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ABSTRACT

The Environmental Protection Service conducted a monitoring program
in October, 1985 to determine whether the relocation of the groundwater
collection system at Westmin had resulted in improvement in Myra Creek water
quality. Very high heavy metal concentrations were found in the creek during
a high rainfall period (October 22 to October 24, 1985). Seepages from the
tailings line road, built with waste rock, were characterized and recognized
as a major contributor to the heavy metal loading in Myra Creek.



- i -

RESUME

Le Service de Protection de 1'Environnement a conduit un programme
de surveillance en octobre 1985, pour déterminer si la relocation du systéme
de collecte des eaux souterraines & la companie Westmin, s'est suivi d'une
amélioration de la qualité de 1'eau dans le ruisseau Myra. De trés hautes
concentrations de métaux lourds furent identifiées dans le ruisseau durant
de fortes précipitations (22 octobre au 24 octobre 1985). Des suintements
provenants d'une route construite de résidus miniers ont &té caracterisés et
reconnus comme des contributeurs majeurs au chargement le métaux lourds dans
le ruisseau Myra.
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1 INTRODUCTION

In August, 1985, Westmin Resources Ltd., situated on Vancouver
Island in Strathcona Park (Figure 1), 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 to the
increased processing capacity of the mine.

The present study, fourth of a series of progress reports, focussed
on the assessment of the water quality in Myra Creek as a result of the mine
effluent discharges, groundwater seepages and surface runoff. The first
survey done in December, 1982, was reported by Kelso and Jones, 1983. The
second was conducted in May, 1983 and published by Ross and Jones, 1983,
while the survey in September, 1983 was reported by Godin et al. (1985).

The survey consisted of three sampling days (October 22 to
October 24, 1985) during significant precipitation. Seven stations along
Myra Creek were sampled for heavy metals and immediates, road seepages and
temporal variation at Station 7 (M2) were analysed.
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2 MATERIAL AND METHODS

Water chemistry data were collected from October 24 to October 25,
1985. Seven sampling sites (Figure 2) were sampled in triplicate, once a
day, for water chemistry. Conductivity and temperature were recorded with a
Hydrolab digital 4041 indicator unit and 4021 sonde unit. Six, one litre
samples (the sample bottles were rinsed three times) were collected
simultaneously at each site. Three litres of the water were transferred to
separate one litre bottles and analysed for conductivity, turbidity, total
residue, non-filterable residue, sulfate, alkalinity, acidity, pH and
hardness (referred to as "immediate analysis"). The remaining water was
placed in three acid washed 100 ml bottles for total metals and three acid
washed 250 ml bottles for dissolved metals. The filtration of dissolved
metals was performed the same day in Campbell River away from potential
contamination from the mine site, with a 0.45 micron cellulose nitrate filter
and placed in acid washed 100 ml polyethylene bottles.

Grab samples were taken from seepages along the old tailings line
road (Figure 3) for total and dissolved metals and immediates. No
replication was taken due to the suspected high 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 at Station 7 (M2) to
collect one sample per hour over a 24 hour period. Samples from three
consecutive hours were combined, mixed and divided to provide three replicate
samples for total metal analysis.

Replicated grab samples were collected from the Campbell River at
the Gold River Bridge and the Elk Falls Provincial Park on October 25, 1985
(Figure 4).

A1l metal samples were preserved with 0.5 ml of HNO3 and shipped to
the Environmental Protection Service Laboratory in West Vancouver. The
Inductively Coupled Argon Plasma (ICAP) was used for the total 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 to
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obtain a lower detection 1imit if the ICAP reading was below detection limit.
For analytical methods details refer to the Environment Canada Pacific Region
Environmental Laboratory Manual (Anon, 1979).

Comparisons between metals on a spatial basis were performed using
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.



3 RESULTS AND DISCUSSION

3.1 Water Chemistry Results

The results of the water chemistry monitoring program are
summarized here while all data can be found in the Appendices. Appendix I
includes receiving water data in Myra Creek; Appendix Il contains the old
tailings line road seepages and Appendix III contains the continuous sampler

data at Station 7 (M2) in Myra Creek.

3.1.1 Aluminum. The total aluminum concentrations showed significant
differences {p < 0.05) between Station 7 and all the other stations on the
three sampling days. There is about 0.20 mg/1 increase at Station 7 from
Station 6 for the three days while increases are more gradual from Station 1
to Station 6 (Appendix I, Tables 1-3). The influence of the road seepages
contributed to the elevation of concentration at Station 7 in the form of
total metal. The dissolved aluminum fraction might have precipitated from
the seepage while entering Myra Creek, which had a higher pH, and therefore
measured as total aluminum.

On October 22 and 23, 1985, the total values upstream (Stations 1
and 3) were lower than the values downstream (Stations 5, 6 and 7). The
sources of aluminum input were from the Myra pond effluent, the Lynx
diversion ditch and the old tailings line roads seepages which all had a
measurable concentration of total aluminum. The high volume of effluent in
the treatment system at the Myra and Lynx ponds did not allow enough
retention time for the precipitation of all the aluminum hydroxide which
would account for the difference between dissolved and total aluminum values.
The difference between dissolved and total aluminum in the Lynx diversion
ditch may be explained by erosional processes where water velocities were
above 400 cm/sec.

The possibility of input from the tailings dam and/or waste rock
seepages is not eliminated but the present survey data do not measure any
input.

There was no difference between levels of aluminum for different
dates (p > 0.05). -



TABLE 1 SUMMARY OF WESTMIN RESOURCES - MYRA CREEK MINE EFFLUENT QUALITY
- OCTOBER 22, 1985*
PARAMETER** LYNX POND CULVERT CULVERT MYRA LYNX
NO. 1 NO. 2 PONDS DIVERSION

pH 10.2 7.1 6.6 9.1 7.8

NO3-N 6.5 - - 1.15 -

NH3-N 4.4 - - 0.257 -

T. SOg 410 44 56 530 1

NFR 17 <5 <5 <5 <5

TR 1100 130 120 990 40

T. Alk. 90.5 - - 22.7 -

T. Hardness 601 93.5 89.9 683 42.5

Bioassay NT - - NT -

D. As < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cd < 0.002 < 0.002 0.003 0.003 < 0.002
Cu < 0.005 0.008 0.091 0.005 < 0.005
Ni < 0.02 < 0.02 < 0.02 0.02 < 0.02
Pb 0.07 < 0.02 < 0.02 0.02 < 0.02
Zn 0.033 0.17 1.01 0.047 0.005
Al 0.07 < 0.05 < 0.05 0.09 < 0.05
Fe 0.008 0.011 0.012 0.009 0.005
Mn 0.012 0.025 0.08 0.556 0.004

T. As < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cd 0.004 0.003 0.006 0.015 0.002
Cu 0.293 0.014 0.142 0.125 0.005
Ni < 0.02 < 0.02 < 0.02 0.02 0.02
Pb 0.18 < 0.02 < 0.02 0.02 0.02
Zn 0.697 0.232 1.32 2.4 0.004
Al 0.34 0.12 0.13 0.28 0.09
Fe 0.557 0.082 0.194 0.184 0.047
Mn 0.032 0.032 0.117 1.0 0.005

Flow 71.0 61.3 92.0 367 -

*Results provided by K. Ferguson (EPS)

**nits are mg/1 except pH - pH units; bioassay -
trout 96 h-LTgg on 100% effluent); flow - 1/sec.

NT - non-toxic (Rainbow
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TABLE 2 SUMMARY OF WESTMIN RESOURCES - MYRA CREEK MINE EFFLUENT QUALITY
- OCTOBER 23, 1985*
PARAMETER** LYNX POND CULVERT CULVERT MYRA LYNX
NO. 1 NO. 2 PONDS DIVERSION

pH 10.6 7.6 7.0 9.7 7.8

NO3-N 6.43 - - 1.27 -

NH3-N 3.8 - - 0.257 -

T. S04 370 510 43 590 2

NFR <5 7 <5 16 <5

TR 120 900 120 1100 52

T. Alk. 61.9 - - 17.2 -

T. Hardness 546 637 89.2 710 47.6

Bioassay NT - - NT -

D. As < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cd < 0.002 < 0.002 0.008 0.01 < 0.002
Cu < 0.005 0.007 0.169 < 0.051 < 0.005
Ni < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
Pb 0.1 < 0.02 0.02 0.04 < 0.02
Zn 0.065 0.039 1.65 1.16 0.004
Al < 0.05 0.11 < 0.05 0.24 < 0.05
Fe 0.007 0.009 0.01 0.142 < 0.005
Mn < 0.001 0.004 0.154 0.79 0.002

T. As < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cd 0.004 0.008 0.007 0.011 < 0.002
Cu 0.024 0.056 0.177 0.04 < 0.005
Ni < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
Pb 0.16 < 0.02 < 0.02 < 0.02 < 0.02
In 0.878 1.09 1.67 1.13 0.004
Al 0.13 0.26 0.18 0.23 0.11
Fe 0.143 0.213 0.14 0.165 0.123
Mn 0.038 .534 0.177 0.797 0.003

Flow trickle 44.7 36.8 361 387

*Results provided by K. Ferguson (EPS)

**Units are mg/1 except pH - pH units; bioassay - NT - non-toxic (Rainbow
trout 96 h-LTgg on 100% effluent); flow - 1/sec.




-1 -

TABLE 3 SUMMARY OF WESTMIN RESOURCES - MYRA CREEK MINE EFFLUENT QUALITY
- OCTOBER 24, 1985*
PARAMETER** LYNX POND CULVERT CULVERT MYRA LYNX
NO. 1 NO. 2 PONDS DIVERSION

pH 9.4 7.6 7.0 7.1 8.0

NO3-N 6.51 - - 1.19 -

NH3-N 4 - - 0.37 -

T. S04 360 43 33 410 1

NFR 15 9 6 15 <5

TR 793 134 87 929 55

T. Alk. - - - - -

T. Hardness 642 101 71 575 47.7

Bioassay NT - - NT -

D. As < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cd < 0.002 < 0.002 0.004 0.013 < 0.002
Cu < 0.005 0.031 0.146 0.007 < 0.005
Ni < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
Pb 0.38 < 0.02 < 0.02 < 0.02 < 0.02
In 0.014 0.209 0.985 0.741 0.004
Al < 0.05 < 0.05 < 0.05 < 0.05 0.05
Fe < 0.005 0.019 0.01 0.008 0.005
Mn < 0.001 0.042 0.093 1.28 0.001

T. As < 0.05 < 0.05 < 0.05 < 0.05 < 0.05
Cd < 0.002 0.002 0.008 0.029 < 0.002
Cu 0.111 0.069 0.307 0.227 < 0.005
Ni < 0.02 < 0.02 < 0.02 < 0.02 < 0.02
Pb 0.07 < 0.02 < 0.02 < 0.04 < 0.02
In 0.58 0.458 2.15 5.11 < 0.002
Al 0.25 0.11 0.72 0.59 0.12
Fe 0.163 0.162 0.696 0.412 0.099
Mn 0.025 0.079 0.202 2.53 0.007

Flow 29.2 56.4 49.7 361 383

*Results provided by K. Ferguson (EPS)

**Units are mg/1 except pH - pH units; bioassay - NT - non-toxic (Rainbow
trout 96 h-LT50 on 100% effluent); flow - 1/sec.




- 12 -

3.1.2 Calcium. Calcium concentrations (total and dissolved) were
significantly different (p < 0.05) from station to station on October 24,
1985 and at most stations on October 22 and 23. Changes were expected
because of the Lynx effluent 1ime treatment. The most drastic change was
between Stations 3 and 4 where at the latter the Lynx effluent was presumed
completely mixed with Myra Creek. No changes in water quality were found
between surveys as observed by calcium concentrations.

3.1.3 Cadmfum. Cadmium concentrations were not detectable above the
Myra pond effluent both days but were detectable at Stations 5, 6 and 7 with
average total concentrations ranging from 0.0009 to 0.0037 mg/1 (Appendix I,
Tables 1-3). The level found at Stations 5, 6 and 7 were above the
recommended surface freshwater quality objective for protection of the
aquatic life set at 0.0002 mg/1 total cadmium (Reeder, 1979). The effluent
from the Myra ponds and the seepages from the old tailings line road were 5
to 40 times more concentrated than the creek and contributed to elevating the
level of cadmium above the safe level for aquatic life.

The cadmium 7-day LCgg for rainbow trout was 0.008 to 0.01 mg/1
(Ball, 1967) and the 10-day LCgp was similar at 0.005 to 0.007 mg/1. While
Roch and McCarter (1984) found that the combined toxicity of metal in a
mixture of cadmium, copper and zinc (ratio 1:20:400 respectively) was
additive to rainbow trout, Eaton (1973) determined that a lethal threshold
was attained in a mixture when each metal was present at a concentration of
0.4 or less of its individual lethal threshold for fathead minnows.

The reduction or elimination of these sources of contaminant should
have a definite positive effect on the cadmium level in Myra Creek.

3.1.4 Copper. Further changes in water quality in Myra Creek were
evident by the 1increase of copper concentrations as one progressed
downstream. The total and dissolved values were similar between Stations 1
and 2 and also between Stations 3 and 4 (Appendix I, Tables 1-3). Dissolved
copper was not different between Stations 5, 6 and 7 on October 22, while on
October 23 the concentration at Station 6 was significantly less than the
concentration at Station 5 (p < 0.05). This reduction may be related to the
input of uncontaminated stormwater from the Lynx diversion ditch (Table 3).
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The copper concentration in Myra Creek on October 22 and 23 were
similar but 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 in Myra Creek (Table 4), caused an increase
in concentration in the creek on October 24, 1985, as the concentrations in
the seepages did not significantly change. The concentration levels of total
copper varied from 0.011 mg/1 to 0.459 mg/1 at Station 7 (M2) (Appendix III,
Table 1-3) during the three days of sampling.

The 96 h-LCsg for rainbow trout was 0.102 mgCu/1 in water of
hardness of 200 mg/1 as CaCO3 (Fogels and Sprague, 1977) and with steelhead
trout the 96 h-LCgsg was 0.020 mg/1 in water hardness of 20-25 mg/1 as CaCO3.
In a mixture there seemed to be a more than additive effect at higher
concentrations of zinc and copper but with low concentrations, the toxicity
appeared to be less additive (Demayo and Taylor, 1981).

3.1.5 Iron. No specific pattern of dron distribution along Myra
Creek was evident. However, differences were evident for total and dissolved
iron which ranged from 0.019 to 0.757 mg/1 and 0.006 to 0.137 wmg/]
respectively.

The creek conditions changed on October 24 from the previous day
for total iron but not for dissolved iron; the concentrations were
significantly reduced (p < 0.05) by an average of 0.13 mg/1.

3.1.6 Manganese. On October 22, the total and dissolved manganese
levels were significantly 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 at Station 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 at Station 5, based on dilution ratio of
1:30 in the creek at that time. The other source of total manganese may be
from groundwater seepages (Table 5).
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TABLE 4 FLOW MEASURMENTS IN MYRA CREEK AND THE OLD TAILINGS LINE ROAD
SEEPAGE (1/sec.)

STATION OCTOBER 22 OCTOBER 23 OCTOBER 24

Myra Creek Station 7 15 000 12 200 7 800
01d Tailings Line Road 1 - 14 -

2 - 24 -

5 - 308 -

7 - 4.8 -

8 - 14.9 -

9 - 20.0 -

10 - 0.5 -

12 - 9.0 -

13 - 2.2 -

14 - 13.1 -

15 - 54.1 38.8

16 - 3.7 -

17 - 0.2 -

3.1.7 Strontium. On October 23, the same distribution pattern was

found for total strontium as with total manganese described above. In
addition the creek's strontium concentrations were found to be significantly
higher (p < 0.05) on October 23 (ranging from 0.012 to 0.167 mg/1 total Sr)
than on October 22 and October 24, 1985 (ranging from 0.009 to 0.05 mg/1
total Sr).

3.1.8 Zinc. On October 22, 1985, all levels were significantly
different (p < 0.05) between stations for total zinc. On October 23 and 24
both Stations 1 and 2 were similar while significant differences were found
between the other stations. The total zinc concentration in the creek varies
between < 0.022 mg/1 to 0.711 mg/1.

Seepages from the tailings dam and/or waste rock were suspected at
Station 5. The total and dissolved values were very similar suggesting no
particulate fraction; consistent with a groundwater rather than surface water
source. The dilution of Myra ‘effluent, with a concentration of 1.16 mg Zn/1
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and a flow of 0.361 m3/sec. on October 23, in Myra Creek would result in a
concentration of about 0.11 mg/1 dissolved zinc at Station 5, based on a
dilution ratio of 1:30 in the creek. The actual value was 0.493 mg/1 of
dissolved zinc in the creek at that station. Thermography recordings showed
the Myra effluent run tightly along the east side of the creek (K. Ferguson,
personal communication).

Water concentrations sampled in the creek at pumphouse No. 4 at the
end of the ground water collection system, showed an average of 3.5 mg/1 and
2.5 mg/1 total and dissolved zinc, which were high enough to substantially
increase the concentrations at Station 5 (Table 5).

On October 23, 1985 at Stations 4 and 5, the total zinc did not
show the same range of values (0.35 to 0.501 mg/1 and 0.487 to 0.497 mg/1
respectively) but were not significantly different due to the high standard
deviation.

Seepages from the tailings line road significantly increased the
zinc concentrations at Station 7 (0.769 mg/1 total zinc average). The high
concentrations found in the seepages, the proximity of the source and the
sampling point and the high background level (Station 6, 0.446 mg/1 total
zinc average) were all factors contributing to the elevation of zinc at
Station 7.

According to Bradley and Sprague (1985) the acute lethality of
dissolved zinc for rainbow trout is 0.11 mg/1 at a pH 6.97 (+ .1), alkalinity
10.8 mg/1 as CaCO3 (+ 1.0) and hardness of 31.3 mg/1 as CaCO3 (+ 1.9).

Temporal variation of zinc in the creek was different for the total
and dissolved zinc. Total values in the creek on October 23 were
significantly higher than that on October 22 (0.13 mg/1 higher in average)
and 24 (0.28 mg/1 higher in average) while the dissolved values were higher
(0.14 mg/1 on average) on October 22 compared to October 24.

3.1.9 pH. On October 22 no significant differences of pH between the
stations could be found. However, the levels on that day were the lowest
found in the creek during the survey and were significantly different from
the two other days. On October 23 Station 1 pH was higher (7.1) than most
stations except 2 and 6 while Station 7 was significantly lower than all
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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 to 6.9; to 6.9 to 7.2 (Appendix I,

Tables 1-3).

3.1.10 Alkalinity. Stations 4 and 6 were significantly higher than
all other stations on October 22, (13.3 to 13.7 mg/1 compared to 8.6 to
11.8 mg/1), while on October 23 Station 1 was significantly lower (12.5 mg/1)
than all stations (13.3 to 16.5 mg/1). The alkalinity level seemed to
increase at Station 5 and decrease by Station 7 along the creek. On Thursday
October 24 only Station 6 (18 mg/1) was significantly higher than all other
stations. Alkalinity at Station 7 (15.7 to 16.5 mg/1) was higher than
Stations 1 and 2 (11.0 to 12.5 mg/1). The alkalinity level in Myra Creek was
significantly lower on October 22 than on October 23 and 24.

3.1.11 Conductivity. Laboratory conductivity levels were similar
between Station 1 and Stations 2 and 3 (ranging from 24.0 to 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 levels were
different with all stations, increasing downstream (from 28.5 to
140.0 umhos/cm), with Station 5 being higher (143.7 umhos/cm) than Stations 6
and 7 on October 23, and Station 4 being similar to all stations due to the
high variability of the laboratory measurement on October 24. No significant
difference was found between the three days surveyed.

3.2 Tailing Line Road

Results can be found in Appendix II, Tables 1-3. Figure 3 shows
the relative position of seepages from the old tailings 1line road.
Appendix II, Table 1 gives an idea of the seepage metal concentrations on
October 22. Total copper concentrations range from 0.584 to 84.7 mg/1; total
zinc from 2.760 to 301.0 mg/1.

Appendix II, Table 2 shows the metal concentrations and loadings on
October 23. The major contributor of metal to Myra Creek is sample Site #15

&
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with 23 kg/day of total copper and 291.6 kg/day of total zinc. A replicated
sample was taken on October 24 at Site #15 evaluating the variability of the
total metal since only grab samples were taken at the other sites. The
coefficient of variation range from 0% to 8% for all metals analysed.

The metal loading on Thursday October 24 was greatly reduced
compared to the previous day as both the metal concentrations and flow were
Tower.

The total copper and zinc concentrations permitted by the Metal
Mining Liquid Effluent Regulations (MMLER) in a grab sample is 0.6 mg/1 and
1.0 mg/1 respectively. Only 3 samples were below the stipulated Tevel for
copper while all of them were above 1 mg/1 for zinc.

TABLE 6 COMPARISON BETWEEN THE SAMPLES TAKEN WITH THE REPLICATE SAMPLER
AND CONTINUOUS SAMPLER AT STATION 7 (M2)
DATE METAL CONTINUOUS REPLICATE PROBABILITY OF
AND (total) SAMPLER SAMPLER EQUALITY
TIME — —
(mg/1) X 3 X 3 x = 95%
October 22 Cu 0.123 | 0.001 | 0.138 | 0.004 p < 0.05
9:00 In 0.827 | 0.002 | 0.711 | 0.006 p < 0.05
October 23 Cu 0.113 | 0.001 | 0.131 | 0.001 p < 0.05
9:30 Zn 0.872 | 0.006 | 0.769 | 0.002 p < 0.05
October 24 Cu 0.040 | 0.018 | 0.079 | 0.008 p > 0.05
10:00 In 0.203 | 0.169 | 0.526 | 0.012 p > 0.05
3.3 Continuous Samplers

Replicated samples were (Appendix I, Tables 1-3) compared to the
samples taken at the same time from the continuous sampler (Appendix III,
Tables 1-3). This comparison between Sirco samples and replicated samples at
Station 7 (M2) revealed significant differences for total copper and zinc
(Table 6). The total copper concentration was higher in the replicated
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samples. On the contrary, the reverse was true for zinc on October 22 and
23. These variations tend to indicate different plumes of heavy metal
concentration may occur in the creek.

Some variations during the day were found in 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 to the afternoon. The copper and iron were stable for the
first part of the day and then decreased. All other metals were not showing
differences during the first 18 hours of sampling. On October 24, calcium,
magnesium and manganese were also increasing during the day. A sharp drop in
concentration occurred at noon for those three metals and the increase
resumed shortly after. A sharp total zinc increase was noticeable at
Station 7 on October 24 between 4 and 6 a.m. with a sample average of
0.708 mg/1 compared to an overall average of 0.354 mg/1 (Appendix III,
Table 3). A1l the other metals were not changing all day.

3.4 Loadings in Myra Creek

The creek discharge during the survey varied considerably on
Tuesday October 22, the flow was 15,000 1/sec., the following day
12,200 1/sec., and the third day 7800 1/sec. (Table 4). These flows were
recorded at Station 7 (M2) using the staff gauge reading and converted to
flow rates using stage discharge curve 3 for Myra Creek as prepared by
Norecol in 1982.

Table 7 presents loading data for effluents, seepage from the old
tailings 1line' road and Station 7. Zinc loading at Station 7 were
considerably high compared to the previous study (Godin et al., 1985) since
the water treatment system is 1in operation. On the other hand, the
variability of the measurements across Station 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 that 44.8 kg/d (6%) were
due to the total effluents while the old tailings line road contributed
308.2 kg/d (38%). This latter input greatly contributed to the loading at
Station 7. Fifty-five percent of the loading that cannot be explained by
these inputs suggests either a significant contribution from the groundwater
collection systems or a skewed distribution of the metal in the creek.




TABLE 7 LOADINGS OF SELECTED CONTAMINANTS TO MYRA CREEK FROM EFFLUENTS AND
SEEPAGES (kg/d) - OCTOBER 22-24, 1985

LYNX CULVERT | CULVERT | MYRA MYRA EFFLUENT | OLD TAILINGS | STATIN 7
PIND NO. 1 NO. 2 | PONDS | DIVERSION | TOTAL+ LINE ROAD (w)
October 22
Flow (1/s) | 71.0 61.3 92.0 X7 385 976.3 - 15,000
D. Zn 0.20 0.90 8.0 1.5 0.17 0.17 - 953.4
T.In 4.3 1.2 10.5 76.1 0.13 0.13 - -
D. Cu < 0.03 0.04 0.72 0.16 | <0.17 <0.17 - 115.3
Ta Cu 108 0-07 1-1 4.0 < 0-17 < 0.17 - 17804
October 23
Flow (1/s) | Trickle | 44.7 3%.8 31 37 829.5 9%.9 12,200
D. Zn NS 0.15 5.2 ¥.2 0.13 41.7 101.7 757.8
T. In NS 4.2 5.3 3.2 0.13 44.8 308.2 810.2
D. Cu NS 0.03 0.53 1.6 <0.17 2.3 A7 67.8
T. Cu NS 0.2 0.56 1.2 < 0.17 2.2 22.8 137.7
October 24
Flow (1/s) | 29.2 56.4 49.7 361 333 879.3 38.8** 7800
D. Zn 0.03% 1.2 4.23 23.1 0.13 28.5 48.2 296.6
T.In 1.46 2.3 9.3 | 159.4 < 0.07 172.4 57.1 354.6
D. Cu <0.01 0.15 0.63 0.2} <0.16 1.17 10.5 26.5
T. Cu 0.28 0.3 1.32 7.1 <0.16 9.2 12.8 53.5

+ Results fram K. Ferguson (EPS)
* Flow assumed average of October 23 and 24 - 385 1/s
** Fram the major seepage only (Site #15).

ND - not significant
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3.5 Gold River Bridge and Elk Falls

There is an improvement of the water quality at the discharge of
Buttle Lake. The concentrations of sulfate were decreased at the Gold River
Bridge and Elk Falls (4.0 mg/1 and 3.0 mg/l) compared to previous data (4.5
and 4.0 mg/1) respectively (Godin, 1985), while total zinc decrease was only
seen at Elk Falls Park (0.026 in 1983 and 0.019 mg/1 in 1985). Copper,
cadmium and lead levels were unchanged. An increase in pH was noticed as
well as hardness, total aluminum and total iron.

3.6 Water Quality Retrospective

The Environmental Protection Service have published three
progress reports on the Westmin operation. The main concerns at the time
were seepages from the groundwater collection system, seepages from the old
tailings line road and metal loadings in 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, but in September 1983 Godin (1985)
showed that there was still a significant impact of the zinc concentration in
the creek which was attributed to the groundwater during that low flow

period.

In every progress report the indication of the tailings line road
contamination was suggested. In December, 1982 the sampling survey indicated
that 50% of the contamination was coming from the road. The company
recognized in the Stage II Submission Addendum I (1982) that the zinc loading
in the creek, after the implementation of the groundwater collection system,
should mainly originated between groundwater pumps and Station 7 (M2).
Significant runoff from the tailings line road was observed in May, 1983
(Ross, 1983) and an increase in metals at M2 was noted due to the tailings
pipeline road runoff. In Progress Report No. 3 (Godin, 1985) definite
increases were noticed between Stations 5 and 7 during the dry season.

The copper and zinc loading in Myra Creek in October, 1985 is
comparable to that found in April, 1982 before the collection system was on
line (Table 8). It was noted that the sampling survey occurred in the middle
of a storm event but such precipitation is not uncommon in the area, and
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TABLE 8 TOTAL ZINC AND COPPER CONCENTRATIONS AND LOADINGS AT M2
METAL Apr. 16 | Sept. 8 | Dec. 7 May Sept. | Spring Oct.
1982 1982 1982 1983 1983 1985 1985
|
| l
Concentration | I
|
]
(mg/1) |
' |
I
In 1.90 ! 0.290} 0.052] 0.208] START- 0.669
START- up
Cu 0.217 up 0.024| 0.005{ 0.010 oF 0.116
OF NEW
GROUND- GROUND~
WATER WATER
COLLEC- COLLEC-
Loadings TION TION
(kg/day) SYSTEM SYSTEM
| |
Zn 502.3 | 101.5 29.83 | 41.91 | 695.4
[ |
} |
Cu 57.4 | 8.4 2.87 2.08 | 123.1
] |
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therefore should not be considered unique. Observations of total zinc
concentrations on a monthly basis at Station 7 (M2) showed a definite cycle
of the values (Figure 5) which correspond to the general precipitation cycle
in the region. It is therefore suspected that events like the survey in
October 1985 and associated impairment of water quality will occur in the
future if remedial actions are not taken.

"g
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4 CONCLUSIONS

Very high heavy metal concentrations were found in the creek during
this survey from October 22 to October 24, 1985. The loading of copper and
zinc varied from 53.5 to 178.4 kg/d and 354.7 to 921.5 kg/d respectively for
the three sampling days at Station 7 (M2). Loadings were the highest surveyed
since the groundwater collection system start-up in 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 old tailings line road were characterized and
recognized as a major contributor to the heavy metal loading in Myra Creek.

However, sampling stations on the Campbell River showed the
improvement on a long-term basis of the groundwater collection system over the
pollution 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 into an acceptable water quality for aquatic life.
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APPENDIX 1

RECEIVING WATER QUALITY DATA
IN MYRA CREEK
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APPENDIX III

CONTINUOUS SAMPLER DATA
AT STATION 7 (M2) IN
MYRA CREEK
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