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SUMMARY 

I n 1988, Abermin C o r p o r a t i o n removed 12,000 t o n n e s o f m a t e r i a l 
d u r i n g an u n d e r g r o u n d e x p l o r a t i o n program on t h e L a r a p r o p e r t y t h a t 
e v a l u a t e d t h e C o r o n a t i o n m a s s i v e s u l p h i d e zone. T h i s m a t e r i a l was 
p l a c e d on an e l e v a t e d , impermeable pad w i t h c o n t r o l l e d d r a i n a g e . 
Of t h e t o t a l m a t e r i a l on t h e pad, 500 t o n n e s c o n s i s t s o f m a s s i v e 
t o s e m i - m a s s i v e s u l p h i d e s w h i c h have t h e p o t e n t i a l t o g e n e r a t e a c i d 
i f t h e y a r e exposed t o t h e n a t u r a l e l e m e n t s ( i . e . a i r and water) 
f o r a p r o l o n g e d p e r i o d o f t i m e . To d a t e , w a t e r q u a l i t y m o n i t o r i n g 
has i n d i c a t e d t h a t t h e r e i s no a c i d g e n e r a t i o n due t o t h e 
d e g r a d a t i o n o f t h e s u l p h i d e - r i c h m a t e r i a l and t h a t t h e r e has been 
no i m p a c t on t h e s u r r o u n d i n g e n v i r o n m e n t and S o l l y C reek. However, 
i n o r d e r t o p r e v e n t t h i s p o t e n t i a l p r o b l e m , Minnova p r o p o s e s t o 
e n c a p s u l a t e t h e 500 t o n n e s o f s u l p h i d e - r i c h m a t e r i a l i n l i m e s t o n e 
and waste r o c k . As w e l l , a 1 meter t h i c k l a y e r o f compacted c l a y 
w i l l be p l a c e d o v e r t h e e n t i r e c o n t o u r e d p i l e i n o r d e r t o p r o v i d e 
an impermeable cap. S u b j e c t t o government a p p r o v a l , Minnova w i l l 
c o m p l e t e t h i s r e c l a m a t i o n work b e f o r e t h e w i n t e r o f 1989-90. 
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1. I n t r o d u c t i o n 
The L a r a p r o p e r t y i s l o c a t e d i n s o u t h - c e n t r a l Vancouver 

I s l a n d , 15 km west o f Chemainus ( F i g u r e 1 ) . I n 1984, Abermin 
C o r p o r a t i o n d i s c o v e r e d a p o l y m e t a l l i c m a s s i v e s u l p h i d e zone w h i c h 
was s u b s e q u e n t l y named t h e C o r o n a t i o n Zone. A f t e r 3 y e a r s o f 
diamond d r i l l t e s t i n g t o d e f i n e t h e e x t e n t o f t h e s u l p h i d e s , an 
underground program was u n d e r t a k e n i n 1988 t o e x t r a c t a b u l k sample 
f o r m e t a l l u r g i c a l t e s t i n g and t o t e s t t h e c o n t i n u i t y o f t h e 
m i n e r a l i z a t i o n . M i n i n g o p e r a t i o n s commenced on A p r i l 25, 1988 and 
were comp l e t e d on September 9, 1988. 

I n a c c o r d a n c e w i t h t h e work p e r m i t , Abermin p l a c e d a l l o f t h e 
s u l p h i d e o r e and a d j a c e n t waste r o c k on a p l a s t i c - l i n e d impermeable 
pad. I n o r d e r t o p r e v e n t any p o t e n t i a l a c i d d r a i n a g e caused by 
d e g r a d a t i o n o f t h e s u l p h i d e m a t e r i a l from r e a c h i n g S o l l y Creek, a 
m o n i t o r i n g / t r e a t m e n t pond was i n s t a l l e d t o t r e a t t h e l e a c h a t e from 
t h i s pad. A comprehensive w a t e r q u a l i t y m o n i t o r i n g program was 
i n i t i a t e d and a l l o f t h i s d a t a was s u b m i t t e d t o t h e M i n i s t r y o f 
Energy, Mines and P e t r o l e u m Resources on a q u a r t e r l y b a s i s . 

On November 1, 1988, Abermin C o r p o r a t i o n s o l d t h e i r i n t e r e s t 
i n t h e L a r a p r o p e r t y t o t h e i r j o i n t v e n t u r e p a r t n e r - Laramide 
R e s o u r c e s . I n o r d e r t o f i n a n c e t h i s t r a n s a c t i o n , Laramide e n t e r e d 
i n t o an agreement w i t h Minnova I n c . , a m i n i n g and e x p l o r a t i o n 
company w h i c h has been a c t i v e l y e v a l u a t i n g t h e m a s s i v e s u l p h i d e 
p o t e n t i a l o f s o u t h e r n Vancouver I s l a n d s i n c e 1983. F o r c a s h and 
c e r t a i n e x p e n d i t u r e g u a r a n t e e s , Minnova was g r a n t e d e x c l u s i v e 
e x p l o r a t i o n r i g h t s on t h e L a r a p r o p e r t y . S i n c e November 1, 1988, 
l i n e c u t t i n g , g e o l o g i c a l , l i t h o g e o c h e m i c a l and g e o p h y s i c a l s u r v e y s 
and diamond d r i l l i n g have been c a r r i e d o ut on t h e p r o p e r t y . 
F u r t h e r d r i l l i n g i s s c h e d u l e d f o r September - November, 1989 and 
1990. I n a d d i t i o n t o t h e e x p l o r a t i o n work, Minnova has c o n t i n u e d 
t o c a r r y o u t t h e w a t e r q u a l i t y m o n i t o r i n g a s s o c i a t e d w i t h Abermin's 
underground program. 
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The o b j e c t i v e s o f t h i s r e p o r t a r e t o : 
a) d e s c r i b e t h e c u r r e n t s t a t e and a c i d g e n e r a t i o n 

p o t e n t i a l o f m a t e r i a l removed d u r i n g t h e underground 
program, 

b) summarize and comment on t h e w a t e r q u a l i t y m o n i t o r i n g 
program r e s u l t s and, 

c) propose a t e c h n i c a l s o l u t i o n t o t h e p roblem o f 
p o t e n t i a l a c i d g e n e r a t i o n o f t h e s u l p h i d e - r i c h 
m a t e r i a l t h a t i s p r e s e n t on t h e impermeable pad. 

2. C u r r e n t S i t e C o n d i t i o n s 

D u r i n g t h e underground program a l l m a t e r i a l mined near 
o r w i t h i n t h e o r e zone was p l a c e d on an e l e v a t e d 60 meter s q u a r e , 
impermeable pad ( F i g u r e s 2, 3, 4 ) . The b u l k o f t h e m a t e r i a l 
removed i s low-grade, s u l p h i d e - p o o r , non-economic "waste" r o c k 
t a k e n from d r i f t s i n t h e f o o t w a l l and h a n g i n g w a l l o f t h e s u l p h i d e 
zone. T h i s m a t e r i a l i s p r e s e n t on t h e pad i n 2 l a r g e p i l e s w i t h 
e s t i m a t e d tonnages o f 9145 and 2351 r e s p e c t i v e l y . ( F i g u r e s 5, 6 ) . 
F i v e s m a l l s u l p h i d e - r i c h " o r e " p i l e s t o t a l l i n g 529 t o nnes have been 
p l a c e d on t h e n o r t h w e s t e r n c o r n e r o f t h e pad ( F i g u r e s 5, 7 ) . 

R u n o f f w a t e r i s c o n t r o l l e d around t h e s i t e by a s e r i e s o f 
d i v e r s i o n and c o l l e c t i o n d i t c h e s ( F i g u r e 2) . Two d i v e r s i o n d i t c h e s 
u p s l o p e o f t h e p o r t a l and s t o r a g e pad a r e a s p r e v e n t r u n o f f w a t e r 
from e n t e r i n g t h e s i t e a r e a and two c o l l e c t i o n d i t c h e s around t h e 
p o r t a l and s t o r a g e pad d i v e r t any w a t e r t h a t i s p o s s i b l y 
c o n t a m i n a t e d t o t h e m o n i t o r i n g / t r e a t m e n t pond. The o n l y w a t e r 
found on t h e s t o r a g e pad i s due t o d i r e c t r a i n o r s n o w f a l l . 





Waste P i l e Waste P i l e 
#2 #1 

(2351 Tonnes) (911*5 Tonnes) 

acid consuming rock = base of pad 

FIGURE 3: VIEW OF PAD AND WASTE PILES FROM MONITORING PAD 



60mil HD PE Liner 

0.30m Compacted Clay 

FIGURE 4 

STORAGE PAD 
EAST-WEST CROSS SECTION 



ROCK PILE tonnes 

WASTE#1 9145 
WASTE#2 2351 
Sub Total 11496 
0RE#1 55 
0RE#2 119 
0RE#3 157 
0RE#4 72 
0RE#5 126 
Sub Total 529 
TOTAL 12026 

FIGURE 5 
SKETCH OF WASTE/ORE STOCKPILE - PLAN VIEW 
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The c o n t o u r e d n a t u r e o f t h e pad a l l o w s t h i s w a t e r t o accumulate a t 
t h e s o u t h e a s t e r n c o r n e r o f t h e pad ( F i g u r e 8) p r i o r t o r e l e a s e t o 
t h e m o n i t o r i n g / t r e a t m e n t pond ( F i g u r e 2, 9 ) . A f t e r a p e r i o d o f 
heavy r a i n f a l l , t h e m o n i t o r i n g / t r e a t m e n t pond i s d e s i g n e d such t h a t 
i t o v e r f l o w s i n t o t h e f o r e s t a r e a between t h e pond and S o l l y Creek 
( F i g u r e 10, 11) . To d a t e , o v e r f l o w has o n l y been n o t e d i n l a t e 
f a l l and e a r l y s p r i n g . There has been l i t t l e o r no d r a i n a g e from 
t h e w a s t e / o r e pad t o t h e m o n i t o r i n g / t r e a t m e n t pond s i n c e March and 
no r e l e a s e o f w a t e r from t h e m o n i t o r i n g / t r e a t m e n t pond t o t h e 
f o r e s t s i n c e March. The s t o r a g e pad, m o n i t o r i n g / t r e a t m e n t pond and 
i n t e r c e p t o r d i t c h e s were d e s i g n e d so t h a t t h e r e i s no d i r e c t 
d i s c h a r g e o f w a t e r from around t h e s i t e i n t o S o l l y Creek. 

The underground w o r k i n g s a r e p r e s e n t l y f l o o d e d ( F i g u r e 12). 
However, t h e y may be u s e f u l f o r any f u t u r e development and m i n i n g 
o f t h e C o r o n a t i o n s u l p h i d e zone. 

3. A c i d G e n e r a t i o n S t u d i e s o f Waste/Ore P i l e s 
P r i o r t o t h e b u l k s a m p l i n g program i n 1988, and i n c o m p l i a n c e 

w i t h r e q u i r e m e n t s o f t h e P r o v i n c e o f B r i t i s h Columbia, M i n i s t r y o f 
Energy, Mines and P e t r o l e u m R e s o u r c e s , Abermin C o r p o r a t i o n 
u n d e r t o o k an a c i d - b a s e a c c o u n t i n g s t u d y o f t h e m i n e r a l i z e d 
C o r o n a t i o n Zone and o f i t s a s s o c i a t e d f o o t w a l l . The r e s u l t s a r e 
p r e s e n t e d i n T a b l e 1. The C o r o n a t i o n Zone o r e samples a r e h i g h i n 
s u l p h u r , r a n g i n g from 5.0% t o 13.7%, and based on t h e a c i d - b a s e 
a c c o u n t i n g work u n d e r t a k e n , have t h e p o t e n t i a l t o g e n e r a t e a c i d . 
On t h e o t h e r hand, t h e f o o t w a l l m a t e r i a l has a v e r y low s u l p h u r 
c o n t e n t ( i . e . , i t ranged from 0.089% t o 0.470%) and, based upon 
a c i d - b a s e a c c o u n t i n g t e c h n i q u e s , appears t o be a c i d consuming. 
The government a p p r o v a l t o u n d e r t a k e a b u l k s a m p l i n g program a t 
t h e L a r a P r o p e r t y t o o k i n t o c o n s i d e r a t i o n t h e s e r e s u l t s . 



FIGURE 8 : DRAINAGE CULVERT AT LOW CORNER 
OF WASTE/ORE PAD (JULY 27 . 1989) 



FIGURE 9 : MONITORING POND AS SEEN FROM WASTE/ORE PAD 
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Discharge 
pipe 

FIGURE 10: OVERFLOW DRAIN FROM MONITORING POND 

Discharge Pipe 

FIGURE 11: DRAINAGE AREA AS SEEN FROM MONITORING POND 
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FIGURE 12: PORTAL SITE (JULY 27, 1989) 
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TABLE 1 

ACID-BASE ACCOUNTING TEST RESULTS FOR 
WASTE ROCK AND ORE FROM THE LARA PROPERTY 

(kg/tonne)  
% T h e o r e t i c a l T h e o r e t i c a l Net 

Sample P a s t e T o t a l A c i d N e u t r a l N e u t r a l 
O r i g i n pH S u l p h u r P r o d u c t i o n P o t e n t i a l P o t e n t i a l 

Ore 8.0 
8.0 
7.6 
7.8 

5.0 
13.3 
13.7 
12.1 

156 
416 
428 
378 

48.6 
59.12 

225.2 
29.79 

-107.4 
-356.9 
-202.8 
-348.2 

F o o t w a l l  
Waste 

8.5 0.470 14.69 63.71 +49.0 
8.7 0.089 2.78 55.19 +52.4 

A n a l y s e s p e r f o r m e d by Chemex Labs, EPA A c i d - B a s e A c c o u n t i n g 

An e v a l u a t i o n o f t h e a c i d g e n e r a t i o n p o t e n t i a l o f m a t e r i a l 
s t o r e d on t h e impermeable s t o r a g e pad i s i m p o r t a n t t o t h e 
d e t e r m i n a t i o n o f t h e p r o c e d u r e s t o be implemented t o a d d r e s s t h e 
l o n g - t e r m s t o r a g e o f t h e m a t e r i a l on t h e pad. F i g u r e 13 
i l l u s t r a t e s b o t h t h e l o c a t i o n o f t h e m a t e r i a l on t h e pad and a l s o 
t h e l o c a t i o n o f t h e s i t e s from w h i c h samples were c o l l e c t e d f o r 
a c i d - b a s e a c c o u n t i n g . I n T a b l e 2, t h e r e s u l t s o f t h e a c i d - b a s e 
a c c o u n t i n g t e s t s a r e p r e s e n t e d . The tonnages o f m a t e r i a l w i t h i n 
each o f t h e s t o r a g e p i l e s i l l u s t r a t e d i n F i g u r e 13 has been 
p r e s e n t e d i n F i g u r e 5. 



0R2 
0RE#2 

0R4 
0RE#4 

0RE#1 QRl^ 

>j< WP7 

WASTE 
PILE 
#2 

WP4 

>K WASTE 
PILE | 
#1 * 

WP2 

60 metres 

o 

>(< Location of Sample for Acid Generation Potential Tests 

FIGURE 13 

LOCATION OF SAMPLES FOR 
ACID GENERATION POTENTIAL TESTS 
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Of t h e seven samples c o l l e c t e d i n Waste p i l e s 1 and 2, based 
upon a c i d - b a s e d a c c o u n t i n g t e c h n i q u e s , f o u r o f t h e samples 
c o l l e c t e d appear t o be a c i d g e n e r a t i n g and t h r e e o f t h e samples 
appear t o be a c i d consuming. W i t h r e s p e c t t o t h e f i v e s m a l l o r e 
p i l e s , a l l f i v e r e s u l t s i n d i c a t e t h a t a l l o f t h i s m a t e r i a l has t h e 
p o t e n t i a l t o g e n e r a t e a c i d . 

Three samples were a l s o c o l l e c t e d o f l o c a l o v e r b u r d e n composed 
o f c l a y and g l a c i a l t i l l s i n c e t h i s m a t e r i a l has t h e p o t e n t i a l t o 
be used f o r a cap on t h e waste r o c k and o r e s t o r a g e a r e a ( d i s c u s s e d 
f u r t h e r i n t h e f i n a l s e c t i o n o f t h i s r e p o r t ) . A c i d - b a s e a c c o u n t i n g 
was a l s o c a r r i e d o u t on each o f t h e s e samples and t h e r e s u l t s a r e 
a l s o p r e s e n t e d i n T a b l e 2. T h i s m a t e r i a l i s n e i t h e r a c i d 
g e n e r a t i n g n o r consuming. 

TABLE 2 

ACID-BASE ACCOUNTING RESULTS FOR WASTE ROCK AND ORE FROM 
THE VARIOUS STORAGE PILES LOCATED ON THE IMPERMEABLE PAD 

(kg/tonne)  
% T h e o r e t i c a l T h e o r e t i c a l Net 

Sample P a s t e T o t a l A c i d N e u t r a l N e u t r a l 
D e s c r i p t i o n pH S u l p h u r P r o d u c t i o n P o t e n t i a l P o t e n t i a l 

WP-l 8.3 2.85 89 44 -45 
WP-2 8.5 2.63 82 48 -34 
WP-3 8.8 3.02 94 58 -36 
WP-4 9.0 2.45 76 104 +28 
WP-5 9.1 0.848 26 34 +8 
WP-6 9.0 0.129 4 36 +32 
WP-7 8.4 3.73 117 78 -39 

0R1 8.2 8.90 278 58 -220 
0R2 8.0 16.80 525 103 -422 
0R3 8.0 5.53 173 86 -87 
0R4 8.2 6.31 197 78 -119 
0R5 8.2 5.13 160 79 -81 

OBI 6.9 0.012 0 0 0 
0B2 7.8 0.016 0 4 +4 
0B3 7.7 0.001 0 4 +4 

A n a l y s e s p e r f o r m e d by Chemex Labs, EPA A c i d - B a s e A c c o u n t i n g . 
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I n summarizing, i t i s appa r e n t t h a t a l l f i v e o r e p i l e s c o n t a i n 
p o t e n t i a l l y a c i d g e n e r a t i n g m a t e r i a l . The two l a r g e waste p i l e s 
a r e a c o m b i n a t i o n o f b o t h p o t e n t i a l l y a c i d g e n e r a t i n g m a t e r i a l and 
p o t e n t i a l l y a c i d consuming m a t e r i a l . The ove r b u r d e n i s e s s e n t i a l l y 
n e i t h e r a c i d g e n e r a t i n g n o r a c i d consuming. 

4. Water Q u a l i t y R e s u l t s and I n t e r p r e t a t i o n 
Water q u a l i t y samples have been c o l l e c t e d on a number o f 

o c c a s i o n s between May, 1988 and August, 1989. The l o c a t i o n o f a l l 
s a m p l i n g s i t e s a r e i l l u s t r a t e d i n F i g u r e 2. The r e s u l t s o b t a i n e d 
a r e p r e s e n t e d i n t h e t a b l e s t h a t f o l l o w . T a b l e 3 c o n t a i n s d a t a 
from samples c o l l e c t e d a t t h e p o r t a l s i t e . I t s h o u l d be n o t e d t h a t 
e f f l u e n t from t h e p o r t a l d i s c h a r g e s v i a a d i t c h t o t h e m o n i t o r i n g 
/ t r e a t m e n t pond. I t s h o u l d a l s o be n o t e d t h a t a t t i m e s t h e r e i s 
no d i s c h a r g e from t h e p o r t a l s i t e and t h a t , when t h i s o c c u r r e d , 
samples o f s t a g n a n t w a t e r from t h e e n t r a n c e t o t h e p o r t a l were 
c o l l e c t e d . 

T a b l e 4 c o n t a i n s d a t a from S o l l y Creek above t h e e x p l o r a t i o n 
s i t e ( i . e . t h i s s t a t i o n i s c o n s i d e r e d t o be a c o n t r o l s i t e n o t 
i n f l u e n c e d by o n - s i t e a c t i v i t i e s ) . T a b l e 5 c o n t a i n s d a t a from 
S o l l y Creek downstream o f t h e l o c a t i o n o f t h e e f f l u e n t d i s c h a r g e 
from t h e m o n i t o r i n g / t r e a t m e n t pond. T a b l e 6 c o n t a i n s t h e 
m o n i t o r i n g / t r e a t m e n t pond wa t e r q u a l i t y i n f o r m a t i o n . I t s h o u l d be 
not e d t h a t t h e m o n i t o r i n g / t r e a t m e n t pond c o n t a i n s t h e d i s c h a r g e 
from b o t h t h e p o r t a l and t h e o v e r f l o w from t h e s t o r a g e pads. T a b l e 
7 c o n t a i n s waste s t o r a g e l e a c h a t e q u a l i t y d a t a . Some o f t h e 
samples from t h e waste r o c k s t o r a g e pad a r e i n d i c a t i v e o f t h e 
e f f l u e n t d i s c h a r g e from t h e pad t o t h e m o n i t o r i n g / t r e a t m e n t pond 
and some a r e i n d i c a t i v e o f s t a n d i n g p o o l s o f w a t e r on t h e pad. A 
b r i e f d i s c u s s i o n o f t h e wa t e r q u a l i t y m o n i t o r i n g d a t a f o l l o w s . 



TABLE 3: LARA PROPERTY WATER QUALITY ANALYSES: PORTAL SITE. 

1988 1989 

PARAMETER (mg/L) MAY 12 JUNE 6 JUNE 15 JULY 21 AUG. 11 SEPT. 8 OCT. 11 NOV. 8 NOV. 14 DEC. 14 DEC. 29 MAY 15 JUNE 1 AUG. 3 

pH 6.86 6.49 7.61 7.20 7.00 6.61 7.56 7.74 8.09 7.74 7.44 7.11 7.20 7.47 
A l k a l i n i t y CaC03 13.60 5.33 117.0 119.0 85.0 72.0 102.0 95.4 530.0 58.7 56.7 17.0 43.5 59.0 
Sulphate SO4 L1.0 LI .0 15.0 18.0 19.0 40.3 57.5 39.8 12.8 8.2 13.8 2.6 4.4 9.3 

Total Metals 

Al umi num L0.04 0.085 20.6 68.6 12.3 5.92 0.63 0.039 _ P 0.022 0.041 0.022 0.14 
Arsenic L0.0001 LO .0001 0.24 2.14 0.098 0.048 0.016 0.0093 - 0.0022 0.0036 0.0005 0.0002 0.0008 
Copper L0.002 0.008 0.14 7.00 0.15 0.26 0.009 0.002 - 0.001 L0.001 0.002 0.001 0.001 
Iron 0.019 0.019 23.7 191.00 9.93 6.54 0.66 L0.03 - L0.015 L0.015 0.044 0.12 0.39 
Lead 0.062 L0.05 0.60 11 .6 0.33 0.66 0.63 0.004 - 0.001 0.001 0.001 L0.001 0.003 
Zinc 0.030 L0.003 1.37 56.6 1.00 2.01 0.15 0.11 - 0.028 0.033 0.21 0.65 0.29 

Dissolved Metals 

Al ami num L0.04 0.083 0.054 0.21 0.12 0.074 0.021 0.024 _ P 0.007 0.007 0.005 0.015 
Arsenic L0.0001 L0.0001 0.021 0.029 0.0060 0.0035 0.0052 0.0089 - 0.0018 0.0032 0.0003 L0.0001 0.0006 
Copper 0.002 0.005 0.004 L0.005 L0.005 L0.005 0.002 0.002 - L0.001 L0.001 0.002 0.001 L0.001 
Iron 0.010 0.006 0.05 L0.03 L0.03 L0.03 L0.03 L0.03 - L0.015 L0.015 L0.015 L0.015 L0.03 
Lead L0.05 L0.05 L0.001 0.001 0.004 0.008 0.031 0.001 - 0.001 L0.001 L0.001 L0.001 L0.001 
Zinc 0.025 L0.003 L0.005 L0.005 L0.005 0.027 0.10 o.n - 0.028 0.032 0.16 0.58 0.21 

L = Less than 
Results are expressed i n mg/L except fo r pH. 
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TABLE 4: LARA PROPERTY WATER QUALITY ANALYSES: SOLLY CREEK ABOVE EXPLORATION SITE. 

1988 1989 

PARAMETER (mg/L) MAY 12 JUNE 6 JUNE 15 JULY 21 AUG. 11 SEPT. 8 OCT. 11 NOV. 8 NOV. 14 DEC. 14 DEC. 29 MAR. 14 MAY 15 JUNE 1 AUG. 3 

pH 6.60 6.54 6.93 6.39 6.81 6.53 6.77 6.95 6.78 6.48 7.13 6.72 6.78 6.70 
A l k a l i n i t y CaC0 3 2.27 5.33 6.4 6.8 9.0 12.0 12.0 12.0 5.1 6.2 7.4 6.0 4.1 10.0 

Sulphate SO4 L1.0 LI .0 L1.0 1.6 L1.0 L1.0 LI .0 L1.0 L1.0 LI .0 LI .0 L1.0 LI .0 LI .0 

Total Metals 

Al umi num 0.140 0.150 0.089 0.05 0.075 0.092 0.15 0.029 P 0.056 0.068 0.083 0.15 0.065 
Arsenic L0.0001 L0.0001 L0.0001 L0.0001 L0.0001 L0.0001 0.0002 L0.0001 L0.0001 L0.0001 L0.0001 0.0002 0.0004 L0.0001 
Copper L0.002 0.008 0.011 L0.005 0.005 L0.010 L0.001 0.001 0.003 L0.001 L0.001 0.002 0.002 0.001 
Iron L0.003 0.010 L0.03 L0.03 L0.03 0.03 0.04 0.03 L0.015 L0.015 0.031 L0.015 0.017 L0.03 
Lead 0.095 L0.05 L0.001 L0.001 L0.001 0.003 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 
Zinc L0.003 0.004 0.005 L0.005 L0.005 L0.005 0.007 L0.005 L0.005 0.008 0.007 L0.005 0.008 L0.005 

Dissolved Metals 

Al umi num 0.067 0.100 0.087 0.05 0.069 0.083 0.029 0.029 P 0.031 0.056 0.070 0.12 0.048 
Arsenic L0.0001 L0.0001 L0.0001 L0.0001 L0.0001 L0.0001 0.0002 L0.0001 L0.0001 L0.0001 L0.0001 L0.0001 0.0003 L0.0001 

Copper L0.002 0.006 0.001 L0.005 L0.005 L0.005 L0.001 L0.001 0.001 L0.001 L0.001 0.002 0.001 L0.001 

Iron 0.016 0.007 L0.03 L0.03 L0.03 L0.03 L0.03 L0.03 L0.015 L0.015 L0.015 L0.015 L0.015 L0.03 

Lead L0.05 L0.05 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 L0.001 

Zinc L0.003 L0.003 L0.005 L0.005 L0.005 L0.005 L0.005 L0.005 L0.005 0.008 0.007 L0.005 0.008 L0.005 

L = Less than 
Results are expressed i n mg/L except for pH. 
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TABLE 5: LARA PROPERTY WATER QUALITY ANALYSES: SOLLY CREEK BELOW EXPLORATION SITE. 

1988 1989 

PARAMETER (mg/L) MAY 12 JUNE 6 JUNE 15 JULY 21 AUG. 11 SEPT. 8 OCT. 11 NOV. 8 NOV. 14 DEC. 14 DEC. 29 MAY 15 JUNE 1 AUG. 3 

pH 6.08 6.59 6.33 6.53 6.50 dry 6.70 6.38 6.35 6.56 6.33 
A l k a l i n i t y CaC0 3 6.81 5.33 5.30 6.8 13.0 creek 8.2 6.2 7.0 11.6 11.0 

Sulphate SO4 L1.0 LI .0 LI .0 1.1 L1.0 LI .0 LI .0 4.3 9.5 1.90 

Total Metals 

Al umi num 0.090 0.093 0.088 0.07 0.074 dry P 0.062 0.026 0.016 0.069 
Arsenic L0.0001 L0.0001 L0.0001 0.0003 L0.0001 creek L0.0001 L0.0001 0.0002 0.0001 L0.0001 
Copper L0.002 0.006 L0.001 L0.005 0.007 - L0.001 L0.001 0.001 0.001 0.002 

Iron L0.003 0.028 0.030 L0.03 L0.03 - L0.015 L0.015 0.019 L0.015 L0.03 
Lead 0.055 L0.050 L0.001 L0.001 L0.001 - - L0.001 L0.001 L0.001 L0.001 L0.001 
Zinc L0.003 0.004 L0.005 L0.005 L0.005 - 0.014 L0.005 L0.005 L0.005 L0.005 

Dissolved Metals 

Al uminum L0.04 0.093 0.069 0.06 0.065 dry P 0.038 0.022 0.011 0.041 

Arsenic LO .0001 L0.0001 L0.0001 0.0003 L0.0001 creek L0.0001 L0.0001 0.0001 L0.0001 L0.0001 

Copper L0.002 0.006 0.001 L0.005 0.001 - L0.001 L0.001 0.001 0.001 L0.001 
Iron 0.017 0.014 L0.030 L0.03 L0.03 - L0.015 L0.015 L0.015 L0.015 L0.03 
Lead L0.05 L0.05 L0.001 L0.001 L0.001 - L0.001 L0.001 L0.001 L0.001 L0.001 

Zinc L0.003 L0.003 L0.005 L0.005 L0.005 - - 0.011 L0.005 L0.005 L0.005 L0.005 

L = Less than 
Results are expressed i n mg/L except for pH. 
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TABLE 6: LARA PROPERTY WATER QUALITY ANALYSES: MONITORING POND. 

1988 1989 

PARAMETER (mg/L) JULY 21 AUG. n SEPT. 8 OCT. 11 NOV. 8 NOV. 14 DEC. 14 DEC. 29 JAN. 20 MAR. 14 MAY 15 JUNE 1 AUG. 3 

pH 6.98 7.48 4.74 7.58 7.47 7.76 7.24 7.25 7.31 7.34 7.38 7.33 6.74 
A l k a l i n i t y CaC0 3 73.1 88.0 4.0 80.0 49.0 61.0 51.5 55.6 61.8 59.9 51.0 38.9 18.0 
Sulphate SO^ 260.0 29.0 37.5 79.6 303.0 6.2 638.0 391 .0 579.0 504.0 689.0 1, 080.0 996.0 

Total Metals 

Al umi num 2.22 0.48 1 .15 0.14 0.029 _ P 0.009 0.11 0.028 L0.005 L0.005 0.065 
Arsenic 0.020 0.022 0.015 0.010 0.0033 - 0.0020 0.0014 0.0022 0.0013 0.0010 0.0035 0.0020 
Copper L0.005 0.008 0.032 0.003 0.002 - 0.004 0.002 0.007 0.008 0.005 0.007 0.002 
Iron 0.40 0.37 0.39 0.20 0.04 - 0.021 L0.015 0.033 0.018 0.015 L0.015 L0.03 
Lead 0.015 0.009 0.052 0.026 0.002 - 0.010 0.001 0.011 0.010 0.003 LO.OOl 0.007 
Zinc 0.085 0.059 0.21 0.14 2.04 - 8.69 10.7 8.23 6.50 9.25 8.30 6.13 

Dissolved Metals 

Alumi num 1 .32 0.24 0.15 0.015 0.005 _ P L0.005 0.014 L0.005 L0.005 L0.005 0.009 
Arseni c 0.013 0.015 0.0038 0.0049 0.0024 - 0.0017 0.0012 0.0016 0.0013 0.0007 0.0029 0.0015 
Copper L0.005 L0.005 L0.005 LO.OOl 0.002 - 0.004 0.002 0.005 0.007 0.004 0.003 LO.OOl 
Iron L0.03 L0.03 L0.03 L0.03 L0.03 - L0.015 L0.015 L0.015 L0.015 L0.015 L0.015 L0.03 
Lead 0.002 LO.OOl 0.003 0.002 LO.OOl - 0.016 0.001 0.010 0.008 0.006 LO.OOl LO.OOl 
Zinc 0.067 0.018 0.033 0.012 2.03 - 8.34 10.0 8.20 6.46 8.78 7.66 5.62 

L = Less than 
Results are expressed i n mg/L except for pH. 
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TABLE 7: LARA PROPERTY WATER QUALITY ANALYSES: LEACHATE FROM THE WASTE STORAGE PAD. 

1988 1989 

PARAMETERS (mg/L) OCT. 1 NOV. 8 DEC. 14 DEC. 29 JAN. 20 MAR. 14 MAY 15 JUNE 1 AUG. 3 

PH 5.31 3.91 7.42 7.52 7.40 7.38 7.66 6.77 6.69 
A l k a l i n i t y CaC0 3 8.0 L1.0 119.0 98.9 84.5 78.8 106.0 88.2 51.0 
Sulphate S0 4 1 ,880.0 2,160.0 1 ,680.0 1 ,730.0 1 ,050.0 810.0 1 ,620.0 1,710.0 1 ,010.0 

Total Metals 

Al umi num 0.18 0.016 P 0.013 0.060 0.024 0.009 0.022 0.095 
Arsenic 0.0077 0.0022 0.0032 0.0028 0.0021 0.0017 0.0017 0.0040 0.0024 
Copper 0.067 0.011 0.008 0.008 0.010 0.011 0.034 0.007 0.009 
Iron 0.84 0.33 L0.015 0.39 L0.015 L0.015 0.13 0.021 0.07 
Lead 0.25 0.18 0.016 0.011 0.016 0.016 0.021 0.011 0.024 
Zinc 15.8 24.4 17.2 12.9 14.7 13.0 21.4 8.58 6.92 

Dissolved Metals 

Al umi num 0.021 0.016 P L0.005 0.020 0.005 0.006 0.005 0.015 
Arseni c 0.0069 0.0018 0.0029 0.0023 0.0016 0.0017 0.0011 0.0037 0.0013 
Copper 0.049 0.011 0.006 0.008 0.010 0.010 0.029 0.007 0.008 
Iron L0.03 0.04 L0.015 L0.015 L0.015 L0.015 L0.015 L0.015 L0.03 
Lead 0.20 0.18 0.044 0.006 0.014 0.016 0.015 0.010 0.014 
Zinc 11.4 23.9 16.7 12.9 12.6 12.8 19.9 8.58 6.90 

L = Less than 

Results are expressed i n mg/L except fo r pH. 
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From a w a t e r q u a l i t y p e r s p e c t i v e , i n o r d e r t o a s s e s s t h e 
e f f e c t s o f t h e o v e r a l l a c t i v i t i e s o n - s i t e , i t i s i m p o r t a n t t o 
compare t h e r e s u l t s from t h e upstream S o l l y Creek c o n t r o l s t a t i o n 
t o t h e r e s u l t s f o r t h e downstream S o l l y Creek impact assessment 
m o n i t o r i n g s t a t i o n . A r e v i e w o f t h e d a t a w i t h r e s p e c t t o m e t a l 
l e v e l s i n t h e s e w a t e r samples i n d i c a t e s t h a t t h e r e i s no 
s i g n i f i c a n t d i f f e r e n c e between m e t a l l e v e l s i n t h e upstream and 
downstream samples c o l l e c t e d . 

W i t h r e s p e c t t o pH, t h e downstream S o l l y Creek pH i s 
m a r g i n a l l y l o w e r t h a n t h e upstream pH on most o c c a s i o n s . I n no 
i n s t a n c e s does t h e downstream pH i n l o w e r S o l l y Creek f a l l below 
6.0 and o n l y on one o c c a s i o n has t h e pH dropped below 6.3. The 
r e a s o n f o r t h e s l i g h t d i f f e r e n c e i n pH cannot be d i r e c t l y 
a t t r i b u t e d t o any p a r t i c u l a r u n d e r t a k i n g . 

The s u l p h a t e l e v e l s i n upstream S o l l y Creek were l e s s t h a n 1 
mg/L d u r i n g a l l b u t one s a m p l i n g e v e n t s . Between May 1988 and 
e a r l y 1989, t h e l o w e r S o l l y Creek s u l p h a t e l e v e l s were 
a p p r o x i m a t e l y t h e same as t h o s e f o r upper S o l l y Creek. However, 
two r e c e n t samples c o l l e c t e d d u r i n g t h e months o f May and June 
e x h i b i t e d i n c r e a s e d s u l p h a t e l e v e l s (4.3 mg/L and 9.5 mg/L). 
N o t i n g t h a t t h e r e has been no d i s c h a r g e o f e f f l u e n t from t h e 
m o n i t o r i n g pond t o l o w e r S o l l y Creek d u r i n g t h e p e r i o d i n w h i c h t h e 
more e l e v a t e d s u l p h a t e l e v e l s o c c u r r e d , t h e r e a s o n f o r t h e 
i n c r e a s e d l e v e l s i s u n c l e a r . 

D u r i n g t h e p e r i o d from December 14, 1988 t o August 3, 1989, 
t h e l e a c h a t e from t h e waste s t o r a g e pad had a pH r a n g i n g between 
6.69 and 7.66. S u l p h a t e l e v e l s ranged from 810 mg/L t o 1,710 mg/L 
and a l k a l i n i t y ranged from 51.0 mg/L t o 119.0 mg/L. D u r i n g t h a t 
same p e r i o d , t h e pH i n t h e m o n i t o r i n g / t r e a t m e n t pond ranged 
between 6.74 and 7.34. S u l p h a t e l e v e l s ranged from 391.0 mg/L and 
1,080 mg/L and a l k a l i n i t y remained w i t h i n a range o f 18.0 mg/L t o 
61.8 mg/L. T o t a l z i n c c o n c e n t r a t i o n s d u r i n g t h e same t i m e frame 
ranged from 6.92 mg/L t o 17.2 mg/L i n t h e waste s t o r a g e pad 
l e a c h a t e samples and from 6.13 mg/L t o 10.7 mg/L i n t h e 
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m o n i t o r i n g / t r e a t m e n t pond. Most o f t h e z i n c p r e s e n t i n t h e 
m o n i t o r i n g pond i s i n t h e form o f d i s s o l v e d m e t a l . D e s p i t e 
e l e v a t e d l e v e l s o f z i n c i n t h e m o n i t o r i n g pond, t h e r e i s no s i g n 
o f any i n c r e a s e s i n t h e z i n c l e v e l s i n S o l l y Creek as a r e s u l t o f 
a c t i v i t i e s a t t h e L a r a s i t e . 

To d a t e , t h e w a t e r q u a l i t y r e s u l t s f o r t h e upstream and 
downstream S o l l y Creek m o n i t o r i n g s t a t i o n s i n d i c a t e t h a t t h e on-
s i t e a c i t i v i t i e s have had a n e g l i g i b l e i n f l u e n c e on w a t e r q u a l i t y 
i n S o l l y Creek. A l t h o u g h t h e r e i s n o t a w a t e r q u a l i t y problem a t 
t h i s t i m e , Minnova I n c . r e c o g n i z e s t h a t t h e p r e s e n c e o f a c i d 
g e n e r a t i n g m a t e r i a l o n - s i t e must be d e a l t w i t h i n a manner t o 
ensure t h a t , o v e r a l o n g - t e r m , d e g r a d a t i o n o f S o l l y Creek does not 
o c c u r . The p r o c e d u r e s t h a t Minnova I n c . propose t o implement, t o 
e l i m i n a t e p o t e n t i a l f u t u r e e n v i r o n m e n t a l c o n c e r n s , a r e a d d r e s s e d 
i n t h e f o l l o w i n g s e c t i o n . 

5. Proposed R e c l a m a t i o n 
The exposure o f p o t e n t i a l l y a c i d g e n e r a t i n g m a t e r i a l t o 

b o t h w a t e r and a i r can r e s u l t i n t h e p r o d u c t i o n o f an a c i d i c waste 
w a t e r t h a t must be d e a l t w i t h . Removal o f a i r and/or w a t e r from 
t h e a c i d g e n e r a t i n g m a t e r i a l w i l l e l i m i n a t e t h i s p o t e n t i a l problem. 
The waste and o r e p i l e s a l r e a d y s i t on an impermeable pad w h i c h i s 
u n d e r l a i n by a c i d consuming r o c k and a r e a r u n o f f from r a i n o r 
m e l t i n g snow i s c o n t r o l l e d by e x i s t i n g d i t c h e s . The r e c l a m a t i o n 
p l a n t h a t f o l l o w s t a k e s t h e s e f a c t o r s i n t o c o n s i d e r a t i o n . 

The p r o p o s e d r e c l a m a t i o n p l a n i s i l l u s t r a t e d i n F i g u r e 14 and 
e x p l a i n e d below: 

a) A 0.5m, t h i c k l a y e r o f l i m e s t o n e w h i c h w i l l p r o v i d e 
a base f o r t h e s u l p h i d e - r i c h m a t e r i a l i s p l a c e d i n 
t h e c e n t e r o f t h e pad between t h e 2 l a r g e "waste" 
p i l e s . 

b) The s u l p h i d e - r i c h o r e m a t e r i a l i s moved onto t h i s 
l i m e s t o n e l a y e r . 
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A. Current Pad Configuration 
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#2 
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#1 
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PLAN VIEW 

B. After Proposed Reclamation 
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Ciay (1m) 

EAST-WEST CROSS SECTION 
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P U N VIEW 

FIGURE 14 
SKETCH OF PROPOSED RECLAMATION 
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c) A 0.5 m t h i c k l a y e r o f l i m e s t o n e i s p l a c e d o v e r t h e 
s u l p h i d e - r i c h m a t e r i a l . 

d) The waste m a t e r i a l i s c o n t o u r e d i n such a way as t o 
c o v e r t h e l i m e s t o n e and s u l p h i d e - r i c h m a t e r i a l and 
t o encourage s u r f a c e w a t e r r u n o f f r a t h e r t h a t 
seepage. 

e) The c o n t o u r e d p i l e i s t h e n c o v e r e d w i t h 1 meter o f 
compacted c l a y m a t e r i a l w h i c h w i l l p r o v i d e an 
impermeable cap. 

f ) M a i n t a i n t h e m o n i t o r i n g / t r e a t m e n t pond i n good 
w o r k i n g o r d e r t o d e a l w i t h t h e p o r t a l w a t e r . 

Minnova f e e l s t h a t t h e proposed r e c l a m a t i o n work w i l l n o t 
a l l o w w a t e r t o come i n c o n t a c t w i t h t h e s u l p h i d e - r i c h o r e and 
c o n s e q u e n t l y , no a c i d g e n e r a t i o n w i l l o c c u r . S u b j e c t t o government 
a p p r o v a l , Minnova i s p r e p a r e d t o c a r r y out t h i s r e c l a m a t i o n work 
p r i o r t o t h e w i n t e r o f 1989 - 90. 


