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ABSTRACT

The Environmental Protection Service conducted a monitoring
program in May 1983 to determine whether continued modifications to the
collection and treatment works at Westmin Resources had resulted in
improvements in Myra Creek water quality. Conductivity, residues,
turbidity, suiphates, pH and total and dissolved metals were recorded.
Mean copper, zinc and sulphate loadings were calculated. The Lynx pond
discharge and any acid mine drainage that escaped collection and treatment
appeared to be primarily responsible for the elevated copper and zinc
levels in Myra Creek. The Myra ponds discharge mainly contributed to
increased residue, sulphate and hardness concentrations. Metal and
sulphate levels in Myra Creek were less in May 1983 than in December 1982.
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1. INTRODUCTION

Westmin Resources Ltd. is presently operating the Lynx and Myra
underground copper-lead-zinc mines in Strathcona Provincial Park on
Vancouver Island. The mines are located at the south end of Buttle Lake,
approximately 93 kilometers by road from Campbell River, B.C. (Figure 1).
RBoth mines have been in operation since the late sixties or early
seventies but elevated metal levels in Myra Creek have not been of major
environmental concern until very recently.

Since 1966, reports have been published by various government
agencies and private consultants regarding the probable and actual effects
of the discharge of mine tailings into Buttle Lake. In comparison, little
attention has been given to effects of mine site drainage on Myra Creek or
other streams in the area. The geology of the area was known to be
conducive to acid generation and increased solubilization of metals.
Therefore, metal loadings into Buttle Lake via creeks draining the mine
site were anticipated. However, metal loading into Buttle Lake from
artificial sources (i.e. tailings disposal) was expected to be much larger
by orders of magnitude than any metal loadings from creeks with elevated
metal levels due to acid generation and increased solubilization of metals
(Clarke, 1980). Steward (1972) did suggest that leachates, from open pit
areas and tailings impoundments, entering creeks draining into Buttle Lake
could contribute significantly to metal Toadings to the Take, but elevated
metal levels in Myra Creek did not become a major concern until 1980.

B.C. Research (1980) indicated that "...sources additional to
the mine tailings seemed necessary to explain observed zinc concentrations
in Buttle Lake." Clarke (1980) reassessed post-1972 Ministry of
Environment data, identified statistical trends in heavy metal
concentrations in Buttle Lake and recommended a multi-disciplinary
investigation to evaluate the environmental impact of the Western mines
operation in detail, including contamination of creek waters.
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In 1981, as a result of the Clarke (1980) report, Westmin
Resources Ltd. conducted a water quality monitoring program at their
mining site. The results of the program indicated that microbiological
leaching of zinc and copper in the Lynx open pit high pyrite waste rock
dump had contaminated surface waters draining into Myra Creek (B.C.
Research 1981). By August 1982, Westmin Resources Ltd. had installed a
collection system between the waste rock dumps and Myra Creek to intercept
surface and subsurface waters. This water was to be pumped to the new
Myra integrated water management system for treatment before returning to
Myra Creek.

The integrated surface and groundwater collection and treatment
system began operating in early September 1982, Shortly afterwards, the
Environmental Protection Service conducted a water quality monitoring
program on December 7, 1982 to assess the effectiveness of the new
collection and treatment system on improving the water quality in Myra
Creek. The data collected on December 7, 1982 showed that there was still
a significant metal loading to Myra Creek (Kelso and Jones, 1983).

Since the initial installation and trial run of the collection
and treatment works, Westmin Resources Ltd. has been modifying the system
to improve overall performance. The Environmental Protection Service
conducted this water quality monitoring program in May 1983 to determine
whether the continued modifications to the collection and treatment works
had resulted in an improvement in the water quality of Myra Creek.



2. MATERIAL AND METHODS

On May 16, 1983, conductivity and temperature were recorded in
transects across Myra Creek with a Hydrolab digital 4041 indicator unit
and 4021 sonde unit at sites above and below the Westmin treatment and
collection works (Figure 2). The results of this initial conductivity
survey were then used to determine water chemistry sampling sites (Figure
3).

Water chemistry data were collected from May 17 to May 19
incltusive. Each site was sampled in the morning and afternoon in order to
determine if pollutant concentrations varied during the day. For three
days, morning and afternoon, at each of the seven water chemistry sampling
sites, conductivity and temperature were recorded with the Hydrolab unit
and field pH was recorded with a Metrohm pH meter, Model E588. Replicated
grab samples were collected using a modified version of a replicated grab
sampler reported by Oguss and Erlebach (1976). Six one liter samples were
collected simultaneously at each site and three of those were individually
analyzed for conductivity, turbidity, residues and sulphates. Each of the
remaining three 1 liter bottles were used to fill two 250 ml bottles -
one 250 ml sample was analyzed for total metals and the other was analyzed
for dissolved metals.

The conductivity, turbidity, residues and sulphate samples were
kept cool with wet ice until analyzed. Total metal samples of 250 ml each
were preserved on site with one ml of nitric acid. Dissolved metal
samples of 100 ml each were filtered on site through a 0,45 micron
cellulose nitrate filter and then preserved with 0.5 ml nitric acid. All
samples were delivered to the Enviromnmental Protection Service/Department
of Fisheries and Oceans Laboratory in West Vancouver by May 20, 1983.

For analytical methods refer to the Environment Canada Pacific
Region Envirormental Laboratory Manual (Anon, 1979). Laboratory
conductivity results are reported in Appendix Il and served only as an
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instrument check for the Hydrolab unit. The Inductively Coupled Argon
Plasma or ICAP scan, an automated atomic emissions spectrophotometer, was
used for the total and dissolved metal analysis and gave a reading of
twenty-six metals. If the copper, lead or cadmium readings were below
the ICAP detection 1imit, the samples were rerun on the graphite furnace
of the atomic absorption spectrophotometer to obtain a lower detection
limit.

On May 16, a Sirco model #MK-V57 sampler was installed at site
M2 for a trial run. From May 17 to May 19 inclusive, the sampler was set
each morning to collect one sample per hour over a 24-hour period. On May
17, the Sirco sampler only collected samples for the first three
consecutive hours, 9:00 to 11:00 inclusive, because of battery failure.
Those samples were combined and analyzed for total metals. On May 18 and
19, samples from three consecutive hours were combined, mixed and then
split to provide three replicate samples for total metal analysis.

On May 17, a replicated grab sample was collected from Kelso
Creek, a stream of runoff from the tailings road that empties into Myra
Creek approximately thirty meters upstream of M2. Replicate grab samples
were collected along the south bank at site 9C, (one of the initial
conductivity transects), on May 18 and along the south bank of water
sampling site #4 on May 19 to determine if higher recorded conductivities
at these sites could be attributed to any particular chemical parameter.

Replicated grab samples were collected from the Campbell River
at the Gold River Bridge and from the Campbell River in Elk Falls
Provincial Park on May 19, 1983 (Figure 4).

Intergravel sediments were collected at M1 and M2 on May 19,
1983 with a modified stainless steel syringe sampler (Derksen, 1983). Two
syringe samples made up one replicate and three replicate samples were
taken from each site. Samples were evacuated into 2-litre polyethylene
sample bottles.
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Using Imhoff cones, the original sample was settled for one hour
to obtain a final sample. The total volume of the supernatant as well as
the volume of settled material was recorded. The water in the cone was
decanted and then the sediment was drained into a soil-bag by inverting
the cone, pulling the plug, and then using distilled water to rinse any
residual sediment into the sample bag. Each replicate sample was sieved
to the < .15 mm fraction for metal analysis (Anon, 1979) at the EPS
Laboratory. The percent of the total sample < .15 mm and 2_.15 mm was
also determined. See Appendix I for the results.
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3. RESULTS AND DISCUSSION

3.1 Initial Conductivity/Temperature Survey - May 16, 1983

On May 16, 1983, a significant increase in conductivity was not
noted until station 8C (150 meters downstream of the Myra ponds discharge)
(Table 1). Conductivity increased: by only approximately 5 uS/cm from 1C
(pool site approximately 100 meters downstream of M1) to 7C (25 meters
downstream of Myra ponds discharge); by approximately 20 uS/cm from 7C to
8C; by only 6 uS/cm between 8C and 14C (25 meters downstream of diversion
ditches).

Two anomalies existed within the general trend as just outlined.
Conductivity was high on the south bank of 6C (64 uS/cm) above the Myra
ponds discharge and in a pool area on the south shore of 9C (105 uS/am).
Water samples were collected at both of these sites to detemmine if these
higher conductivities could be attributed to any particular chemical
parameter (Sections 3.3.1 and 3.3.2).

Discharge from the diversion ditches had a high conductivity
(97 uS/cm) and may have been responsible for the higher conductivity noted
along the north shore of site 14C (25 meters downstream of the diversion
ditches).

The Hydrolab proved to be a useful tool in determmining variation
not only between sites but within sites. Possible seepage from Myra ponds
and some acid mine drainage along the south bank of site 6C and 9C
respectively, may have gone undetected (Section 3.3) if, as in past
surveys, only a replicate grab sample had been collected at center stream

for predetermined stations.,

3.2 Water Chemistry Study - May 17-19, 1983

3.2.1 Conductivity, Trends in conductivity readings along Myra
Creek were important in determining the dispersion of effluent discharges

in Myra Creek even though conductivities were low (Table 2). Conductivity
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readings recorded on May 17th and May 18th were different from the pattern
outlined by conductivity readings on May 16th, and increased noticeably
below the Lynx as well as the Myra treatment system discharges: by 15 uS/am
from site #2 (contro)l above Lynx pond) to site #3 (below the Lynx pond); by
35 uS/cm from site #4 (above Myra ponds) to site #5 (pumphouse below Myra
ponds). On the morning of May 17th, conductivity increased only slightly
(4 uS/cm) from site #6 (below the diversion ditches) to site #7 (M2).
However, on May 18th the average conductivity increased noticeably from
sites #6 to #7 (14 uS/cm in the morning; 20 uS/cm in the afternoon).

On May 19th, conductivity readings at two control sites
differed. On the average, conductivity at site #2 was 10 to 14 uS/am
higher than at site #1. As such, the difference between the conductivity
at site #2 and #3 was negligible. However, the increase in conductivity
between sites #1 and #3 on the 19th was comparable to the increase in
conductivity noted between sites #2 and #3 on the 17th and 18th. On the
19th, conductivity increased between sites #4 and #5, (40 uS/am in the
morning; 27 uS/cm in the afternoon) and between site #6 to #7, (11 uS/cm
in the morning; 41 uS/cm in the afternoon).

Until the afternoon of May 19th, conductivities were comparatively
high along the south bank of site #4, where levels ranged from 68 to
156 uS/cm, and were anywhere from 24 to 120 uS/an greater than mid-stream
conductivity values.

Conductivity on the north bank of site #6 (below the diversion
ditches) was on the average 10 uS/an higher than mid-stream.

Conductivity values recorded on this survey at control site Ml
were comparable with conductivities recorded in December 1982 whereas
conductivity values recorded at sites downstream of Ml were half as high as
the December 1982 readings (Kelso and Jones, 1983).

3.2.2 Temperature. Temperatures were generally 2 to 2.5°C warmer in
May 1983 than those reported by Kelso and Jones (1983) in December 1982
(Table 2).
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3.2.3 Turbidity. Turbidity values in May 1983 were less than
0.1 mg/1 and were comparable with values recorded by Kelso and Jones (1983)
in December 1982.

3.2.4 Residues. Like conductivity, residues were very low but
trends in levels rather than absolute values were considered more important
in determing the effects of the mine's operation. In most instances,
filterable (dissolved residue) made up the major portion if not all of the
total residues (Table 3). Mean total residue ranged from 13 to 21 mg/) at
site #1 to between 35 and 45 mg/1 at site #7.

Residue increased most noticeably, by approximately 10 mg/1,
between sites #4 and #5. A more gradual increase of 10 mg/1 in total
residue was noted from site #1 through to site #4. Total residue did not
increase between sites #6 and #7.

Residue concentrations at M1 and below the Lynx pond discharge
were comparable with the December 1982 survey results. Concentrations at
the pumphouse in May 1983 were only half as high as residues recorded in
December 1982 (Kelso and Jones, 1983). Concentrations at M2 in May 1983
were one third as high as residues recorded in December 1982.

3.2.5 Sulphates. Sulphate levels in Myra Creek were low but
trends in sulphate values were useful in deteming the effect of the Lynx
and Myra ponds discharge on Myra Creek (Table 4). On each of the three
days, morning and afternoon sampling showed a twofold increase in sulphate
levels at site #3 (below the Lynx pond discharge) as compared to the
control sites. There was another two- to threefold increase in sulphate
levels from site #4 (above the Myra ponds discharge) to site #5 (pumphouse
below Myra ponds discharge). Sulphate levels decreased slightly between
site #5 and #6. Levels at site #7 (M2) were comparable to levels recorded
at site #5.

The sulphate levels at M1l and bhelow the Lynx Pond in May 1983
were comparable to levels recorded by Kelso and Jones (1983) in December
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1982, Sulphate levels at M2 were only one-third as high as levels

recorded in December 1982.

3.2.6 pH. The pH was slightly acidic to neutral (Table 5): the
Towest pH (6.23) was recorded on May 17 at site #7 (M2); the highest pH
(7.10) was recorded on May 18 at site #6 (pumphouse). The pH in Myra
Creek appeared relatively unaffected by mining activity.

3.2.7 Hardness. The variability in the hardness data was high and
in instances, there was no measure of salts or divalent metallic cations
(Table 6). Some samples indicated an approximate threefold increase in
hardness from M1 to M2, However, at what point significant increases in
hardness occurred may not be accurately determined from the data because

of the high variability.

3.2.8 Copper. At the two control sites, (#1 and #2), total copper
ranged from less than 0.001 to 0.002 mg/1, with the exception of results
from the afternoon of May 18, Two replicated sampies collected the
afternoon of May 18 had total copper values of 0.004 mg/1. These higher
concentrations appear to be anomalous and the samples may have been
contaminated. Dissolved copper at sites 1 and 2 was always less than
0.001 mg/1 (Table 7). Below the mine site, mean total and dissolved
copper concentrations ranged from 0,002 mg/1 to 0.006 mg/1. In all cases,
total copper was mainly made up of the dissolved fraction.

Copper concentrations increased most noticeably below the Lynx
pond discharge (site #3) and did not increase again immediately below the
influence of the Myra ponds discharge (sites #5 and #6). Another
significant increase in copper concentrations was noted at M2 (site #7).
A11 copper concentrations recorded below the control sites exceeded those
at the control sites.

By sampling in the morning and afternoon over three consecutive
days, variation in concentrations between sites, between days and within
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each day could be observed. Comparing only the means and standard
deviations, a difference in total copper concentrations between sites was
noted. Concentrations at site #7 were elevated as compared to site #1.
There also appeared to be some variation in total copper concentrations
between sampling days at the sites below the two control sites.

Before determining whether there was a variation in
concentrations within a day, that is between morning and afternoon
samples, the morning total copper results were pooled and subjected to a
Chi-square goodness of fit test to determine if the pooled results came
from a normal distribution. The overall hypothesis was rejected with
99.9% confidence and indicated that the samples did not come from a normal
distribution. Therefore, the non-parametric Mann-Whitney test rather than
the parametric t-test was used to determine whether there was a
significant difference between morning and afternoon samples. At the 95%
confidence level, the null hypothesis was accepted and indicated that
there was no significant difference between morning and afternoon total
copper concentrations.

On the morning of May 17, a replicated grab sample from M2 was
collected during the three hour period the Sirco composite sample was
taken. The average grab sample total copper concentration was 0.005 mg/1
whereas the Sirco composite total copper concentration was 0.009 mg/1
(Table 8). The Sirco result was unusually high.

A replicated grab sample was colleced the morning of May 18th
(total Cu, x = 0.005) during the time the 9:00-11:00 hour Sirco composite
sample was collected (total Cu, x = 0.007). Another replicate grab sample
was collected the afternoon of May 18 total Cu (X = 0.006) during the time
the 12:00-14:00 hour Sirco composite sample was collected (total Cu,

x = 0.008). The total copper concentrations from the Sirco composite
samples on May 18th, exceeded the replicated grab sample concentrations.
However, there was less of a difference between the grab and Sirco sample
concentrations on the 18th compared to the 17th. By May 19, the total
copper results from the replicated grab samples (morning x = 0.005 mg/1;
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TABLE 8 MEAN TOTAL COPPER CONCENTRATIONS (mg/1) FROM SIRCO SAMPLES
COLLECTED MAY 17 THROUGH TO MAY 20, 1983 AT SITE #7-M2

BATE TIME
May 17 9:00 - 11:00 0.009*
X** s
May 18 9:00 - 11:00 0.007 0
12:00 - 14:00 0.008 0
15:00 - 17:00 0.008 0
18:00 - 20:00 0.007 0.001
21:00 - 23:00 0.007 0.001
May 18-19 24:00 - 2:00 0.006 0.001
3:00 - 5:00 0.006 0.001
6:00 - 8:00 0.006 0
May 19 9:00 - 11:00 0.005 0.001
12:00 - 14:00 0.005 0.001
15:00 - 17:00 0.005 0
18:00 - 20:00 0.006 0
21:00 - 23:00 0.008 0
May 19-20 24:00 - 2:00 0.006 0
3:00 - 5:00 0.006 0.001
6:00 - 8:00 0.006 0.001

*On May 17, samples were collected for only the first three consecutive hours,
9:00 - 11:00 inclusive, were then combined and analyzed as one sample for

total metals.

**On May 18 and 19, samples from three consecutive hours were combined, mixed
and then split to provide three replicate samples for total metal analysis.
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afternoon X = 0.006 mg/1) were comparable to the total copper results from
the Sirco composite samples (9:00-11:00 hour composite X = 0.005 mg/1;
12:00-14:00 hour composite x = 0.005 mg/1). Possibly, the Sirco sampler
was contaminated and did not fully flush until well into the second day.
Total copper results from the Sirco sampler at site #7 (M2) over
a 24-hour period from 9:00 AM May 18 to 9:00 AM May 19, ranged from 0.006
to 0.008 mg/1. The maximum variation throughout the period was 0.002 mg/1
(Table 8). Total copper concentrations from the Sirco composites at M2
from 9:00 AM May 19 to 9:00 AM May 20 ranged from 0.005 to 0.008 mg/1.
The maximum variation throughout this period was 0.003 mg/1.

3.2.9 Zinc

At the two control sites, total zinc ranged from < 0.002 mg/1 to
0.006 mg/1 and dissolved zinc ranged from < 0.002 mg/1 to 0.003 mg/1.
Relow the control sites, total zinc ranged from 0.054 mg/1 at site #7 to
0.013 mg/1 at site #4 and dissolved zinc ranged from < 0.002 mg/1 at site
#3 to 0.054 mg/1 at site #7 (Table 9).

Zinc concentrations in Myra Creek followed the same trend as
copper concentrations. The greatest increase in zinc concentrations was
noted below the Lynx pond discharge (Site #3) where concentrations
increased between five- and tenfold. There was no further significant
increase in zinc below the Myra ponds discharge (sites #5 and #6).
Another twofold increase in zinc concentrations was noted below M2 (site

#7). A1l total zinc concentrations below the control sites exceeded
levels recorded at the control sites (Table 9).

Comparing means and standard deviations, variation in total zinc
concentrations between sites and variation in dissolved zinc
concentrations between days was noted. The laboratory had difficulty
digesting the samples before they were run on the ICAP scan. Therefore,
some of the samples may not have been adequately digested before they were
analyzed which might explain why dissolved zinc concentrations ranged from
a mean of < 0.002 to 0.029 mg/1 at one site (#3).
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To determine whether there was variation within a day, the
morning and afternoon results from all seven sites over the three day
sampling period were pooled and compared. First, the pooled morning total
zinc concentrations were subjected to a Chi-square goodness of fit test to
determine whether the concentrations came from a normal distribution. The
null hypothesis was rejected with 99,.9% confidence and indicated that the
samples did not come from a nommal distribution. Therefore, the
non-parametric Mann-Whitney test rather than the parametric t-test was
used to determine whether there was a significant difference between
morning and afternoon samples. At the 95% confidence level, the null
hypothesis was accepted and indicated that there was no significant
difference between morning and afternoon total zinc concentrations.

On May 17 and 18 total zinc concentrations from the Sirco
samples (Table 10) were slightly higher than the total zinc concentrations
from the replicated grab samples (Table 9). On the morning of May 19,
Sirco and grab sample total zinc concentrations were comparable.

Total zinc concentrations from the Sirco samples ranged from
0.04 to 0.057 mg/1 for the 24-hour period beginning 9:00 AM May 18 and the
maximum variation was 0.012 mg/1. Total zinc concentrations from the
Sirco samples for the 24-hour period begining 9:00 AM May 19, ranged from
0.031 to 0,04 mg/1. The maximum variation in concentrations was 0.019
mg/1. The higher Sirco sample zinc concentrations and smaller daily
variation in concentrations noted on May 18 as compared to May 19 may have
been due to contamination as previously discussed.

3.2.10 Cadmium, Total and dissolved cadmium was equal to or less
than 0.0005 mg/1 at all sampling sites during the three day survey.

3.2.11 Lead. Lead levels in Myra Creek both above and below the
mine/mill site were low (Table 11). The replicated grab samples mean
total and dissolved lead concentrations never exceeded 0.001 mg/1. The
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TABLE 10 MEAN TOTAL ZINC CONCENTRATIONS (mg/1) FROM SIRCO SAMPLES COLLECTED
MAY 17 THROUGH TO MAY 20, 1983 AT SITE #7-M2

DATE TIME
May 17 9:00 - 11:00 0.056 *
X** s
May 18 9:00 - 11:00 0.050 0.001
12:00 - 14:00 0.050 0.001
15:00 - 17:00 0.056 0
18:00 - 20:00 0.057 0.001
21:00 - 23:00 0.051 0.001
May 18-19 24:00 - 2:00 0.051 0.006
3:00 - 5:00 0.046 0.001
6:00 - 8:00 0.046 0
May 19 9:00 - 11:00 0.047 0.002
12:00 - 14:00 0.045 0.001
15:00 - 17:00 0.039 0
18:00 - 20:00 0.036 0.001
21:00 - 23:00 0.039 0.001
May 19-20 24:00 - 2:00 0.031 0.001
3:00 - 5:00 0.034 0.002
6:00 - 8:00 0.035 0.001

*On May 17, samples were collected for only the first three consecutive hours,
9:00 - 11:00 inclusive, were then combined and analyzed as one sample for

total metals.

**On May 18 and 19, samples from three consecutive hours were combined, mixed
and then split to provide three replicate samples for total metal analysis.



LL/UW LUUTU > dHW| UULIDAIRP BYT UBY] SSI| aJam
SU041RJ3UBIUED 3RS UBYA PasH sem (/6w GODUU) IIWL| UDI3IIILP BYI J|PY UO UO|IR}AIP PJRPULIS PuR URBW 3je(Nd|ed 0f :9ION

paAalossig = °Q

uojjeLAsy pJepuels = s {ejof = °4
0 100°0 > 0 0 0 100°0 > 0 0 100 > 100°0 > 1] 100°0 > 0 1o°'o > H
100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 10070 > 100°0 > 100°0 > 1600 > 100°0 > 100°0 > 100°0 > X
LIRIIAY
0 100°0 0 1] (1] Y] 0 0 100°0 0 0 0 0 100°0 > ]
100°0 > 100°0 100°0 > 100°0 > 100°0 > 100°0 » 100 > 100°0 » 100°0 > 10070 > 100°0 > 100°0 > 100°0 > 100°0 > X
00-€1 0291 00:61 0y:91 115 2§ 00:p1 00: 41 ‘W'd ‘61 Aey
0 0 0 0 0 100°0 0 0 0 0 0 0 0 0 S
100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 » 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > X
05:8 Sp: 11 SE: 11 02:21 SE:01 00:01 §$5:6 ‘WY ‘61 Aew
0 0 0 0 0 100°0 0 0 0 0 Q 0 0 0 $
100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > X
Spiel SE91 §2:91 Sy-L1 St:st 123 A¢ Shoyl *K'd ‘81 Aen
]
o 0 0 0 0 0 0 0 0 0 0 0 0 0 100°0 $
?._ 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > t00°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > X
00:6 00-21 oe: 11 0€: 21 §2:01 00:01 00:01 ‘WY ‘81 Aen
0 100°0 0 0 0 0 0 0 100°0 0 0 1] 0 100°0 S
100°0 > 100°v 100°0 > 100°0 > 100°0 > Wwe°o » 100°0 > 100°0 > 100°0 100°0 > 100°0 > 100°0 > 100°0 > 100°0 > X
00:%1 021 Sp:91 §S:61 €61 0S:41 S0:61 ‘Wd L1 Aey
0 0 0 u 0 100°0 0 0 0 100°0 0 100°0 0 0 S
100°0 > 100°0 > t00°0 > 100°0 > 100°0 > 100°0 100°0 >  100°0 > 100°0 > 100°0 > 100°0 > 100°0 100°0 > 100°0 > X
00:6 00-21 SE: 1T oy: 2t Sp:01 ot el 02:01 ‘WY ‘L1 Ay
*a 'l "y ‘1 *G *L ‘q °l ‘d ‘L *d s ‘g "1
Sayd31g abaeyosyq puogd puog
W UO{SJBAL(] MO|aY asnoydung spuod eJfly aaoqy Xukq mojag xuk] aaoqy W
L 9 S v £ 2 1
SNO11ViS
S3LIS AIFYI VUAW NIAIS LY E461 *61 OGNV vl ‘L1 AVW 40 NOONYILAv ONY ONINYOW 3HL %04 (L1/bw) SNOTLIVHINIONOD AV NVIW 1T 314vl
E L] 1 ] [ | 1 | ¥ 1 L | | | 1 1 | 1



- 30 -

highest average total lead concentration (0.003 mg/1) was recorded at M2
in a Sirco sample collected between 6:00 and 8:00 AM May 20 (Table 12).

3.2.12 Aluminum, At the control site #1, mean total aluminum
ranged from < 0.05 to 0.08 mg/1 and dissolved aluminum ranged from < 0.05
to 0.05 mg/1. At M2 (site #7), mean total aluminum ranged from 0.05 to
0.10 mg/1 and dissolved aluminum ranged from < 0.05 to 0.05 mg/1 (Table
13).

The highest average total aluminum concentration (0.14 mg/1) was
recorded below the diversion ditches (site #6) on the afternoon of May 17.
Average dissolved aluminum concentrations were equal to or below detection
Timit in all samples.

In all but one instance Sirco composite and replicated grab
samples were camparable. On the afternoon of May 19, the average total
aluminum concentration from the replicated grab sample was slightly higher
than the total aluminum concentration from the Sirco composite samples
(Table 14).

Mean total aluminum concentrations from Sirco composite samples
collected during the 24-hour period beginning at 9:00 AM May 18 ranged
from 0.05 to 0.07 mg/1. Maximum variation over the same 24 hour period
was 0.06 mg/1. Mean total aluminum concentrations from Sirco composite
samples collected during the 24-hour period beginning 9:00 AM May 19 at
site #7 ranged from 0.05 to 0.13 mg/1. Maximum variation over the same
24-hour period was 0.13 mg/1.

3.2.13 Iron.

At control site #1 mean total iron ranged from < 0.005 to 0.024 mg/1 and
dissolved iron ranged from < 0.005 to 0.007 mg/1. At M2 (site #7) mean
total iron ranged from 0.015 to 0.041 mg/1 and dissolved iron ranged from
< 0.005 to 0.010 mg/1 (Table 15).
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TABLE 12 MEAN TOTAL LEAD CONCENTRATIONS (mg/1) FROM SIRCO SAMPLES COLLECTED
MAY 17 THROUGH TO MAY 20, 1983 AT SITE #7-M2

DATE TIME
May 17 9:00 - 11:00 0.002 *
X** s
May 18 9:00 - 11:00 < 0.001 0
12:00 - 14:00 0.001 0
15:00 - 17:00 0.001 0.001
18:00 - 20:00 < 0.001 0.001
21:00 - 23:00 < 0.001 0.001
May 18-19 24:00 - 2:00 0.002 0.001
3:00 - 5:00 0.001 0.001
6:00 - 8:00 0.002 0
May 19 9:00 - 11:00 0.002 0.001
12:00 - 14:00 0.002 0
15:00 - 17:00 0.002 0
18:00 - 20:00 0.002 0.001
21:00 - 23:00 0.002 ' 0.001
May 19-20 24:00 - 2:00 0.002 0.001
3:00 - 5:00 0.002 0.001
6:00 - 8:00 0.003 0.001

*On May 17, samples were collected for only the first three consecutive hours,
9:00 - 11:00 inclusive, were then combined and analyzed as one sample for
total metals.

**On May 18 and 19, samples from three consecutive hours were combined, mixed
and then split to provide three replicate samples for total metal analysis.
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TABLE 14 MEAN TOTAL ALUMINUM CONCENTRATIONS (mg/1) FROM SIRCO SAMPLES
COLLECTED MAY 17 THROUGH TO MAY 20, 1983 AT SITE #7-M2

DATE TIME
May 17 9:00 - 11:00 0.050 *
X** s
May 18 9:00 - 11:00 0.05 0.02
12:00 - 14:00 0.07 0.01
15:00 - 17:00 0.07 0.01
18:00 - 20:00 0.07 0
21:00 - 23:00 0.06 0.02
May 18-19 24:00 - 2:00 0.07 0.01
3:00 - 5:00 0.07 0.01
6:00 - 8:00 0.07 0.02
May 19 9:00 - 11:00 0.05 0.02
12:00 - 14:00 0.08 0
15:00 - 17:00 0.08 0.01
18:00 - 20:00 0.11 0.01
21:00 - 23:00 0.13 0.03
May 19-20 24:00 - 2:00 0.11 0.02
3:00 - 5:00 0.12 0
6:00 - 8:00 0.12 0.04

*0On May 17, samples were collected for only the first three consecutive hours,
9:00 - 11:00 inclusive, were then combined and analyzed as one sample for
total metals.

**On May 18 and 19, samples from three consecutive hours were combined, mixed
and then split to provide three replicate samples for total metal analysis.



- 34 -

i [} 2 ' ) | s 4 8 § 1 ] | i ] ¢
*(1/0w 1UDT0 ») Wi UOL1D99P Iy} UPY] SS3| aJaM
SUOLIPJIUIIU0) d [dwes Uuym pasn seM ([/bw G200 () 3twl| UOEIIuT8P BYT 4 {PY AU UOLIPLAIP PIePUR]S pue ueaw 93endj|ed 0] 80N
PaALOSS L0 = °y
UOLJ@LAD( pJepuels = S {e30f = |
v00°0 ¥10°0 §00°0 > 1v0°0 S00°0 > 902°0 S00°0 >  €10°0 S00°0 > T10°0 S00°0 >  S00°U SU0°0 > T10°0 S
{00°0 €20°0 S00°0 > 140°0 S00°0 > ¢L0°0 S00°0 > ST10°0 S00°0 > (1070 S00°0C > 900°0 S00°0 > 790 X
| LeJBAQ
100°0 S00°0 £00°0 610°0 $00°0 100°0 0 9000 €00°0 $20°0 0 900°0 0 £00°0 S
010°0 920°0 600°0 090°0 {00°0 010°0 L00°0 6E0°0 S00°0 5200 S00°0 > 900°0 S00°0 > 110°0 X
00:€1 0e:st 00:61 0p:S1 ol ¢t 00:#1 00:#1 ‘W'd ‘61 Aew
900°0 100°0 0 200°0 0 100°0 200°0 $00°0 0 200°0 0 #00°0 ¢00°0 S00°0 s
900°0 220°0 S00°0 > 910°0 S00°0 > 600°0 S00°0 > 810°0 S00°0 > (10°0 s00°0 > 900°0 S00°0 > 910°0 X
05:8 Sp:lt se: 1t 02:21 SE€:01 00-01 656 ‘WY ‘61 ey
0 €00°0 0 900°0 110°0 06%°0 0 200°0 0 vl0°C 1] 0 0 $20°0 s
S00°0 > Sl10°C S00°0 » #¥20°0 610°0 20t°0 $00°0 > 600°0 S00°0 > 020°0 S00°0 > S00°0 S00°0 > $20°0 X
Sy:gl SE:91 §2:91 SyiLT Sl st 11 A A 1123 2 *W'd ‘9l Aoy
¢00°0 ¥00°0 0 S00°0 0 100°0 0 £€00°0 0 S00°0 0 200°0 0 100°0 S
S00°0 €20°0 $00°0 > 610°0 S00°0 > 800°0 S00°0 > 800°0 S00°0 >  €10°0 S00°0 > $00°0 S00°0 > 800°0 X
00:6 00:-21 og:1t ot:¢l §2:01 00:01 00:01 ‘WY ‘81 Aew
100°0 2€0°0 0 €90°0 0 £01°0 100°0 100°0 0 S00°0 0 100°0 100°0 $00°0 S
010°0 1v0°0 S00°0 > LO1°0 S00°0 > 880°0 900°0 {00°0 900°0 oto°0 S00°0 >  {00°0 {ov°o 800°0 X
00:¢1 02:L1 Sb:91 §5:61 £€:61 05:¢L1 5051 *Wd ‘(1 Aey
200°0 200°0 100°0 $00° 0 100°0 s10°0 100°0 £€00°0 100°0 £00°0 20u°0 600°0 200°0 0 S
600°0 S10°0 L00°0 120°0 L10°0 910°0 "o 900°0 900°0 L{10°0 S00°0 010°0 S00°0 S00°0 > X
00:6 00:21 TR 84 op:2t Sb:01 ottt 0z:01 ‘WY ‘L1 Aew
‘0 1 U g 0 1 *u “1 g 1 a0 "1 U "1 -
S3yY234(@ abaeydsyq puogd puod
P :o_m..o:n. #0 | 38 asnoydung Spuog eJhy aaoqy Xukl Mo 3¢ Xukl aaoqy 1C]
L 9 5 1/ £ e {
SNOLLVIS
SILIS AIIYI VHAW NIAIS LV €861 “61 UNY 81 ‘L1 AVW 30 NOONHIL4V ONV ONINWOW 3HL 804 (1/6w) SNOILVEINIDNUD NOU] NV3KW S1 374wl



- 35 -

Iron concentrations fluctuated greatly over the three day
sampling period and significant increases in concentrations were never
noted consistently at any one place on all three days.

However, the overall mean for the three day sampling survey shows a two-
fold increase in total iron levels from site #1 to site #7.

Results from the Sirco composite samples further exemplify the
great variability in iron concentrations (Table 16). Average total iron
concentrations for the Sirco composite samples collected during the
24-hour period beginning 9:00 AM May 18 ranged from 0.013 to 0.092 mg/1.
The maximum variation during that period was 0.208 mg/1. Average total
iron concentrations for the Sirco composite samples collected during the
24-hour period beginning 9:00 AM May 19 ranged from 0.013 to 0.069 mg/1.
The maximum variation during that period was 0.083 mg/1.

3.3 Additional Sampling Sites

3.3.1 Kelso Creek, Kelso Creek, a significant stream of runoff
from the tailings road that emptied into Myra Creek approximately thirty
meters upstream of M2, typified acid mine drainage (Table 17). The pH was
Tow (4.9). Conductivity, residues and most metal levels were high. Total
residue was made up almost entirely of filterable residue. Solubility of
metals increases when pH is low. As expected, dissolved copper, zinc and
cadmium concentrations equalled the corresponding total metal
concentrations. Dissolved aluminum and dissolved iron made up a
comparingly smaller fraction of the total aluminum and total iron
concentrations. Total hardness was high with Ca*t, Mg** hardness

making up about 67% of the total.

3.3.2 South Bank at Site 9C of Initial Conductivity Transect Survey.

A grab sample was collected from the south shore of site 9C to determine
if the high conductivities recorded there may have been attributed to a
particular parameter(s) (Table 18). Turbidity and sulphate concentrations
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TABLE 16 MEAN TOTAL IRON CONCENTRATIONS (mg/1) FROM SIRCO SAMPLES COLLECTED
MAY 17 THROUGH TO MAY 20, 1983 AT SITE #7-M2

DATE TIME
May 17 9:00 - 11:00 0.020 *
X** s
May 18 9:00 - 11:00 0.015 0.001
12:00 - 14:00 0.015 0.002
15:00 - 17:00 0.092 0.128
18:00 - 20:00 0.015 0.001
21:00 - 23:00 0.015 0.002
May 18-19 24:00 - 2:00 0.016 0.004
3:00 - 5:00 0.013 0.001
6:00 - 8:00 0.016 0.002
May 19 9:00 - 11:00 0.013 0.003
12:00 - 14:00 0.017 0.005
15:00 - 17:00 0.019 0.003
18:00 - 20:00 0.045 0.011
21:00 - 23:00 0.069 0.025
May 19-20 24:00 - 2:00 0.047 0.011
3:00 - 5:00 0.058 0.007
6:00 - 8:00 0.054 0.023

*On May 17, samples were collected for only the first three consecutive hours,
9:00 ~ 11:00 inclusive, were then combined and analyzed as one sample for
total metals.

**On May 18 and 19, samples from three consecutive hours were combined, mixed
and then split to provide three replicate samples for total metal analysis.
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TABLE 17 PHYSICAL AND CHEMICAL MEASUREMENTS FROM A SINGLE GRAB SAMPLE

COLLECTED IN 'KELSO' CREEK ON MAY 17, 1983

PARAMETER* RESULT
Temperature (°C) -
pH (relative units) 4.91
Turbidity (FTU) 7.5
Conductivity (lab) (umhos/cm) 293
Conductivity (field) (umhos/cm) -
Filterable Residues 223
Non-Filterable Residues 26
Total Residues 249
Sulphates -
Total Copper 1.46
Dissolved Copper 1.50
Total Zinc 5.76
Dissolved Zinc 5.76
Total Cadmium 0.028
Dissolved Cadmium 0.027
Total Lead 0.003
Dissolved Lead < 0,001
Total Aluminum 8.64
Dissolved Aluminum 5.77
Total Iron 1.57
Dissolved Iron 0.15
Hardness Ca, Mg 89.6
Total Hardness 133.0

*A11 units mg/1 except where indicated otherwise.
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TABLE 18 PHYSICAL AND CHEMICAL MEASUREMENTS FROM A SINGLE GRAB SAMPLE
COLLECTED IN A POOL ON THE SOUTH BANK OF SITE 9C ON MAY 18, 1983

PARAMETER* RESULT
Temperature (°C) 5.7
pH (relative units) 6.7
Turbidity (FTU) 0.7
Conductivity (1ab) (umhos/cm) 73.1
Conductivity (field) (umhos/cm) 148
Filterable Residues 50
Non-Filterable Residues <5
Total Residues 53
Sulphates 19.0
Total Copper : 0.009
Dissolved Copper 0.009
Total Zinc 0.089
Dissolved Zinc < 0.002
Total Cadmium < 0.0005
Dissolved Cadmium < 0.0005
Total Lead < 0.001
Dissolved Lead < 0.001
Total Aluminum 0.2
Dissolved Aluminum < 0.05
Total Iron 0.16
Dissolved Iron < 0.005

Hardness Ca, Mg -
Total Hardness -

*Al11l units mg/1 except where indicated otherwise.
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at this site was the highest recorded in the study. Filterable and total
residues were high. Both total copper and total zinc concentrations were
the highest recorded in the study with the exception of Kelso Creek
concentrations. Total zinc concentrations were almost twice as high as
concentrations recorded at M2. Cadmium, lead, aluminum, iron and hardness
were all very low. Therefore, the higher conductivity recorded along the
south shore of site #4 may be attributed to high residues, sulphates and
more importantly copper and zinc levels.

3.3.3 South Bank of Water Sampling Site #4, Conductivity along

the south bank upstream of Myra ponds discharge (water sampling site #4)
was noticeably higher, throughout most of the study, than the conductivity
in midstream at this site. On May 19 three grab samples, one above and
two below site #4, were collected to determine if the high conductivities
could be attributed to any particular parameter (Table 19).

Total residues, made up almost entirely of the filterable
(dissolved) fraction, were high. The sulphate concentration was high
fifteen meters downstream of site #4 and five meters upstream of site #4.
Total aluminum concentrations fifteen meters downstream of site #4 were
the highest recorded in the study. Total iron was very high at the site
fifteen meters downstream of site #4. Total and Ca**, Mg**
hardness values were greater at fifteen meters downstream of site #4 and
five meters upstream of site #4 than at M2. Copper and zinc
concentrations were comparable to and less than levels recorded in
midstream at site #4. Therefore, the higher conductivity recorded along
the south shore of site #4 can be attributéd to high residue, sulphate and
hardness concentrations and in some instances to high total aluminum and
total iron concentrations.

3.3.4 Campbell River at Gold River Bridge and Campbell River in Elk

Falls Provincial Park. The only parameter that appeared unusually

high at either site was total and dissolved zinc (Table 20). In May 1983
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TABLE 19 CHEMICAL MEASUREMENTS FROM SINGLE GRAB SAMPLES COLLECTED ON THE
SOUTH BANK OF SITE #4 ON MAY 19, 1983

FIVE METERS FIVE METERS FIFTEEN METERS

UPSTREAM DOWNSTREAM DOWNSTREAM
PARAMETER* RESULT RESULT RESULT
Turbidity (FTU) < 0.1 < 0.1 < 0.1
Conductivity (1ab) (umhos/cm) 83.7 61.5 82.7
Conductivity (field) (umhos/cm) 68 71 77
Filterable Residues 57 43 58
Non-Filterable Residues <5 <5 <5
Total Residues 58 43 59
Sulphates 23.4 4.4 23.1
Total Copper 0.002 0.001 0.002
Dissolved Copper 0.001 < 0.001 0.001
Total Zinc 0.005 0.005 0.006
Dissolved Zinc | 0.004 0.003 0.006
Total Cadmium < 0.0005 < 0.0005 < 0.0005
Dissolved Cadmium < 0.0005 < 0.0005 < 0.0005
Total Lead < 0.001 < 0.001 0.002
Dissolved Lead < 0.001 < 0.001 < 0,001
Total Aluminum 0.06 0.05 0.11
Dissolved Aluminum < 0.05 < 0.05 < 0.05
Total Iron 0.013 0.023 0.119
Dissolved Iron 0.005 0.007 0.016
Hardness Ca, Mg 33.3 22.5 32.1
Total Hardness 33.6 22.7 32.3

*A11 units mg/1 except where indicated otherwise.



- - 4] -

TABLE 20 CHEMICAL PARAMETERS FROM REPLICATED GRAB SAMPLES IN THE CAMPBELL RIVER
ON MAY 19, 1983
-
-
AT GOLD RIVER BRIDGE IN ELK FALLS PROVINCIAL PARK

- PARAMETERS X S X S
Turbidity (FTU) ‘ < 0.1 0 < 0.01 0

- Conductivity (lab) umhos/cm 60.1 0.6 47.2 0
Filterable Residues 38 4 34 4

- Non-Filterable Residues <5 0 <5 0
Total Residues 39 3 35 3

- Sulphates 5.1 0.1 4.1 0.1
Total Copper 0.002 0.001 0.002 0.001
Dissolved Copper 0.002 0 0.001 0

“ Total Zinc 0.055 0.002 0.033 0.001
Dissolved Zinc 0.046 0.002 0.030 0.002

- Total Cadmium < 0.0005 0 < 0.0005 0
Dissolved Cadmium 0.0003 0.0001 < 0.0005 0

- Total Lead < 0.001 0 < 0,001 0
Dissolved Lead < 0.001 0 < 0.001 0
Total Aluminum < 0.05 0 < 0,05 0

- Dissolved Aluminum < 0.05 0 < 0.05 0
Total Iron 0.020 0.007 0.053 0.010

- Dissolved Iron 0.006 0.001 0.022 0.001
Hardness Ca, Mg 23.9 1.0 19.4 0.8

- Total Hardness 24.1 1.0 19.6 0.9

il
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levels of total and dissolved zinc in Campbell River at the Gold River
Rridge were comparable to the levels recorded at M2 in Myra Creek.
However, the average total zinc concentration in the Campbell River at
Gold River Bridge had decreased considerably from May 1982 (0.115 mg/1) to
May 1983 (0.055 mg/1). Dissolved zinc had decreased from 0.107 mg/1 in
May 1982 to 0.046 mg/1 in May 1983. Average total and dissoived zinc
concentrations in the Campbe11 River at the Gold River Bridge have been as

follows:

May/82 July/82 Oct./82 May/83
total Zn (mg/1) 0.115 0.068 0.046 0.055%
dissolved Zn (mg/1) 0.107 0.063 0.049 0.046

(Results of EPS surveys - personal communication with B. Kelso)

In May 1983 levels of total and dissolved zinc in the Campbell
River at the Elk Falls Provincial Park site were comparable to the levels
recorded in Myra Creek below the Lynx treatment system. Zinc levels have
not differed greatly between May 1982 and May 1983, Average total and
dissolved zinc concentrations in the Campbell River in Elk Falls
Provincial Park have been as follows:

May/82 July/82 Oct./82 May/83
total Zn (mg/1) 0.043 0.042 0.026 0.033
dissolved Zn (mg/1) 0.045 0.040 0.026 0.030

(Results of EPS surveys - personal communication with B. Kelso)
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4 MEAN COPPER, ZINC AND SULPHATE LOADINGS IN MYRA CREEK AND TO
MYRA CREEK FROM VARIOUS SOURCES

The major increase in copper and zinc loadings in Myra Creek was
below the Lynx Pond discharge and another small increase was noted at M2.
The major increase in sulphate loading was at the pumphouse below the Myra
ponds, discharge. Smaller increases in sulphate loadings were noted below
the Lynx pond discharge and at M2 (Table 21).

The metal and sulphate loadings from the pond discharges did not
account for all of the increase in loadings noted in Myra Creek downstream
of the ponds (Table 22). Site drainage or pond seepage accounted for 63%
of the dissolved copper loadings, 74% of the total zinc loadings and 92%
of the dissolved zinc loadings seen below the Lynx Pond discharge. Site
drainage or pond seepage accounted for approximately 6% of the total zinc
loadings at the pumphouse below the Myra Ponds discharge. Lastly, site
drainage accounted for 49% of the total copper loadings, 57% of the
dissolved copper loadings, 59% of the total zinc loadings, 77% of the
dissolved zinc loadings, and 19% of the sulphate loadings noted at M2.
Therefore, site drainage or pond seepage accounted for a major portion of
the metal Toadings in Myra Creek below the Lynx pond discharge, and for a
major portion of the metal loadings between the pumphouse below Myra Ponds
discharge and M2,

Total copper loadings in Myra Creek at sites #4, #5 and #7 or
sites MCl, MC2 and M2, respectively (Kelso and Jones, 1983) were between 2
and 3 times less in May 1983 (Table 21) than in December 1982 (Table
231). Total zinc loading in Myra Creek at these sites were 3 to 4
times less in May 1983 (Table 21) than in December 1982 (Table 23).

lpmendment to Table 11, page 22, Kelso and Jones, 1983.
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5. SUMMARY AND CONCLUSIONS

5.1 Relationship Between Conductivty and other Chemical Parameters
Conductivity recorded in the field with the 4000 series Hydrolab
unit was used to indicate trends or patterns for dilution and dispersion

of the treatment system discharges, pond seepages and site drainage in
Myra Creek. The following pattern emerged over the three day sampling
survey: there was a small increase in conductivity below the Lynx Pond
discharge (site #3); at the pumphouse below Myra Ponds discharge (site
#5); another small increase in conductivity was noted at (site #7) on May
18 and 19,

The significant increase in conductivity below the Myra ponds
discharge may be related to a corresponding increase in residue, sulphate
and hardness concentrations. In fact, sulphate loadings increased most
significantly at the pumphouse below the Myra Ponds discharge and could be
attributed entirely to the Myra Ponds effluent. The small increase in
conductivity below the Lynx pond was related to a corresponding increase
in sulphate, copper and zinc levels,

Copper and zinc loadings increased most significantly below the
Lynx Pond discharge. All the total copper loading could be attributed to
the Lynx Pond effluent but some dissolved copper loadings and a major
portion of the total and dissolved zinc loading appeared to be introduced
further from site drainage or pond seepage. A small increase in sulphate
loadings below the Lynx Pond discharge was attributed entirely to the Lynx
Pond effluent.

Any small increase in conductivity noted at M2 may also be
related to a corresponding increase in sulphates, copper and zinc
concentrations. Copper and zinc loadings increased noticeably at M2 and
most of the increase was attributed to site drainage. The small increase
in sulphate loading at M2 was also attributed to site drainage.
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There appears to be two types of contaminant sources that
elevated conductivity levels in Myra Creek. The Lynx pond discharge and
the runoff or seepage from the mining/milling site mainly increased
sulphate, copper and zinc concentrations in Myra Creek that subsequently
increased conductivity levels. The Myra ponds discharge increased
residue, sulphate and hardness levels and thereby increased conductivity
levels. The higher conductivity recorded along the south shore of site #4
across from the Myra treatment ponds, appears to be mainly attributed to
high residue, sulphate and hardness concentrations. Therefore, seepage
from the Myra ponds is suspected as the source of contamination. In
comparison, site drainage may be affecting the south bank of site 9C
because the high conductivity reading was mainly attributed to high
residue, sulphate and more importantly the highest recorded copper and

zinc levels in Myra Creek.



- 49 -

REFERENCES

Anon, 1979. Laboratory Manual. Department of the Enviromment -
Environmental Protection Service: Department of Fisheries and
Oceans (Pacific Region).

B.C. Research, 1980. Literature Review and Mine Tailing Sampling at the
Bottom of Buttle Lake. Prepared for Western Mines Ltd., Project
1-03-371.

B.C. Research, 1981. Water Quality in the Thelwood and Myra Creek
Drainages. Prepared for Buttle Lake Study Committee; Project
1-12-493,.

Clark, M.J.R., 1980. A Preliminary Review of Buttle Lake Water Quality.
R.C. Ministry of Environment, Waste Management Branch, Report No.
80"2-

Clark, M.J.R., 1980a. A Compilation of Water Quality Criteria (1978;
revised 1980) B.C. Ministry of Environment, Waste Management
Branch, Victoria. Report 80-9, 298 pp.

Derksen, George, 1983, Sediment Data Collected by the Environmental
Protection Service in September, 1982 (Sediment Method Evaluation
- Stainless Steel Syringe). Unpublished Report, Department of the
Enviromment, Environmental Protection Service, Pacific Region,
Vancouver, 8,C.

Kelso, B.W. and M, Jones, 1983. Progress Report on the December 7, 1982
Water Quality Sampling in Myra Creek After the Implementation of
the Groundwater and Surface Collection and Treatment System at
Westmin Resources Limited on Vancouver Island. Department of the
Environment, Environmental Protection Service, Pacific Region.
Regional Program Report 83-18,



- 50 -

Oguss, E., and W.E. Erlebach, 1976. Limitations of Single Water Samples
in Representing Mean Water Quality. Environment Canada Inland
Waters Directorate Tech. Bull. No. 5.

Steward, A.J., 1972. Engineering Report on Tailings Disposal from the
Myra Falls Operation of Western Mines Limited, Western Mines
Limited, Campbell River, British Columbia,



-5 -

APPENDIX I

SEDIMENT SAMPLE RESULTS FOR MYRA CREEK
AT M1 AND M2
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HEAVY METAL CONCENTRATION, PARTICLE SIZE DISTRIBUTION AND VOLUME OF
INTERGRAVEL FINE SEDIMENTS FOR M1

REPLICATION NUMBER
METAL* 1 2 3
Hg** .64 .35 .34
As < 40 24 29
Ba 100 133 152
Be < .8 < .2 .4
Cd <2 .7 .7
Co 21 14.4 15.6
Cr 91 42 81.3
Cu 73 70.7 78.7
Mn 921 708 1040
Mo < 4 < .8 < .8
Ni 50 19 38
P 530 515 603
Pb < 20 19 19
Sn < 8 3 2
Sr 46.7 40.6 43.7
Ti 1270 1160 1440
v 84 77 97
In 93 125 148
Al 24900 29000 34200
Fe 26200 25600 32400
Si 1330n 4650 3580
Ca 9460 9930 9690
Mg 7580 8350 9490
Na 700 350 370
*TCAP, < 0.15 mm fraction, as ug/g (ppm)
**Hg (flameless atomic absorption)
Portion of total
Sample (%)
> .15 mm 78.7 61.4 57.7
< .15 mm 21.3 38.6 42.3
Portion of total
Sample (weight:g)
> .15 mm .3 1.7 1.9
< .15 mm .1 1.1 1.4
Sample Volume :ml
total liq. &
settleable 1230 1150 1265
total settleable 3 12 7.5

Note: replication 1 had a very small amount of sample for some reason.
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HEAVY METAL CONCENTRATION, PARTICLE SIZE DISTRIBUTION AND VOLUME OF

INTERGRAVEL FINE SEDIMENTS FOR M2

REPLICATION NUMBER
METAL* 1 2 3
Hg** 77 .73 .90
As 19 25 24
Ba 1840 2290 1320
Be .5 .5 .5
Cd 8.5 9.3 9.6
Co 23.9 24 25
Cr 52.9 45,7 69.2
Cu 900 965 1350
Mn 1440 ' 1460 1400
Mo < .8 < .8 < .8
Ni 30 28 43
P 594 602 443
Pb 155 174 146
Sn <2 <? <2
Sr 65.8 67.4 56.8
Ti 1990 1790 1970
v 122 116 121
n 3260 3510 4810
Al 37300 37300 37200
Fe 45200 45100 42300
Si 3820 4040 3260
Ca 11300 11000 11100
Mg 16000 15900 17000
Na 400 390 390
*ICAP, < 0.15 mm fraction, as ug/g (ppm)
**Hg (flameless atomic absorption)
Portion of total
Sample (%)
> .15 mm 63.3 74.2 84.2
< .15 mm 36.7 25.8 15.8
Portion of total
Sample (weight:qg)
> .15 mm 2.6 5.8 1.7
< .15 mm 1.5 2.0 0.3
Sample Volume :ml
total liq. &
settleable 1275 1280 1250
total settleable 11 16 20
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APPENDIX 11

MEAN LAB CONDUCTIVITY RESULTS
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APPENDIX ITI

METAL CONCENTRATIONS IN MYRA CREEK,
May 17-19, 1983
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HEAVY METALS THAT WERE BELOW THE DETECTION LIMIT (mg/1)

METAL DETECTION LIMIT
Arsenic 0.05
Beryllium 0.001
Cobalt 0.005
Chromiuml 0.005
Mo1ybdenum?2 0.005
Nickel3 0.02
Phosphorus4 0.05
Antimony 0.05
Selenium 0.05
Tind 0.01
Vanadium 0.01

10n the afternoon of May 18, at site #5, one triplicate sample had a
chromium concentration of 0.009 mg/1.

20n the afternoon of May 17, at site #5, one triplicate sample had a
molybdenum concentration of 0,005 mg/l1. On the afternoon of May 19, at site
#7, one triplicate sample had a molybdenum concentration of 0.006 mg/1.

30n the afternoon of May 17 at site #5, and on the afternoon of May 19 at

site #1, one triplicate sample had a nickel concentration of 0.03 mg/1. On the
afteroon of May 19 at sites #3 and #7 one triplicate samplie had a nickel
concentration of 0.02 mg/1.

40n the morning of May 17, at site #7, one triplicate sample had a
phosphorous concentration of 0.10 mg/1. On the afternoon of May 17, at site
#1, one triplicate sample had a phosphorus concentration of 0.06 mg/1.

50n the afternoon of May 17 at site #2 and on the afternoon of May 18 at

site #1 two triplicate samples had tin concentrations of 0.01 mg/1. On the
afternoon of May 18 at site #2, one triplicate sample had a tin concentration
of 0.01 mg/1.
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