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1 INTRODUCTION 

Westmin Resources L t d . ,  i n  August 1982, had installed a system o f  
surface and groundwater collection and treatment systems for  leachate and 
surface  runoff. The water was found t o  be contaminated by zinc and copper 
and d r a i n i n g  into Myra Creek. 

The present  study,  third of a series of progress reports, focuses 
on the development of the water quality  in Myra Creek as a result  o f  the 

water coll  ection system. The f i r s t  survey done in December 1982, was 
reported by Kelso and Jones (1982). The second was conducted i n  May 1983 
and pub1 i shed i n  1984 by M .  Ross. The comparison of  the water q u a l i t y  will 
be based on the second report. 

Eva1 ua t ion  of the  receiving water qual i t y  of Myra Creek will be 
reviewed i n  a future  report, once all  installation works  have  been 
compl eted. 
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2 MATERIAL AND METHODS 

Westmin Resources i s  located on Vancouver Island i n  Strathcona 
Provincial Park , southwest of Buttle Lake (Figure 1) . 

Conductivity and temperature were recorded i n  transects  across 
Myra Creek w i t h  a Hydro1 ab d i g i t a l  4041 indicator u n i t  and 4021 sonde u n i t  
a t  s i t es  above and bel ow the Westmin treatment and collection works. The 
results of this i n i t i a l  conductivity survey were then  used t o  determine 
water chemistry sampl i ng sites  (Figure 2 ) .  

Water chemistry d a t a  were co l l  ected from September 27 t o  
September 29 inclusive. Each s i t e  was  sampled i n  the morning and afternoon 
i n  order t o  determine i f  p o l l u t a n t  concentrations  varied during the day. 
For three  days, morning and afternoon, a t  each of the seven water chemistry 
sampl i n g  s i tes  , conduct iv i ty  and  temperature were recorded w i t h  the Hydro- 
l a b  u n i t  and f ield pH was recorded w i t h  a Metrohm pH meter, Model E588. 
Rep1 i cated grab  sampl es were col 1 ected using a modi f i  ed version of a rep1 i - 
cated grab sampler reported by Oguss and Erlebach (1976) .  S i x ,  one 1 i t r e  
samples were collected  simultaneously a t  each s i t e  and three of these were 
i n d i v i d u a l l y  analyzed for conductivity,  turbidity,  residues and sulphates. 
Each of the remaining three, one 1 i tre  bottles were  used t o  f i l l  two 250 m l  
bottles. One 250 m l  sample was analyzed for t o t a l  metals and the  other was 
analyzed for d i  ssol ved  metal s. 

The conduct iv i ty ,  t u r b i d i t y ,  residues and sulphate sampl es were 
kept cool w i t h  ice u n t i l  analyzed. Total metal  samples of 250 m l  each  were 
preserved on s i te  w i t h  one m l  of n i t r ic  ac id .  Dissolved metal  samples of 
100 ml each  were f i l tered on s i t e  through a 0.45 micron cell u l  ose ni t ra te  
f i  1 ter  and then preserved w i t h  0.5 m l  n i t r i c  ac id .  A1 1 sampl es were 
delivered t o  the Environmental Protection Service/Department of Fisheries 
and Oceans Laboratory i n  West  Vancouver by September 30, 1983. 

For ana ly t i ca l  methods refer t o  the Environment Canada Pacific 
Region Environmental Laboratory Manual (Anon ,  1979). Laboratory conduc- 
t i v i t y  results  are  reported i n  Appendix I 1  and served only as an instrument 
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check for  the Hydro1 ab u n i t .  The Inductively Coup1 ed Argon P l  asma or ICAP 
scan, an  automated atomic emissions  spectrophotometer, which gives a read- 
ing  of twenty-six metal s, was used for the t o t a l  and dissolved metal 
analysis. I f  the  copper,  lead or cadmium readings were below the ICAP 
detection l imi t ,  the samples were rerun on the  graphite  furnace of the 
atomic absorption spectrophometer t o  o b t a i n  a lower detection limit. 

From September 27 t o  September 29 i ncl usi ve , Sirco  model # K - 7  

sampler was set  each morning t o  collect  one  sample per hour over a 24-hour 
period. On September 27 t o  29, samples from three  consecutive hours were 
combined,  mixed a n d  then spl i t  t o  provide three rep1 icate samples for t o t a l  
metal analysis. 

A grab sample was collected on September  18 along the south bank 
of s i t e  #4 t o  determine the chemical parameter responsible f o r  high 

conductivity  readings. 
Rep1 icated g rab  samples were collected from the Campbell River a t  

the Go1 d River Bridge and from the Campbell River i n  E l k  Fa1 1 s Provincial 
Park on September 29 , 1983 (Figure 3 ) .  

Flow measurwents were  performed w i t h  a Teledyne Gurley current . 

meter #622. 
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3 RESULTS 

3.1 Water Chemistry Study - September 27-30, 1983 

3.1.1 Conductivity . Conduct iv i ty  readings  increased from Stations 
1 and 2 ,  (above the mine) t o  Station 7 (Myra Falls)  near Buttle Lake (Table 
1 ) .  The values ranged from 24 uS/cm t o  212 uS/cm  on  Myra Creek d u r i n g  the 
three day survey. Most of the change i n  conductivity  occurred between 
S ta t ions  2 and  3 where the  level s rose from 24-26 uS/cm t o  77-96  uS/cm;  an 
increase of 3 t o  4 times. The second  major increase  occurred between 
Stations 4 and 5 where the  levels changed from 79-103 uS/cm to  
162-196 uS/cm respectively. The Myra Pond effluent  outlet i s  between the 
two stations where the  increases  occur. The conductivity  increase i s  5 t o  
6 times higher a t  S t a t i o n  7 (170-212 uS/cm) than a t  S t a t i o n  1 
(33-39 uS/cm). 

The September results  are 2 t o  3 times  higher than those found i n  
May 1983 (Ross 1983). 

The conductivity taken on the south bank above Myra  pond dis- 
charge shows h i g h  deviation from t h e  other  value> ~f the  stream transect. 
T h a t  Val ue coul d be i nfl  uenced by seepage from the Myra. t a i l  ings pond or a 
back eddie of the Myra pond o u t f a l l .  

3.1.2 Temperature. The temperature followed a constant  increase 
from S t a t i o n  1 t o  7 (Tab1 e 1) . The creek was 3°C t o  4°C warmer t h a n  i n  May 
1983 w i t h  temperature rang ing  from 5.1"C ( S t a t i o n  1) to  9.3"C ( S t a t i o n  7 )  
w i t h i n  the  three day survey. 

3.1.3  Residues. The non-f i l  terabl e residues were a1 ways bel ow the 
detection 1 imit of  5 mg/l (Table 2 ) .  

Filterable  residue reached peak level on the  afternoon of 
September 28 and decreased slowly, while S t a t i o n  1 increased  throughout the 
survey from 23 mg/l t o  32 mg/l. Station 7 had ,  overall ,  4 times more 
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f i l t r a t e   i n   s o l u t i o n   w i t h   v a l u e s   r a n g i n g   f r o m  97 mg/l t o  125 mg/l . The 

f i l t e r a b l e   r e s i d u e   i n c r e a s e d   s h a r p l y   a t  two p o i n t s  between S ta t i ons  2 and 
3, where t h e   L y n x   o u t f a l l   i s   l o c a t e d ,  and S ta t i ons  4 and 5, where the  Myra 

pond  discharges.  For  both  areas,  the  downstream  stat ion  doubled  the  value 

of   the  immediate  upstream  stat ion.  The l e v e l s  have  increased  s ince  the May 

1983  survey (Ross 1983)  by  1.2 t o  3.1  t imes  overa l l .  

3.1.4 Sul f a t e .  The 1 e v e l   o f   s u l   f a t e   i n c r e a s e d  above t h e   c o n t r o l  s 
a t  each s t a t i o n   d u r i n g   t h e   t h r e e  day survey and peaked on  September 28 i n  

the   a f te rnoon sampl i ng  (Tab1 e 3) . The o v e r a l l  1 evel  s a t   S t a t i o n  7 
(50.4  mg/l ) were 10 t imes  h igher   than  S ta t ion  1 (4.8  mg/l ) . The same 

p a t t e r n   o f   i n c r e a s e  as t h e   c o n d u c t i v i t y  and r e s i d u e   i s   n o t i c e d  between 
S t a t i o n  2 and 3 ( 3  t imes) ,  as  wel l  as between S ta t i ons  4 and 5 ( 3  t imes) .  

When compared with the  May 1983 o v e r a l l   r e s u l t s  (Ross  19831, a 

smal l   increase  o f  2.4 mg/l a t  S t a t i o n  1 and 38.4 mg/l a t   S t a t i o n  7, i s  

found. 

3.1.5 - PH The o v e r a l l  pH showed a d r o p   o f  0.3 pH u n i t  between 

S ta t i ons  1 and 2 (Table  4) .   There *.IS a s l i g h t  ;..,rease a t   S t a t i o n  3 o f  

0.2 pH u n i t ;  and t h e   l e v e l  was maintained  on  Myra  Creek a t   t h e  mine s i t e   a t  

t h e  6.9 l e v e l .  A t  S t a t i o n  7,  pH dropped 0.2 pH u n i t .  

The pH  was c l o s e r   t o   n e u t r a l i t y   t h a n   t h a t  seen i n   t h e  May 1983 

sampling  survey (Ross 19831,  where it was s l i g h t l y  more ac id i c .  

3.1.6 Hardness. The hardness showed the  same p a t t e r n   f l u c t u a t i o n  

as conduc t i v i t y ,   res idue  and s u l f a t e .  Peak values  were seen  on  September 
28 i n   t h e   a f t e r n o o n   ( T a b l e  5 ) .  Hardness  increased  between  Stat ion 2 and  3, 

wC t h  an o v e r a l l  mean o f  10.05 mg/l and  36.61 mg/ l   respec t ive ly .   S ta t ions  4 

and 5, w i t h  an o v e r a l l  mean o f  30.33 mg/l  and 65.27 mg/ l   respect ive ly ,  

shows a l s o   t h e   e f f e c t   o f   t h e  Myra  pond e f f l u e n t .  The September hardness 

1 evel  s are  h igher ,  compared t o  May 1983 (Ross 1983). The o v e r a l l   l e v e l s  

ranged from 8.61 t o  17.60 mg/l i n  May and 13.52 t o  70.80 mg/l i n  

September. 
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3.1.7 Copper. A t  S ta t i ons  1 and 2, the  copper 1 evel  s were  bel ow 

de tec t i on  1 imit o f  0.001 mg/l , f o r   b o t h   t o t a l  and d isso lved  (Table 6). The 

f i r s t  appearance of   detectable  copper  was found  below  the  Lynx  pond 

( S t a t i o n   3 )   w i t h  a l e v e l   o f  0.005 mg/l . A second  increase i n  t h e   t o t a l  

copper   leve l  was found  between  Stations 4 and 5 w i t h  an o v e r a l l   i n c r e a s e   o f  

0.004 mg/l, and t h i r d  one between S ta t i ons  5 and 6, with an o v e r a l l  

i n c r e a s e   o f  0.003 mg/l . An o v e r a l l   d i s s o l v e d   c o n c e n t r a t i o n   o f  0.009 mg/l 

was found a t   S t a t i o n  7. The t o t a l  copper  reading i s  0.003 t o  0.004 mg/l 

h igher  than  the  d issolved  copper.  The peak copper  values  occurred on t h e  

afternoon  sampling September 28. 

The comparison  between  grab  sample and 72 hours  sampling a t  

S t a t i o n  7 (Table 7 ) ,  d i d   n o t  show s i g n i f i c a n t   d i f f e r e n c e s .  The average 

values  ranged  from 0.008 mg/l t o  0.017 mg/l o f  t o t a l  copper. The S i r c o  

r e s u l   t s  showed more v a r i a b i l  i ty than  the May 1983 S i  r co   resu l   t s ,   w i th   coe f -  

f i c i e n t   o f   v a r i a t i o n   f r o m  7 t o  40% i n  September,  compared t o  0 t o  20% 

v a r i a t i o n   i n  May 1983 (Ross 1983). 

3.1.8 - Zinc. The average t o t a l   z i n c  1 evel  s ranged  from 1 ess  than 

0.002 t o  0.231  mg/l  (Table  8),  corresponding t o  the  increase  f rom  Stat ion 2 

t o   S t a t i o n  7 respec t i ve l y .  The t o t a l  mean zinc  level   increase,  between 

S t a t i o n  2 and 3 ,  was 13 t imes  f rom 0.003 t o  0.039 mg/l. The concent ra t ion  
o f   z inc   dec reased   to  an overa l l   average  o f  0 .CQ4 mg/l a t   S t a t i o n  4 .  The 

Myra  pond discharge  below  Stat ion 4 c o n t r i b u t e d   t o  an increased  concentra- 

t i o n   o f  0.109 mg/l o f  to ta l   z inc .   Another   inc rease  occur red  between 

S t a t i o n  5 and 6 w i t h  0.07 mg/l  augmentation o f   t he   ove ra l l   t o ta l   concen t ra -  

t i o n .  The Lynx   d ivers ion   channe l   con t r ibu t ion   to   the   inc rease was smal l ,  

w i t h  a mean v a l u e   o f  0.008 mg/ l   to ta l   z inc   concent ra t ion ,  and a standard 

d e v i   a t i o n   o f  0.003 (Keith  Ferguson,  personal  communication) . There was a 

s i g n i f i c a n t   i n c r e a s e   o f   t o t a l  and d isso lved  z inc   concent ra t ions  between 
S ta t i on  5 and 7 ( p  < 0.05). Water-contaminated i n f i l t r a t i o n   m i g h t  have 

occurred  s ince no d i r e c t   e f f l u e n t s   a r e  found  between  those  locations. The 

t a i l i n g s   l i n e   r o a d ,  made o f  waste  rock i s  suspected t o  be the   cause  o f   tha t  
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TABLE 7 MEAN TOTAL COPPER CONCENTRATIONS ( m g / l )  FROM SIRCO  SAMPLES 

COLLECTED SEPTEMBER 28 THROUGH TO SEPTEMBER 30 AT  STATION 7 

DATE 

September 27 

September 28 

September 29 

September 30 

T I M E  

0925 - 1125 

1225 - 1425 

1525 - 1725 

1825 - 2025 

2125 - 2325 
0025 - 0225 

0325 - 0525 

0625 - 0825 

0900 - 1100 

1200 - 1400 

1.500 - 1700 

1800 - 2 0 ~ 0  
2100 - 2300 

2400 - 0200 
0300 - 0500 

0600 - 0800 

0900 - 1100 

1200 - 1400 

1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 

0300 - 0500 

0600 - 0800 

- 
X 

0.009 

0.008 

0.008 

0.010 

0.010 
0.009 

0.010 

0.013 

0.009 

0.010 

0.011 

u ,012 

0.013 
0.015 

0.017 

0.014 

0.013 

0.015 

0.010 

0.012 

0.015 

0.014 

0.014 

0.014 

5 

0.003 
0.001 

0.001 

0.002 

0.002 
0.001 

0.002 

0.002 

0.002 

0.002 

0.004 

0.001 

0.001 

0.002 
0 .oo 1 

0.001 

0.001 

0.006 

0.002 
0.001 

0.002 

0.001 

0 

0 
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TABLE 9 MEAN TOTAL  ZINC  CONCENTRATIONS (mg/l) FROM SIRCO  SAMPLES 

COLLECTED  SEPTEMBER 27 THROUGH  TO  SEPTEMBER 30 AT  STATION 7 

DATE 

September 27 

September 28 

September 29 

September 30 

T I  ME 

0925 - 1125 

1225 - 1425 

1525 - 1725 

1825 - 2025 

2125 - 2325 

0025 - 0225 

0325 - 0525 

0625 - 0825 
0900 - 1100 

1200 - 1400 

1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 
0300 - 0500 

0600 - 0800 
0900 - 1100 

1200 - 1400 

1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 
0300 - 0500 

0600 - 0800 

- 
X 

0.200 

0.190 

0.204 

0.196 

0.201 

0 2 0 5  

0 2 1 3  

0 2 4 4  
0.227 

0.222 

0 2 3 6  

0.216 

0.235 
0 2 4 6  
0.249 

0 2 4 8  

0 2 2 8  

0 2 1 3  

0.211 

0.219 

0 2 4 5  
0.226 

0 2 2 3  

0.221 

5 

0.005 

0.004 

0.001 
0.003 

0.002 

0.002 

0.003 
0.043 

0.005 

0.003 

0.002 

0.004 

0.002 
0.002 
0.004 

0.001 

0.003 

0.003 

0.004 

0.001 

0.003 

0.003 

0.008 

0.002 
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e leva t i on  o f  z i n c   i n  Myra  Creek. S ta t i on  7 has 105 t imes more zinc  concen- 

t r a t i o n  o f  z inc   than  S ta t ion  1, on a d isso lved  bas is ,  and 70 more t imes on 

a t o t a l   b a s i s .  

The Si rco  cont inuous sampl i n g   r e s u l t s  showed a s i m i l a r i t y   t o   t h e  

grab  samples a t   S t a t i o n  7 e x c e p t   f o r  one va lue on September 27, a t  15:35, 

where the  Val  ue seemed t o  be 1 ower than  what woul d be  expected  (Tabl e 9)  . 
The 72 h sampl i ng pe r iod  showed concent ra t ion  a1 ways above 0.2 mg/l . 

A comparison  wi th  the  survey i n  May 1983 (Ross 1983) shows s imi -  

l a r   l e v e l s  above the   m ine   i n f l uence ;   bu t   t he   l eve l s   a t   S ta t i on  7 were 6 

t imes  greater  i n  September for   d isso lved  z inc  (0 .035  mg/ l  i n  May 1983  and 

0.209 mg/l i n  September 1983). 

3.1.9 Cadrni urn. Genera l ly  tota l  and d isso lved cadmium were equal 

t o ,   o r   l ess   t han ,  0.0005 mg/l a t  a1 1 sampl ing   s i tes   dur ing   the   th ree  day 

survey  (Table  10).  The continuous  sampling showed on ly  one ou ts tand ing  

va lue on the   morn ing   o f  September 27 w i t h  0.018 mg/l , and a standard  devia- 

t i o n  o f  0.0009 (Table 11). 

3.1.10 - Lead. The lead  leve ' i  J t  the  Myra C, eek t r ansec ts  was gener- 

a l l y  be low  the  detect ion 1 imit (Table  12) .  Some rep1  icates,  however showed 

l e v e l s  o f  0.005 o r  0.009 mg/l  which  increased  the  average. The apparent 

change i n  1 ead 1 evel  i n   t h e  September  29-30,  1983 cont inuous sampl i ng a t  

S ta t i on  7 was due t o   t h e  change i n   t h e   d e t e c t i o n  limit (Table  13) .  The low  

leve l   de tec t i on   ana lys i s  was n o t  done a t   t h e   l a b o r a t o r y .  
The September 1 evel  showed no increase  over  May 1983 resu l  ts 

f Ross 1983). 

3.1.11  Aluminum. The leve ls   ranged  f rom  less   than 0.05 mg/l t o  

0.08 mg/l  (Tabl e 14).  Level s above the   de tec t i on  1 imit were f i r s t  encoun- 

t e r e d   a t   S t a t i o n  5. The maximum va r ia t i on   f o r   t he   con t inous   samp l ing  

pe r iod  was 0.06 mg/l  (Table  15).  There was no discrepancy  between  the 

t ransec t   mon i to r i ng  and continuous  sampling  values a t   S t a t i o n  7. 
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TABLE 11 MEAN TOTAL  CADMIUM  CONCENTRATIONS (mg/ l )  FROM SIRCO  SAMPLES 

COLLECTED SEPTEMBER 27 THROUGH  TO SEPTEMBER 30 AT  STATION 7 

DATE 

September 27 

September 28 

September 28 

September 29 

September 30 

T I M E  

0925 - 1125 
1225 - 1425 

1525 - 1725 

1825 - 2025 

2125 - 2325 

0025 - 0225 

0325 - 0525 

0625 - 0825 

0900 - 1100 

1200 - 1400 
1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 
0300 - 0500 

0600 - 0800 
0900 - 1100 

1200 - 1400 

1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 

0300 - 0500 

0600 - 0800 

R 

0.018 
0.0006 

< 0.0005 

< 0.0005 

< 0.0005 

< 0.0005 

< 0.0005 

0.0005 

0.0006 
< 0.0005 

< 0.0005 
< 0.0005 

< 0.0005 

< 0.0005 
< 0.0005 

< 0.0005 

0.0006 
< 0.0005 

0.0005 

< 0.0005 

< 0.0005 

< 0.0005 

0.0005 

0.0006 

5 

0.0009 
0.0003 

0.000 1 
0 

0.0001 

0 

0.0001 

0.0002 

0.0001 

0 
0 

0 
0 
0.0001 
0 .ooo 1 

0.0002 

0 
0.0002 

0.0004 

0 

0 
0.0002 

0.0002 

0.0001 
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TABLE 13 MEAN TOTAL  LEAD  CONCENTRATIONS (mg/ l )  FROM SIRCO  SAMPLES 

COLLECTED SEPTEMBER 27 THROUGH TO SEPTEMBER 30 AT STATION 7 

DATE 

September 27 

September 28 

September 28 

September 29 

September 30 

t 

" 

c 

TIME 

0925 - 1125 
1225 - 1425 
1525 - 1725 
1825 - 2025 
2125 - 2325 
0025 - 0225 
0325 - 0525 
0625 - 0825 
0900 - 1100 
I200 - 1400 
1500 - 17-3 

1800 - 2000 
2100 - 2300 
2400 - 0200 
0300 - 0500 
0600 - 0800 
0900 - 1100 
1200 - 1400 
1500 - 1700 
1800 - 2000 
2100 - 2300 
2400 - 0200 
0300 - 0500 
0600 - 0800 

- 
X 

0.001 
0.001 
0.001 
0.001 
0.001 

< 0.001 
0.001 
0.001 
0.001 

< 0.001 
.. 4.901 
< 0.001 
< 0.001 
0.002 

< 0.001 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 
< 0.02 

< 0.02 

< 0.02 

5 

0.001 

0 

0 
0 
0 . O O l  

0 

0 
0 
0.001 

0 
0 
0 
0 
0.002 
0 
0 
0 
0 

0 
0 

0 

0 

0 

0 
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TABLE 15 MEAN TOTAL  ALUMINUM  CONCENTRATIONS ( m g / l )  FROM SIRCO  SAMPLES 

COLLECTED SEPTEMBER 27 THROUGH TO SEPTEMBER 30 AT  STATION 7 

DATE 

September 27 

September 28 

September 28 

September 29 

September 30 

TIME 

0925 - 1125 

1225 - 1425 
1525 - 1725 

1825 - 2025 
2125 - 2325 

0025 - 0225 

0325 - 0525 

0625 - 0825 

0900 - 1100 

1200 - 1400 

1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 
0300 - 0500 

0600 - 0800 
0900 - 1100 

1200 - 1400 
1500 - 1700 

1800 - 2000 
2100 - 2300 

2400 - 0200 
0300 - 0500 

0600 - 0800 

- 
X 

0.05 
0.06 

0.06 

0.06 

0.06 

0.06 

0.06 
0.08 

0.07 

0.07 

0.11 

0.07 

0.08 

0.08 
0.07 

0.09 

0.07 

0.07 

0.07 

0.06 

0.08 

0.08 

0.08 

0.08 

5 

0 

0.01 
0.01 

0.01 

0.01 

0.01 

0 -01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.01 

0.01 
0.01 

0.01 
0.01 

0 
0.01 
0.01 

0.01 

0.01 

0.01 

0.01 
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TABLE 17 MEAN TOTAL  IRON  CONCENTRATIONS (mg/l) FROM SIRCO  SAMPLES 

COLLECTED SEPTEMBER 27 THROUGH TO SEPTEMBER 30 AT  STATION 7 

TIME 

0925 - 1125 

1225 - 1425 

1525 - 1725 

1825 - 2025 
2125 - 2325 
0025 - 0225 

0325 - 0525 

0625 - 0825 

0900 - 1100 

1200 - 1400 

1500 - 1700 

1800 - 2U2G 

2100 - 2300 

2400 - 0200 

0300 - 0500 

0600 - 0800 

0900 - 1100 

1200 - 1400 
1500 - 1700 

1800 - 2000 

2100 - 2300 

2400 - 0200 

0300 - 0500 

0600 - 0800 

+ 

" 

c 

X 
- 

0.015 

0.020 

0.039 

0.014 

0 2 1 7  
0.018 

0.025 

0.026 

0.024 

0.030 

0.022 

3.021 

0.018 

0.018 

0.014 

< 0.005 

< 0.005 

0.018 
< 0.005 

< 0.005 

< 0.005 
< 0.005 

< 0.005 

< 0.005 

-L 

" 

i 

5 

0.002 

0.006 

0.035 

0.001 

0.342 
0.004 
0.012 

0.001 

0.009 

0.014 

0.004 
0.001 

0.001 
0.001 

0.019 

0 
0 

0.027 

0 
0 

0 
0 

0 

0 
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3.1.12 I r o n .  Average values  ranged  from 0.005 t o  0.117 mg/l o f  

t o t a l   i r o n ,  and 1 ess than 0.005 mg/l t o  0.067 mg/l o f   d i s s o l v e d   i r o n  (Tab1 e 

16) . The s tandard   dev ia t i on   o f   t he   t o ta l   i r on   va lue  was high. The o v e r a l l  
c o e f f i c i e n t  o f  var iat ion  ranged  f rom 0 t o  187%. The t o t a l   i r o n   i s  4 t imes 

grea ter  a t  S ta t i on  7 than a t  S t a t i o n  1. The ma jo r   i nc rease   o f   i r on  can  be 

found  between  Stations 2 and 3, as we l l  as S ta t ions  4 and 5. On September 

28, a t  7:OO p.m. a t   S t a t i o n  7, a h igh   va lue   o f  0.117 mg/l t o t a l   i r o n  was 

found i n   t h e  sampl ing  t ransect,   but   not  on the  continuous  sampling  (Table 

17). The o v e r a l l  May r e s u l t s  have  an  even h i g h e r   c o e f f i c i e n t   o f   v a r i a t i o n  

which makes the  compar ison  less  re1  iab le .  

3.1.13 Copper, Zinc and  Sul fa te   Loading i n  Myra  Creek. The September 

f l o w   o f  Myra  Creek was 3 t imes  less  than what was found i n  May 1983. 
Natu ra l   l oad ings   o f  heavy  metal a t   S t a t i o n  2 were very  low. The 

actual   loading  cannot  be  calculated  correct ly  because  the  concentrat ions 

were of ten  be low  the  detect ion 1 imit (Table 18). 
The creek  loading  of   copper,   z inc and s u l   f a t e   a t   S t a t i o n  3 are 

a1 1 less  than  average  values  calculated i n  May 1983. A t  S t a t i o n  5 the  

1 oading o f  d i   sso l  ved z inc  had  changed  from 4.68 kg/day i n  May t o  an average 

o f  18.16 kg/day i n  September. The s u l f a t e   l o a d i n g   i n  May  was 5620 kg/day 

and i n  September 8531 kglday. A t  S ta t i on  7, the  average  zinc  loading was 
2.0 times more than what was seen i n  May 1983, w i t h  a load ing  v a l u e  o f  

41.14 kg/day o f   d isso lved  z inc .  
The average s u l f a t e   l o a d i n g  was 10,202 kg/day i n  September as 

compared t o  6902 kglday i n  May, an increase o f  3,300 kg/day o f   s u l f a t e .  It 

seems t h a t  seepage and/or  drainage  between  Stat ion 7 and S ta t i on  5 was 

responsib le  f o r  t ha t   i nc rease .  

3.2 Addi t iona l  Sampl i ng  Si tes 

3.2.1 South Bank o f   S t a t i o n  4 .  The comparison o f   the   sou th  bank 

grab sample w i th   t he   o the r   t ransec t  sample a t   t h e  same s ta t i on   revea ls  
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higher 1 evel s for  sul fa te ,   f i l terable   res idues,  hardness and conductivity 
(Table 19) .  All the  other  parameters taken on the south bank d i d  not 
d i f fe r  from the  average  value of S t a t i o n  4 .  

3.2.2 Campbell River a t  Go1 d River  Bridge and Campbell River i n  E l k  
Fa1 1 s Provi  nci a1 Park. For  most of the chemical parameters, 

the  concentrations were reduced from Gold River  Bridge t o  E l k  Falls 
Provincial Park,  except for dissolved iron where the  concentration  rose 
from 0.007 mg/l t o  0.018 mg/l (Table 201. 

The  Gold River  Bridge zinc  level s were h i g h  w i t h  0.036 and 
0.032 mg/l for the t o t a l  and d i  ssol ved values  respectively. A t  E l k  Fa1 7 s 
Park, which i s  approximately 75 km downstream o f  Myra F a l l  s after  the  r iver 
passes t h r o u g h  a ser ies  of 1 akes,  the  zinc 1 evel was 0.026 and 0.022 mg/l 
for  total  and dissolved  concentrations. Neverthel ess,  the  level s were 
reduced compared t o  May 1983 (Ross 1983). 
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TABLE 19 CHEMICAL MEASUREMENTS FROM A SINGLE GRAB SAMPLE  COLLECTED ON 

THE SOUTH BANK OF STATION 4 ON SEPTEMBER 28,  1983 

PARAMETER 

pH ( r e l a t i v e   u n i t s )  

T u r b i   d i  t y  (FTU 

Conduct iv i ty   (1   ab)  (umhos/cm) 

C o n d u c t i v i t y   ( f i e l d )  (umhos/cm) 

F i l   t e r a b l  e Residues 
Non-Fi 1 t e r a b l  e Residues 

Total  Residues 

Sul  phates 

Tota l  Copper 

D i  ssol ved Copper 

To ta l   Z inc  

D i  ssol ved  Zinc 

Tota l  Cadmi urn 

D i  ssol  ved Cadmi um 

Total  Lead 

Dissolved  Lead 

Tota l  A1 umi num 

D i  ssol  ved A1 umi num 

T o t a l   I r o n  

D i  ssol ved I r o n  

Hardness Ca, Mg 

Total  Hardness 

7 .O 
< 0.1 

128 8 25°C 
147 8 7.9OC 

86 
< 5  

86 

32.8 
0.005 

0.005 

0.019 

0.02 1 

< 0.0005 
< 0.0005 
< 0.001 ’ 

< 0.001 
< 0.05 

< 0.05 

0.005 

0.007 

49 .o 
49.2 

*All u n i t s  mg/l  except where ind ica ted   o therw ise .  
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TABLE 20 CHEMICAL PARAMETERS FROM REPLICATED GRAB SAMPLES I N  THE 

CAMPBELL RIVER ON SEPTEMBER 29, 1983 

PARAMETERS* 

pH ( r e l a t i v e   u n i t s )  

T u r b i   d i  ty (FTU 

C o n d u c t i v i t y   ( l a b )  

(umhos/crn) 

F i  1 t e r a b l  e Residues 

Non-Fi 1 t e r a b l  e Residues 

Total  Residues 

Sul  phates 

Tota l  Copper 

D i  ssol ved  Copper 

Tota l   Z inc 

D i  ssol  ved  Zinc 
Tota l  Cadmi um 

D i  ssol ved Cadm 

Tota l  Lead 

Dissolved Lead 
Tota l  A1 umi num 

i um 

D i  ssol  ved A1 umi num 

T o t a l   I r o n  

D i  ssol ved I r o n  

Hardness Ca,  Mg 

Total  Hardness 

AT GOLD RIVER  BRIDGE 

- 
X 

7.1 

< 0.1 

52.4 

38.3 

< 5  
38.3 

4.5  
0.005 

0.002 

0.036 

0.032 

< 0.0005 
< 0.0005 

0.001 

< 0.001 
< 0.05 

< 0.05 

0.016 

0.007 

24.2 

24.4 

S 

- 
0 

0 

2.9 

0 

2.9 

0.3 

0.007 

0.001 
0.006 

0.002 

0 
0 
0 

0 

0 

0 
0.006 

0.001 

0.3 

0.3 

I N  ELK FALLS 
PROVINCIAL PARK 

- 
X 

7.1 
< 0.1 

46.9 

28.7 

< 5  
28.7 

4 .O 
0.002 

< 0.001 

0.026 

0.022 

< 0.0005 
< 0.0005 
< 0.001 

< 0.001 
< 0.05 

< 0.05 

0.112 

0.018 

21.2 

21.4 

5 

- 
0 

0 

2.1 
0 

2.1 
0.3 

0.001 

0 

0.002 

0 

0 
0 
0 

0 
0 

0 

0.128 
0 

0.1 

0.1 

*All parameters i n  mg/ l   unless  otherwise  indicated. 
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4 .O SUMMARY AND CONCLUSIONS 

A pa t te rn   o f   conduc t i v i t y   ove r   t he   t h ree  day survey emerged. The 

f i rs t   inc rease  occur red   be low  the   Lynx  pond discharge and the  second below 

the  Myra Pond discharge. These increases  are  re f lected  by an i n c r e a s e   i n  

total   residues,  sul fates,   hardness,  copper and z inc.  
Copper  and z inc  were the   on l y   two   s ign i f i can t  heavy  metal s 

present i n   t h e   w a t e r   o f  Myra Creek.  Levels  of   total   copper and z i n c   a t  

S ta t i on  7 i nc reased   to  0.013 mg/l  and 0.213 mg/ l   respect ive ly  due t o   s u r -  

f a c e   r u n o f f ,   e f f l u e n t  and 1 eachate  from  the wase r o c k   s i t e .   S i g n i f i c a n t  

increases  between  Stat ions 5 and 7 suggest  contaminated  water i n f i l t r a t i o n  

which was e s p e c i a l l y   h i g h   i n   z i n c .  
Concentrations  of  chemical  parameters were somewhat s i m i l a r   o r  

h igher  than  those  revealed by a survey i n  May 1983, b u t   t h e   f l o w   r a t e  was 

s m a l l e r   i n  September  1983. The l o a d i n g   o f   z i n c  and su l   fa tes  were the   on ly  

two  parameters  found t o  be s i g n i f i c a n t l y   h i g h e r  i n  September  1983, w i t h  an 

average, a t   S t a t i o n  7 o f  41.9 kg/day and  10,202 kg lday,   respect ive ly .  The 

t o t a l  copper  load was l e s s  i n  September with an average o f  1.5 kg/day 

compared t o  May 1983 w i t h  2.9 kg/da;. 

S i g n i f i c a n t  1 eve1 s o f   z i n c   c o u l d  be d e t e c t e d   a t   t h e  Go1 d R iver  

Bridge  and Campbell R iver  i n  E lk  Fa1 1 s Provinc ia l   Park.  

It seems t h a t   t h e   c o l l e c t i o n  system o f   s u r f a c e  and groundwater on 

the   m ine   s i t e  i s  no t  100% ef fect ive.   There was s t i l l  a s i g n i f i c a n t   i m p a c t  

f rom  z inc and s u l   f a t e   i n  Myra  Creek below  the pumphouse du r ing   t ha t   l ow  

f l  ow per iod.  
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APPENDIX I 

METAL  CONCENTRATIONS IN MYRA CREEK 

September 27-29, 1983 
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TABLE 1 HEAVY METALS THAT WERE BELOW THE DETECTION LIMIT  (mg/l) FOR 

THE MORNING AND AFTERNOON OF SEPTEMBER 27, 28 AND 29, 1983 AT 

SEVEN MYRA CREEK STATIONS 

METAL 

Arsenic 

Bery l  1 i urn 

Cobal t  

Chromi urn 

Molybdenum 

Nicke l  

Phosphorus 

Antimony 
Sel eni  um 

T i n  

Vanadi um 

DETECTION LIMIT 

0.05 
0.001 

0.005 

0.005 

0.005 
0.02 
0.05 

0.05 

0.05 

0.01 

0.01 
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