o c k p i l e d , d r a s t i c a l l y lowering r e c o v e r i e s . 

• - Ore grading 0.19% MoS 2 and greater i s processed through 
the c r u s h i n g p l a n t and i s d e l i v e r e d d i r e c t l y to the 
concentrator. Ore m a t e r i a l between 0.10 and 0.19% 
M 0 S 2 i s upgraded a l a r g e p a r t of the time before t r e a t 
-ment; t h i s i s accomplished by two stages of screening 
and r e j e c t i o n of mine-run m a t e r i a l as waste — f i r s t 
r e j e c t i s the +4"size f o l l o w e d by the +1" s i z e , amount 
- i n g to approximately 15% and 35% of the t o t a l volume 
r e s p e c t i v e l y . M a t e r i a l grading 0.14% M 0 S 2 i s thus up
graded to approximately 0.20 to 0.21% M 0 S 2 w i t h t o t a l 
r e j e c t grading approximately 0.07% M 0 S 2 . 

- E l e c t r i c a l power i s generated on s i t e by 5 u n i t s having 
a t o t a l c a p a c i t y of 22,000 KW. The machines are designed 
to u t i l i z e a f u e l mixture of 90% n a t u r a l gas and 10% 
d i e s e l f u e l or e n t i r e l y d i e s e l f u e l , s i m i l a r to Tyrone. 
D i r e c t cost (labour & f u e l ) per Kilowatt-hour f o r the 
former i s 5.6 m i l l s ; f o r the l a t t e r , i t i s estimated 
at 7.0 m i l l s . Questa pays 11.5 cents per U.S. g a l l o n 
of d i e s e l f u e l d e l i v e r e d at s i t e . Most of the machines 
have been i n o p e r a t i o n f o r a p e r i o d of 5 years w i t h no 
problems. 

- 5 sources of f r e s h water supply ( f o r p l a n t p l u s m i l l ) 



are a v a i l b a l e w i t h i n a 2 - m i l e r a d i u s of the p l a n t , 
t o t a l employees on the p r o p e r t y , 695. 

Average grade of ore mined, i s 0.21% MoS£. 
3 17-yd. PfifH shovels are i n use as w e l l as 10-yd. shovels. 
The 17-yd. shovles are averaging 14,000 tons per s h i f t , 
but.this i s s t a t e d to be w e l l below the c a p a c i t y . 
D i e s e l as w e l l as e l e c t r i c a l l y - p o w e r e d r o t a r y d r i l l s are 
i n use. D i e s e l u n i t s are p r e f e r r e d f o r most of the year 
but c o l d weather s t a r t i n g presents problems w i t h the 
d i e s e l equipment. 
Haulage t r u c k a v a i l a b i l i t y , 55 to 60%. 
Truck t i r e l i f e i s between 4,000to 6,000 h r s . This i s 
a t t r i b u t e d to the crumbly and s o f t nature of t h e i r rock 
coupled w i t h the p r e v a i l i n g c o o l e r temperatures throughout 
the year. 
T o t a l men i n the p i t i s 400; t h i s i n c l u d e s equipment 
o p e r a t o r s , maintenance personnel, and d i r e c t l y r e l a t e d 
s t a f f . Maintenance comprises 144 h o u r l y - r a t e d employees. 

M i l l treatment grade averages 0.24% M 0 S 2 . 

F i n e o r e - b i n c a p a c i t y , 22,000 tons - 3/8" m a t e r i a l , 
l i v e l o a d . 
Primary g r i n d comprises 5 b a l l m i l l s -

3 11' 6" x 14.0" 
1 13f 0" x 14.0" 
1 15* 0" x 19 T 2" 

Primary g r i n d i s approximately 45% - 200 mesh ( ? ) . 
8 stages of Molybdenite c l e a n i n g coupled w i t h 3 r e g r i n d s . 
75% of the t o t a l M 0 S 2 i s f l o a t e d i n the rougher c e l l s i n 
approximately 4 minutes. 
M0S2 recovery averages 80%. 
Concentrate grade, 89% M 0 S 2 and approximately 0.40% Pb. 
Concentrates h i g h i n Pb are f i l t e r e d through a -325 mesh 
screen. Concentrate w i t h 0.8% Pb content can thus be 
lowered to 0.4%. 
O r i g i n a l design d i d not i n c l u d e any t a i l i n g s t h i c k n e r s . 
A s m a l l discarded i n t e r n a l t h i c k n e r i s now u t i l i z e d f o r 
t h i s purpose i n t e r m i t t e n t l y . 
T a i l i n g s d i s p o s a l area i s l o c a t e d approximately 7 m i l e s 
from the p l a n t . Earth embankments have been constructed 
to impound the t a i l i n g s . There i s no r e c l a i m of t a i l i n g s 
water. 
The t a i l i n g s l i n e c o n s i s t s of 3 10" s t e e l pipe l i n e s ; 
two are i n use at anyone time. One s e c t i o n , a d i s t a n c e 
of approximately 9,000 f e e t , has a gradient o f - 3 % ; t h i s 
i s a h i g h wear and consequently high maintenance cost 
s e c t i o n . A l l t h e i r l i n e s are i n the process of being 
l i n e d on the i n s i d e w i t h a p l a s t i c substance c a l l e d 
Urethane, which i n c r e a s e s the l i f e c o n s i d e r a b l y . 
T o t a l h o u r l y - r a t e d employees i n the m i l l , i n c l u d i n g 
primary c r u s h i n g , c o n s i s t s of 105 employees. 
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- Two Holo F l i t e concentrate dryers arranged i n 
p a r a l l e l are i n use, reducing the moisture content 
to remain between 4 to 6%. The operators here have 
v i s i t e d Endako Mines and they b e l i e v e the r o a s t e r - t y p e 
observed there to be more e f f i c i e n t . 

i 

CONCLUSION 

This tour a f f o r d e d a l l v i s i t i n g members w i t h an 
o p p o r t u n i t y to view p l a n t design and o b t a i n f i r s t - h a n d i n f o r m a t i o n 
on o p e r a t i o n a l experiences at p r o p e r t i e s v i s i t e d . I t was most 
b e n e f i c i a l , i n p a r t i c u l a r , to members of the Adanac P r o j e c t f e a s i 
b i l i t y team i n c o n s o l i d a t i n g design c o n s i d e r a t i o n s and i n f i r m i n g • 
thoughts regarding s e l e c t i o n of major equipment. As w i t h most such 
t r i p s , the o p e r a t i n g o f f i c i a l s of the mines v i s i t e d were most h e l p f u l , 
courteous, and generous w i t h t h e i r time. 


