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A l i c e A r m T a i l i n g s P l u m e 

W i t h c o m p l e t i o n o f c h e m i c a l a n a l y s e s a n d e l e c t r o n m i c r o g r a p h y i t s e e m s 
a p p r o p r i a t e n o w t o s u m m a r i z e a l l a v a i l a b l e i n f o r m a t i o n b e a r i n g o n t h e 
t a i l i n g p l u m e . A n a l y s i s o f a v a i l a b l e d a t a f r o m o u r M a y - J u n e c r u i s e i n 
A l i c e A r m h a s y i e l d e d t h e f o l l o w i n g r e s u l t s : 

1 . T r a n s m i s s o m e t r y 

D u r i n g M a y 2 1 - 2 7 a z o n e o f s u s p e n d e d m a t e r i a l o r p l u m e r e m a i n e d a t d e p t h s 
o f 6 0 - 9 0 m e t e r s i n A l i c e A r m , w i t h c l e a r e r w a t e r a b o v e a n d b e l o w i t . I t 
o c c u r r e d t h r o u g h o u t t h e h e a d o f t h e i n l e t w h e r e t o t a l d e p t h w a s g r e a t e r 
t h a n 9 0 m e t e r s a n d e x t e n d e d s e a w a r d w e l l b e y o n d R o u n d y C r e e k . I t l i m i t e d 
l i g h t t r a n s m i s s i o n f r o m a n o r m a l o f a b o u t 8 0 % t o 6 0 - 4 0 % . I t w a s h i g h e s t 
a n d m o s t d e n s e n e a r t h e K i t s a u l t M i n e o u t f a l l , a n d d e e p e r a n d m o s t 
d i f f u s e n e a r i t s s e a w a r d l i m i t s . I t w a s o b s e r v e d n e i t h e r t o m i x w i t h 
s u r f a c e w a t e r s , n o r t o d e s c e n d w i t h t i m e a t a n y g i v e n s t a t i o n . T h i s 
m i d - d e p t h p l u m e w a s s e p a r a t e f r o m t h e m a i n m a s s o f t a i l i n g s , w h i c h 
p e r f o r m e d a s p r e d i c t e d a n d w a s o b s e r v e d n e a r t h e b o t t o m o f A l i c e A r m . 

F o l l o w i n g s h u t d o w n o f t h e m i l l o n May 2 7 , t h e p l u m e b e g a n t o d i s s i p a t e 
and shrink i n extent, until by J u n e 1 , w h e n i t was o n l y detectable quite 
n e a r t h e o u t f a l l . When t h e m i l l b e g a n d i s c h a r g i n g o n J u n e l , t h e p l u m e 
r e - a p p e a r e d i m m e d i a t e l y . F r o m t h e n u n t i l J u n e 1 6 - t h e l a s t d a t a - t h e 
p l u m e i n c r e a s e d i n b o t h d e n s i t y a n d d i s t r i b u t i o n , f i n a l l y e x t e n d i n g s o m e 
f o u r k i l o m e t e r s s e a w a r d . D a t a o n w h i c h t h e s e o b s e r v a t i o n s a r e b a s e d , 
a n d a s u m m a r y o f r e s u l t s , a r e p r e s e n t e d i n t h e b r i e f , " D a t a R e c o r d o n 
T r a n s m i s s o m e t r y i n A l i c e a n d H a s t i n g s A r m s , B . C . 1 9 7 7 - 1 9 8 1 " i n t h r e e 
v o l u m e s b y D . G o y e t t e a n d R . H i n d e r o f my s t a f f . 

2 . C h e m i s t r y 

P r e - o p e r a t i o n a l c h e m i c a l d a t a w e r e p r e s e n t e d p r e v i o u s l y i n t h e b r i e f 
" D a t a R e p o r t o n T r a c e M e t a l s i n M a r i n e S e d i m e n t s a n d B i o t a F r o m Tv/o M i n e 
W a s t e D i s p o s a l S i t e s i n A l i c e a n d H a s t i n g s A r m s , B . C . " b y D . 
G o y e t t e . 

S o l i d p a r t i c u l a t e s f r o m w a t e r s a m p l e s w e r e a n a l y s e d f o r h e a v y m e t a l s i n 
t h r e e b a t c h e s : o n M a y 2 9 , f o u r s a m p l e s f r o m t h e p l u m e a n d o n e f r o m 
s u r f a c e w a t e r s , a l l t a k e n t h e p r e v i o u s d a y , w e r e a n a l y s e d . A l s o o n May 
2 9 , s a m p l e s f r o m 0 , 2 5 , 6 0 , 6 5 , 7 0 , 7 5 , 8 0 a n d 8 5 m e t e r s f r o m a 
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s t a t i o n 2 0 0 m e t e r s o f f t h e o u t f a l l w e r e a n a l y s e d . U n f o r t u n a t e l y , s o m e 
f i l t e r s b u r s t a n d t h e p a r t i c u l a t e r e s i d u e f o r t h e 0 , 2 5 a n d 7 0 £ 8 5 m e t e r 
s a m p l e s w e r e l o s t . On J u n e 2 6 , 3 8 s a m p l e s t a k e n d u r i n g M a y 2 3 - J u n e 6 , 
f r o m v a r i o u s d e p t h s a n d a t v a r i o u s s t a t i o n s i n t h e h e a d o f A l i c e A r m , 
w e r e a n a l y s e d . M o r e t h a n t w i c e t h a t n u m b e r h a d b e e n s u b m i t t e d b u t w e r e 
u n f o r t u n a t e l y l o s t d u e t o t h e s a m e f i l t e r i n g d i f f i c u l t y . 

F o r a l l t h e a b o v e , s a m p l e s o f a p p r o x i m a t e l y o n e l i t e r w e r e f i l t e r e d ( 0 . 4 
m i c r o n s ) a s h e d , d i g e s t e d ( a q u a r e g i a t o 12%) a n d a n a l y s e d b y I n d u c t i v e l y 
C o u p l e d A r g o n P l a s m a E m i s s i o n S p e c t r o m e t e r . R e s u l t s a r e i n A p p e n d i x 1 , 
T a b l e s 1 , 2 a n d 3 . N o t a l l d e p t h s a r e g i v e n i n A p p e n d i x 1 , T a b l e 3 , 
h o w e v e r , t h e s a m p l e s w e r e t a k e n o f t h e m i d - d e p t h p l u m e a s i n d i c a t e d b y 
t r a n s m i s s o m e t e r r e a d i n g s . 

R e s u l t s a r e s u m m a r i z e d i n t h e f o l l o w i n g T a b l e 1 . O n l y s a m p l e s c o n t a i n i n g 
g r e a t e r t h a n 2 . 0 m g / 1 o f s u s p e n d e d m a t e r i a l w e r e i n c l u d e d b e c a u s e 

( 1 ) T h i s , c o m b i n e d w i t h t r a n s m i s s o m e t e r r e a d i n g s ( f r o m G o y e t t e a n d 
H i n d e r , 1 9 8 1 ) i s s u r e t o r e p r e s e n t t h e p l u m e , 

( 2 ) I n s a m p l e s w i t h l e s s t o t a l m a t e r i a l , b a c k g r o u n d c o n t e n t c o m p r i s i n g 
a g r e a t e r p r o p o r t i o n o f t h e t o t a l c o u l d h a v e b i a s e d r e s u l t s , 

( 3 ) F i l t e r s c o n t a i n e d e x t r e m e l y s m a l l a m o u n t s o f r e s i d u e ( S a m p l e s w i t h 
l e s s t h a n 2 m g / 1 p a r t i c u l a t e c o n t a i n e d l e s s t h a n 0 . 0 0 2 g ) , s o t h a t 
m e a s u r e d a m o u n t s o f h e a v y m e t a l s h a d t o b e m u l t i p l i e d b y a c o n v e r s i o n 
f a c t o r ( S e e A p p e n d i x 1 , T a b l e 3 ) t o e x p r e s s r e s u l t s a s m g / g . N o r m a l 
a n a l y t i c a l v a r i a b i l i t y w a s o f c o u r s e a l s o m u l t i p l i e d , g i v i n g a 
p o t e n t i a l f o r v e r y l a r g e e r r o r s i n t h e s m a l l e r p a r t i c u l a t e a m o u n t s . 

N o t e i n T a b l e 1 t h a t l e a d , c a d m i u m , m o l y b e n d u m , A r s e n i c , i r o n a n d 
a l u m i n u m i n s u r f a c e w a t e r s a r e o u t s i d e t h e r a n g e o f c o n c e n t r a t i o n o f 
t h o s e m e t a l s a b s e r v e d i n t h e m i d - d e p t h p l u m e . T h i s i s c o n s i s t e n t w i t h 
r e s u l t s f r o m a s i n g l e s e r i e s c o l l e c t e d o n May 2 7 - 2 8 a n d a n a l y s e d o n May 
2 9 ( A p p e n d i x 1 , T a b l e 1 ) , a n d w i t h t h e w a t e r c o l u m n p r o f i l e s a m p l e d M a y 
2 4 a n d a n a l y s e d M a y 2 9 ( A p p e n d i x 1 , T a b l e 2 ) . S u r f a c e w a t e r p a r t i c u l e s 
a r e n o t , h o w e v e r , c h e m i c a l l y d i f f e r e n t f r o m n a t u r a l s e d i m e n t i n , e i t h e r 
A l i c e A r m o r i t s d r a i n a g e b a s i n . N o t e a l s o , i n T a b l e 1 t h a t h e a v y m e t a l 
l e v e l s i n the m i d - d e p t h plume are g e n e r a l l y c o n s i s t e n t w i th those i n the 

d e e p e r p l u m e a n d w i t h K i t s a u l t M i n e t a i l i n g s . 

On s e v e r a l o c c a s i o n s ( e g . , N-11 o n M a y 2 3 , N - 8 o n May 2 3 , L - 6 o n May 2 9 , 
1 - 7 J u n e 6 , C - 5 o n J u n e 1 , F6 o n J u n e 1 a n d o u t f a l l - D M a y 2 8 ) t h e 
t r a n s m i s s o m e t r y r e a d i n g s i n d i c a t e d a t u r b i d l a y e r a b o u t 2 5 m e t e r s d e e p 
( G o y e t t e a n d H i n d e r , 1 9 8 1 ) . O n e o f t h e s e w a s s a m p l e d ( S a m p l e N o . 5 6 3 , 

A p p e n d i x 1 T a b l e 3 ) a t t h e o u t f a l l o n May 2 8 f o r c h e m i c a l a n a l y s i s . I t 
c o n t a i n e d 1 1 , 9 0 0 u g / g o f m o l y b d e n u m , a n d o t h e r m e t a l l e v e l s c o n s i s t e n t 
w i t h K i t s a u l t m i n e t a i l i n g s . 

I n o r d e r t o c o m p a r e t h e c h e m i s t r y o f v e r y f i n e , s u s p e n d e d p a r t i c u l a t e s 
w i t h b u l k t a i l i n g s s l u r r y , I a s k e d C a n T e s t L t d . t o c o n d u c t t w o a n a l y s e s 
u s i n g t h e s a m e a n a l y t i c a l t e c h n i q u e s a s o u r l a b , a s f o l l o w s : ( 1 ) a s a m p l e 
o f t a i l i n g s s l u r r y w a s a n a l y s e d f o r t o t a l m e t a l s , a n d ( 2 ) a s u b s a m p l e o f 
t h e s a m e s l u r r y w a s a d d e d t o d i s t i l l e d w a t e r , s h a k e n a n d a l l o w e d t o 
s e t t l e f o r 15 h o u r s . T h e s u p e r n a t a n t w a s f i l t e r e d a n d t h e r e s i d u e w a s 
a n a l y s e d f o r t o t a l m e t a l s . T h e i r r e p o r t i s A p p e n d i x 2 . 
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B a s e d o n a v a i l a b l e d a t a , p a r t i c l e s i n t h e m i d d e p t h a n d d e e p e r p l u m e s a r e 
c h e m i c a l l y d i f f e r e n t f r o m s u r f a c e w a t e r s a n d n a t u r a l s e d i m e n t s - b u t n o t 
c h e m i c a l l y d i f f e r e n t f r o m K i t s a u l t M i n e t a i l i n g s . T h e r e i s a l s o e v i d e n c e , 
b o t h c h e m i c a l a n d b y t r a n s m i s s o m e t r y , t h a t t a i l i n g s w e r e p r e s e n t a t a 
d e p t h o f 2 6 m e t e r s o v e r t h e o u t f a l l . 

3 . O r g a n i c C o n t e n t 

N o n - f i l t e r a b l e r e s i d u e ( t o t a l s u s p e n d e d s o l i d s g r e a t e r t h a n t h e f i l t e r 
p o r e d i a m e t e r o f 0 . 4 u r n ) , f i x e d ( m i n e r a l ) r e s i d u e a n d n o n - f i l t e r a b l e 
v o l a t i l e ( o r g a n i c ) r e s i d u e o f t h e 3 8 c h e m i c a l s a m p l e s a r e g i v e n i n 
A p p e n d i x 1 , T a b l e 4 . A l t h o u g h o r g a n i c c o n t e n t o f t h e s e s a m p l e s v a r i e d 
f r o m 0 t o 1 . 2 m g / 1 , m o s t ( 7 3 % ) c o n t a i n e d 0 . 1 t o 0 . 4 mg/1 o r g a n i c m a t e r i a l . 
T h e r e w a s a p p a r e n t no c o r r e l a t i o n w i t h d e p t h o r l o c a t i o n . O r g a n i c c o n t e n t 
w a s m o r e o r l e s s c o n s t a n t , r e g a r d l e s s o f t h e a m o u n t o f t o t a l s o l i d s 
p r e s e n t . I n t h e m o r e t u r b i d s a m p l e s , t h e b u l k ( u s u a l l y g r e a t e r t h a n 9 7 % ) 
o f t h e m a t e r i a l w a s f i x e d , o r m i n e r a l , r e s i d u e . 

F o r t h r e e s a m p l e s i n w h i c h t h e f i l t r a t e w a s f i l t e r e d a g a i n o n a 0 . 1 u 
f i l t e r , t h e o r g a n i c c o n t e n t s o f t h e r e s i d u e s w e r e 1 0 0 % , 1 0 0 % a n d 5 7 % , 
i n d i c a t i n g t h a t m o s t o f t h e v e r y f i n e f r a c t i o n w a s o r g a n i c . 

W h e n e x a m i n e d u n d e r a 5 0 x m i c r o s c o p e a t t h e t i m e o f s a m p l i n g , w a t e r 
s a m p l e s f r o m t h e d e n s e s t p a r t o f t h e p l u m e , f r o m s u r f a c e w a t e r s a n d f r o m 
d e e p e r , c l e a r w a t e r , a l l c o n t a i n e d t r a c e s o f p l a n t d e t r i t u s . S o m e , 
i n c l u d i n g t h o s e f r o m t h e p l u m e , c o n t a i n e d l i v e c o p e p o d s . S u r f a c e a n d 
p l u m e w a t e r s a m p l e s a l s o c o n t a i n e d a p p a r e n t l y m i n e r a l p a r t i c l e s w h i c h w e r e 
m o r e a b u n d a n t t h a n t h e p l a n t p a r t i c l e s . 

4 . P a r t i c l e S i z e 

P a r t i c l e s i z e a n a l y s i s w a s p r o v i d e d p r e v i o u s l y ( H a r d i n g - C l a g g e t t J u n e 3 0 , 
1 9 8 1 , A p p e n d i x 3 ) . T h i s s a m p l e v/as t h e s a m e a s t h a t a n a l y s e d b y C a n T e s t , 
J u n e 9 . F o r t y p e r c e n t o f a t a i l i n g s s a m p l e p a s s e d a 4 4 u s i e v e , o n l y 0 . 4 % 
m e a s u r e d 1 . 3 8 - 0 . 9 8 u , b y s e d i g r a p h a n a l y s i s , a n d a p p r o x i m a t e l y 1 0 0 % o f t h e 
s a m p l e w a s a b c v e t h a t s i z e . 

As noted in Section 3 , most (70%, average of 3 samples) particulate 
m a t e r i a l f r o m t h e p l u m e d i d n o t p a s s a 0 . 4 u f i l t e r , a n d w h a t d id , w a s 
m o s t l y o r g a n i c 

5 . E l e c t r o n M i c r o g r a p h y 

E l e c t r o n m i c r o g r a p h s h a v e b e e n m a d e b y M r . D . D e M i l l o f my s t a f f , o f a 
s e r i e s o f f i l t e r e d ( 0 . £ u ) r e s i d u e s f r o m t h e m i d - d e p t h p l u m e i n A l i c e A r m , 
a n d f r o m s u r f a c e w a t e r s ( A p p e n d i x 4 ) . I h a v e c o n s u l t e d w i t h D r . M c T a g g a r t 
o f U . B . C . , a g e o c h e m i s t a n d e l e c t r o n m i c r o g r a p h e x p e r t , who a d v i s e d t h a t 
t h i s t e c h n i q u e c a n n o t b e u s e d t o d i f f e r e n t i a t e b e t w e e n t a i l i n g s a n d 
n a t u r a l s e d i m e n t s b e c a u s e b o t h a r e e s s e n t i a l l y g r o u n d r o c k a n d w o u l d b e 
e x p e c t e d t o h a v e t h e s a m e s h a p e s . D i f f e r e n c e s m a y b e d u e t o m i n e r o l o g y o f 
o r i g i n b u t p r o b a b l y n o t t o m i l l i n g a s o p p o s e d t o n a t u r a l w e a t h e r i n g . T h e 
m i c r o g r a p h s a r e o f v a l u e f o r p a r t i c l e s i z e m e a s u r e m e n t s , w h i c h c o n f i r m t h e 
s i z e r a n g e s o b t a i n e d b y o t h e r m e a n s . 
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6 - R e l a t i o n s h i p t o A l i c e A r m T a i l i n g s D e p o s i t R e g u l a t i o n s ( A A T D R ) 

T h e AATDR a u t h o r i z e t o t a l s u s p e n d e d m a t t e r t o b e d e p o s i t e d i n a n y 
c o n c e n t r a t i o n i n A l i c e A r m , p r o v i d e d t h a t : 

1 . t h e s o l i d p o r t i o n o f t h e t a i l i n g s d o n o t p a s s w e s t o f a n o r t h - s o u t h 
l i n e i n t h e v i c i i t y o f H a n s P o i n t ( S e c . 5 ( a ) ) . 

2 . t h e s o l i d p o r t i o n o f t h e t a i l i n g s a r e n o t d e p o s i t e d o n t h e b e d o f 
a n y p a r t o f t h e e s t u a r i e s o f t h e I I 1 i a n c e R i v e r o r t h e K i t s a u l t R i v e r , 
o r t h e b e d o f a n y p a r t o f A l i c e A r m a b o v e 1 0 0 m e t e r s d e p t h ( S e c t i o n 
5 ( b ) ( i ) a n d ( i i ) , 

3 . t h e s o l i d t a i l i n g s p a r t i c l e s d o n o t r e m a i n i n s u s p e n s i o n a b o v e a 
d e p t h o f 1 0 0 m e t e r s ( S e c . 6 ( 2 ) , e x c e p t t h a t ( a ) s o l i d s may b e d e p o s i t e d 
o n t h e b e d o f A l i c e A r m i n t h e v i c i i t y o f t h e o u t f a l l s t r u c t u r e w h e r e 
t h e w a t e r i s l e s s t h a n 1 0 0 m a n d m o r e t h a n 5 0 m d e e p , a n d ( b ) s o l i d s 
m a y b e s u s p e n d e d i n t h e v i c i n i t y o f t h e o u t f a l l s t r u c t u r e w h e r e t h e 
w a t e r i s l e s s t h a n 1 0 0 m a n d m o r e t h a n 5 0 m d e e p ( S e c . 7 ( 3 ) ( a ) a n d (b). 

F o r d e f i n i t i o n o f " t o t a l s u s p e n d e d m a t t e r " t h e AATDR r e f e r t o t h e M e t a l 
M i n i n g L i q u i d E f f l u e n t R e g u l a t i o n s ( M M L E R ) . T h e MMLER d e f i n e " t o t a l 
s u s p e n d e d m a t t e r a s " t h e n o n - f i l t e r a b l e r e s i d u e t h a t r e s u l t s f r o m t h e 
o p e r a t i o n o f a m i n e , t h a t i s c o n t a i n e d i n l i q u i d e f f l u e n t f r o m t h e m i n e " ; 
a n d p r e s c r i b e s a t e s t f o r m e a s u r i n g t o t a l s u s p e n d e d m a t t e r a s a 
g r a v i m e t r i c m e t h o d b y f i l t e r i n g t h r o u g h " W h a t m a n G F / C o r e q u i v a l e n t " . T h e 
W h a t m a n G F / C r e t a i n s a b o u t 0 . 5 - 1 u p a r t i c l e s a n d l a r g e r . T h e g r a v i m e t r i c 
m e t h o d u s e d b y o u r l a b f o r t h e s e a n a l y s e s , u s i n g a 0 . 4 m i c r o n N u c l e p o r e 
f i l t e r , r e t a i n s s l i g h t l y s m a l l e r s i z e s t h a n a W h a t m a n G F / C f i l t e r . 

T h e " v i c i n i t y o f t h e o u t f a l l s t r u c t u r e " i s n o t d e f i n e d i n t h e A A T D R , o r i n 
t h e M M L E R . A n e x p l a n a t o r y n o t e c o v e r i n g t r a n s m i s s i o n o f t h e AATDR t o AMAX 
o f C a n a d a L t d . d e f i n e d t h e v i c i n i t y a s b e i n g b e t w e e n L i m e a n d R o u n d y 
C r e e k s . 

T h e c r i t e r i a o n w h i c h t h e s e r e g u l a t i o n s w e r e based were t h e env i ronmenta l 
c o n c e r n s t h a t ( 1 ) t a i l i n g s s h o u l d n o t c o n t a m i n a t e c o m p a r a t i v e l y p r o d u c t i v e 
e u p h o t i c a n d l i t t o r a l z o n e s , w h i c h a r e a l s o t h e z o n e s u s e d m o s t b y s a l m o n , 
( 2 ) t a i l i n g s n o t c o n t a m i n a t e c o m p a r a t i v e l y p r o d u c t i v e e s t u a r i e s , a n d 
( 3 ) t a i l i n g s n o t e s c a p e b e y o n d A l i c e A r m . W i t h r e s p e c t t o c o n c e r n s ( 1 ) 
a n d ( 2 ) , t h e 1 0 0 m e t e r d e p t h r e s t r i c t i o n i s c l e a r l y a n a r b i t r a r y d e p t h 
b a s e d o n g e n e r a l l y a c c e p t e d p r o d u c t i v i t y e s t i m a t e s f o r s u r f a c e w a t e r s . 
W i t h r e s p e c t t o c o n c e r n ( 3 ) , h o w e v e r , t h e 1 0 0 m e t e r r e s t r i c t i o n i s l e s s 
a r b i t a r y , b e i n g d e s i g n e d t o e n s u r e t h a t t a i l i n g s s o l i d s d o n o t e s c a p e o v e r 
t h e s i l l n e a r H a n s P o i n t , t h e l o w e s t p o i n t o f w h i c h i s a b o u t 5 5 m e t e r s 
d e e p . T h e r e g u l a t i o n s w e r e a l s o b a s e d o n t h e c o m p a n y ' s p o s i t i o n , 
s u p p o r t e d b y v o l u m i n o u s d a t a , t h a t t h e t a i l i n g s w o u l d b e d i s c h a r g e d f r o m 
t h e o u t f a l l s t r u c t u r e a s a d i s c r e t e , d e s c e n d i n g d e n s i t y f l o w . 



T h e t r a n s m i s s o m e t r y a n d c h e m i c a l d a t a h e r e p r e s e n t e d a n d d i s c u s s e d 
d e m o n s t r a t e t h a t t h e o u t f a l l s y s t e m o f t h e K i t s a u l t M i n e h a s n o t 
f u n c t i o n e d i n a c c o r d a n c e w i t h t h e d e s i g n c r i t e r i o n o f p r e v e n t i n g s u s p e n d e d 
m a t t e r f r o m r e m a i n i n g i n s u s p e n s i o n a b o v e 1 0 0 m e t e r s d e p t h . S i z e a n a l y s i s 
a n d e l e c t r o n m i c r o g r a p h y d e m o n s t r a t e t h a t m u c h o f t h e s u s p e n d e d m a t t e r 
m e a s u r e d i n t h e p l u m e a b o v e 1 0 0 m e t e r s i s g r e a t e r t h a n 0 . 4 m i c r o n s , a n d 
t h e r e f o r e a p r o s c r i b e d s u b s t a n c e . T h e e v i d e n c e i s c l e a r t h a t t h e p l u m e 
h a s g o n e w e l l b e y o n d a n y r e a s o n a b l e i n t e r p r e t a t i o n o f t h e v i c i n i t y o f t h e 
o u t f a l l . T h e s e d a t a d e m o n s t r a t e t h a t t h e K i t s a u l t M i n e t a i l i n g s 
d i s c h a r g e d t h r o u g h t h e o u t f a l l s t r u c t u r e h a v e v i o l a t e d S e c t i o n 6 ( 2 ) o f t h e 
A A T D R . 

I t i s c l e a r t h a t o p e r a t i o n o f t h e K i t s a u l t M i n e a s o b s e r v e d d u r i n g M a y a n d 
J u n e o f 1 9 8 1 i s n o t c o m p a t i b l e w i t h t h e A l i c e A r m T a i l i n g s D e p o s i t 
R e g u l a t i o n s . B e a r i n m i n d t h a t t h e s e d a t a w e r e g e n e r a t e d d u r i n g a 
c l i m a t i c a l l y a n d o c e a n o g r a p h i c a l l y q u i e s c e n t p e r i o d . T h e t a i l i n g s 
d i s c h a r g e s y s t e m w i l l b e m u c h m o r e s e v e r e l y t e s t e d d u r i n g t h e w i n t e r , o r 
d u r i n g y e a r s w h e n o c e a n o g r a p h i c p h e n o m e n a may b e m o r e p r o n o u n c e d . 
E i t h e r t h e AATDR o r t h e K i t s a u l t M i n e t a i l i n g s s y s t e m m u s t b e c h a n g e d . 

L . H a r d i n g 



A P P E N D I X 1 

T A B L E 1 R e s u l t s o f C h e m i c a l A n a l y s i s o f S a m p l e s T a k e n F r o m A l i c e A r m 
M a y 2 7 - 2 8 , 1 9 8 1 

N o t e s : 

S a m p l e v o l u m e s a p p r o x i m a t e l y 1 l i t r e . 
S a m p l e s t a k e n a t d e p t h s w h e r e t r a n s m i s s o m e t e r i n d i c a t e d 
r e d u c e d t r a n s m i s s i v i t y , w i t h s a m p l e b o t t l e a t t a c h e d t o 
t r a n s m i s s o m e t e r p r o b e . 
S a m p l i n g p e r i o d 2 2 . 3 0 h r s . M a y 2 7 t o 0 4 . 0 0 h r s . M a y 2 8 . 
Two s a m p l e s t a k e n a t N - 8 , a p p r o x . 3 0 0 in n o r t h w e s t o f R o c k y P o i n t . 
P - 1 3 a p p r o x . 0 . 8 km w e s t o f m o u t h o f R o u n d y C r e e k . 
N - 1 4 a p p r o x 1 . 1 k m n o r t h w e s t o f m o u t h o f R o u n d y C r e e k . 
S o l i d p o r t i o n s o f s a m p l e s a n a l y z e d b y p l a s m a e m i s s i o n 
s p e c t r o m e t e r o n M a y 2 9 . R e s u l t s i n m g . / k g . 

D e p t h (tn) 0 

E l e m e n t S u r f a c e 

A s 
B a 
B e 
C d 
C r 
C u 
Mn 
Mo 
N i 
P 
P b 
S r 
T i 
V a 
Z n 
A l 
F e 
S i 
Mg 
C a 

* 4 7 . 2 
3 2 3 . 0 

. 6 2 9 
4 . 2 1 

3 1 . 7 
6 9 . 3 

1 , 0 1 0 . 0 
* 9 . 4 3 
4 2 . 5 

1 , 1 3 0 . 0 
* 2 5 . 2 

4 4 . 0 
4 3 7 . 0 

7 3 . 6 
2 0 2 . 0 

17,300.0 
3 8 , 8 0 0 . 0 

8 1 5 . 0 
1 1 , 4 0 0 . 0 

5 , 8 6 0 . 0 

6 5 . 0 6 5 . 0 9 0 . 0 8 0 . 0 

N - 8 - 1 N - 8 - 2 P - 1 3 
N e a r N e a r C e n t r e N - 1 4 N e a r 

O u t f a l l O u t f a l l C h a n n e l N o r t h S h o r e 

* 1 7 9 . 0 . * 1 3 6 . 0 * 3 5 7 . 0 * 2 3 4 . 0 
2 6 7 . 0 2 7 3 . 0 3 2 4 . 0 3 7 9 . 0 

* 2 . 3 8 * 1 . 8 2 * 4 . 7 6 * 3 . 1 2 
1 0 . 0 1 0 . 9 * 1 9 . 0 1 3 . 4 
8 6 . 8 5 4 . 6 1 5 2 . 0 7 6 . 7 
4 1 . 4 4 5 . 6 2 4 . 8 4 0 . 9 

4 9 1 . 0 5 1 8 . 0 6 3 0 . 0 5 9 0 . 0 
4 8 . 8 3 6 . 4 7 1 . 9 6 6 . 6 

* 9 5 . 2 * 7 2 . 7 * 1 9 0 . 0 * 1 2 5 . 0 
5 2 4 . 0 5 3 3 . 0 * 7 1 4 . 0 6 3 2 . 0 

2 1 2 . 0 1 0 2 . 0 * 1 9 0 . 0 * 1 2 5 . 0 
4 1 . 4 5 4 . 5 3 8 . 6 9 8 . 1 
6 8 . 8 5 1 . 6 5 6 . 7 6 2 . 5 

* 4 7 . 6 * 3 6 . 4 * 9 5 . 2 * 6 2 . 5 
4 4 7 . 0 4 6 7 . 0 1 5 4 . 0 4 6 7 . 0 

1 , 8 2 0 . 0 1 , 4 5 0 . 0 2 , 4 1 0 . 0 1 , 8 2 0 . 0 
9 , 5 1 0 . 0 9 , 9 4 0 . 0 7 , 6 7 0 . 0 1 2 , 0 0 0 . 0 

6 5 5 . 0 5 4 0 . 0 8 2 5 . 0 5 5 3 . 0 

2 , 2 5 0 . 0 2 , 2 0 0 . 0 1 , 9 3 0 . 0 3 , 0 9 0 . 0 
8 , 8 0 0 . 0 1 1 , 9 0 0 . 0 7 , 5 2 0 . 0 ' 2 1 , 7 0 0 . 0 

N o n - F i l t e r a b l e R e s i d u e s 

( g ) 0 . 0 1 5 9 0 . 0 0 4 2 0 . 0 0 5 5 0 . 0 0 2 1 0 . 0 0 3 2 

( m g / 1 ) 1 5 . 8 2 3 . 9 6 5 . 1 4 2 . 1 9 3 . 0 9 

A v e r a g e o f 
N - 8 - 1 , N - 8 - 2 
P - 1 3 & N - 1 4 

1 1 . 4 
9 2 . 5 
3 8 . 2 

5 5 7 . 3 
5 5 . 9 

5 6 3 . 0 
1 5 7 . 0 

5 9 . 9 
N o t d e t e c t e d 

3 8 3 . 8 
1 , 8 7 5 . 0 

1 0 , 4 8 3 . 3 

2 , 3 6 7 . 5 
1 2 , 4 8 0 . 0 

3 . 6 0 

* L e s s t h a n 
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• A P P E N D I X 1 

TABLE 2 RESULTS OF CHEMICAL ANALYSIS OF TAILINGS 
AND A WATER COLUMN PROFILE AT STATION N-8 

ami 

TAILINGS1 STATION N-8, May 2k, 1981 - 1000 HR. 

D e p t h ( m ) 0 25 60 65 70 75 80 85 

imd A s < 142.0 < 203.0 < 625.0 < 214.0 < 174.0 
B a 212.0 373.0 1880 720.0 738.0 

•,mi B l < 1.9 < 2.7 < 8.33 < 2.86 < 2.33 
C d < 7.6 < 10.8 < 33.3 16.7 17.6 
C r < 14.2 229.0 247.0 120.0 126.0 
C u 9.87 91.9 314.0 69.7 179.0 
Mn 47.4 3 3 677.0 2k]0 H 

3 911.0 806.0 t—i 
3 

l / l l / l V) in 

Mo 83.7 C 
- h 

C 
- h 171.0 537.0 CZ 

H i 221.0 165.0 c 
- b - h - h - h 

114.0 < 93.0 
- h 

Ni < 76.0 o O < 108.0 < 333.0 o< 114.0 < 93.0 o 
P 625.0 ro 

3 
(D 
3 694.0 2840 ro 

3 
1290 1410 ro 

3 r t r t r + r+ 
Pb < 76.0 - T | -n 133.0 713.0 -n 178.0 135.0 -n 
S r 11.6 r t r t 133.0 343.0 r + 161.0 127.0 __J 

c+ 
-1 - J -5 -5 

Ti 139.0 CU 
r t 

CU 
r t 198.0 1000 Cu 

{-+ 371.0 366.0 C u 
r+ 

ro (D ro ro 
V a < 38.0 

t o 
t o < 54.1 < 167.0 < 57.1 < 46.5 

Z n 123.0 
t o 

289.0 1410 t o 557.0 696.0 
A l 2300 7430 18200 8320 7520 

\mi F e 9350 12000 54300 20900 21700 
Si 2830 10600 28600 13100 13900 
Mg 1130 12600 14900 8780 5510 
C a 1310 19600 81600 35600 30600 

KM* Wt(g) 0.0 0.0 003.7 .0012 0.0 .0035 .0043 0.0 
mg/1 3.33 1.04 3.20 3.87 

Collected April 24 - analysed for total metals in sol id iportion. 

Filters for 0, 25, 70 and 85 meters burst during laboratory f i l t e r i n g . 

m 

m 
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A P P E N D I X 1 

id 
TABLE 4 ALICE ARM WATER SAMPLES, 1981 - RESIDUE , ANALYSIS 

td 
SAMPLE 

# STATION DATE 
DEPTH 

(m) 
F I X E D , . NFR 
NFR . U 0 0 } MG/L 

FIXED RESIDUE 
(MG/L) 

NFVR 
MG/L 

i d 

309 N - l l 0523 60 100% 0.5 0.5 0 

y 310 N - l l 0523 65 83% 1 .2 1 .0 0.2 

311 N - l l 0523 70 86% 1.4 1 .2 0.2 

Id 312 N-1 1 0523 72.5 32% 3.7 3-4 0.3 

313 N-1 1 0523 75 33% 4.4 4.1 0.3 

id 
3 H N - l l 0523 77.5 15% 2.8 2.1 0.7 

id 
315 N - l l 0523 80 73% 1.4 1.1 0.3 

316 N - l l 0523 85 70% 1.0 0.7 0.3 
lid 317 N - l l 0523 90 80% 1.5 1 .2 0.3 

458 Q-20 0525 100 100% 3.0 3.0 0 

id 459 P -16 0526 83% 2.4 2.0 0.4 

477 1-7 0526 89% 1.8 1.6 0.2 

i.at 324 N - l l 0523 100 83% 3.5 2.9 0 .6 
i.at 

324** N - l l 0523 100 0.8 0 0.8 

id 
565 
565** 

O u t f a l 1 - C 

O u t f a l 1 - C 

0528 
0528 

97% 3.0 
0.1 

2.9 
0 

0.1 

0.1 

572 R-14 0529 55% 1.1 0.61 0.49 
572** R-14 0529 0.7 0.3 0.4 

656 J-8 0606 89 97% 3.7 3.6 0.1 

649 L-10 0605 94 97% 35.3 34.1 1.2 

563 O u t f a l 1 - A 0528 77% 3-9 3-0 0.9 

578 N-8 0530 67 40% 1.5 0 .6 0.9 

608 1-7 0530 82 60% 0.5 0.3 0.2 

636 N-8 0531 70 88% 0.8 0.7 0.1 

646 O u t f a l 1 - F 0604 51 82% 1.1 0 . 9 0.2 

i d 

** 0.1 u f i l t e r 

i d 

i d 



A P P E N D I X 1 

•mm 

TABLE 4 , C o n ' t . AL ICE ARM WATER SAMPLES, 19B1 - RESIDUE ANALYSIS 

:mm 

'.mi 
SAMPLE 

# STATION DATE 
DEPTH 

(m) 
NFR 
MG/L 

FIXED RESIDUE 
(MG/L) 

NFVR 
MG/L 

Ljni 
647 N-8 0605 87 98% 1 2 . 8 1 2 . 6 0 . 2 

648 M-9 0605 81 37% 7 - 3 7.1 0 . 2 

336 N - l l 0523 0 37% 3 . 6 3 - 5 0.1 

337 N - l l 0523 5 73% 1.5 1.1 0 . 4 

437 P -12 0524 155 71% 2 . 5 1.8 0 . 7 

609 G -5 0530 68 75% 2 . 0 1 .5 0 . 5 

m 637 N-7 0601 65 67% 0 . 6 0 . 4 0 . 2 

638 M-9 0601 66 0% 0.31 0 0.31 

655 K - 7 0606 76 33% 9 . 7 9 . 6 0.1 

339 N-1 1 0523 20 50% 0 . 6 0 . 3 0 . 3 

342 N - l l 0523 100 73% 1.5 1.1 0 . 4 
'Mi 470 G-5 0526 30% 1.5 0 . 5 1.0 

541 C - 5 0527 75% 0 . 8 0 . 6 0 . 2 

•Mi 619 E -7 0530 75 55% 0 . 9 0 . 5 0 . 4 

644 E - 7 0601 50% 0.6 0 .3 0.3 

•mi 653 P - 1 4 0606 90 96% 2 . 4 2 . 3 0.1 

imi 

imi 

fed 
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A P P E N D I X 2 

CEH t E E t ltd. 
16S0 PANDORA STREET, VANCOUVER, B.C. VSL 1L6 • TELEPHONE 254-7278 • TELEX 04-64210 

Report On 

ball 

Reported to. 

Analysis of Tailings Sample 

Environmental Protection Service 

File No. 179 IE 

Report No 

Date J^Rf._kh..l?AL 

3rd Floor, Kapilano 100, Park Royal 

West Vancouver, B.C. 

Attention: Mr. Fred Claggett 

We have tested the sample submitted by you on June 5, 1981 and report 
as follows: 

lad 

ui 

I d 

lami 

m 

SAMPLE IDENTIFICATION: 

The sample was received in a plast ic bottle labelled "Amax Tai l ings , 
Janet Pel , 922-4314" 

METHOD OF TESTING: 

A suitable weight of the slurry was acid digested with aqua regia and 
analyzed for metals using an Inductively Coupled Argon Plasma (ICAP). 
These results are labelled "Total" metals. 

In order to obtain a subsample of the s lurry, which would represent 
the low density fraction of the tai l ings the sample was threated as 
follows: 

1. 6.0 g of slurry was added to 500 mis of d i s t i l l e d water, the mixture 
was shaken for 15 minutes and allowed to settle for 15 hours. 

2. An aliquot of the now "turbid" water was carefully drawn off and 
f i l t ered through a 0.45 micron f i l t e r . 

3. The residue weight from the above step was determined, and the f i l t e r 
cake was acid digested with aqua regia. 

The resulting solutions were analyzed for metals by ICAP and these results 
are labelled "Turbid" metals. 

RESULTS OF TESTING: 

(on the following page) 

Mi 

yd 
All reports are tha contidanti»l property ot clients. Publication ol statements, conclusions or extracts from or regarding 

rcrfr. N2 7 L rannris In ftfit n*rmltt*<i without fuir uetlttan tinnrnvt! Anu tuh;i;t* .f»a«K*^ ( d ^ . ^ ,'<•• i.*,.;*** .« t,.~. - i 



CAN TEST LTD. 

RESULTS OF TESTING: 

File No: 
Page No: 

ELEMENT TOTAL METALS TURBID METALS 

Be L 0.20 L 3.6 
Cd 16.7 130. 

" Cr 4.8 122. 
Cu 28.1 43.7 

Mn 564. 122. 
Mo 124. 146. 
Ni 4.6 30.4 
P0 4 2,470. 596. 

Pb 100. 140. 
Ti 207. 146. 
V 20.4 15.8 
Zn 632. 280. 

Al 
Fe 
Mg 
Ca 

7,970. 
15,100. 
4,510. 
25,100 

12,700. 
4,320. 
3,490. 

13,700. 

L - Less than 
- results are expressed as micrograms element per dry gram of sample 

CAN TEST LTD. 

R. W. Deverall 
/cs 



A P P E N D I X 3 

r -A- Government Gouvernement 
w of Canada du Canada M E M O R A N D U M N O T E DE SERVICE 

d 

r id 
IO 

S» I 
r 

MOM 
Of 

F r e d C l a g g e t t , M a n a g e r 
P o l l u t i o n C o n t r o l G r o u p 

L e e H a r d i n g , C o o r d i n a t o r 
F r e s h w a t e r & M a r i n e P r o g r a m s 

1_ 

~1 

J 

~ i 

j 

S E C U S I U C l A S S I f I C A T I O N Of SICUtlU 

VOUR f l i t - V / » f f f d f N C f 

J u n e 3 0 , 1 9 8 1 

mm 

AMAX T A I L I N G S S E D I M E N T S I Z E D I S T R I B U T I O N 

P a u l M a c G i l l v a r y h a s a n a l y s e d a n A m a x t a i l i n g s s a m p l e t a k e n o n A p r i l 2 7 
f o r s e d i m e n t s i z e . T h i s i s t h e s a m e s a m p l e f r o m w h i c h a s u b s a m p l e w a s 
a n a l y s e d c h e m i c a l l y b y C a n T e s t , o n J u n e 9 , f o r b o t h s l u r r y a n d 
s u s p e n d e d s o l i d s i n t h e s u p e r n a t a n t a f t e r 1 5 h o u r s o f s e t t l i n g . T h e 
s e d i m e n t s i z e a n a l y s i s i s a c o m p o s i t e o f t w o m e t h o d s : f o r p a r t i c l e s 
a b o v e y ( = 0 . 0 4 4 m m ) , t h e m a t e r i a l w a s p u t t h r o u g h a s e r i e s o f 
s t a n d a r d s e d i m e n t s i e v e s , e m p l o y i n g a w e t s i e v i n g t e c h n i q u e t o a v o i d 
a g g l o m e r a t i o n o f p a r t i c l e s . M a t e r i a l p a s s i n g t h e 4 4 y s i e v e w a s 
a n a l y s e d b y s e d i g r a p h w h i c h m e a s u r e s i n c r e a s i n g i n t e n s i t y o f a n X - r a y 
b e a m p a s s i n g t h r o u g h a s a m p l e o f s u s p e n d e d s e d i m e n t , b a s e d o n t h e 
p r i n c i p l e t h a t d i f f e r e n t s i z e p a r t i c l e s s e t t l e a t d i f f e r e n t r a t e s . 
P r e l i m i n a r y r e s u l t s , c o m b i n e d f r o m t h e t w o t e c h n i q u e s a r e a s f o l l o w s : 

di S i z e F r a c t i o n (y)* % b y w e i g h t 

— 5 0 0 0 . 0 1 
5 0 0 - 3 5 0 0 . 5 

m 3 5 0 - 2 5 0 4 . 7 
250-177 9 .4 
1 7 7 - 1 2 5 1 4 . 8 

y 1 2 5 - 8 8 1 1 . 1 
8 8 - 6 2 . 5 9 . 9 6 

6 2 . 5 - 4 4 9 . 5 

d 4 4 - 3 1 3 . 6 
3 1 - 2 2 . 5 6 . 4 

2 2 . 5 - 1 5 . 6 8 . 0 

id 1 5 . 6 - 1 1 . 1 5 . 6 
id 1 1 . 1 - 7 . 8 8 . 0 

7 . 8 - 5 . 6 2 . 4 
5 . 6 - 3 . 9 2 . 2 

id 3 . 9 - 2 . 7 5 1 . 8 
2 . 7 5 - 2 . 0 1 . 0 

2 . 0 - 1 . 3 8 1 . 2 

id 1 . 3 8 - 0 . 9 8 0 . 4 

• ^ p a s s i n g t h e l a r g e r s i z e a n d r e t a i n e d b y t h e s m a l l e r s i z e . M r . M c G i l l v a r y 
d h a s p r o v i d e d t h e f o l l o w i n g p r e c a u t i o n a r y n o t e s r e g a r d i n g i n t e r p r e t a t i o n 

o f t h e s e r e s u l t s 

id 



" S e i v e a n d s e d i g r a p h r e s u l t s d i s a g r e e b y 2 0 % . F r o m b e t w e e n 4 0 a n d 6 0 % 
o f t h e s a m p l e i s l e s s t h a n 4 4 p . T h e d i s a g r e e m e n t m a y b e a t t r i b u t a b l e 
t o n o n - h o m o g e n e i t y i n t h e t a i l i n g s s a m p l e , i . e . , t w o t a i l i n g s s a m p l e s 
h a v e d i f f e r e n t d i s t r i b u t i o n s o f s i z e . I t m a y a l s o b e a f u n d a m e n t a l 
i n a d e q u a c y o f t h e t w o m e t h o d s f o r t h i s s a m p l e t y p e . O n l y f u r t h e r 
i n v e s t i g a t i o n w i l l d e t e r m i n e t h e c a u s e . 

T h e r e s u l t s s h o u l d b e i n t e r p r e t e d w i t h c a r e . T h e a c c o m p a n i e d g r a p h i s 
a b e s t - f i t b e t w e e n s e d i g r a p h a n d s e i v e r e s u l t s . T h e m i c r o n i n t e r v a l s 
a r e t h e e q u i v a l e n t o f 0 - s i z e s , w h i c h i s t h e s t a n d a r d u n i t i n 
s e d i m e n t a r y w o r k " . 

L e e H a r d i n g 

c c : D r . X M c l n e r n y - U n i v e r s i t y o f V i c t o r i a 
H o w a r d S m i t h - F i s h e r i e s & O c e a n s 



APPENDIX 4 

The f o l l o w i n g c o u n t s a r e o f p a r t i c l e s from photographs t a k e n a t 
1 0 0 0 X w i t h a s c a n n i n g e l e c t r o n m i c r o s c o p e o f a 56u square o f f i l t e r 
paper. Some c l u m p i n g made c o u n t i n g d i f f i c u l t . Most d a t e s u n a v a i l a b l e . 

L8 - taken i n plume. 

A. B. C. D. 

0 . 1 - 1 / j - 1 7 0 1 2 0 1 1 0 1 1 5 
1 - l O u - 3 5 6 3 4 5 6 4 
1 0 - 1 0 0 u - 1 1 1 1 

L8 - (sample # 4 6 0 ) May 2 6 , 1 9 8 1 - t a k e n i n plume. 

A. B. 

O.IOI^J - o b s c u r e d o b s c u r e d 
1 - 1 0/J - 1 4 2 9 
1 0 - 1 0 0 u - 11 9 

T h i s f i l t e r v e r y dense w i t h l a r g e r p a r t i c l e s w h i c h o b s c u r e d 0 . 1 - l u range. 

R l 4 - t a k e n i n plume. 

A. B. C. 

0 . 1 - l u - 1 4 0 1 3 0 1 4 4 
1 - 1 0 u - 9 4 4 7 7 6 
1 0 - 1 0 0 / J - 1 2 1 

Head o f I n l e t . - ta k e n away from plume a t 2 0 metres d e p t h . 

A. B. 

0 . 1 - l y j -'VlOO ( v e r y hard t o count) ^80 ( v e r y hard t o count) 
1 - 1 0 / J - 32 4 1 
io-ioqu - 1 1 

Head o f I n l e t . - ta k e n a t s u r f a c e 

B. 

0 . 1 - l / i - s e v e r a l l a y e r s deep 
1 - 1 O u - s e v e r a l l a y e r s deep 
1 0 - 1 0 0 / J - 1 0 

T h i s f i l t e r v e r y dense. Many p a r t i c l e s p r e s e n t i n both l - 1 0 y u and 
0 . 1 - l y u ranges. 

DON DeMILL 
S e n i o r T e c h n i c i a n 

J u l y 7 , 1 9 8 1 
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