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(201) 531-2426 

F e b r u a r y 25, 1987. 

M r , N i n n Quan, 
P r e s . Pan A m e r i c a n M i n e r a l s , 
#520 885 Dunsmui r S t r e e t , 
V a n c o u v e r , S . C . V?6C - 1N8. 

Dear N i n n i J & L - N o r a n d a . B o l i d e n M c t a l l , and o t h e r s 

E n c l o s e d a r e c o n i e s o f l e t t e r s t o B o l i d e n and Noranda , d a t e d 
F e b r u a r y 25, 1987. 

I t i s my c o n c l u s i o n Noranda w i l l r e q u e s t an e x t e n s i o n on the 
p r e t e x t o f n o t . c o m p l e t i n g the t e s t i n g . Under the c i r c u m s t a n c e s 
you s h o u l d he tough as o the r s q u i t e as w e l l hee l ed w i l l t ake o v e r , 
and t h e y w i l l c o o p e r a t e w i t h B o l i d e n . 

The l e t t e r t o B o l i d e n c o v e r s what D r . G . L i n d k v i s t t o l d me, o r 
i n f e r r e d . I f e e l a d e a l w i t h B o l i d e n c o u l d be s e t up s o B o l i d e n t a k e s 
c o n c e n t r a t e s soon as t h e y a r e a v a i l a b l e . G o i n g a s t e p f u r t h e r t h i s 
would -Hermit p r o d u c t i o n o f 25,000 02 g o l d t o 50,000 oz g o l d p e r y e a r 
p l u s the s i l v e r , s t a r t i n g i n a few months . That p r o d u c t i o n c o u l d no 
doubt be d o u b l e d as t h e mine i s onened u p . P u t a n o t h e r way the l e a d , 
Z3rc and a r s e n i c w i l l be c a r r y i n g the f r e i g h t , and the g o l d and s i l v e r 
would be c l e a r . 

I t i s c o n c e i v a b l e Noranda and Tech a r e g e t t i n g t o g e t h e r so 
c o n c e n t r a t e s c o u l d be s h i n n e d t o T r a i l * That p o s s i b i l i t y i s , however , 
i n t h e f u t u r e a t l e a s t t h r e e y e a r s , w h i c h r e q u i r e s m a r k i n g t i m e . 

I f we c a n g e t B o l i d e n t o s h o o t , and Noranda t o c o o n e r a t e " I have 
p u l l e d a r a b b i t ou t o f a h a t H f o r Pan Am. I t would nu t Pan Am on t h e 
map a l m o s t i m m e d i a t e l y . So f a r I have done e v e r y t h i n g f o r Pan Am 
g r a t i s , bu t i f t h e above comes t o p a s s j w i l l expec t 500,000 Pam Am 
s h a r e s f r e e and c l e a r f o r the s e r v i c e . ' That w o u l d o n l y be a s m a l l 
p e r c e n t a g e o f t h e s t o c k Pan Am would have t o s e l l i f Noranda a n d / o r 
B P - S e l c o n r o c e e d e d , s o i s a r e a s o n a b l e f e e . 

I f y o u d o n ' t a l r e a d y know I was l a r g e l y r e s n o n s i b l e f o r s e t t i n g 
U P t h e d e a l w i t h N o r a n d a , a l t h o u g h much c r e d i t s h o u l d go t o Ken S a n d e r s . 
T h i s i s because I know the s c o r e , w h i c h you and the o + v , e r s d o n ' t . 
J u s t t o keep the r e c o r d s t r a i g h t you have n o t h i n g t o f e a r f rom me as 
I have no d e s i r e t o t a k e o v e r the d a i l y g r i n d o f r u n n i n g a company 
t h a t has r e a s o n a b l y competen t managemen t ,Neve r the l e s s ',l&Gk->4f&taowletf'ff6' 
i s a h a n d i c a p t o y o u , and makes y o u f a r -foo c a u t i o u s . I d o , however , 
i n s i s t on being, k e p t i n f o r m e d , f o r as y o u s t a t e I am t h e l a r g e s t 
s h a r e h o l d e r , as w e l l as b e i n g the V e n d o r , so p l e a s e send a l o n g the 
Pan Am-Noranda c o n t r a c t and o t h e r r e l e v a n t i n f o r m a t i o n . . 

I t i s now t i m e t o a c t , so be p r e p a r e d f o r a 
I am f e d up w i t h f e n c e s i t t e r s who a r e s c a r e d to! 

V e r v ^ 

j ion t h a t i s p o s i t i v e . * 
n y t h i n g b u t s i t . 



T. E . A R N O L D 

446 R o o s e v e l t A v e n u e , 
OAKHURST, 1M. J. 07755 

(201) 531-2426 

F e b r u a r y 25t 198?. 

M r . L . R e i n e r t s o n , 
M a n a g e r - W e s t e r n R e g i o n , 
Noranda E x p l o r a t i o n C o . , L t d . , 
P . O . B O X 2380, 
10.50 D a v i e S t r e e t , 
V a n c o u v e r , B . C . V6B - 3T5. 

Dear M r , R e i n e r t s o n i Trea tment o f J & L O r e s , and p o s s i b l e c o o p e r a t i o n 
w i t h B o l i d e n M e t a l l . o f Sweden.  

E n c l o s e d i s a c o p y o f a l e t t e r t o D r . G . L i n d k v i s t , o f B o l i d e n 
M e t a l l , r e g a r d i n g t h e h a n d l i n g o f J & L o re s a n d / o r c o n c e n t r a t e s . 

I f what i s s t a t e d i s v i a b l e (and I f e e l s t r o n g l y i t i s ) the 
J & L o p e r a t i o n c o u l d be p u t i n t o p r o f t a b l e o p e r a t i o n i n a few months . 
T h i s i s because o n l y m i n o r changes i n y o u r m i l l wou ld be r e q u i r e d , 
and p o s s i b l y the i n c o r p o r a t i o n o f j i g g s t o s e p a r a t e the M a s s i v e and 
D i s s e m i n a t e d f r a c t i o n s o f t h e o r e . B o l i d e n has a l l t h e r e q u i r e d 
equipment i n p l a c e and o p e r a t i v e i n Sweden* AND MOST IMPORTANTLY 
has s t o r a g e f o r AS2O3, w h i c h w o u l d be v e r y e x p e n s i v e i n B . C (The 
mine wou ld p r o d u c e f a r more t h a n t h e marke t c a n a b s o r b ) 

TV>e s u g g e s t e d a p p r o a c h i s r e a l l y O ld F a s h i o n e d , b u t i s e f f e c t i v e 
and w i l l do a t h o r o u g h j o b . I n c i d e n t a l l y i n s m e l t i n g 100$ o f t h e 
g o l d and s i l v e r a r e r e c o v e r e d , and sometimes even a b i t more i f g^ngvie 
and f l u x e s c a r r y a n y . I t would a p p e a r t h e base m e t a l s and a r g e n i c 
wou ld pay t h e c o s t o f h a n d l i n g , s o t h e g o l d and s i l v e r w o u l d be f r e e 
and c l e a r . 

I t i s s u g g e s t e d y o u c o n s i d e r t h e suggested B o l i d e n p r o c e d u r e 
c a r e f u l l y as i t wou ld p e r m i t 1 

(1) A l m o s t immedia te p r o f i t a b l e p r o d u c t i o n and c a s h f l o w . 

(2) U t i l i z e y o u r m i l l t o a d v a n t a g e w i t h o n l y m i n o r . changes . 

(3) R e q u i r e no e x p e n s i v e c o n s t r u c t i o n a t t h e mine s i t e , t h e r e b y 
r e d u c i n g the c o s t o f g e t t i n g i n t o p r o d u c t i o n , as w e l l as t h e t i m e f a c t o r . 

(4) G i v e you t i m e t o e x p l o r e o t h e r p o s s i b l e p r o c e d u r e s , s u c h as 
r e t o r t i n g , and t r e a t i n g o re a t c l o s e t o t h e c r i t i c a l t e m p e r a t u r e and 
p r e s s u r e o f w a t e r t o s e p a r a t e t h e v a r i o u s m i n e r a l s . ( I n c o n n e c t i o n 
w i t h r e t o r t i n g t h e E l I n d i o M i n e , i n C h i l e , c o n t r o l l e d ny t h e F l u o r 
C o r p , t h r o u g h S t . J o e G o l d , uses such a p r o c e d u r e . ) 

I am i n t e r e s t e d i n g e t t i n g a p r o f i t a b l e o p e r a t i o n s t a r t e d , w i l l 
c o o p e r a t e i n e v e r y way p o s s i b l e , and w i l l move heaven and e a r t h t o 
t h i s e n d . 



T. I. A R N O L D 
REGISTERED PROFESSIONAL ENGINEER 

446 R o o s e v e l t A v e n u e , 
O A K H U R S T , N . J . O 7 7 0 5 

(201) 531-2426 

F e b r u a r y 25, 198?. 
D r . G o r a n L i n d k v i s t , 
Genera ' ' Manager 
T e c h n o l o g y M a r k e t i n g , 
B o l i d e n M e t a l l , A B , 
S-93200, 
S k e l l e f t h a m n , SWEDEN. 

Dear D r . L i n d k v i s t * Y o u r F i l e i CTT/gbw—J&L M i n e , R e v e l s t o k e ,B .C_._ 
Pan A m e r i c a n M i n e r a l s — Noranda F i n e s 

F r a n k l y i I n the b e g i n n i n g I was d u b i o u s abou t s h i n n i n g J & L 
ore a n d / o r c o n c e n t r a t e s t a Sweden as i t was assumed f r e i g h t r a t e s 
w o u l d be p r o h i b i t i v e , w h i c h t h e y have been u n t i l r e c e n t l y . A f t e r 
c o n s i d e r i n g the m a t t e r more f u l l y t h e i d e a now a p p e a l s t o me f o r 
the f o l l o w i n g r e a s o n s i 

(1) The a r s e n i c p r o b l e m would be s o l v e d as you have s t o r a g e 
f a c i l i t i e s f o r t h e e x c e s s t h a t canno t be s o l d i m m e d i a t e l y . 

(2) You have a l l n e c e s s a r y equipment s e t up and i n o p e r a t i o n . 
Noranda*a " m i l l c e u l d p roduce the c o n c e n t r a t e s , s o n o t h i n g i s r e q u i r e d 
e x c e p t a m i n i n g n l a n t and t o ©pen up the: m i n e . T h i s wou ld p e r m i t 
an o p e r a t i o n i n a v e r y s h o r t t i m e , a m a t t e r o f months . 

(3) I t i s o b v i o u s a s u i t a b l e c o n t r a c t c o u l d be s e t un good f o r 3-
y e a r s t o t a k e wha t eve r c o n c e n t r a t e c e u l d be p r o d u c e d up t o a maximum 
tonnage p e r y e a r , Payment would be made FOB P a c i f i c p o r t . 

(4) I t i s assumed the l e a d , z i n c and a r s e n i c w i l l p r o d u c e 
s u f f i c i e n t r evenue t o c o v e r e x p e n s e s , l e a v i n g t h e g o l d and s i l v e r 
f r e e and c l e a r . They would be p a i d f o r a t 100% o f the a s s a y v a l u e 
as t h e m a t e r i a l w i l l be s m e l t e d p e r m i t t i n g 100$ e x t r a c t i o n . I f the 
p r i c e s o f base m e t a l s and a r s e n i c r i s e c o n s i d e r a b l y t h e n some e x t r a 
c o n d e n s a t i o n annea r s i n o r d e r . 

(5) The 3-5 y e a r n e r i o d would p e r m i t ample t i m e t o e x p l o r e the 
p o s s i b i l i t y o f d e v e l o p i n g a more p r o f i t a b l e e x t r a c t i o n p r o c e d u r e , one 
t h a t c o u l d be based a t the mine* 

(6) Noranda has u n t i l t h e end o f M a r c h t o d e c i d e w h e t h e r o r 
n o t t o p r o c e e d . I t i s my o f f h a n d c o n c l u s i o n t h e i r work has n o t been 
c o m p l e t e d . T h e r e f o r e , i f you c o u l d c o n f i r m y o u r i n t e r e s t a l o n g , t h e 
above l i n e s , i t i s my c o n c l u s i o n s u c h w o u l d be r e c e i v e d f a v o u r a b l y . 

The above s t a t e m e n t s a r e p r e d i c a t e d ©n the f o l l o w i n g S c e n a r i o 
f o r h a n d l i n g the o re a n d / o r c o n c e n t r a t e s * 



D r . G. L i n d k v i s t , — 2 — Feb 25/8? 
B o l i d e n M e t a l l 
h a n d l i n g J&L O P S , e t c . 

(1) In the o l d w o r k i n g s v i r t u a l l y a l l t^e g o l d and s i l v e r , l e a d 
z i n c , and most o f t h e a r s e n i c , o c c u r i n the M a s s i v e S u l p h i d e f r a c t i o n . 
I t i s c o n c l u d e d t h i s M a s s i v e s u l p h i d e f r a c t i o n c o u l d be e a s i l y s e p a r ­
a t e d and c o n c e n t r a t e d by j i g g i n g , l e a v i n g the D i s s e m i n a t e d f r a c t i o n 
t o be c o n c e n t r a t e d by f l o t a t i o n . 

I n the new w o r k i n g s , made by S e l c o , the s u l p h i d e i s a -nna ren t ly 
w i d e r , so i t would a p p e a r the M a s s i v e f r a c t i o n , a l t h o u g h no w i d e r , 
i s i n na r row bands i n t h e o t h e r s u l p h i d e s . Whether j i g g i n g o f t h i s 
m a t e r i a l would be i n o r d e r i s a moot q u e s t i o n . I t i s my o f f hand 
c o n c l u s i o n a s e p a r a t i o n i s p o s s i b l e . 

Two p o s s i b i l i t i r « remain* (a) I t may be n o s s i b l e t o n roduce a 
b u l k c o n c e n t r a t e o f the D i s s e m i n a t e d f r a c t i o n t h a t i s h i ^ h enough 
g rade t o p e r m i t s h i p p i n g ? * (b) I f t o o b a d l y mixed up a b u l k c o n c e n ­
t r a t e o f b o t h w i t h o u t d i l u t i n g t h e g rade t o any e x t e n t . 

I n any even t i t would a p p e a r t h e m a t e r i a l p roduced f o r s h i p p i n g 
would r e n r e s e n t n o t more t h a n h a l f , n r o b a b l y e n e - t h i r d t o even one -
f i f t h o f the o r i g i n a l t onnage . T h i s would r educe f r e i g h t r a t e s c o n s i d e 
a b l y . 

A t Y o u r P l a n t i n Sweden. 

(2) R o a s t t h e m a t e r i a l t o remove t h e a r s e n i c as A s g O - , and 
p roduce l e a d , z i n c and i r o n o x i d e s . 

(3) As much o f t^e z i n c as n o s s i b l e s h o u l d be removed b e f o r e 
s m e l t i n g as z i n c p roduces r e f r a c t o r y s l a g s . A l s o . i t i s c o n c l u d e d 
y o u have some t y p e o f r e c o v e r y s y s t e m f o r z i n c , mo^e o r l e s s s i m i l a r 
t o the a r t i c l e e n c l o s e d , t ^ a t u se s l i q u i d - l i q u i d e x t r a c t i o n methods , 
and a l s o i t annea r s f e a s i b l e t o c o n c e n t r a t e the cadmium by s i m i l a r 
means, t h e r e b y p r o d u c i n g bo th m e t a l s c h e a p l y . 

(4) I f t h e r e i s s u f f i c i e n t l e a d o x i d e t o c o l l e c t the g o l d and 
s i l v e r i n a s i m i l a r manner t o a f i r e a s s a y such c o u l d be done . ( I n 
t h i s c o n n e c t i o n we had some s u c c e s s by m i x i n g the ground m a t e r i a l 
w i t h a r e d u c i n g agen t (nowdered c h a r c o a l ) and h e a t i n g s e l e c t i v e l y 
by u s i n g h i g h f r e q u e n c y i n d u c t i o n * s i m i l a r t o M i c r o oven) The i r o n 
o x i d e s a r e a l s o hea ted t o some e x t e n t , bu t no t as much as the l e a d . 
I f above s e l e c t i v e h e a t i n g n o t f e a s i b l e t h e n t h e m a t e r i a l , w i t h s u i t ­
a b l e s l a g g i n g m a t e r i a l c o u l d be m e l t e d , and i f i s i s found some g o l d 
i s l e f t t h e n add m o l t e n s l a g t o i n p u t o f y o u r r e v e r b a t o r y c o r n e r 
f u r n a c e . 

On the o t ^ e r hand i f t h e p e r c e n t a g e o f l e a d i s l ow f o r g e t i t 
and s m e l t i n y o u r c o p p e r f u r n a c e . I t i s a mat+er o f economics d e c i d ­
i n g whe the r s a v i n g the l e a d i s f e a s i b l e . 

G o i n g a s t e p f u r t h e r you may have some l e a c h i n g p r o c e d u r e t o 
c o l l e c t the l e a d ? 

http://Also.it


D r . G . L i n d k v i s t , 
B o l i d e n M e t a l l , 
H a n d l i n g J & L o^es , e t c . 

Feb 25/87 

A cony o f t M s l e t + e r w i l l be s e n t t o Noranda . I f you h a v e n ' t 
a l r e a d y heard f rom Noranda i t i s f e l t now i s the t ime t o a s c e r t a i n i f 
fforanda i s i n t e r e s t e d i n some c o o p e r a t i v e o p e r a t i o n . F o r y o u r i n f o r m ­
a t i o n Noranda has t o d e c i d e by l a t e i n March whether o r not t o p r o c e e d . 
I t i s my c o n c l u s i o n Noranda has no t comple t ed i t s t e s t i n g t o ' a p o i n t 
a d e c i s i o n can be made? I f Noranda e l e c t s t o s t e p out o f the p i c t u r e 
t h e r e i s a t l e a s t one l a r g e o r g a n i z a t i o n ( p r o b a b l y t h r e e ) t h a t wou ld 
c o o p e r a t e w i t h y o u . 

I t would be a n p r e c i a t e d i f you would i n f o r m me of Noranda ' s 
i n t e r e s t , and keen me i n f o r m e d o f deve lopment s i f Noranda n r o c e e d s . 

COt M r . L . R e i n e r t s o n , Noranda 
M r . A . P o w i s , Noranda . 
M r . N . Quan, Pan Am, 
M r . Ken S a n d e r s , Pan Am. 
M r . T. H e a r d , 
M r . J e r r y Pogue , Nat S e e s . 
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a ^ - " • • - 1 
product obtained from roasting of Spanish pyrites, which 
contain about 0.6% Cu, 2.0£- Zn, and 0.8$ Pb. The cinders 
are treated to a chloricizing roast, using the DKH process in 
hearth furnaces, and then leached by percolation to produce 
a zinc-bearing liquor. Feed to the MQN riant contains 20-30 
gpl zinc, lS-25gpl iron, 70-100 gpl chloride, and 120-155 gpl 
sulphate, in addition to copper, cadmium, cobalt, nickel, 
arsenic, manganese, other less significant metals, and alkali 
and alkali-earth ions. Free chloride must be present in the 
feed liquor at a concentration higher th;;n 1 N in order to 
obtain efficient zinc extraction in less than four extraction 
stages. Tolerance of the process to ferric ions is determined 
by the redox.potential of the feed liquor, which must be 
below 300 mv to ob-ain good selectivity regarding iron-zinc 
separation. 

The solvent extraction section of the MQN plant produces 
a zinc electrolyte containing 50-60 gpl zinc, with 20 pprn 
iron, 30 ppm chloride, and less than 1 pprn of metallic 
imparities such as copper, cadmium, cobalt, and arsenic. 

The clcctrowinning section produces 99.99% electrolytic 
zinc from the electrolyte produced in the solvent extraction 
section. Conventional lead anodes (plus 0.S'" silver) and 

Composit ion cf zinc l iquors in r.'Qr^ plant" 

E.'ic-r pyrite cinder leaching and copper 

cementation with scrap iron 

Conccr.'..-£;ior. range (gpl) 

Su'pl-.rto 120 - 155 
Chloride 70 - 100 
SorJ:um ec - 30 
Zinc 20 - so 
ifor. .".. '. IS - 25 
Magnesium 2 - 3 

—--Manganese 0.5 - 0.9 
Lo::= 0.13- 0.5 
Cc^:: 0.15- G.30 
Arsenic 0.04 - 0.10 
C^rrcr 0.04 - 0.10 
Ci=Cr-,'„" C.05 - 0.07 
Nickel 0.01 ~ 0.03 

commercial-grade aluminum cathodes are used in electro-
winning. 

In the first extraction stage, a secondary amine is used as 
the anion extraction reagent, removing zinc as the anionic 
complex chloride- ZnClj"". The extraction reaction is: 

2R Nl-LCI (org) -f- ZnCI.," (aq) ^± 
— tf^NH^ZnCLj (org) 2C1- (Oqi 

Loaded organic is washed in acidified water to remove 
entrained feed liquor and any other, metal ions that entered 
the organic phase with the zinc. Wash water is returned to 
the extraction stage, joining the pregnant feed liquor. Zinc is 
stripped by water in accordance with the reaction: 

(R N H V.ZnCl< (org) — H 5 0 (aq) 
- * 2R..N i LCI (org) - f Zn*" (nq) 

The organic extraction agent is regenerated and return :d 
-to-the extraction stage. A: this stage, the only metals thai 
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, . , accompany zinc arc those that form complex ciilondcs, 
* principally'eopper, cadmium, and ferric iron, which partially 

pass to the second extraction stage. The discarded leach 
liquor, or raffinatc. from the first extraction stage will 
contain about 0.1 gpl of zinc and 10 pprn of entrained 
organic material after adequate coalescence. 

In the second extraction stage, zinc is removed as the 
metal cation Z n + + using the extraction reagent di-2-ethy! 

- hexyl-phosphoric acid (D-2-EHPA) diluted in kerosene. The 
reaction is: 

2(RO)5Pp8H (org) 
- [lRO),PO,],Zn(o 

The pH level of the second extraction cycle should range 
between 2.2 and 2.S. Careful pH control using ammonia or 
milk of lime is necessary, because at high pH values other 
metals arc extracted, including tho-" harmful to subsequent 
zinc eiectrowinning. At low pH values, the above reaction is 
reversed. 

Following extraction, the loaded organic is washed with 
dilute acid to remove entrained aqueous liquid and. ir. 
particular, chloride idnsTRaffliiale from the second extrac­
tion stage contains ail the copper and Cadmium ions 
extracted during the first stage. 

Stripping is accomplished using spent electrolyte from the 
zinc eiectrowinning plant. Loaded electrolyte contains S0-90 
gpl zinc and, after coalescence (using settling tanks and 
charcoal filters), the organic entrapment lave! in the electro­
lyte is about 1 pprn. 

iron ions—extracted by the second extraction stage 
reagent—are not stripped by the electrolyte and remain in 
the organic. A continuous bleed-off from the organic is 
required to remove these ions in a separate regeneration 
operation. The organic is placed in contact with concentrated 
hydrochloric acid, which removes the metal ions and leaves 

I y o u r s u h s c r f o & a n . . . 
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pure D-2-EHPA. Ferric ions are subsequently removed from 
the hydrochloric acid in a separate solvent extraction circuit, 
which uses the secondary amine extraction reagent from the 
first extraction stage. 

tiipmma m mil 
The M Q N plant at Bilbao has been producing 99.99% 

electrolytic zinc since startup in August 1976. The plant has 
fulfilled all design specifications, and overall yield for the 
solvent extraction section has been 9S%. 

During design and construction of the plant, the Tecnicas 
Rcunidas research team, ir. cooperation with MQN person­
nel, developed a final procedure for removing iron from the 
organic solvent containing D-2-EKPA, and the process was 
incorporated into the design of the plant. 

Since continuous operations began, use of ammonia for pH 
control has not caused any particular problem with slimes 
formation at the liquid/organic interface. Nevertheless, an 
alternative process has been developed in the last two years 
thai uses milk of lime as the neutralizing agent in pH control, 
with corresponding savings in operating costs. To test the 
process, a small-scale plant with nominal capacity of 15 kg 
per hr of electrolytic zinc was erected at Eiloao. The pilot 
plant uses zinc chloride from the first solvent extraction stage 
of the industrial plani as feed —and miik of lime as-pH 
control agent. As a result of these research efforts, four 
Spanish patents have been granted covering the1 industrial 
rights of the process. A fifth patent is pending. 

At the MQN plant, consumption of lew mi Lcrials and 
power, per metric ton of zinc product is: 

Ammonia 5l!7 kg 
Sulphuric acid 2 5 kg 
Secondary amine 400 g ... _. 
D-2-EHPA 500 g 
Kerosene 10 kg 
Hydrochloric acic.^O'B :00 kg 
Process water ]: 0 cu m 
Electric power 3.500 kwh 
Electrolytic additives 100 g _ 

Naturally, production costs at zinc recovery plants using 
the Zinccx process will vary according to the nature of the 
feedstock. However, the-use of milk of lime in place of 
ammonia for pH centre! during the second solvent extraction 
stage provides significant economies. (See figure.) By chang­
ing the pH agent, the process car. be fully profitable for 
operations smaller than conventional zinc clectrowinnning 
plants. 

The process may be applied to a wide variety of feedstocks; 
the only limitations arc that the pregnant feed liquor have a 
specific amount of excess free chloride and a low concentra­
tion of ferric ions in solution. If chloride is not present, it may 
be added in the form of any common chloride salt. If ferric 
ion concentration is excessive, it must be reduced in. a 
preconditioning stage. 

Some possible process applications induce: 
c Electrolyte purification, when elements thai arc not readily 
amenable to conventional zinc dust purification are present. 
• Upgrading zinc concentrations in solution to acceptable 
levels fo'r economic zinc eiectrowinning. 
c Direct treatment of alkaline zinc ores and byproducts 
(such as carbonates and oxides), allowing economic zinc 
recovery for even small capacity production, 
c Extraction of zinc front low-grade secondary sources, such 
as electric arc furnace dust (containing many impurities). 

In addition, the process iends itself to a high degree of 
automation. It is possible to operate a 10.000-mtpy plant, 
including melting and casting operations, with fewer than 22 
workcrs.es 
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T. E . A R N O L D 
REGISTERED PROFESSIONAL ENGINEER 

kWRoosevelt Avenue , 
O A K H U R S T . N . J . O 7 7 B 0 

(201) 531-2426 

F e b r u ^ - y 25, 1 9 8 ? . 

Dr» G o r a n L i n d k v i s t , 
G e n e r a l Manage r f 

T e c h n o l o g y M a r k e t i n g , 
B o l i d b n M e t a l l A B . , 
S-93200, 
S k e l l e f t h a m n , SWEDEN. 

Dear D r . L i n d k v i s t i Y o u r F i l e C U / g b w — J & L M i n e , ^ e v e l s t o k e , B . C , 
P a s s i v e and D i s s e m i n a t e d Ore F r a c t i o n s . 

I n c o n n e c t i o n w i t h above m a t t e r t h e o l d w o r k i n g showed ft 
s t r e a k o f M i s s i v e s u l p h i d e s . I t was sampled i n t h r e e p l a c e s , as 
n e r a t t a c h e d a s s a y c e r t i f i c a t e s , o v e r a h o r i z o n t a l d i s t a n c e o f a t 
l e a s t 2,500 f e e t . T^e w i d t h was from 18 i n c h e s t o abou t 2 f e e t . 

I t would a p p e a r more o r l e s s t h e same c o n d i t i o n s o c c u r i n 
t*e w o r k i n g s made by S e l c o e x c e p t the two f r a c t i o n s , t h a t i s M a s s i v e 
and D i s s e m i n a t e d , o c c u r t o g e t h e r , t h e M a s s i v e f r a c t i o n o c c u r r i n g i n 
n a r r o w w i d t h s i n t>>e D i s s e m i n a t e d f r a c t i o n . I f t h i s i s the ca se 
i t wou ld a p p e a r the M a s s i v e f r a c t i o n c o u l d be s e p a r a t e d by j i p f i n ^ ? 

Work done y e a r s apo i n d i c a t e d the D i s s e m i n a t e d f r a c t i o n c o u l d 
be s e p a r a t e d i n t o l e a d and z i n c c o n c e n t r a t e s v e r y l o w i n a r s e n i c , 
t h a t were a c c e p t a b l e a t T r a i l , one hundred m i l e s t o s o u t h . I f s o 
t h a t wou ld l e a v e a r s e n o p y r i t e ( a n d p y r i t e ) t h a t mipb t c a r r y s u f f i c i e n t 
p.old t o be w o r t h c o n c e n t r a t i n g and t r e a t i n g ? 

I t w o n ' t t a k e much work t o f i n d o u t . 

V e r y t r u l y y o u r s , 



L A K E F I E L D R E S E A R C H O F C A N A D A L I M I T E D 
L A K X V I E L D , o N TA it I O 

C A N A D A . 

(Efrtiftrale at Analysis 

Date: , _ December 1, 1970 

Received : H n ^ r - b t r 10. i°?Z-
F r ° m : OrOQfc T*Uim©X Our Reference No 7 0 1 9 3 6 8  

Invoice No VOfA ' 
Sample* iubnttttod to us show results as follows: 

Soaple Number % Zn % to % Aa % wo. % So 

J L No. L 0 .08 7 .06 5.17 8 .39 0.007 0.033 
J L K o . 2 0.08 4 . 0 9 2 .25 6.81 0.007 0.023 
J L No. 3 0 .06 9.72 1.84 12.07 0.007 0.033 
J L K o . 4 0.07 £ . 2 9 4 . 0 6 S.26 0.003 0.081 
J L K o . 5 0.18 6 .97 4 .84 4 .01 0.008 0.115 
J L K o . 6 0 .03 0.10 0.07 0.25 0.003 0.005 
J L K o . 7 0 .10 11.24 1.49 17.18 0.008 0.025 
J L K o . 8 0.18 10.66 9 .79 1.32 0.006 0.071 
J I K o . 9 0 .13 4.67 1.93 22.23 0.011 0.043 
J L HO. 10 0 .19 8.56 8.52 1.58 0 .006 0 .124 

Sample Number Au Ag 
c i / t o n o i / t o n 

J L K o . 1 0.320 2 .86 
J L K o . 2 0.350 1.21 
J L No. 3 0.290 1.33 
J L K o . 4 0.160 2.84 
J L No. 5 0 .160 3 .99 
J L No. 6 0 .005 0.07 
J L K o . 7 0.480 O.SS 
J L No. 8 0 .110 6.65 
J L K o . 9 0 .890 2.11 
J L « o . 10 0 .230 6 .11 

CUr. 0^99 Z.&O 

M r . S . SUCOI (2) S I G N E D . 

A . C . S c o M e , P . E n g . 

A r i t h m e t i c A v e r a g e 

Cu 0^110^ A s -7V91(# 

Zn 6 v 9 3 % W0_- OvOG.78^ 
o 

pb -3« i996$ AJI 0 . 2 9 9 $ 0s/tC 

sb o.or % A g s;;805o:"'osA 



P I L E N O . ?*7» 
C A B L E A D D R E S S - . - E L D R I C O * 

H E A D O F F I C E A N D L A B O R A T O R I E S ' . 

6 3 3 H O R N B Y S T R E E T 

V A N C O U V E R 1 , B . C . 

P H O N E T A T L O W 1 2 6 7 

Certificate of Bfltog 

G . S. E L D R I D G E & C O . L T D . 
PROVINCIAL ASSAYERS, A N A L Y T I C A L AND CONSULTING CHEMISTS 

M E T A L L U R G I C A L AND C E M E N T INSPECTORS 

Wit %tXtbj> C t r t i fp that the following are the results of assays made by us upon samples of fl.&JE. 

herein described and received from., old Tunnel "Workings- (frr.T.E. Arnold}- _ 

G . S . E L D R I D G E . B . S c . 
M E M B E R or 

C H E M I C A L I N S T I T U T E O F C A N A D A 

C A N A D I A N I N S T I T U T E O F M I N I N G A N D 

M E T A L L U R G Y 

A M E R I C A N S O C I E T Y F O R T E S T I N G 

M A T E R I A L S 

A M E R I C A N C H E M I C A L S O C I E T Y 

A M E R I C A N S O C I E T Y . O F M E T A L S 

MsWFOfcfc, 57 

M A R K E D 

105O2 
16503 
16504 
I65O5 

16507 
16 508 
16509 
16510 
16511 
16512 
16513 
16511. 

• O L D 

O U N C E S 

P E R T O N 

0.40 
0.32 
0.32 
0.3? 
0.32 
0.28 
0.32 
0.44 
0.44 
0.36 
0,36 
0.44 
0.4s 

c<2>7 

V A L U E 

P E R T O N 

14.00 
11.20 
11.20 
11.20 
11.20 
9. B0 

11.20 
15.40 
15.40 
12.60 
12.60 
15.40 
16.80 

S I L V E R 

O U N C E S 

P E R T O N 

6.7 
7.5 
5 .0 
5.7 
5.3 
6.2 
6 .0 
5.6 
4.9 
5.2 
5 .0 
4.9 
5.6 

7 

V A L U E 

P E R T O N 

P E R 

C E N T . 

6.30 
6.60 
8.45 
8.05 
8.65 
7.05 
8.90 
6.70 
7.05 
6.95 
6.15 
6.̂ 5 
7.00 

T26 

V A L U E 

P E R T O N 

zinc 
P E R 

C E N T . 

13-20 
13.0? 
13.30 
15.05 
13.70 
12.10 
15.20 
14.95 
13.10 
14.65 
15.20 
13.15 
13.45 

I r o n — 
Arsenic 

V A L U E 

P E R T O N 

c Insolu"tele 
Sulphur-
Copper-
Cadjaiur -
Antircor ?• 
Bismuth 
l u n g s t e b 
2 i n 

S a m p l e s 

V A L U E 

P E R T O N 

TOTAL VALl 

P E R T O N 

< a O O O L B S . ) 

-18.55JS 
- 9 . 3 9 ^ 
1 6 . 8 5 ^ 

-28.8$ 
0 . 0 ^ 
0 . 1 $ 

- L ^ r g e 1 

t! 

Massive} Sulphides 
n ine giade one-ha l f o 

taken 

r a c e 
n 
n 

SO feet 

a* ore 

apart . 

Gold calculated at $ 35.00 per ounce. 

Silver calculated at per ounce. 

Calculated at 

Calculated at 

cents per lb. 

.cents per lb. 

NOTE.—Samples only retained 3 months unless otherwise specified. .Provincial Assayer 



Kt«R.L4lVJOM. OA F H . D . ^ r .o. D R A W E R 10 

Swastika, Out, g ^ j . : g ^ ^ . U , i J J j f l . . 

SWAST IKA L A B O R A T O R I E S LIMITED 
(Errlifirafr nf ^luilijiuii 

N o * 

We hnvc assayed. ™ samples of. 

Received — .„ .and submit led by. .,.7.*. V * . Ar*L??.f* fLs_£ • 

" - - — ••- — ..with the following results: — 

Sample Cadmium S u l p h u r 

bulk Sanplp 0 . 1 0 2 7 . 1 0 

- - - ' M . * - — T E L E P H O N E S 0 6 -I 

•\ A D . KERR-LAWSON. S . A . - * * H . D . \j0 ' 7 ^ * " ^ T ^ * P.O.-©RAWEII J O 

' . August 23rd, 1963 
' - Swastika, O n t , . —19. 

i SWASTIKA LABORATORIES LIMITED 
fflrrltftralp nf Analusts 

one • • , " ore 
W e h a v e a s s a y e d s a m p l e s o f 

Aug. 14th, 1963 a n d s u b m H t c d b y T . E . A r n o l d , E s q . , P . O . Box 3*2, 

PLAINFIELD, NEW JERSEY, ... , „ . 
i i . ; w i t h the f o l l o w i n g r e s u l t s : 

Sample Number - Not Indicated. ' fht^K ^^2^ [tyr\&3AtluL 

GOLD PER TON SILVER HER - TON COPPER LEAD ZINC IRON ARSENIC INSOLUBLE 
Ozs. Value @ $35-00 Ozs. % % % % % % 

0.36 $12.60 6.73 0.31 9-18 15.68 22.64 7.28 14.22 

NOTE:-
The whole sample, weighing 67 pounds, was crushed and rolled to pass a ten mesh 

screen, and a portion representing one eighth of i t (about eight pounds) was cut 
from i t U S i n e a Jones r i f f l P - T h i c ; n o r t i o n Ua«! p r n n n H t.r» rat!': ^ n r t v U - P C V I anH f*«f. 



W H . C E R R 1 C , M .A . * ""Z— ' T E L E P H O N E 3 0 6 ~ : 
\ 7? O . KERR-LAWSON. B.A.-PH.D. ftiS^ - P . O . DRAwE* 1 0 

;< •", Augugt 23rd, 1963 
. - Swastika, O u t , -19 

i SWASTIKA LABORATORIES LIMITED 
• 

fflrrliftratp nf Analysts 
n o . 3 5 3 9 0 : . 

one ore 
We have assayed samples of 

v~*~a Aug. 3Ath, 1963 s u b m . l l c d b y T . E . Arnold, Esq., P. 0. Box 362, 

PLAIN FIELD, NEW JERSEY, 
.with the following results: 

Sample Number - Not Indicated. ' f>\t^K j^Hi^ [Cy^aXUooJL 

GOLD PER TON SILVER PER. TON COPPER LEAD ZINC IRON ARSENIC INSOLUBLE 
Ozs. Value 8 $35.00 Ozs. % % % % % % 

0.36 $12.60 6.73 0.31 9.18 15-68 22.64 7.28 14.22 

( 

NOTE:-
The whole sample, weighing 67 pounds, was crushed ar.d .rolled to pass a ten mesh 

screen, and a portio n representing one eighth of i t (about eight pounds) was cut 
from i t using a Jones r i f f l e . This p o r t i o n was ground to pass f o r t y mesh, and cut 
in t o two parts with the Jones r i f f l e . Each part was further reduced by r i f f l i n g 
u n t i l i t represented one eighth of the o r i g i n a l eighth, or about one pound. Each 
of these pound f r a c t i o n s was pulverized f o r assay, forming Pulp A and Pulp B, Pulp 
A and Pulp B were each assayed f o r gold and s i l v e r , and gave i d e n t i c a l r e s u l t s , 
i n d i c a t i n g that the sampling procedure was adequate f o r the type of ore involved. 

In accordance with lonK-establishecl North American custom, unless it )3 specifically stated otherwise gold and stiver values 
reported cn these sheet:* have not been adjusted to compensate for losses and gains inherent in the fire assay process. 



77— - « * \*A b ' . ' r U - i 
& K I N R - U K S O N . ° A r M ° .* V J / 

•,; * Swastika, O u t , 9s^.X....V.J.2i^.. 

*V SWAST IKA L A B O R A T O R I E S LIMITED 
(Errlifiratr iif J\iuihjinn 

N o 12*1* ' 
\Vc have assayed..- - •- — - - - •• samples of. _ — -

Received... — - ---and submitted by. ...J.'. . £™°}&K.Z$!ll 

. - .— -. _.. ..with the folioivin*; rc.-ulli: 

ICLrrnour 3 0 6 
r .O . DRAWER l O 

01.. 

Sample Cadmium S u l p h u r 
N o . >S £ 

Bui): Samplr 0 . 1 0 2 7 . 1 0 

SWASTIKA L A f e O i U m a ^ S LI. ' - i lT^D, 

L : , — > > p e r : i . C \ • •** 

In accordance vill i Ion;;-e.--t:dilir-hcd Xnitli .Anvn-m vxtA , tni!,».-n it :yfti:'"-..lly staled «'!l;-i.\i c i-f.'-l m<.| siivvr value? 
reported on tlivsc ^Iifjts have lt.»l Wvti [•••! to i ri .t*« for !•• ' .5 :•:>•! -..tilt. jj.l-i.-t.t in t:,- j'i t- ..y pt.i»..*, 



'j W M . G E R R I E . M . A . r r V _ W * -*"" T E L E P H O N E 3 0 6 -1 
1 D . K E R R - L A W E O N . B . A . - P M . D . t ^ ^ 1 ! — * P . O . D R A W E R 1 0 

- . August 23rd, 1963 
^- Swastika, Out., „_19. 

i SWASTIKA LABORATORIES LIMITED 
(Srrltfiratp nf Attains! 

N o 2 » ! l _ . . 
,„ , , one ore 
\\e have assayed samples of 

Aug. 3Ath, 1963 s u b m . U c d b y T. E. Arnold, Esq., P. 0. Box 362, 

FLAINFXELD, NEW JERSEY, _ . , „ , 
1 , j j with the following results: 

Sample Number - Not Indicated. 

GOLD PER TON SILVER PER. TON COPPER LEAD ZINC IRON ARSENIC INSOLUBLE 
Ozs. Value @ $35.00 Ozs. % % % % % % 

0.36 $12.60 6.73 0.31 9.18 15.68 22.64 7.28 14.22 

( 

NOTE:-
The whole sample, weighing 6? pounds, was crushed and r o l l e d to pass a ten mesh 

screen, and a portion representing one eighth of i t (about eight pounds) was cut 
from i t using a Jones r i f f l e . This portion was ground to pass f o r t y rcesh, and cut 
i n t o two parts v/ith the Jones r i f f l e . Each part was fu r t h e r reduced by r i f f l i n g 
u n t i l i t represented one eighth of the o r i g i n a l eighth, or about one pound. Each 
of these pound f r a c t i o n s was pulverized f o r assay, forming Pulp A and Pulp B. Pulp 
A and Pulp B were each assayed f o r gold and s i l v e r , and gave i d e n t i c a l r e s u l t s , 
i n d i c a t i n g that the sampling procedure was adequate f o r the type of ore involved. 

In accordance with long-established North American custom, unless it 13 specifically stated otherwise pold and silver values 
reported on these sheets have not been adjusted to compensate /or losses and gains inherent in the fire assay process. 



ft K C R R . U W S O M . D * f H . O . > P . O . D R A W E R 1 0 

Swastika, Out., C c y & f Z J J . J . . 2 . i < L t 

SWAST IKA L A B O R A T O R I E S LIMITED 
(Crrliftnilr nf JViuihjiUii 

n o ?..?2?£:A * 
Wc have assayed-- — - .. samples of. — - _ 

Received — •~.an(J submitted by. ...J.\ . ixKJ}Pl~K..Z§5LZ-. 

....with the follow in j rc>tdu: 

Sampl f 
V.O. 

Cadmium S u l p h u r 

B u l k Samplr 0 . 1 0 2 7 . 1 0 

5V7ASTIKA UbOH.Vro;£l£3 LIMITED, 

per : l"-.">. C . v . 

In accordance w ilh lon;;-e.:*:ddir.h'.,d Noi Mi .A n!ri-i>':»n rii.tloitt, t;n*.\-s it i~ ; i*'"* 'tly r.tatcd r,lh-1 .*. i <• vi.'-l nrsl silver valiit's 
reported on lliti"c sdirets have n.»t hrrli l*;d to »«-.'.ijitii .-.'v fin p. • ..- ; ;id •..«>»• iid -•n-rit in iv- (*,,. ,.y |>r.ii..\ 



t. A R N O L D 

446 Rooseve . l t A v e n u e , 
O A K H U R S T . N . J . 0 7 7 B 5 

(201) 531-2426 

F e b r u a r y 25t 1987. 

M r . L . R e i n e r t s o n , 
Manage r -Wes te rn R e g i o n , 
Noranda E x p l o r a t i o n C o . , L t d . , 
P . O . B O X 2 3 B 0 , 
1050 D a v i e S t r e e t , 
V a n c o u v e r , B . C . V*6B - 3T5. 

Dear M r , * e i n e r t s o n i Trea tment o f J & L O r e s , and p o s s i b l e c o o p e r a t i o n 
w i t h B o l i d e n M e t a l l , o f Sweden. 

E n c l o s e d i s a copy o f a l e t t e r t o D r . G . L i n d k v i s t , o f B o l i d e n 
M e t a l l , r e g a r d i n g the h a n d l i n g o f J & L ores a n d / o r c o n c e n t r a t e s . 

I f what i s s t a t e d i s v i a b l e (and J f e e l s t r o n g l y i t i s ) the 
J & L o p e r a t i o n c o u l d be nu t i n t o p r o f i a b l e o p e r a t i o n i n a few months . 
T h i s i s because o n l y mino r changes i n y o u r m i l l would be r e q u i r e d , 
and p o s s i b l y the i n c o r p o r a t i o n o f j i g g s t o s e p a r a t e the M a s s i v e and 
D i s s e m i n a t e d f r a c t i o n s o f the o r e . B o l i d e n has a l l the r e q u i r e d 
equipment i n p l a c e and o p e r a t i v e i n Sweden? AM) MOST IMPORTANTLY 
has s t o r a g e f o r As20-5t w h i c h would be v e r y e x p e n s i v e i n B . C . (The 
mine would p r o d u c e f a r more t h a n the marke t can a b s o r b ) 

T^e s u g g e s t e d approach i s r e a l l y O ld F a s h i o n e d , bu t i s e f f e c t i v e 
and w i l l do a t h o r o u g h j o b . I n c i d e n t a l l y i n s m e l t i n g 100^ o f t h e 
g o l d and s i l v e r a r e r e c o v e r e d , and somet imes even a b i t more i f ganrue 
and f l u x e s c a r ^ y a n y . I t wou ld a p p e a r t h e base m e t a l s and a r g e n i e 
would pay the c o s t o f h a n d l i n g , so the g o l d and s i l v e r would be f r e e 
and c l e a r . 

I t i s s u g g e s t e d you c o n s i d e r the s i p r e s t e d B o l i d e n p r o c e d u r e 
c a r e f u l l y as i t would p e r m i t 1 

(1) A l m o s t immedia te p r o f i t a b l e p r o d u c t i o n and cash f l o w . 

(2) U t i l i z e y o u r m i l l t o a d v a n t a g e w i t h o n l y mino r c h a n g e s . 

(3) R e q u i r e no e x p e n s i v e c o n s t r u c t i o n a t t h e mine s i t e , t h e r e b y 
r e d u c i n g the c o s t o f g e t t i n g i n t o p r o d u c t i o n , as w e l l as the t ime f a c t o r . 

(4) G i v e you t i m e t o e x p l o r e o t h e r p o s s i b l e p r o c e d u r e s , s u c h as 
r e t o r t i n g , and t r e a t i n g ore a t c l o s e t o t h e c r i t i c a l t e m p e r a t u r e and 
p r e s s u r e o f w a t e r t o s e p a r a t e t h e v a r i o u s m i n e r a l s . ( I n c o n n e c t i o n 
w i t h r e t o r t i n g t h e E l I n d i o M i n e , i n C M l e , c o n t r o l l e d ny t h e F l u o r 
C o r p , t h r o u g h S t . Joe G o l d , uses such a p r o c e d u r e . ) 

I am i n t e r e s t e d i n g e t t i n g a p r o f i t a b l e o p e r a t i o n s t a r t e d , w i l l 
c o o p e r a t e i n e v e r y way p o s s i b l e , and w i l l move heaven and e a r t h t o 
t h i s e n d . 

http://Rooseve.lt


boliden metall 
Attending lo this mallei 

Dr. Goran Lindkvis t 
Cenera l Manager 
Technology Market ing 

Dale 

1986-09-30 
Youn dated 

T.G. Arnold Esq. 
446 Roosevelt Ave . 
Oakhurst 
New Jersey 07755 
USA 

C U / g b w 
Your tolerance 

Re: Arsenic disposal from 3 & L Mines, Revelstoke, B . C . , Canada 

Dear Sir, 

We thank you for the letter concerning the arsenic problem arising if 
t reatment is in i t ia ted of the very complex sulphide ore occuring in the 3 
& L mine at Revels toke. 

We understand that your processing of the bulk sulphide concentrate wi l l 
start with a reducing heattreatment where As2^>^ is e l iminated by 
vaporizat ion and condensation and followed by cyanidat ion. 

The conclusion you are drawing that arsenic sulphide is not a marketable 
compound and the conversion of it to insoluble ca lc ium/ i ron arsenite/ 
arsenate is very expensive agree completely with our opinion. In some 
countries, Japan, Ch i l e and Finland for instance, arsenic sulphide is 
classif ied as an insoluble and harmless compound which is allowed to be 
put in deposit under control led conditions. We suggest that you further 
investigate the legal and technical possibil i t ies to deposit arsenic 
sulphide at the mentioned old mine workings. 

There are also other interest ing possibil i t ies based upon a deeper 
involvment from our part. This could range from buying part or a l l of the 
bulk concentrate to developing the mine together with BP/Noranda or 
alone. Also if a process were selected where arsenic would be roasted off 
and col lec ted as a crude arsenicoxide dust we would be prepared to 
discuss the terms for transportation, destruction or deposit at the 
Boliden Ronnskar Smelter . 

We hope that our suggestions w i l l encourage you and Noranda to proceed 
with the development and we are looking forward to hearing from you 
about your interest in discussing a deeper involvment by Boliden for 
rea l iza t ion of the 3 & L Mine . 

Yours s incerely , 

Goran Lindkvis t 
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