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ABSTRACT 

The  Environmental Protection Service conducted a monitoring program 
in October, 1985 t o  determine whether the relocation o f  the groundwater 
collection system a t  Westmin had resulted i n  improvement in Myra  Creek water 
qual i ty .  Very h i g h  heavy  metal concentrations were  found in the creek during 
a h i g h  ra infa l l  period (October 22 t o  October 24, 1985). Seepages  from the 
tailings  line road, b u i l t  w i t h  waste rock, were characterized and recognized 
as a major contributor t o  the heavy  metal loading i n  Myra Creek. 
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RESUME 

Le Service de Protection de 1 'Envi  ronnement a conduit un  programne 
de surveillance en octobre 1985, pour determiner si l a  relocation du systeme 
de collecte des  eaux souterraines b l a  companie  Westmin, s 'est  suivi d'une 
am61 ioration de 1 a qual i t 6  de 1 'eau  dans le  rui sseau Myra. De tres hautes 
concentrations de metaux lourds  furent  identifiees dans le ruisseau  durant 
de fortes  precipitations (22 octobre au 24 octobre 1985). Des suintements 
provenants d 'une route construite de r6sidus  miniers ont et6 caracterises  et 
reconnus come des contributeurs majeurs au chargement le d t a u x  lourds dans 
le ruisseau Myra. 
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1 INTRODUCTION 

In August, 1985, Westmin Resources Ltd., situated on Vancouver 
Is1 and i n  Strathcona Park (Figure 11, completed the expansion of the surface 
and groundwater collection and treatment system for leachate and surface 
runoff. The extension of the tailings pond area was necessary due t o  the 
increased processing capacity of the mine. 

The present study, fourth of a series of progress reports, focussed 
on the assessment of the water quali ty i n  FZyra Creek as a result of the mine 
effluent  discharges, groundwater  seepages and surface runoff. The f i r s t  
survey  done i n  December, 1982, was reported by Kel so and Jones, 1983. The 
second  was conducted i n  May, 1983 and pub1 ished by Ross and Jones, 1983, 
while the survey i n  September, 1983 was reported by Godin e t  a1 . (1985) .  

The survey consisted of three sampling days (October 22 t o  
October 24, 1985) during s igni f icant  precipitation. Seven stations along 
Myra  Creek  were  sampled for heavy metals and immediates, road seepages and 
temporal variation a t  S t a t ion  7 (M2) were analysed. 
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2 MATERIAL AND METHODS 
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Water chemistry data were collected from  October 24 t o  October 25, 
1985. Seven sampl i n g  sites (Figure 2 )  were  sampled i n  trip1 icate, once a 
day, for water chemistry. Conductivity and temperature were recorded w i t h  a 
Hydrolab d i g i t a l  4041 indicator u n i t  and 4021 sonde u n i t .  S ix ,  one 1 i t re  
samples (the sample bottles were rinsed three times) were collected 
simultaneously a t  each site. Three l i t res  of the water were transferred t o  
separate one litre  bottles and analysed for conductivity,  turbidity, to t a l  
residue,  non-filterable  residue,  sulfate, a l k a l i n i t y ,  acidity, pH and 
hardness (referred t o  as "imnediate analysis"). The remaining  water was 
placed i n  three acid washed 100 m l  bottles for t o t a l  metals and three ac id  
washed 250 m l  bottles  for dissolved metals. The filtration of dissolved 
metals was performed the same day i n  Campbell  River away from potential 
contamination from the mine s i te ,  w i t h  a 0.45 micron cellulose  nitrate  filter 
and placed i n  acid washed 100 m l  polyethylene bottles. 

Grab  samples  were taken from seepages along the 01 d t a i l  ings 1 ine 
road (Figure 3)  for  total and dissolved metals and imnediates. No 
replication was taken due t o  the suspected h i g h  concentration of the 
elements. Flows  from the seepages were taken when possible using an 
electronic  current meter  (Marsh-McBirney Model 201 Portable Water Current 
Meter). 

A Sirco model #MK-7 automatic sampler was set a t  S t a t ion  7 (M2)  t o  
col 1 ect one  sample  per hour over a 24 hour period. Samples  from three 
consecutive hours were  combined,  mixed and divided t o  provide three  replicate 
samples for t o t a l  metal analysis. 

Rep1 icated grab  samples  were collected from the Campbell  River a t  
the Go1 d River  Bridge and the E l k  Fa1 1 s Provincial Park on October 25,  1985 
(Figure 4 ) .  

A1 1 metal  samples  were preserved w i t h  0.5 m l  of HNO3 and shipped t o  
the Environmental Protection  Service Laboratory i n  West  Vancouver.  The 
Inductively Coupled Argon P1 asma ( ICAP) was  used for the t o t a l  and dissolved 
metal analysis and gave results  for 26 metals. Copper, lead and cadmium were 
rerun on the graphite furnace of the atomic absorption spectrophotometer t o  
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FIGURE 4 LOCATION OF CAMPBELL  RIVER SITES 
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obtain a lower detection limit i f  the ICAP reading was below detection limit. 
For analytical methods detai ls   refer   to   the Environment Canada Pacific Region 
Environmental Laboratory Manual (Anon, 1979) 

Comparisons between metal s on a spatial   basis were performed u s i n g  
the  Student 's   t- test  on log  transformed  data. The comparison between dates 
were carried  out using a paired comparison test  and verify the deviation from 
zero. 
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3 RESULTS AND DISCUSSION 

3.1 Water Chemistry  Results 
The resu l ts   o f   the   water   chemis t ry   mon i to r ing  program  are 

sumnarized  here  while a l l  data  can  be  found i n  the  Appendices.  Appendix I 
f nc l  udes receiving  water  data i n  Myra  Creek; Appendix I I conta ins  the  o l  d 
t a i l i n g s   l i n e   r o a d  seepages  and Appendix 111 contains  the  continuous  sampler 
data a t   S t a t i o n  7 (M2) i n  Myra  Creek. 

3.1.1 A1 umi num. The t o t a l  aluminum concentrat ions showed s i g n i f i c a n t  
d i f ferences  (p  < 0.05) between S ta t i on  7 and a l l  the  o ther   s ta t ions on the 
three  sampling days. There i s  about 0.20 mg/l  increase a t   S t a t i o n  7 from 
Sta t ion  6 fo r   the   th ree  days while  increases  are more gradual  from  Station 1 
t o   S t a t i o n  6 (Appendix I , Tables 1-3). The influence o f  the road seepages 
cont r ibu ted  t o  t he   e leva t i on   o f   concen t ra t i on   a t   S ta t i on  7 i n   t h e   f o r m  of 
to ta l   meta l .  The dissolved aluminum f rac t i on   m igh t  have p rec ip i t a ted  from 
the  seepage wh i le   en ter ing  Myra  Creek,  which  had a higher pH, and therefore 
measured  as t o t a l  a1  uminum. 

On October 22 and 23, 1985, the  total   values  upstream  (Stat ions 1 
and 3 )  were lower  than  the  values downstream (Stat ions 5 ,  6 and 7 ) .  The 
sources o f  aluminum i n p u t  were  from the  Myra  pond e f f luen t ,   the  Lynx 
d i v e r s i o n   d i t c h  and t h e   o l d   t a i l   i n g s  1 ine  roads seepages which a1 1 had a 
measurable  concentration o f   t o t a l  aluminum. The h igh volume o f   e f f l u e n t   i n  
the  treatment  system a t   t h e  Myra  and Lynx ponds d i d   n o t   a l l o w  enough 
r e t e n t i o n   t i m e   f o r   t h e   p r e c i p i t a t i o n   o f   a l l   t h e  aluminum hydroxide  which 
would  account fo r   t he   d i f f e rence  between dissolved and t o t a l  aluminum  values. 
The d i f fe rence between d isso lved and t o t a l  aluminum i n   t h e  Lynx d ivers ion  
d i t c h  may be explained  by  erosional  processes where water   ve loc i t ies  were 
above 400 cm/sec. 

The p o s s i b i l i t y   o f   i n p u t   f r o m   t h e   t a i l i n g s  dam and/or  waste  rock 
seepages f s  not  e l iminated  but  the  present  survey  data do no t  measure  any 
input.  

There was no d i f f e rence  between l e v e l  s o f  aluminum f o r   d i f f e r e n t  
dates ( p  > 0.05). 
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TABLE 1 SUMMARY  OF  WESTMIN RESOURCES - MYRA CREEK MINE EFFLUENT QUALITY 
- OCTOBER 22, 1985* 

PARAMETER** 

PH 
NO3-N 

T. SO4 
NH3-N 

N FR 
TR 
T. Alk.  
T. Hardness 

Bioassay 
D. As 

Cd 
cu 
N i  
Pb 
Zn 
A1 
Fe 
Mn 

T. AS 
Cd 
cu 
N i  
Pb 
Zn 
A1 
Fe 
Mn 

F1 ow 

LYNX POND 

10.2 
6.5 
414 

410 
17 

1100 

601 
90.5 

NT 
< 0.05 
< 0.002 
< 0.005 
< 0.02 

0.07 
0.033 
0.07 
0.008 
0.012 

< 0.05 
0.004 
0.293 

< 0.02 
0.18 
0.697 
0.34 
0.557 
0.032 

71 .O 

CULVERT 
NO. 1 

7.1 
- 
- 

44 
< 5  
130 - 
93.5 

- 
c 0.05 
< 0.002 

0.008 
< 0.02 
< 0.02 

0.17 
< 0.05 

0.011 
0.025 

< 0.05 
0.003 
0.014 

< 0.02 
< 0.02 

0.232 
0.12 
0.082 
0.032 

61.3 

CULVERT 
NO. 2 

6.6 
- 
- 

56 
< 5  
120 - 
89.9 

- 
< 0.05 

0.003 
0.091 

< 0.02 
< 0.02 

1.01 
< 0.05 

0.012 
0.08 

< 0.05 
0.006 
0.142 

< 0.02 
< 0.02 

1.32 
0.13 
0.194 
0.117 

92.0 

MY RA 
PONDS 

9.1 
1.15 
0.257 

530 
< 5  
990 
22.7 

683 

NT 
< 0.05 

0.003 
< 0.005 
< 0.02 
< 0.02 

0.047 
0.09 
0.009 
0.556 

< 0.05 
0.015 
0.125 

< 0.02 
< 0.02 

2.4 
0.28 
0.184 
1 .o 

367 

LY N x 
DIVERSION 

7.8 
- 
- 

1 
< 5  
40 

- 
42.5 

- 
< 0.05 
< 0.002 
< 0.005 
< 0.02 
< 0.02 

0.005 
< 0.05 
< 0.005 

0.004 

< 0.05 
0.002 

< 0.005 
< 0.02 
< 0.02 

0.004 
0.09 
0.047 
0.005 

- 

*Results  provided  by K.  Ferguson (EPS) 
**Units  are mg/l except pH - pH units;  bioassay - NT - non-toxic (Rainbow 

t r o u t  96 h-LT50 on 100% ef f luen t ) ;   f low - l /sec.  
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TABLE 2 SUMMARY OF WESTMIN  RESOURCES - MYRA CREEK MINE EFFLUENT  QUALITY 

PARAMETER** 

PH 
NO3-N 

T. SO4 
NH3-N 

NFR 
TR 
T. A l k .  
T. Hardness 

Bioassay 
D.  As 

Cd 
cu 
Ni 
Pb 
Zn 
A1 
Fe 
Mn 

T. As 
Cd 
cu 
Ni 
Pb 
Zn 
A1 
Fe 
Mn 

F1 ow 

= OCTOBER 23, 1985* 

LYNX POND 

10.6 
6.43 
3.8 

370 
< 5  
120 

546 
61.9 

NT 
< 0.05 
< 0.002 
< 0.005 
< 0.02 

0.1 
0.065 

< 0.05 
0.007 

< 0.001 

< 0.05 
0.004 
0.024 

< 0.02 
0.16 
0.878 
0.13 
0.143 
0.038 

trickle 

CULVERT 
NO. 1 

7 -6 - 
- 

510 
7 

900 

637 
- 

- 
< 0.05 
< 0.002 

0.007 
< 0.02 
< 0.02 

0.039 
0.11 
0.009 
0.004 

< 0.05 
0.008 
0 056 

< 0.02 
< 0.02 

1.09 
0.26 
0.213 . 534 

44.7 

CULVERT 
NO. 2 

7 *O - 
- 

43 
< 5  
120 - 
89.2 

- 
< 0.05 

0.008 
0 169 

< 0.02 
0.02 
1.65 

< 0.05 
0.01 
0 . 154 

< 0.05 
0.007 
0.177 

< 0.02 
< 0.02 

1.67 
0.18 
0.14 
0.177 

36.8 

MYRA 
PONDS 

9.7 
1.27 
0.257 

590 
16 

1100 

710 
17.2 

NT 
< 0.05 

0.01 
< 0.051 
< 0.02 

0.04 
1.16 
0.24 
0.142 
0.79 

< 0.05 
0.011 
0 -04 

< 0.02 
< 0.02 

1.13 
0.23 
0.165 
0.797 

36 1 

LYNX 
DIVERSION 

7 -8  - 
- 
2 

< 5  
52 

47.6 
- 

- 
< 0.05 
< 0.002 
< 0.005 
< 0.02 
< 0.02 

< 0.05: 
< 0.005 
0 .OM 

0.004 

< 0.05 
< 0.002 
< 0.005 
< 0.02 
< 0.02 

0 . 004 
0.11 
0.123 
0.003 

387 

*Results provided by K. Ferguson (EPS) 
**Units  are mg/l except pH - pH units; bioassay - NT - non-toxic (Rainbow 

trout 96 h-LT50 on 100% effluent) ; f l o w  - 1 /sec. 
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TABLE 3 SUMMARY OF WESTMIN RESOURCES - MYRA CREEK MINE EFFLUENT  QUALITY 
- OCTOBER 24, 1985* 

PARAMETER** 

PH 
NO3-N 

T. SO4 
NFR 
TR 
T. Alk. 
T. Hardness 

Bioassay 
D. As 

Cd 
cu 
N i  
Pb 
Zn 
A1 
Fe 
Mn 

T. As 
Cd 
cu 
N i  
Pb 
Zn 
A1 
Fe 
Mn 

NH3-N 

F1 ow 

LYNX POND 

9.4 
6.51 
4 

36 0 
15 

793 

64 2 
- 

NT 
< 0.05 
< 0.002 
< 0.005 
< 0.02 

0.38 
0.014 

< 0.05 
< 0.005 
< 0.001 

< 0.05 
< 0.002 

0.111 
< 0.02 

0.07 
0.58 
0.25 
0.163 
0.025 

29.2 

CULVERT 
NO. 1 

7.6 
- 
- 

43 
9 

134 

101 
- 

- 
< 0.05 
< 0.002 

0.031 
< 0.02 
< 0.02 

0.209 

0.019 
0.042 

< 0.05 

< 0.05 
0.002 
0.069 

< 0.02 
< 0.02 

0.458 
0.11 
0.162 
0 . 079 

56.4 

CULVERT 
NO. 2 

7 .O 
- 
- 

33 
6 

87 

71 
- 

- 
< 0.05 

0.004 
0.146 

< 0.02 
< 0.02 

0.985 
< 0.05 

0.01 
0.093 

< 0.05 
0.008 
0.307 

< 0.02 
< 0.02 

2.15 
0.72 
0.696 
0.202 

49.7 

MYRA 
PONDS 

7.1 
1.19 
0 -37 

410 
15 

929 

575 
- 

NT 
< 0.05 

0.013 
0.007 

< 0.02 
< 0.02 

0.741 
< 0.05 

0.008 
1.28 

< 0.05 
0.029 
0.227 

< 0.02 
< 0.04 

5.11 
0.59 
0.412 
2.53 

36 1 

LYNX 
DIVERSION 

8.0 - 
- 

1 
< 5  
55 - 
47.7 

- 
< 0.05 
< 0.002 
< 0.005 
< 0.02 
< 0.02 

0.004 
< 0.05 
< 0.005 

0.0111 

< 0.05 
< 0.002 
< 0.005 
< 0.02 
< 0.02 
< 0.002 

0.12 
0.099 
0 .OO7 

383 

*Resul ts   prov ided  by K. Ferguson (EPS) 
**Units  are  mg/l  except pH - pH units;  bioassay - NT - non-toxic (Rainbow 

trout 96 h-LTSO on 100% ef f luent )  ; f low - l /sec.  
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3.1.2 Cal c i  urn. Calc ium  concentrat ions  ( to ta l  and d isso lved)  were 
s i g n i f i c a n t l y   d i f f e r e n t   ( p  < 0.05) from s t a t i o n   t o   s t a t i o n  on  October 24, 
1985 and a t  most s ta t i ons  on  October 22 and 23. Changes were  expected 
because o f  the  Lynx e f f l uen t  1 ime treatment. The most d r a s t i c  change was 
between Stat ions 3 and 4 where a t   t h e   l a t t e r   t h e  Lynx e f f l u e n t  was presumed 
completely  mixed  with  Wra Creek. No changes i n  water  qual i t y  were  found 
between  surveys as observed  by  calcium  concentrations. 

3.1.3 C a h f  urn . Cadmium concentrat ions were not   detectable above the 
Myra  pond e f f l uen t   bo th  days b u t  were de tec tab le   a t   S ta t ions  5, 6 and  7 w i t h  
average total   concentrat ions  ranging  f rom 0.0009 t o  0.0037 mg/l  (Appendix I ,  
Tab1 es 1-3). The leve l   found  a t   S ta t ions  5, 6 and  7  were  above the 
recommended sur face   f reshwater   qua l i t y   ob jec t ive   fo r   p ro tec t ion   o f   the  
aquatic l i f e   s e t  a t  0.0002 mg/l t o t a l  cadmium (Reeder, 1979). The e f f l u e n t  
from  the Myra  ponds  and the seepages f r o m   t h e   o l d   t a i l i n g s   l i n e   r o a d  were 5 
t o  40 times more concentrated  than  the  creek and con t r i bu ted   t o   e leva t i ng   t he  
l e v e l   o f  cadmium above the   sa fe   l eve l   f o r   aqua t i c   l i f e ,  

The  cadmium 7-day LC50 f o r  rainbow t r o u t  was 0.008 t o  0.01 mg/l 
(Ba l l ,  1967)  and the 10-day LC50  was s i m i l a r   a t  0.005 t o  0.007 mg/l . While 
Roch and McCarter  (1984)  found tha t   t he  combined t o x i c i t y   o f   m e t a l   i n  a 
m i x t u r e   o f  cadmium, copper and z i n c   ( r a t i o  1:20:400 respec t ive ly )  was 
add i t i ve   to   ra inbow  t rou t ,  Eaton  (1973)  determined t h a t  a l e tha l   t h resho ld  
was a t t a i n e d   i n  a mix ture when each metal was p resen t   a t  a concent ra t ion   o f  
0.4 o r   l e s s   o f   i t s   i n d i v i d u a l   l e t h a l   t h r e s h o l d   f o r   f a t h e a d  minnows. 

The reduc t ion   o r   e l im ina t ion  o f  these  sources o f  contaminant  should 
have a d e f i n i t e   p o s i t i v e   e f f e c t  on the cadmium l e v e l  i n  Myra  Creek. 

3.1.4 Copper. Fur ther  changes i n  w a t e r   q u a l i t y   i n  Myra  Creek  were 
evident  by  the  increase  of   copper  concentrat ions as one progressed 
downstream. The t o t a l  and dissolved  values were s i m i l a r  between Stat ions 1 
and 2 and a lso  between Stat ions 3  and 4 (Appendix I ,  Tables 1-3). Dissolved 
copper was n o t   d i f f e r e n t  between Stat ions 5, 6 and 7 on October 22, whi le  on 
October 23 the  concentrat ion ,a t  Sta t ion  6 was s ign i f i can t l y   l ess   t han   t he  
concent ra t ion   a t   S ta t ion  5 (p  < 0.05). This  reduct ion may be r e l a t e d   t o   t h e  
i n p u t   o f  uncontaminated  stormwater  from  the  Lynx  diversion  ditch  (Table  3) . 
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The copper concentration i n  Myra Creek on October 22 and 23 were 
similar b u t  both were significantly  higher ( p  < 0.05) than  reported  for 
October 24, 1985, for both total  and dissolved. The reduction of runoff,  as 
expressed as  a  reduction  of flow i n  Myra Creek (Table 41, caused an increase 
i n  concentration i n  the creek on October 24, 1985, as the concentrations i n  
the seepages d i d  not  significantly change. The concentration levels of total  
copper varied from  0.011 mg/l t o  0.459 mg/l a t   S t a t ion  7 (M2) (Appendix 111, 
Tab1 e 1-3) dur ing  the  three days of  sampl ing .  

The 96 h-LC50 f o r  rainbow trout  was 0.102 mgCu/l i n  water  of 
hardness of 200 mg/l as CaC03 (Fogel s and Sprague, 1977 ) and w i t h  s teel  head 
trout  the 96 h-LC50  was 0.020 mg/l i n  water  hardness of 20-25 mg/l as CaC03. 
In  a mixture there seemed to  be a more t h a n  addi t ive  effect   a t  higher 
concentrations of zinc and copper b u t  w i t h  low concentrations,  the  toxicity 
appeared t o  be 1  ess  additive (Demayo  and Taylor, 1981 1. 

3,1.5 - Iron No specific  pattern of iron  distribution  along Myra 
Creek was evident. However, differences were evident  for  total and dissolved 
iron which ranged from 0.019 t o  0.757 mg/l and 0.006 t o  0.137 mg/l 
respectively. 

The creek  conditions changed on October 24 from the previous day 
for   total  iron b u t  not for  dissolved  iron;  the  concentrations were 
significantly reduced ( p  < 0.05) by  an average of 0.13 mg/l. 

3.1.6 Manganese. On October 22, the  total and dissolved manganese 
levels were s ignif icant ly   different  between Stations 2 and 3; Station 2 
levels  being  higher  than  Station 3. This decrease of manganese concentration 
could  not be explained by the  present set of data. 

On October 23, total  manganese concentrations a t   S t a t ion  7 were 
found to  be significantly reduced ( p  < 0.05) when compared to  Stations 5 and 
6. The introduction of manganese  from the Myra  pond effluent could  only 
explain 14% of the  concentration a t  Station  5, based on di lut ion  ra t io  of 
1:30 i n  the creek a t   t h a t  time. The other  source of total  manganese may be 
from groundwater seepages  (Table 5)  
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TABLE 4 FLOW MEASURMENTS I N  MYRA CREEK AND THE OLD TAILINGS LINE ROAD 
SEEPAGE (1 /sec . 1 

STAT1 ON 
~ 

Myra  Creek S ta t i on  7 

Old  Tai l ings  L ine Road 1 
2 
5 
7 
8 
9 
10 
12 
13 
14 
15 
16 
17 

OCTOBER 22 OCTOBER 23 

12 200 

14 
24 
3.8 
4.8 

14.9 
20.0 
0.5 
9.0 
2.2 

13.1 
54.1 

0.2 
3.7 

OCTOBER 24 

3.1.7 Strontium. On October 23, the same d i s t r i b u t i o n   p a t t e r n  was 
found f o r   t o t a l   s t r o n t i u m  as w i t h   t o t a l  manganese described above. I n  
addi t ion  the  creek 's   s t ront ium  concentrat ions were found t o  be s i g n i f i c a n t l y  
h igher   (p  < 0.05) on October 23 (ranging  from 0.012 t o  0.167 mg/l t o t a l   S r )  
than on October 22 and  October 24, 1985 (ranging  from 0.009 t o  0.05 mg/l 
t o t a l   S r )  . 
3.108 - Zinc . On October 22,  1985, a l l   l e v e l s  were s i g n i f i c a n t l y  
d i f f e r e n t  ( p  < 0.05) between s t a t i o n s   f o r   t o t a l   z i n c .  On October 23 and 24 
both  Stat ions 1 and 2 were s i m i l a r   w h i l e   s i g n i f i c a n t   d i f f e r e n c e s  were found 
between the other   s ta t ions.  The to ta l   z i nc   concen t ra t i on   i n   t he   c reek   va r ies  
between < 0.022 mg/l t o  0.711 mg/l. 

Seepages f rom  the   t a i l i ngs  dam and/or  waste  rock were suspected a t  
S ta t ion  5. The t o t a l  and dissolved  values were very  s imi lar   suggest ing no 
pa r t i cu la te   f rac t i on ;   cons i s ten t   w i th  a groundwater rather  than  surface  water 
source. The d i l u t i o n   o f  Myra ' e f f l uen t  , w i t h  a concentrat ion  of 1.16 mg Zn/l 
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and  a f l o w   o f  0.361 m3/sec.  on October 23, i n  Myra  Creek  would r e s u l t   i n  a 
concentrat ion  o f   about  0.11 mg/ l   d isso lved  z inc  a t   Stat ion 5, based on a 
d i l u t i o n   r a t i o   o f  1:30 i n  the  creek. The actual   value was 0.493 mg/l of 
dissolved  z inc i n   t h e  creek a t   t h a t   s t a t i o n .  Thermography recordings showed 
the Myra e f f luen t   run   t igh t ly   a long  the   eas t   s ide   o f   the   c reek  (K.  Ferguson, 
personal  communication 1 

Water concentrat ions sampled i n   t h e  creek a t  pumphouse No. 4 a t   t h e  
end o f   t h e  ground  water c o l l e c t i o n  system, showed an average o f  3.5 mg/l and 
2.5 mg/l t o t a l  and dissolved  zinc,  which were h igh enough t o   s u b s t a n t i a l l y  
increase  the  concentrat ions  a t   Stat ion 5 (Table 5 ) .  

On October 23, 1985 a t   S t a t i o n s  4 and 5, t h e   t o t a l   z i n c   d i d   n o t  
show the same range o f  values (0.35 t o  0.501 mg/l and 0.487 t o  0.497 mg/l 
respec t ive ly )   bu t  were n o t   s i g n i f i c a n t l y   d i f f e r e n t  due to   the  h igh  s tandard 
deviat ion.  

Seepages f r o m   t h e   t a i l i n g s   l i n e   r o a d   s i g n i f i c a n t l y   i n c r e a s e d   t h e  
z inc   concent ra t ions   a t   S ta t ion  7 (0.769 mg/l total   z inc  average).  The h igh 
concentrations  found i n   t h e  seepages, the  prox imi ty   o f   the  source and the 
sampling  point and the  high  background  level  (Stat ion 6, 0.446 mg/l t o t a l  
zinc  average) were a l l   f a c t o r s   c o n t r i b u t i n g   t o   t h e   e l e v a t i o n   o f   z i n c   a t  
S ta t ion  7. 

According to   B rad ley  and  Sprague (1985) the  acute  le tha l  i t y  of 
d i sso l ved   z inc   f o r   ra inbow  t rou t   i s  0.11 mg/l a t  a pH 6.97 (+ - .l), a l k a l i n i t y  
10.8 mg/l  as CaC03 (+ - 1.0) and  hardness o f  31.3 mg/l as CaC03 (+ - 1.9). 

Temporal v a r i a t i o n   o f   z i n c  i n  the  creek was d i f f e r e n t   f o r   t h e   t o t a l  
and dissolved  zinc.  Total  values i n  the  creek on October 23 were 
s i g n i f i c a n t l y   h i g h e r   t h a n   t h a t  on October 22 (0.13 mg/l  higher i n  average) 
and 24  (0.28 mg/l h igher i n  average)  while  the  di  ssol ved  values were higher 
(0.14 mg/l on average) on October 22 compared t o  October 24. 

3.1.9 pH. On October 22 no s ign i f i can t   d i f f e rences   o f  pH between the 
s ta t ions   cou ld  be  found. However, t he   l eve l  s on t h a t  day were the  lowest 
found i n  the  creek  during  the  survey and  were s i g n i f i c a n t l y   d i f f e r e n t   f r o m  
the two other  days. On October 23 Sta t ion  1 pH  was higher (7.1) than  most 
stat ions  except 2  and 6 wh i l e   S ta t i on  7 was s i g n i f i c a n t l y   l o w e r   t h a n   a l l  
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stations.  On October 24, Stations 4 and 7 were significantly lower from 
Stations 1, 2 and 6. The general pH of the  creek was rising during those 
three days of sampling from a range of 6.4 t o  6.9; t o  6.9 t o  7.2 (Appendix I ,  
Tabl es 1-3 

3.1.10 Alkalinity.  Stations 4 and 6 were significantly  higher  than 
a1 1 other  stations on October 22,  (13.3 t o  13.7 mg/l compared to  8.6 t o  
11.8 m g / l ) ,  while on October 23 Station 1 was significantly lower (12.5 mg/l) 
than a l l   s ta t ions  (13.3 t o  16.5 mg/l) .  The alkalinity  level seemed to  
increase a t  Station 5 and decrease by Station 7 a1 ong the  creek. On Thursday 
October 24 only  Station 6 (18 mg/l ) was significantly  higher  than a1 1 other 
s ta t ions.   Alkal ini ty   a t   Stat ion 7 (15.7 t o  16.5 m g / l )  was higher  than 
Stations 1 and 2 (11.0 t o  12.5 mg/l).  The alkalinity  level i n  Myra Creek was 
significantly lower on October 22 than on October 23 and 24. 

3.1.11 Conductivity.  Laboratory  conductivity 1 evel s were simi 1 a r  
between Station 1 and Stations 2 and 3 (ranging from 24.0 t o  40.5 umhos/cm), 
as well as between Stations 5, 6 and 7 (ranging between 68 and 105 umhos/cm) 
on October 22. On October 23 and October 24 the conductivity 1 evel s were 
d i f f e r e n t  w i t h  a l l   s t a t i o n s ,   i n c r e a s i n g  downstream  (from 28 .5  t o  
140.0 umhos/cm) , w i t h  Station 5 being higher (143.7 umhos/cm) than  Stations 6 
and 7 on October 23, and Station 4 being similar to   a l l   s ta t ions  due to  the 
h i g h  var iabi l i ty  o f  the  laboratory measurement on October 24. No significant 
difference was found between the  three days  surveyed. 

3.2 Tailing Line Road 
Resul t s  can be found i n  Appendix I I ,  Tabl e s  1-3. Figure 3 shows 

the relative  position  of  seepages from the  old  tai l ings  l ine road. 
Appendix 11, Table 1 gives an idea of the seepage metal concentrations on 
October 22. Total  copper concentrations range from 0.584 to  84.7 mg/l ;  total  
zinc from 2.760 t o  301.0 mg/l. 

Appendix I I ,  Table 2 shows the metal concentrations and 1 oadings on 
October 23. The major contributor o f  metal t o  Myra Creek is sample Si te  #15 

I 

m 
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w i t h  23 kg/day o f   t o t a l  copper and 291.6 kg/day o f   t o t a l   z i n c .  A r e p l i c a t e d  
sample was taken on October 24 a t   S i t e  #15 eva lua t i ng   t he   va r iab i l i t y  o f  the 
total   metal   s ince  only  grab samples were taken a t   t he   o the r   s i t es .  The 
c o e f f i c i e n t   o f   v a r i a t i o n  range from 0% t o  8% f o r   a l l   m e t a l s  analysed. 

The metal  loading on Thursday  October 24 was greatly  reduced 
compared to   the  prev ious day as both  the  metal  concentrations and f l ow  were 
1 ower. 

The t o t a l  copper and zinc  concentrat ions  permitted by the  Metal 
Mining  Liquid  Ef f luent  Regulat ions (MMLER) i n  a  grab sample i s  0.6 mg/l and 
1.0 mg/l respect ively.  Only 3 samples were be low  the   s t ipu la ted   leve l   fo r  
copper whi le  a1 1 o f  them were above 1 mg/l f o r   z i n c  

TABLE 6 COMPARISON BETWEEN THE SAMPLES TAKEN WITH THE 
AND CONTINUOUS SAMPLER AT STATION 7 (M2) 

REPLICATE  SAMPLER 

October 22 cu 0.123 0.001 0.138 0.004 
9:oo Zn 0.827 0.002 0.711 0.006 

October 23 cu 0.113 0.001 0.131 0.001 
9:30 Zn 0.872 0.006 0.769 0.002 

October 24 cu 0.040 0.018 0.079 0.008 
1o:oo Zn 0.203 0.169 0.526 0.012 

PROBABILITY OF 
EQUALITY 

x = 95% 

p < 0.05 
p < 0.05 

3.3 Continuous  Samplers 
Rep1 i ca ted  samples were (Appendix I ,  Tables 1-3) compared t o   t h e  

samples taken a t   t h e  same time  from  the  continuous  sampler  (Appendix 111, 
Tab1 es 1-3). This comparison between Si rco samples  and rep1  icated samples a t  
S ta t i on  7 (M2) revea led   s ign i f i can t   d i f f e rences   f o r   t o ta l  copper and zinc 
(Table 6) .  The t o t a l  copper  concentration was higher i n  the   rep l i ca ted  
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samples. On the  contrary,  the  reverse was true for zinc on October 22 and 
23. These variations tend t o  indicate  different plumes of heavy  metal 
concentration may occur i n  the creek. 

Some variations d u r i n g  the day were found i n  the  concentration of 
elements from the analysis of the  Sirco samples. On October 22 , the 
concentration of calcium, magnesium and manganese  were showing an increase 
from the morning t o  the afternoon. The copper and iron were stable  for the 
f i r s t  part of the day and then decreased. All other metals were not showing 
differences dur ing  the f i r s t  18 hours of sampling. On October 24, calcium, 
magnesi um and manganese  were a1 so increasing d u r i n g  the day. A sharp drop i n  
concentration occurred a t  noon for those three metals and the  increase 
resumed shortly  after. A sharp to ta l  zinc increase was noticeable a t  
S ta t ion  7 on October 24 between 4 and 6 a.m. w i t h  a sample average of 
0.708 mg/l compared t o  an overall average of 0.354 mg/l (Appendix I I I , 
Table 3 ) .  A1 1 the other metal s were not  changing a1 1 day. 

3.4 Loadings i n  Myra Creek 
The creek discharge dur ing  the survey varied considerably on 

Tuesday  October 22 , the flow was 15,000 1 /sec. , the fol 1 owing day 
12,200 1 /sec. , and the third day 7800 1 /sec. (Table 4 ) .  These  flows  were 
recorded a t  S ta t ion  7 (M2) us ing  the staff gauge reading and converted t o  
flow rates using stage discharge curve 3 for Myra Creek as prepared by 
Norecol i n  1982. 

Table 7 presents load ing  da ta  for effluents, seepage from the old 
tailings  line' road and S ta t ion  7. Zinc loading  a t  S ta t ion  7 were 
considerably h i g h  compared t o  the previous study (Godin e t  a1 ., 1985) since 
the water treatment system is i n  operation. On the  other hand, the 
va r i ab i l i t y  of the measurements across Sta t ion  7 was not  evaluated. This 
would have  given a better evaluation of Myra Creek  metal loading.  The 
analysis of zinc loadings on October 23,  1985 showed t h a t  44.8 kg/d (6%) were 
due t o  the to t a l  effluents while the o ld  t a i l i n g s  line road contributed 
308.2 kg/d (38%).  This la t ter  i n p u t  greatly  contributed t o  the loading  a t  
S t a t ion  7. Fifty-five percent of the loading t h a t  cannot be explained by 
these  inputs suggests either a s ignif icant  contribution from the groundwater 
collection systems or a skewed distribution of the metal i n  the creek. 

Y 
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- 

October 22 

nw (VS) 
D. Zn 
T. Zn 
D. CU 
T. CU 

October23 

ncw (l/s) 
D. Zn 
T. Zn 
D. CU 
T. Cu 

OcW 24 

(VS) 
D. Zn 
T. Zn 
D. CU 
T. CU 
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LOADINGS OF SELECTED  CONTAMINANTS  TO MYRA CREEK FROM EFFLUENTS AND 
SEEPAGES (kg/d) - OCTOBER 22-24, 1985 

LYNX 
P(rJD 

71 .O 
0.20 
4.3 

< 0.03 
1.8 

Trickle 
NS 
NS 
NS 
NS 

29.2 
0.035 
1.46 

< 0.01 
0.28 

CUVERT 
No. 1 

61.3 
0.90 
1.2 
0.04 
0.07 

44.7 
0.15 
4.2 
0.03 
0.22 

56.4 
1.02 
2.23 
0.15 
0.34 

UVERT 
NO. 2 

92 .O 
8.0 
10.5 
0.72 
1.1 

36.8 
5.2 
5.3 
0.53 
0.56 

49.7 
4.23 
9.23 
0.63 
1.32 

MtRA 
m 

367 
1.5 
76.1 
0.16 
4 .O 

361 
36.2 
35.2 
1.6 
1.2 

361 
23.1 
159.4 
0.22 
7.1 

WRA 
DIMRSIOV 

385* 
0.17 
0.13 

< 0.17 
< 0.17 

307 
0.13 
0.13 

< 0.17 
< 0.17 

383 
0.13 

< 0.07 
< 0.16 
< 0.16 

+ Results fian K. Ferguson (EPS) 
* Flw assued average of October 23 and 24 - 385 l/s 

f* F m  the major seepage only (S i te  #l!$ 
ND - not siyificant 

EFFLWT 
TOTAL+ 

976.3 
0.17 
0.13 

< 0.17 
< 0.17 

829.5 
41.7 
44.8 
2.3 
2.2 

879.3 
28.5 
172.4 
1.17 
9.2 

OLD TAILINGS 
LINE RDAD 

95.9 
101.7 
306.2 
34.7 
22.8 

38.F 
48.2 
57.1 
10.5 
12 -8 

STATIUi 7 
( Is)  

fi,a 
953.4 
- 
115.3 
178.4 

12,200 
757.8 
810.2 
67.8 
137.7 

7m 
296.6 
354.6 
26.5 
53.5 
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3.5 Go1 d River Bridge and Elk  Fa1 1 s 
There i s  an improvement of the water qua l i ty  a t  the discharge of 

Buttle Lake.  The concentrations of sulfate were decreased a t  the Gold River 
Bridge and E l k  Falls (4.0 mg/l and 3.0 mg/l) compared t o  previous data (4 .5 
and 4.0 mg/l) respectively (Godin, 19851, while to ta l  zinc decrease was only 
seen a t  Elk Fa1 1 s Park (0.026 i n  1983 and 0.019 mg/l i n  1985). Copper, 
cadmium and lead levels were  unchanged. An increase i n  pH was noticed as 
well as hardness , t o t a l  a1 uminum and t o t a l  iron. 

3.6 Water Qual i ty  Retrospective 
The Environmental Protection  Service have pub1 ished  three 

progress reports on the Westmin operation. The main concerns a t  the time 
were seepages from the groundwater collection system,  seepages from the old 
t a i  1 i ngs 1 ine road and metal loadings i n  the creek. 

In December, 1982, four months after the start-up of the collection 
system, some indications of groundwater collection system seepages were 
already identified (Kelso, 1983). In May, 1983 (Ross) no detectable seepages 
from the collection system  were observed, b u t  i n  September 1983 Godin (1985) 
showed t h a t  there was s t i l l  a significant impact of the zinc concentration i n  
the creek which  was attributed to  the groundwater during t h a t  low flow 
period 

In  every progress report the indication of the tailings 1 ine road 
contamination was suggested. In December, 1982 the sampling  survey indicated 
t h a t  50% of the contamination was coming from the road. The  company 
recognized i n  the Stage I1  Submission Addendum I (1982) t h a t  the zinc loading  
i n  the  creek, after the implementation of the groundwater collection system, 
should mainly originated between  groundwater pumps and Station 7 (M2).  
Signi f icant  runoff from the tailings  line road was observed i n  May, 1983 
(Ross, 1983) and an increase i n  metal s a t  M2 was noted  due t o  the t a i  1 ings 
pipe1 i ne road runoff. In Progress Report No. 3 (Godin, 1985) definite 
increases were noticed between Stat ions 5 and 7 d u r i n g  the dry season. 

The copper and zinc loading in Myra  Creek i n  October, 1985 i s  
comparable t o  t h a t  found in April, 1982 before the collection system was on 
1 ine (Table 8)  I t  was noted t h a t  the sampl i n g  survey  occurred i n  the middle 
of a storm event b u t  such precipitation is not uncommon i n  the area, and 
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TABLE 8 TOTAL ZINC AND  COPPER  CONCENTRATIONS AND LOADINGS  AT )32 

METAL Apr. 16 

1982 

1.90 

0.217 

502.3 

57.4 

Sept. 8 

1982 

I 
I 

I 

I 
I 

I 

START- 

UP 

OF 

GROUND- 

WATER 

COLLEC- 

T I  ON 

SYSTEM 

I 
I 

I 

I 
I 

I 

Dec. 7 

1982 

0.290 

0.024 

101.5 

8.4 

May 

1983 

0.052 

0. OOf 

29.83 

2.87 

Sept. 

1983 

0.208 

0.010 

41.91 

2.08 

Spring 

1985 

I 
I 

I 

I 

I 

I 

START- 

UP 

OF 

NEW 

GROUND- 

WATER 

COLLEC- 

TION 

SYSTEM 

I 
I 

I 

I 
I 

I 

Oct. 

1985 

0.665 

0.11E 

695.4 

123.1 



- 23 - 

E 
12 

.................................................... .................................................... 

I 

lu 

z 
0 

N 

-I 

c a 
0 
I- 

Y) 

W 
K 



- 24 - 

therefore  should  not  be considered  unique.  Observations o f   t o t a l   z i n c  
concentrations on a monthly  basis a t   S t a t i o n  7 (M2)  showed a d e f i n i t e   c y c l e  
of   the  va lues  (F igure 5 )  which  correspond to   the   genera l   p rec ip i ta t ion   cyc le  
i n  the  region. It i s  therefore  suspected  that   events  l ike  the  survey i n  
October 1985 and associated  impairment o f  water   qual i ty  will occur i n  the 
fu tu re  i f  remedial  actions  are  not  taken. 
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4 CONCLUSIONS 

Very h i g h  heavy  metal concentrations were found i n  the creek  during 
this survey from  October 22 t o  October 24 , 1985. The loading  of copper and 
zinc varied from 53.5 t o  178.4 kg/d and 354.7 t o  921.5 kg/d respectively  for 
the  three sampling days a t  S t a t i o n  7 (M2). Loadings  were the highest surveyed 
since  the groundwater collection system start-up i n  September 1982. 

The sources of contaminants included the Lynx and Myra effluent, the 
old tailings road seepages and possibly groundwater collection system 
seepages. 

Seepages  from the o l d  tailings  line road were characterized and 
recognized as a major contributor t o  the heavy  metal loading i n  Myra Creek. 

However, sampling stations on the Campbell  River  showed the 
improvement on a long-term basis of the groundwater collection system  over the 
p o l l u t i o n  of the whole system. 

Future surveys  should  focus on the characterization of groundwater 
collection system seepage. Improved control of tailings pipeline road seepage, 
groundwater collection system  escapement and mine effluent should bring Myra 
Creek i n t o  an acceptable water quali ty for aquatic l i fe .  
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APPENDIX I 

R E C E I V I N G  HATER  QUALITY  DATA 

I N  MYRA CREEK 
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APPENDIX I 1  

OLD TAILINGS LINE 
ROAD SEEPAGES 
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APPENDIX I11 
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CONTINUOUS  SAMPLER DATA 
AT STATION 7 (M2) IN 

MYRA CREEK 
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