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ABSTRACT

A baseline study was undertaken by the Environmental
Protection Service of the watershed near Venus mine (site of a former
mining and milling operation) in the Yukon, and Venus mill in British
Columbia in 1980 before their planned development and start of
operation in June 1981. Water quality parameters, bottom fauna
characteristics and sediment quality were documented and evaluated at
twenty-three sampling stations.

The environmental quality of the unaltered part of the water-
shed was similiar to other unaltered lakes and creeks in the Yukon
River Basin.

The environmental quality near the abandoned tailings pond
continues to be adversely affected by this past operation. Signifi-
cantly higher concentrations of cadmium, lead and zinc were found in
sediment samples in the lake near the abandoned tailings pond than in
sediment samples from unaltered parts of the watershed. Arsenic
concentrations in abandoned tailings pond drainage and mine water were
significantly higher than those in water in the unaltered part of the
watershed.
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RE SUME

En 1980, le Service de la protection de 1'environnement a fait
une etude portant sur les secteurs du bassin hydrographique avoisinant
1a mine "Vénus" situee dans le Yukon, a 1'emplacement d'une ancienne
mine et d'une ancienne usine de traitement du minerai, et de 1'usine de
traitement du minerai "Vénus" située en Colombije-Britannique, avant que
ces deux ensembles ne soient aménages et mis en exploitation, en juin
1981. On a choisi vingt-trois points d'échantillonnage afin d'eétablir
et d'évaluer les paramétres de qualite de 1'eau, les caractéristiques -
de la faune aquatique des profondeurs et la qualite des sediments.

On a constate que la qualite ecologique des secteurs du bassin
hydrographique non encore touches par 1'homme etait similaire a celle
d'autres lacs et riviéres encore vierges du bassin fluvial du Yukon.

Le bassin ou se deversaient les residus industriels de
1'ancienne exploitation continue @ affecter le milieu naturel
avoisinant. En analysant differents echantillons de sediments, on a
constaté que les taux de concentration du cadmium, du plomb et du zinc
etaient nettement plus eleves dans les sediments du lac situe prés de
1'ancien bassin de deversement que dans les secteurs du bassin
hydrographique non encore touches par 1'homme. On a constate que les
taux de concentration en arsenic des effluents provenant du bassin
abandonné et de la mine etaient plus eleves que ceux de 1'eau provenant
des secteurs du bassin hydrographique non encore touches par 1' homme.
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SUMMARY

A baseline study was undertaken by the Environmental
Protection Service of the watershed near Venus mine (site of a former
mining and milling operation) in the Yukon, and Venus mill in British
Columbia in 1980 before their planned development and start of
operation in June 1981. Water quality parameters, bottom fauna
characteristics and concentrations of cyanide and metals in sediment
were evaluated. Sample stations included streams and the lake adjacent
to an abandoned tailings pond from which Venus plans to recover the
tailings, mine water, a creek into which mill tailings ponds will
discharge, a control creek and the southern end of Windy Arm (Tagish
Lake) into which the creek receiving tailings pond discharge flows.

The environmental characteristics of the predevelopment part
of the watershed were found to be similiar to other unpolluted lakes
and creeks in the Yukon River drainage basin. The softness of the
water and its low mineral content make the aquatic environment
particularly sensitive to discharge of metals.

High arsenic concentrations were found in mine water and
abandoned tailings pond drainage. Arsenic removal from mine water may
be required in the water licence from the Yukon Territorial Water Board
and is planned by the company. Arsenic removal inay also be required
under the terms of the water licence in tailings pond water during re-
covery of the tailings for reprocessing at the Venus mill.

The continuing effects of the former milling operation were
shown by the significantly higher concnetrations of cadmium, lead and
zinc in sediment samples taken in the Take offshore from the abandoned
tailings pond than found in sediment samples from the unaltered part of
the watershed.

Future monitoring of water quality, bottom fauna and sediment
characteristics of this watershed during the operation of Venus mine
and mill can be compared to values documented by this study.
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1 INTRODUCTION

Early in 1980 United Keno Hill Mines Ltd. announced their
plan to reopen Venus Mine by June 1981 and submitted applications to the
British Columbia Waste Management Branch for construction and operation
of a mill in British Columbia and to the Yukon Territorial Water Board
for a water use licence at the mine site in the Yukon. The water bodies
affected by the mine and mill activity are part of the Yukon River
system upstream of the communities of Tagish and Whitehorse. The
location of the study area is shown in Figure 1. Windy Arm (elevation
656 m) is not classed as a commercial fishing lake and in 1980 there
were no domestic fishing licences issued. However, Windy Arm is used as
a recreational fishing lake. The Environmental Protection Service
undertook a baseline study of the watershed in the vicinity of the mine
and mill. This baseline study documents existing chemical parameters in
water and sediment and gives a quantitative and qualitative analysis of
the existing bottom fauna communities.

Mining first started in this area during the second decade of
this century. More recent activity began in the mid sixties and
culminated in the construction of a 272 tonne (300 ton) per day capacity
mill which operated from September 1970 until June 1971. The tailings
fron this operation will be remillied by Venus Mines Ltd. The 46,000
tonne (50,000 ton) of tailings contain 2.80 gm/t gold, 40.74 gm/t
silver, 0.37% zinc (UKHM Ltd. 1980). The Venus Mine property was
re-examined in 1979 and earlier ore estimates were confirmed. It was
decided in April 1980 to bring the Venus Mine back into production. Ore
reserves have been calculated at 109,000 tonnes (120,000 tons)
containing 8.84 gmn/t (0.22 oz/ton) gold, 205.3 gm/t (6.60 o0z/ton)
silver, 1.89% lead, and 1.37% zinc. The ore is associated with 8% iron
pyrite, 10% arsenopyrite and quartz.

The country rock in the mine workings consists primarily of
pale green to green, competent, cherty andesite breccia, alternating
with dark green andesite flows and possibly minor tuff (UKHM Ltd.
1980).

The Venus mine site is located in the Yukon 24 km from
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Carcross on the Skagway road (96 km from Whitehorse). Approximately
1,800 1itres per minute (400 IGPM) of water is generated in the mine
from underground outflow and will be discharged to Windy Arm after
treatment of the contaminated portion estimated to be about 900 Titres
per minute (200 IGPM). The surface facilities for the mine will be on
the eastern side of the Skagway road below the mine at Pooly Point.
Water from Pooly Creek is used in the surface facilities. It is treated
in a septic tank system. The mine will be operated 1 shift per day, 5
days per week and will produce 127 tonne (140 ton)per day. Two years of
ore reserves have been fu]]y'developed. It is expected that additional
reserves will be developed during mine operation.

The abandoned tailings, 22.4 km from Carcross on the Skagway
road, will be dewatered and trucked to the mill in the summer for
reprocessing. At present there is a discharge to Windy Arm from these
tailings through an asbestos culvert. The disturbance of the tailings
during reclamation may change the discharge flow and chemical
characteristics.

The Venus mill site is in British Columbia, 33.6 km from
Carcross on the Skagway road which connects Carcross, Yukon with
Skagway, Alaska. The mill site is at 59°57'N latitude and 134°40'W
longitude. This is 105.6 km from Whitehorse, Yukon. The tailings ponds
will drain into the southern end of Windy Arm. It is estimated that 273
Titres per minute (60 IGPM) of water will be discharged from the mill,
24 hours per day, 7 days per week. The mill will process 91 tonne (100
ton) of ore per day.



2 METHODS

2.1 Sampling Station Location and Description

Sample station locations are shown in Figures 2 and 3. A
description of each location is given in Table 1.

2.2 Water Quality
The water quality sampling schedule is given in Table 2.

Table 1, Appendix I lists collection, preservation and analysis methods
for all water quality parameters.

Temperature, pH, depth and conductivity were measured in the
field. Dissolved oxygen was measured in the Environmental Protection
Service Whitehorse laboratory. All other water quality analyses were
done by Laboratory Services, Environmental Protection Service, 4195
Marine Drive, West Vancouver, 'British Columbia.

Water samples were analyzed for color, turbidity,
non-filterable residue, filterable residue, total alkalinity, total
hardness, total phosphate, nitrite, nitrate, sulfate, chlorine and
silica. Separate water samples were taken and analyzed for total
organic carbon/total inorganic carbon, total mercury and cyanide.

Water samples were analyzed for the following extractable

metals:
Silver (Ag) Manganese (Mn)
Aluminun (A1) Molybdenum (Mo)
Arsenic (As) Sodium (Na)
Barium (Ba) Nickel (Ni)
Calcium (Ca) Lead (Pb)

Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Vanadium (V)

Antimony (Sb)

Selenium (Se)
Tin (Sn)
Strontium (Sr)
Titaniun (Ti)
Zinc (ZIn)
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TABLE 1 STATION LOCATION AND DESCRIPTION

STATION

NUMBER STATION LOCATION AND DESCRIPTION

1 Samples were taken from a creek draining Lake A. The

sampling location was upstream of the new proposed mill
site at the downstream side of the Skagway road crossing.
The company proposed to obtain all or a portion of its
273 litres per minute (60 IGPM) requirement for the mill
from Lake A.

2 Station 2 was located on the creek draining Lake A,
downstream of Station 1 and upstream of the proposed
second dam site. Downstream, beyond the mill site, this
creek empties into a larger creek prior to draining into
Windy Arm at Station 3.

3 Station 3 was located downstream of the mill site at the
mouth of the creek entering the east side of the south
end of Windy Arm. Stream drainage from the mill site and |
effluent from the treatment ponds will enter this creek.

4 Station 4 was located at a creek crossing the Skagway
road approximately 1 km north of the mill site. The
creek was chosen as a control site and will be unaffected
by the mill operations.

5 Station 5 was located downstream of Station 4 at the
mouth of the creek entering the west side of the south
end of Windy Arm near the Skagway road.

6-15 The next series of stations, 6-15 inclusive, are located
in the south end of Windy Arm of Tagish Lake. Three
transects running east to west were chosen on this am,
with 3 stations on each transect. See Figure 2 for these
station locations. The water in Windy Arm flows from
south to north.




TABLE 1

STATION LOCATION AND DESCRIPTION (continued)

STATION
NUMBER

LOCATION AND DESCRIPTION

16

17

18

19

20

21-23

Station 16 was at the 792 m adit of Venus mine which is
located 9.6 km north of the new mill site. The sampling
location was at a site where adit water flowed down
beneath mining waste rock and surfaced. This was
approximately 30 m below the main adit water pipe and 120
m above the Skagway road.

Station 17 was located in Windy Arm approximately 20 m
offshore from the Venus mine site.

Station 18 was located on a creek that discharges from a
metal culvert. The culvert is situated beside the
abandoned Venus Mine tailings pond. Station 18 was at
the discharge end of the culvert and before the tailings
drainage joined up with the creek.

Station 19 was located at the discharge end of an
asbestos culvert draining the tailings pond. This
culvert is about 6 m below the tailings pond (vertical
measure) and approximately 40 m away (horizontal
measure).

Station 20 was located at the base of a rock knoll (5-7 m
high), which borders a corner of the ahandoned Venus Mine
tailings pond. Seepage is indicated by discoloration of
the rock face and surrounding ground. The lake surface
is 2-3 m (horizontal measure) away.

Stations 21, 22, and 23 were located in an arc 20-30 m
offshore from the abandoned Venus Mine tailings pond.

See Figure 3 for exact locations.




TABLE 2 SAMPLING SCHEDULE FOR WATER QUALITY, BOTTOM FAUNA AND
SEDIMENT
DATE TYPE OF SAMPLE STATIONS
June 26/80  Surface water 1, 2, 3, 4, 5, 6A, 7A, 8A, 9A,
' 10A, 11A, 12A, 13A, 14A, 15A,
16, 17A, 18, 19, 20, 21A, 22A,
23A
July 3/80 Water - 2 m above bottom 68, 78, 88, 9B, 10B, 11B, 12B,
' 13B, 14B, 15B, 17B, 21B, 228,
238
June 26/80 Bottom fauna 1, 2, 4, 5, 16, 18, 21, 22, 23
July 3/80 Bottom fauna 7, 8, 9, 10, 13, 15
July 3/80 Sediment 1, 2, 3, 5,6, 7, 8, 9, 10,

13, 14, 15, 18, 19, 21, 22, 23
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The percent dissolved oxygen saturation was calculated by
first determining the dissolved oxygen saturation concentration from the

formula:
S' =S P (APHA et al 1975)
760
where: S' = Dissolved Oxygen (D.0.) saturation concentration at the
in situ temperature and atmospheric pressure
S = D.0. saturation concentration at sea level for in situ

temperature
P = Atmospheric pressure in mm of mercury at site elevation

Then the ratio of D.0. measured /S', times 100 was calculated
to obtain percent dissolved oxygen saturation.

2.3 Bottom Fauna
The bottom fauna sampling schedule is given in Table 2. The

bbttom fauna collection, preservation and identification methods are
given in Appendix I, Table 2. The date of collection, type of sampler,
number of samples and total area sampled is given in Table 3. Bottos
fauna samples at Stations 11, 12, and 17 were not obtained because the
lake bottom at these stations was composed of rock. Bottom fauna data
from Stations 3, 6, 14, 19, and 20 also were not obtained.

2.4 Sediment

The sampling schedule for sediment is given in Table 2.
Sediment samples at Stations 4, 11, 12, 16, and 17 were not collected
because the lake or creek bottom was rocky. No sediment sample from
Station 20 was collected. Three sediment samples were taken at each
station except Stations 15 and 23 where wind problems resulted in 1 and
- 2 samples, respectively, being collected.

Sediment samples were shipped to Vancouver for analysis at
Laboratory Services, Environmental Protection Service, 4195 Marine
Drive, West Vancouver.

A description of sediment collection, preparation and
analysis methods is given in Appendix I, Table 3.

L
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Samples 18, 19, 21, 22, and 23 were analyzed for cyanide.
A1l samples were analyzed for:

Aluminum (A1) Sodium (Na)
Barium (Ba) Nickel (Ni)
Calcium (Ca) Phosphorus (P)
Cadmium (Cd) Lead (Pb)
Chromium (Cr) Silicon (Si)
Copper (Cu) Tin (Sn)

Iron (Fe) Strontium (Sr)
Mercury (Hg) Titanium (T1)
Magnesium (Mg) Vanadium (V)
Manganese (Mn) Zinc (Zn)

Molybdenum (Mo)

A1l sediment samples are being retained for analyses of
arsenic at a later date pending the refinement of the analytical
methodology now employed by the West Vancouver laboratory.

A1l samples were analyzed for particle size distribution.
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3 RESULTS AND DISCUSSION

3.1 Water Quality
The water quality results are given in Appendix I, Tables 1,

2, 3.

The results of the water quality analyses are compared with
acceptable concentration limits for raw drinking water supply and
concentration limits for healthy aquatic life. Table 4 in Appendix II
lists these water quality criteria and their references. The upper
concentration limits for healthy aquatic 1ife are usually lower than raw
drinking water concentration limits because aquatic Tife may be more
susceptible to harmful effects because of lower tolerance or
biomagnification of the substance in the food chain.

3.1.1 Water Quality Parameters Excluding Metals

3.1.1.1 Predevelopment creeks stations: 1 to 5. All measurements

were similiar to those found in other unaffected creeks in the Yukon by
Burns (1980). Al1l measurements met the acceptable concentration limits
for raw drinking water supply and concentration limits for healthy
aquatic life for the parameters discussed in this section. Conductivity
and filterable residue levels were low although they were within the
range for healthy aquatic life. Total hardness at the creek stations
was an average of 112 mg/1 as CaCO3 which is relatively soft. Some
metals such as lead and nickel are more toxic to aquatic life in soft
water (Appendix II, Table 4).

Higher values for conductivity, filterable residue, total
alkalinity, total hardness, total inorganic carbon and sulfate were
measured at the creek stations than were measured at the lake stations.
Flow from these creeks must be diluted by the receiving lake which also
receives glacial melt which has very low concentrations of salts.

3.1.1.2 Predevelopment lake stations: 6 to 15. Depths for the
midpoints of the transects of the southern part of Windy Arm were 32 to




- 13 -

46m. Since the depth at the neck, Station 15, was 38 m, the southern
end of Windy Arm and the neck it discharges through are of uniform
depth. It is not known whether this southern part of Windy Arm will act
as a sink for metals discharged by the Venus mill.

A1l measurements were similar to those found in Windy Arm by
Robson et al (1978) and in Tagish Lake by Baker (1979a). All
measurements met the acceptable concentration limits for raw drinking
water supply for the parameters discussed in this section. Both
conductivity and filterable residue levels were lower than the lower
limit for healthy aquatic life. Total hardness measurements indicated
that the lake water was soft.

The low concentration of salts as indicated by the low
conductivity and low filterable residue levels are characteristic of a
low productivity or oligotrophic lake.

3.1.1.3 Stations affected by past mining and miiling operations: .16

to 23. With the exception of dissolved oxygen, all
measurements met the acceptable concentration limits for raw drinking
water and concentration limits for healthy aquatic life discussed in
this section. Station 16, mine water, did not meet the drinking water
standard of 100% of dissolved oxygen concentration but met the Tower
limit for healthy aduatic life of >54%. Station 20, tailings pond
seepage, had a concentration of 47% of dissolved oxygen concentration
which did not meet either criteria. The mine water may not have had
time to become saturated with oxygen.

The temperature at Station 18 was much lower than the other
stations and this indicates it was ground water.

The Tevels of parameters discussed in this section at Station
19, abandoned tailings pond drainage, are similiar to those reported for
this station in 1975 and 1976 by Robson et al (1978) except for cyanide.
A cyanide concentration of 0.94 mg/1 CN was measured in 1975 but during
this study the cyanide concentration was below the detection limit of
0.03 mg/1 CN. This may indicate that overall cyanide levels have
decreased since 1975.
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Higher values for conductivity, filterable residue, total
alkalinity, total hardness, total inorganic carbon, total phosphate,
nitrate and sulfate were found at Stations 16, 18, 19 and 20 than in
unaffected creek or lake station samples. These higher values are
caused by the higher dissolved salts in the mine water at Station 16,
the ground water at Station 18 and the abandoned tailings pond drainage

and seepage at Stations 19 and 20 respectively. The higher
~ concentrations of sulfates at these stations are believed to reflect the
presence of 8% iron pyrite and 10% arsenopyrite in the Venus ore body.
The concentrations of these parameters were not elevated at Station 17,
offshore from the mine, or Stations 21, 22 and 23 offshore from the
abandoned tailings pond. In respect to these parameters, sampling did
not show a influence of the mine or abandoned tailings pond on the
1ake.

3.1.1.4 General comments. Lab pH levels were consistently lower and

lab conductivity measurements were consistently higher than those taken
in situ. This was the result of changes which occurred in the sample
between collection and 1ab analysis and for conductivity was also the
result of the change in temperature between in situ and lab measurement.

3.1.2 Water Quality Parameters - Metals. This was a baseline study

and the concentrations of metals were low at the creek and lake stations
which were unaffected by past activities but they were higher at
stations affected by past mining and milling activities.

3.1.2.1 Predevelopment ¢reek stations: 1 to 5. All metal

concentrations in unaffected creek samples met the acceptable
concentration limits for raw drinking water supply and concentration
limits for healthy aquatic life with the exception of iron and mercury
(N.B. See section 3.1.2.4). The drinking water limit for iron was
exceeded slightly at station 5. The mercury concentrations for all
stations were higher than the upper limit for healthy aquatic life of
0.0001 mg/1. Mercury concentrations at creek stations ranged from

-

e

i
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0.00020 to 0.00032 mg/1 Hg. Mercury concentrations will be discussed
more fully under section 3.1.2.2 on lake stations. The source of iron
in the creeks is likely iron pyrite'since it is present in Venus mine
ore and likely occurs in other mineral outcroppings in the watershed
drained by the creeks. ,

The concentrations of barium, calcium, magnesium, sodium,
silica, strontium and zinc were higher in the creek samples than in the
lake samples. This is consistent with the higher conductivity, filter-
able residue and total hardness found in unaffected creek samples as
compared to lake samples.

3.1.2.2 Predevelopment lake stations: 6 to 15. Metal concentrations

in unaffected lake station samples met the acceptable concentration
limits for raw drinking water supply and healthy aquatic life with the
exception of iron, manganese and mercury (N.B. See section 3.1.2.4).
The concentration of iron (Fe) was higher than the drinking water limit
of 0.3 mg/1 but lower than the aquatic life limit of 1.0 mg/1 in one
sample taken 2m off the bottom. All other samples taken 2 m off the
lake bottom and all the lake surface water samples had concentrations
below 0.3 mg/1. One lake surface water sample was slightly above the
upper drinking water 1imit of 0.05 mg/1 manganese (Mn) but was well
below the healthy aquatic limit of 1.0 mg/1 Mn.

The concentrations of mercury (Hg) at all unaffected lake
stations were in the range 0.0020 to 0.0064 mg/1 Hg. This concentration
is well below the drinking water 1imit of 0.002 mg/1 Hg but is higher
than the 0.0001 mg/1 Hg recommended to protect consumers of fish grown
in these waters. Mercury is biomagnified in the food chain and
accumul ates in fish and man. Past data on mercury concentrations in
Windy Arm and Tagish Lake was studied. Robson et al (1978) reported
that 1975 Windy Arm lake samples had less than 0.00018 mg/1 Hg at lake
stations unaffected by past mining operations and Baker (1979a) reported
that 1977 Tagish lake samples had 0.00020 mg/1 Hg. It appears that
mercury concentrations have increased in this lake. To check whether
mercury concentrations in fish reflected this increase, lake trout
mercury concentrations from samples taken in 1976 (Robson et al 1978)
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were compared to lake trout samples taken in 1980 (UKHM 1981). The
average concentration in six lake trout in 1976 was 0.11 mg/kg Hg wet
weight and the average concentration in two lake trout in 1980 was 0.27
mg/kg Hg wet weight. This data suggests mercury concentrations in lake
trout have also increased but more data on fish should be obtained to
confirm this. Although all concentrations were below the 0.5 mg/kg Hg
wet weight guideline of Health and Welfare Canada, if the concentrations
of mercury in fish are rising, the guideline may be exceeded within the
next few years.

3.1.2.3 Stations affected by past mining and milling operations: 16 -

23. The mine water (Station 16), the abandoned tailings pond
drainage (Station 19) and the abandoned tailings pond seepage (Station

20) had higher concentrations of some metals than the creek and lake

stations that were not affected by past mining activities.
Concentrations of arsenic (As), calcium (Ca), iron (Fe), magnesium (Mg),
sodium (Na), silicon (Si), strontium (Sr) and zinc (Zn) were higher.
Only the concentration of barium (Ba) was lower than at unaffected creek
and lake stations. Only iron concentrations were higher than unaffected
lake stations in the lake stations offshore from the abandoned tailing
pond. It is possible that arsenic, lead and zinc were higher too but
the detection 1imits of the analytical methods used fbr these metals
were not low enough to show this (N.B. See section 3.1.2.4).

Arsenic concentrations exceeded the upper Timit for drinking
water and the 1imit for healthy aquatic life in the minewater (Station
16), the abandoned tailings pond drainage (Station 19) and the abandoned
tailings pond seepage (Station 20). The source of this is the 10%
arsenopyrite in Venus Mine ore and the previously processed arsenopyrite
in the abandoned tailings.

| The iron concentration exceeded the upper drinking water limit
of 0.3 mg/1 Fe but was less than the limit for healthy aquatic life of
1.0 mg/1 Fe in the abandoned tailings pond drainage (Station 19). The
source of this iron is believed to be iron pyrite in Venus Mine ore and
in the abandoned tailings.

The manganese concentration was slightly higher than the upper

ik
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drinking water limit of 0.05 mg/1 Mn but lower than the limit for
healthy aquatic Tife of 1.0 mg/1 Mn in the drainage from the abandoned
tailings pond (Station 19).

The lead concentration was three times the upper drinking
water 1imit of 0.05 img/1 Pb and fifteen times the 1imit for healthy
aquatic life of 0.030 mg/1 Zn in the drainage from the abandoned
tailings pond (Station 19).

The mercury concentration exceeded the upper limit for healthy
aquatic life of 0.0001 mg/1 Hg at all stations affected by past mining
operations but only to the same extent as other samples taken from the
unaffected creeks and lake in this study.

Although both silver and cadmium concentrations were under the
upper limit for drinking water for these stations affected by past
mining operations, the detection limit of the analytical methods used
were not low enough to show if their concentrations exceeded the upper
1imits for healthy aquatic 1ife. Both metals are present in the aban-
doned tailings. Silver is a major constituent of the ore and cadmium
occurs as a trace element with its concentration linked to the
concentration of zinc which is also a major constituent of the ore.
Both metals are considered to be very toxic to aquatic life and an upper
limit of 0.001 mg/1 Ag and 0.0002 mg/1 Cd have been recommended.

The drainage from the abandoned tailings pond (Station 19) was
compared to the 1975 metals data for this station as reported in Robson
et al (1978). The concentrations of arsenic, cadmium, iron, lead and
zinc have stayed approximately the same. The concentration of barium
appears to have decreased by a factor of ten and the mercury
concentration appears to have increased by a factor of ten. Even
allowing for likely differences in analytical techniques the drainage
from the abandoned tailings pond has maintained similar metal
concentrations for five years and been a continuing source of metals to

Windy Arm.

3.1.2.4 General comments. The detection limits of the analyses used

were not low enough to determine whether arsenic, lead and selenium
concentrations exceeded the raw drinking water criteria or if arsenic,
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cadmium, lead, nickel, selenium, and silver concentrations exceeded
healthy aquatic life limits. For example the detection limits for
arsenic, lead and selenium were 0.15 mg/ As, 0.080 mg/ Pb, and 0.080
mg/1 Se and the drinking water limits were 0.05 mg/1 As, 0.05 mg/1 Pb
and 0.01 mg/1 Se. A1l lake and unaffected creek samples had
concentrations below detection 1imit for these metals. In addition the
analyses detection 1imits for cadinium, nickel and silver were 0.010 mg/1
Cd, 0.080 mg/1 Ni and 0.030 mg/1 Ag and the healthy aquatic life upper
concentrations of arsenic, cadmium, silver, nickel, selenium and silver
were 0.05 mg/1 As, 0.0002 mg/1 Cd, 0.005 mg/1 Pb, 0.025 mg/1 Ni, 0.01
mg/1 Se and 0.0001 mg/1 Ag. Since concentrations of arsenic, lead and
seleniun in the unaffected watershed were low, these metals are not a
health problem. However since this was a baseline study, documentation
of arsenic, cadmium, lead, nickel, selenium and silver concentrations
would have aided in the evaluation of this watershed and provided better
baseline information for the purpose of identifying future changes in
concentrations. |

3.2 Bottom Fauna
A 1ist of bottom fauna taxanomic groups found in this study is

given in Table 1, Appendix III. A list of identified bottom fauna and
the numbers of individuals in each taxanomic group at each station is
given in Table 2, Appendix III.

A diversity index based on classification to the genus level
was calculated for the bottom fauna collected, using the following

formula:
g
Diversity (H') = - ZP; logyg P
i=1
where Py = nj/N
nj = the total number of individuals in the ith genus
N = the total number of individuals identified to
genus level
g = the total number of genera sampled

(3
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This formula is a modification to using individuals identified
to the genus level of Pielou's (1975) formula for individuals identified
to the species level. As shown in Hughes (1978), this results in a
slightly Tower diversity index value than using numbers of individuals
identified at the species level. Most bottom fauna were identified only
to the genus level in this study so this modification was necessary.

The diversity index value increases with more genera and with
more evenness of distribution of individuals among genera. The lowest
diversity index value possible is O when there is only one genus present
because 1ogjgl = 0. The diversity indices were calculated for each
of the two or three samples taken at a station and for the sum of the
samples taken at a station. Both diversities are given in Table 2,
Appendix III. The diversity indices for the sum of the samples taken at
a station are given in Table 3. Table 3 also shows the area sampled,
number of samples, sampling method, date and whether it was a creek or
lake sample.

3.2.1 Predevelopment Creek Stations: 1 to 15. Numbers of bottom

fauna at unaffected creek stations were similar to those found July 18,
1980 at control stations on seven placer mining streams in the Yukon as
reported by Burns (1980). Diversity indices were lower than those found
by Burns (1980). The total numbers of individuals at the creek stations
1 and 4 were higher than at the downstream stream stations of these
creeks at Station 2 and Station 5 respectively. The 1low number of
individuals at Stations 2 and 5 were probably due to an unfavorable
physical environment since water quality was similar to that of upstream
station samples. Station 1 had the largest number of Simulidae larvae
(blackfly larvae). Station 4 had the highest number of Ephemeroptera.

3.2.2 Predevelopment Lake Stations: 6 to 15. Numbers of

individuals and diversity indices were similar in this study to those
reported by Robson et al (1978) for Windy Arm lake samples. Diversity
indices at unaffected lake stations were also similar to those reported
for Tagish lake samples by Baker (1979a). Since bottom fauna numbers
and species composition change over the season (Hughes 1978), only a
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very general conclusion of similarity of data can be drawn for this
study compared to those of Robson et al (1978) and Baker (1979a). The
bottom fauna sampling for this study was done June 26 and July 3rd 1980.
The sampling was dbne on September 4, 1975 and August 4, 1976 in Robson
et al (1978) and on August 11 and September 12, 1977 in Baker (1979a).
This is a significant difference in time of year.

Lake stations 7, 10, 13 and 15 were taken at depths of 48, 32,
38 and 38 meters respectively. The low number of individuals and lower
diversity indices at these stations in comparison to the other shallower
- Take stations may be a result of fewer bottom fauna being adapted to
live at these depths.

3.2.3 Stations Affected by Past Mining and Milling Operations: 16

to 23. The numbers of bottom fauna in mine water (Station 16)
and in the sample from a stream draining the area beside the abandoned
tailings pond (Station 18) were low. Mine water contained 0.3 mg/1 As
which exceeds the upper 1limit for healthy aquatic 1ife and this probably
caused the low number of bottom fauna. The data was not conclusive
however because lower numbers of bottom fauna were found in an
unaffected creek (Station 2). The low numbers of bottom fauna at
Station 18 were probably caused by high concentrations of cadmium, lead,
and zinc and the presence of cyanide in the sediment at this station.
The lowest diversity index was also found at Station 18. This reflects
the fact that there were a large proportion of the Psectrocladius genus
of family Chironomidae at Station 18.

The Take stations offshore from the abandoned tailings pond
(Stations 21, 22, 23) were at 5 meters depth and the diversity indices
at stations 22 and 23 were much lTower than those found by Baker (1979a)
at similar depths in Tagish Lake. This is probably the result of
proximity to the abandoned tailings pond and the high concentrations of
cadmium, lead and zinc in the sediments at these stations.

In conclusion, the bottom fauna data show some effects of the
water quality in mine water and in water draining the area of the
abandoned tailings pond. As well, the bottom fauna at lake stations
offshore from the abandoned tailings pond show the effects of the high
metal content in the sediment.
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3.3 Sediment

3.3.1 Sediment Metal Concentrations. The concentrations of metals
analyzed in the portion of the sediments that was smaller than 150 um
are given in Appendix 1V, Table 1 for all stations sampled.
Concentrations are for dry weight (d/w) except for cyanide.
The concentrations of cyanide (CN~) were 4.72, 1.58, 13.0,

53.2, and 7.02 mg/kg wet weight for Stations 18, 19, 21, 22, and 23
respectively. The concentration of cyanide was highest offshore from
the abandoned tailings pond. The concentrations at Station 19, drainage
from the abandoned tailings pond, was the lowest. Since Station 18 also

had cyanide present it must be influenced by the abandoned tailings
pond. It is surprising that these cyanides have not been oxidized into
other compounds in the 9 years since the mill and tailings pond was
used. A persistent slow leaching of cyanide into the water could have a
continuous deleterious effect on fish.

The concentrations of cadmium, lead and zinc were higher at
stations near the abandoned tailings pond and at lake stations just off
shore from it than they were in either unaffected creek or lake
stations. Concentrations of iron were similar at most stations except
for a much higher value in the drainage from the abandoned tailings pond
(Station 19). Venus mine ore contained iron, 1éad, zinc and trace
amounts of cadmium and these metals have been deposited near the
abandoned tailings pond in higher concentrations than they appear in
other unaffected parts of the wétershed.

The concentrations of lead and zinc found in sediments near
the abandoned tailings pond confirm those found in 1975 and 1976 by
Robson et al (1978).

Sediment in the drainage from the abandoned tailings pond
(Station 19), had the highest concentrations of iron, mercury and lead
in sediment but it also had the lowest concentrations of aluminum,
barium, chromium, magnesium, manganese, sodium, phosphorus, silicon,
strontium, titanium and vanadium. |

3.3.2 Sediment Particle Size Analysis. The results of the sediment

particle size analysis are given in Table 2 of Appendix IV.

12
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_ The portion smaller than 63 um would be included in the
sediments metal analysis which is done on all particles smaller than 150
um. By correlating the concentration of metal and the portion of the
sediment it approximately represents, it can be seen that a high
concentration and a large portion smaller than 63 um would have a large
~effect on the aquatic environment. Lead and zinc concentrations are
high at Station 22 and the portion smaller than 63 um is 35.1% so this
sediment would have a large effect on the aquatic environment. The
cyanide concentration, wet weight - total sample, is also highest at
this station which is offshore from the abandoned tailings pond.
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4 CONCLUSIONS AND RECOMMENDATIONS
4.1 Baseline Environmental Characteristics of Predevelopment

Creek and Lake Stations

The water quality, bottom fauna, and sediment data from the
southern end of Windy Arm (Tagish Lake) and the two creeks that drain
into it were similar to other unaltered lakes and creeks in the Yukon.
[t was noted that creek samples contined more dissolved salts and had
higher total hardness than the lake samples. The lTow dissolved salts
and soft water in the lake are characteristic of a low productivity or
oligotrophic lake. Since some metals such as lead, nickel and zinc are
more toxic to aquatic life in soft water the lake would be particularly
sensitive to the addition of metals to an extent which would increase
the present concentrations.

There were only two areas of concern:

- There were two iron concentrations slightly elevated
over drinking water criteria. These are not of serious
concern and serve as baseline information.

- The mercury concentrations in water were all higher
than the upper limit of 0.0001 mg/1 Hg recommended to
protect consumers of fish and mercury concentrations in

both water and fish appear to have risen since 1975 and

1976 respectively.

4.2 Environmental Characteristics of Stations Affected by Past
Mining and Milling Operations

The continuing effects of past mining and milling operations
were shown in water quality, bottom fauna and sediment data of stations
close to these locations. The arsenic and iron concentrations in water
were elevated in the mine water (Station 16) and arsenic, iron, and lead
concentrations in water were elevated in the abandoned tailings pond
drainage (Station 19). Compared to other lake and stream Sediment,
significantly higher cadmium, lead and zinc concentrations occurred in
the streambed near the abandoned tailings pond (Station 18), in the
sediment of the drainage from the abandoned tailings pond (Station 19),
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and in lake sediments at two stations offshore from the abandoned

tailings pond (Stations 22 and 23). Significant concentrations of
cyanide were also found in sediment from the streambed near the

abandoned tailings pond (Station 18), in the sediment of the drainage
from the abandoned tailings pond (Station 19), and in lake sediment from
the three stations offshore from the abandoned tailings pond (Stations
21, 22, 23). The bottom fauna from mine water (Station 16) were low in
number, probably because of the high concentration of arsenic in the
water. However the data were not conclusive because low numbers of
bottom fauna were also found in an unaffected creek (Station 2). The
bottom fauna in the stream originating near the abandoned tailing pond
(Station 18) had a Tow diversity index probably because of the presence
of cyanide and the high concentrations of cadmium, mercury, lead and zinc
in the sediment at this station. There were two main areas of concern:

- Arsenic concentrations were elevated in the mine water (Station
16) and the drainage and seepage from the abandoned tailings pond
(Stations 19 and 20 respectively). Treatment of mine water to
remove arsenic during operation is planned by the company when
the mine re-opens. The company also plans to recover the
tailings from the abandoned tailings pond for reprocessing at
their new mill site. Since the arsenic concentration was higher
in the abandoned tailings pond drainage than it was in the mine
water and the tailings are saturated with water it may also be
necessary to treat tailings water to remove arsenic.

- Cyanide was found in the sediments of the stream originating near
the abandoned tailings pond (Station 18), the drainage from the
abandoned tailings pond (Station 19) and the lake stations
offshore from the abandoned tailings pond (Stations 21, 22, 23).
It is likely that cyanide is still present in the tailings even
though drainage from the abandoned tailings (Station 19)
contained no detectable cyanide. Consideration must be given in
removing tailings so that cyanide does not become resolubilized
into the water from the tailings.
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Recommendations

1.

2.

That water quality, bottom fauna and the concentration of
cyanide and metals in sediment be monitored for changes
during and after Venus mill and mine operation in the
watershed they affected,

That water samples at Stations 1 and 15 be collected in
1981 and analyzed by methods having detection limits at .or
below 0.01 mg/1 for arsenic, 0.05 mg/1 for manganese, 0.05
mg/1 for lead and 0.01 mg/1 for selenium since these are
the recommended upper limits for drinking water (Anon.
1977). If possible, these water samples should also be
analyzed by methods having detection limits at or below
0.0001 mg/1 for silver, 0.0002 mg/1 for cadmium, 0.0001
mg/1 for mercury and 0.005 mg/1 for lead since these are
recommended uppéf limits for healthy aquatic life (Taylor
1980, Reeder 1979a, 1979b, Demayo 1980).

That concentrations of mercury in fish be routinely
monitored in Windy Arm since mercury concentrations have
possibly increased over those found in 1976 (Robson 1978)

~and if these increases show a continuing trend they may

exceed the Health and Welfare recommended guideline of 0.5
mg/kg Hg wet weight.

B
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APPENDIX T1I

WATER QUALITY DATA
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APPENDIX IIT  TABLE 1 BOTTOM FAUNA TAXANOMIC GROUPS FOUND IN THE
VENUS MINES WATERSHED

1 Phylum: Nematoda
Phylum: Annelida
Class: 0ligochaeta
Order: Plesiopora
Family: Naididae

2 Nais communis or variabilis

3 Family: Enchytraeidae
Family: Tubificidae

4 Tubifex sp.

5 Limnodrilus sp.

6 Telmatodrilus sp.

7 Rhyacodrilus coccineus
Phy Tum: Arthropoda
Class: Crustacea
Order: Cladocera
Family: Chydoridae

8 Eurycercus lamellatus
Class: Arachnoidea

9 Order: Arachnida (terr.)

10 Order: Acari undet.
Class: Insecta

Order: Plecoptera
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APPENDIX III  TABLE 1 BOTTOM FAUNA TAXANOMIC GROUPS FOUND IN THE
' VENUS MINES WATERSHED (continued)

Family: Nemouridae

11 Nemoura (Zapada) sp.

12 Prostoia sp.
Family: Chloroperlinae

13 Alloperla sp.
Family: Perlodidae

14 Cultus sp.

15 Kogotus sp.
Order: Ephemeroptera
Family: Baetidae

16 Ameletus sp.

17 Baetis sp.

18 Ephemerella doddsi
Family: Heptageniidae

19 Cinygmula sp.

20 Epeorus sp.

21 Rithrogena sp.

22 Order: Hemiptera (terr.)
Order: Trichoptera
Family: Rhyacophilidae

23 Agapetus sp.

24 Rhyacophila tucula
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APPENDIX IIT  TABLE 1 BOTTOM FAUNA TAXANOMIC GROUPS FOUND IN THE
VENUS MINES WATERSHED (continued)

Family: Limnephilidae
25 Drusinus sp.
Family: Hydropsychidae
26 Cheumatopsyche sp.
27 Order: Lepidoptera (terr. larvae)
28 Order: Coleoptera, adult
29 Order: Diptera, adult
Family: Tipulidae
30 Tipula sp.
31 Pedicia sp.
32 Family: Simulidae, larvae
33 Family: Chironomidae, pupa
34 Cardiocladius sp.
35 Chironomus sp.
36 Cricotopus sp.
37 Cryptochironomus sp.
38 Endochironomus sp.
39 Eukiefferiella sp.
40 Glyptotendipes sp.
41 Heterotrissocladius sp.
42 Micropsectra sp.

43 Procladius sp.
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BOTTOM FAUNA TAXANOMIC GROUPS FOUND IN THE

VENUS MINES WATERSHED (continued)

44
45

46
47
48

49

50

51

52

Family:

Order:

Phy1lum:
Class:
Order:
Family:

Family:

Class:
Family:

Psectrocladius sp.

Trichocladius sp.

Empididae
Chelifera sp.
Clinocera sp.
Hemerodromia sp.

Hymenoptera, adult (terr.)

Mollusca
Gastropoda
Cytenobranchiata
Valvatidae
Valvata sincera

Lymnaeidae

Lymnaea sp.

Pelecypoda
Sphaeriidae
Pisidium sp.
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APPENDIX 1V

SEDIMENT DATA
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APPENDIX IV
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TABLE 2 SEDIMENT PARTICLE SIZE ANALYSIS

% COMPOSITION

STATION
NUMBER >500 um 250-500 um 63-250 um <63 um
1 24.4 27.5 40.0 8.1
2 5.5 13.6 65.4 15.5
3 16.4 18.4 75.2 24.5
5 62.3 6.8 22.7 8.2
6 23.4 26.9 36.3 13.4
7 33.9 ~25.7 28.3 14.2
8 61.7 13.2 19.2 5.8
9 18.3 37.6 39.0 - 5.2
10 37.1 22.7 27.9 12.3
13 12.0 17.3 65.1 5.7
14 24,2 35.7 39.6 0.40
15 4.6 9.0 65.1 21.3
18 21.5 26.1 44.8 7.6
19 23.2 14.0 58.8 4,1
21 90.7 4.9 3.8 0.70
22 0.90 3.3 60.7 35.1
23 73.7 12.6 8.8 5.0
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