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ABSTRACT

A baseline investigation of environmental quality in the Victoria Creek
watershed was carried out during July and August, 1988. The study was prompted
by the potential for the reopening ofrthe Mt. Nansen Mine in 1989. Water
quality, sediments and beﬁthic fauna were sampled at 12 stations. The results

indicated three principal sources of elevated metal concentrations in water and

sediment samples.

In Dome Creek, seepage of the tailings pond water was evident in water
samples as high total metal concentrations of silver, iron, lead, and zinc.
Analysis of sediments from Dome Creek showed arsenic levels 10 to 40 times
higher than those reported in 1976-77 (Environmental Protection Ser&ice, 1979) .
The waste rock pile at the Brown-McDade mine site is implicated in elevated

levels of zinc in sediments sampled from Pony Creek.

Benthic invertebrates were enumerated and recorded in this report. Dome
Creek has the lowest total numbers, diversity and evenness indices of all sites.

as had been found previously in 1976 (Environmental Protection, 1979).
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RESUME

Une engquéte de la qualité environmentale dans le bassin du ruisseau
Victoria a été conduite durant les mois de juillet et aoflit 1988. L'étude fit
initiee par le potentiel de ré-ouverture de la mine Nansen en 1989. La qualité
de l'eau, des sédiments et de la faune benthique f0t échantillonnée a douze
stations. Les résultats des échantillons d'eau et de sédiments indiquent trois

sources principales de concentration élevé de métaux.

Dans le ruisseau Dome} 1'eau de suintement provenant de la digue a rejets
était évident dans les échantillons d'eau dfi aux hautes concentrations totales
de métaux dans les échantillons d'eau (argent, fer, plomb, et zinc). L'analyse
des sédiments du ruisseau Dome indique des niveaux d'arsenic de dix & quarante
fois plus élevés gue ceux reportés en 1976-77 (EPS, 1979). Les haldes de résidus
stériles de la mine Brown-McDade sont impliquées dans les taux élevés de zinc des

sédiments échantillonnés au ruisseau Pony.

Les invertébrés bentiques furent énumérés et enregistrés dans ce rapport.
Le ruisseau Dome avait le plus bas dénombrement, indices de diversité et

équitabilité de tout les sites gui ont été échantillonnés depuis 1976.
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1.0 INTRODUCTION

1.1 Background

The Mt. Nansen claim groups are located in the Dawson Mountain Range,
50km west of Carmacks, Yukon. The groups consist of 287 mineral claims and
leases containing numerous gold and silver-bearing vein systems. The first
discovery of the mineralization in the Mount Nansen area was in 1943. A number
of prospecting groups explored the  area, before Mt. Nansen Mines Ltd. commenced
underground development and construction of a mill in 1967. A brief mining
history of the area is given by Craig and Laporte (1972). The underground
operation carried out during 1968-1969 was deemed uneconomic due to poor

processing methods used for both oxidized and unoxidized ores {(Environmental

Protection, 1979).

In April 1976, the Yukon Territory Water Board received a water use

" application for the purpose of reopening Mt. Nansen Mines Ltd. Water use was

authorized on the condition that no effluent discharge would enter the
surrounding watercourse. Routine inspections during 1976 indicated that

effluent was being discharged into Dome Creek.

In 1976 and 1977, the office of Environmental Protection Service
investigated the potential effects. High levels of zinc were still evident in
the tailings pond discharge. &2An evaluation of benthic fauna communities and LC.,
bicassays test results indicated toxicity to the receiving waters at a sémple
stétion below the pond discharge (Environmental Protection Service, 1979). The

mining operation became uneconomic and ceased operation in November, 1976.

In June 1985, Chevron accepted an option to explore the property offered

by B.Y.G., Natural Resources Inc., the present owner of the mine. While B.Y.G.
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agreed ?o earn a working interest in the next phase, Chevron continued as the
project operator (Archer Cathro and Associates, (1988). The recent exploration
was orientated toward oxidized ore bodies that could be developed through open
pit mining. The proposed extraction method of gold and silver was by cyanide
treatment for both oxidized and partially oxidized ore bodies. A report on the

environmental feasibility was prepared by Norecol (1989).

1.2 Study Area

The study area is situated at the south end of the Dawson Mountain Range,
centred at approximately 137° 06' W longitude by 62° 03' N latitude. The
approximate elevation of the mine site is 1300 meters. The mine development area
is a part of the Victoria Creek watershed, a tributary of the Nisling River.
Dome Creek, a tributary of Victoria Creek, receives surface drainage from the
tailings ponds. The tailings pond catchment area includes surface drainage from

the mill site area as well as from one nearby adit.

Vegetation in the area has been described by Oswald and Senyk (1977). Most
of the terrain surrounding the mine site is above tree line, (1200 meters).
Black spruce 1is predominant over white spruce in the valleys and on lower
slopes. Aspen, balsam poplar and paper birch are also present. Ground cover

vegetation include willow, shrub birch, labrador tea, moss and lichens.

The location of the study‘area and sample sites can be seen in Figure 1.

The sample stations are described in Table 1.
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STUDY AREA AND SAMPLE STATION LOCATION OF THE MOUNT NANSEN STUDY AREA
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TABLE 1 SAMPLE STATIONS DESCRIPTIONS IN MT. NANSEN MINE STUDY AREAS, 1988

STATION

1

LOCATION

137°09'W longitude by 62°03'N latitude, at the
head of Dome Creek ~ 100m past old water
receiver building on Summit Road, at culvert
under roadway. Elevation 1280m.

137°08'W longitude by 62°03'N latitude on Dome
Creek, 100m upstream of confluence in line with
tailings pond decant; end of diversion ditch.
Elevation 1190m.

137°08'W longitude by 62°03'N latitude on Dome
Creek, ~25m upstream of road crossing. Bottom
of tailings pond decant. Elevation 1180m.

137°05'W longitude by 62°02'N latitude on Dome
Creek ~ 300m upstream of roadway culvert.
Elevation 1140m.

137°06'W longitude by 62°03'W latitude on Back
Creek, ~500m upstream of Pony Creek, ~200m
upstream of old cabin along left bank. Elevation
1030m.

137°06'W longitude by 62°03'N latitude on Pony
Creek ~60m upstream of confluence with Back
Creek. Elevation 1020m.

137°04'W Longitude by 62°03'N latitude on Back
Creek ~200m upstream of confluence. Elevation
1040m.

137°04'W longitude by 62°02'N latitude on
Victoria Creek upstream of Back Creek
confluence. Elevation 1035m.

137°04W longitude by 62°02'N latitude on
Victoria Creek ~250m upstream of confluence
with Dome Creek. Elevation 990m.

REMARKS

Headwaters of Dome Creek
appear to be sub-surface outlet
stream.

Sediment samples were taken
from pool below water drop.
Vegetation: Picea mariana, black
spruce, grasses, Salix sp.

Sample site located at control
structure on downstream end of
third tailings pond.

Stream flow measured, ~20m
downstream of basket locations.
Vegetation 100% grasses.
Stream bed grassy with sand.

Upstream of stripping activity.
High suspended sediments
observed due to placer mining
(13/07/88). Vegetation: 90%
Salix sp., grasses, and Picea
mariana.

Flow predominantly subsurface.
Vegetation: thick humus layer,
moss and lichen cover, Salix sp.
beginning to grow near creek
with Picea mariana back from
stream edge.

Silt covering vegetation along
side of stream.

Water high in suspended solids,
brown colour. Vegetation: Salix
sp. and grass to waters edge.

Dome Creek enters Victoria
Creek as two channels.
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TABLE 1 (Cont'd) SAMPLE STATIONS DESCRIPTIONS IN MOUNT, NANSEN MINE STUDY AREA

STATION LOCATION

10 137°04'W longitude by 62°03'N latitude on Victoria
Creek ~400m downstream of Dome Creek.
Elevation 1006m.

1 137°03'W longitude by 62°02'N latitude oh
Minnesota Creek. Elevation 975m.

12 137°03'W longitude by 62°02'N latitude on Victoria
Creek ~300m downstream of Minnesota Creek
confluence. Elevation 970m.

REMARKS

Sand and gravel bed.
Vegetation: grasses, Salix sp.,
Picea mariana, shrubs growing
over stream bank.

Water has yellow-brown tinge;
no evidence of placer mining
activity. Vegetation: grasses and
Salix sp. growing to stream edge
with black spruce.

Gravel substrate. Vegetation:
grasses, Salix sp., Picea
mariana growing to water line.




2.0 METHODS

2.1 Water Chemistry

Triplicate water samples were taken in July and August, 1988 from 12
sites. Water temperature, conductivity, pH and total discharge estimates were
measured and recorded in situ. Samples sent to the laboratory were analysed for
alkalinity, chlorine, color/true, conductivity, pH, Ca+Mg hardness and total
hardness, ammonia-N, nitrite-nitrate, total phosphorous, filterable and
Laboratory samples were

non-filterable residues, sulphate and turbidity.

analyzed for the following extractable and total metals:

Aluminium (Al) Cobalt (Co) Selenium (Se)

[reTT——

Antimony (Sb)

Copper (Cu)

Silicon (Si)

Arsenic (As) Iron (Fe) Silver (A)
Barium (Ba) Lead (Pb) Sodium (Na)
Beryllium (Be) Magnesium (Mg) Strontium (Sr)
Boron (B) Manganese (Mn) Tin (Sn)
Cadmium (Cd) Molybdenum (Mo) Titanium (Ti)
Calcium (Ca) Nickel (Ni) Vanadium (V)

Chromium (Cr) Phosphorous (P) Zinc (Zn)

Standard methods for collection, preservation and analysis are described

in Appendix I, Table 1.

The percent dissolved oxygen saturation point was determined by

calculating the dissolved oxygen saturation point (S') from the formula:

S'=S _P_  (APHA et al, 1980)
760

where:

S' = dissolved oxygen (DO) saturation

concentration at the in situ temperature and atmospheric

pressure

S = dissolved oxygen (DO) saturation

concentration at sea level for the in situ temperature.

nsmar msrn




P = atmospheri¢ pressure (mm Hg) at site:

elevation.

The percent dissolved oxygen saturation is the ratio of field DO to the

in situ saturation concentration (S'):

field DO x 100 = % DO saturation
Sl

where, field DO = dissolved oxygen measured in the field and

adjusted for field conditions.

2.2 Sediments

One set of triplicate sediment samples was taken in August. A small
Teflon scoop was used to collect in-stream samples at each site. The samples
were shipped frozen to the Environmental Protection Laboratory, 4195 Marine
Drive, West Vancouver, B.C. The samples were analysed for leachable metals and
percent particle size distribution according to the Wentworth Classification

System.

A description of sediment collection, preparation and analysis methods are

given in Appendix I, Table 2.

2.3 Benthic Invertebrates

Benthic samples were taken in triplicéte by means of an artificial
substrate invertebrate sampler (ASIS). Each ASIS consists of a cylindrical
chrome plated wire basket (maximum volume of 0.0057 m’). The baskets were
filled with local stream bed matérial from exposed gravel bars. They were then

placed in the main stream, where practical, to ensure complete submergence with
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changing water levels. Three baskets were placed at each site. They were left
for a period of 41 days (from Juiy 13-14 to August 23-24, 1988) to allow for

colonization.

Invertebrate samples were sorted, identified and enumerated under contract
by Dr. C. Low., consulting invertebrate biologist from Nanaimo, British
Columbia. The collection, preservation and identification methods are described

in Appendix I, Table 3.

Indices of benthic community diversity and evenness were calculated using

the following formulae (Pielou 1975):

n
Species Diversity (H') = - ¥ (P, log,,P)
1=1
where, P, = n,/ N
n; = number of individuals in the ith most specific

taxonomic group (ie. genus) at one sample location.
N = total number of individuals identified to specific

taxonomic group (ie. genus) at one sample location.
n = total number of taxonomic groups (ie. genus)

identified at one sample location.
Evenness (J') = H' / logyn

A list of taxonomic groups and site enumerations can be found in
Appendix V, Tables 1 and 2 respectively. Taxonomic orders have been evaluated
as percentages of total fauna occurring at each sample location (see Appendix

VvV, Table 3).




3.0 RESULTS AND DISCUSSION

3.1 Water Quality

Results from water quality analysis of samples taken in July and August
are in Appendices II and III, respectively. Three tables in each appendix list
results of physical parameters an Dboth extractable and total metal
concentrations. Temperature, conductivity, pH and dissolved oxygen measurements

were made in situ.

Stream flows measured at allbsites in July ranged from O.OOZVHP/sec at
sites 2 and 3 to 1.7 m’/sec at site 9. Slightly reduced flows at Sites 10 and
12 (Victoria Creek), as compared with Site 9, suggest there may be a loss of
surface waters through exfiltration. In August, only discharges at sites 4, 5,
and 7 - 12 were measured. The range in August was from 0.01 m’/sec (site 5) to
0.66 m’/sec (site 12). The stream discharge was reduced by a factor of 3 times
between July and August therefore winter flows above the stream substrate are
likely negligible. Norecol (1989) reported creeks frozen down to the substrate

at a number of sites during their March 4th visit in 1986.

The pH ranged from 6.2 (site 1) to 9.4 (site 3, tailings pond discharge)
for ail samples taken during July and August. These two extreme values, both
recorded in August, are outside the range of 6.5 to 9.0 pH recommended for the
protection of aquatic 1life (Appendix I, Table 4). The July measurements at
these sites showed a slightly moderated pH and were within the recommended
range. The potential for high ionic concentra£ions under low flow conditions,

from October to May is evident here and would extend to other water quality

parameters.
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Tgrbid waters at sites 5, 7, and 8, were observed during both sample
periods. This occurrence was attributed to placer mining activity that was
observed upstream of the sample sites. Samples were characterized by high
suspended solids, colour, turbidity, total hardness, phosphorous and nitrogen
levels (Appendices II and III, Table 1). McLeay et al (1983) observed
physiological stress in underyearling grayling at suspended solid levels of 50
mg/l (McLeay et al., 1983). Levels of 100 mg/l resulted in reduced growth rates
and feeding success (McLeay et al., 1984). These findings are significant as
the suspended sediment loading can be traced downstream at sites 9, 10 and 12
on Victoria Creek, ranging from 56 mg/l at site 12 to 540 mg/l at site 10,

where fish habitat has been identified (Environmental Protection Service, 1979).

The suspended sediment ioading in Back Creek and upper Victoria Creek has
also resulted in elevated total metals during both July and August. At sites
5 and 7 on Back Creek, silver, aluminium, arsenic, cadmium, chromium, copper,
iron, manganese, lead, selenium, and zinc were elevated. Samples from site 6
on Pony Creek were relatively absent of high metals concentrations except for
slightly elevated levels of copper, iron, and zinc. Norecol (1989) also
indicated high levels of these metals at Pony Creek, as well as silver, arsenic
and cadmium. Again, results of placer activity can be traced downstream at

sites 9, 10 and 12.

The persistence of these metal levels at the downstream sample sites on Victoria
Creek, coupled with reduced suspended solids, is an indication that these metals
are dissolved and thus bio-available. Norecol's (1989) analyses for dissolved

metals, confirms this assumption.

Sites 2 and 3 on Dome Creek had the highest conductivity and suspended
solids values in the sample set with the higher level being at site 3, the

tailings pond effluent station. Site 2 is situated at the end of the by-pass
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channel; adjacent to the third dam on the tailings pond. Given the low levels
of conductivity and suspended solids further upstream on Dome Creek (site 1), it
is assumed that there is seepage from the adjacent ponds or mine and mill area

along the by-pass channel (see Figure 1).

Elevated metals in Dome Creek (sites 2 and 3) include silver, iron, lead
and zinc. Silver and lead were higher in the effluent stream while zinc was
higher in the by-pass channel. Site 1 was generally absent of elevated metéls;
however, copper, lead and zinc levels were near the guideline levels recommended

for the protection of aquatic life (see Appendix I, Table 4).
3.2 Sediments

Sediment data is provided in Appendix IV. Percent particle size analysis
at each site is listed in Appendix IV, Table 1. The sediment chemistry analyses

are in Appendix IV, Table 2. Elemental composition of sediments are given in

©wg/g dry weight.

Dome Creek tended to have a large portion of fine sediments, with coarse
and very coarse sand on the lower reach (site 4). The by-pass channel was
characterized by a large proportion of gravel. Sample sites on Back Creek, Pony
Creek, and Victbria Creek had large proportions of gravel. The exception was
site 12, which showed the largest substrate component as very fine clay/silt and

fine sands.

Generally metals concentrations were comparable with background ranges
found in other stream sediments in the Yukon (Mathers et al., 1981). Sites 2
and 3 on Dome Creek were the only sites exhibiting high sediment metal

concentrations, namely: arsenic, cadmium, copper, manganese, lead and zinc.
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Traces of these higher levels are evident at site 4. Value ranges within

triplicate sample sets tended to be uniform.

In comparison with sediment values recorded in 1985 (Godin and Osler),
sediﬁent arsenic concentrations in Dome Creek have increased by 10 to 40 times.
Norecol (1989) reported Pony Creek sediments as having the highest levels of
metals relative to all other sites they sampled. The Pony Creek station in the
present study, showed only slightly higher levels of zinc in the sediments. The
location of the sites is estimated to be in the same area on Pony Creek, in ﬁhat
both are below the Brown-McDade mine site. The contrast in levels may indicate
the variability of sediment metals depoéition to the streambed. High metal
concentrations in Pony Creek sediments result from rill erosion of the waste

rock pile at the Brown-McDade mine site (Duffy and Mahoney, 1982).

3.3 Benthic Invertebrates

A taxonomic list of benthic organisms found in the study area is in
Appendix V, Table 1. Sample site enumeration is presented in Appendix V, Table
2. Taxonomic orders have been grouped and presented as percentage of total
organisms counted at each sample location, which can be found in Appendix V,

Table 3. A total of fifty-four taxa were identified in the study area.

Population densities ranged from approximately 2,200/m’ to approximately
47,000/m® (see Table 2). The Back Creek Sites (5 and 7) reflected the lowest
densities of invertebrates found in the study area. Portions of the creek bed
upstream of the station 5 were being placer mined during the sampler colonization
period. This contributed significant amounts of suspended and settleable solids
to the creek and, potentially, may have had a negative influence on the benthic

invertebrate populations at Stations 5 and 7. The samplers not successfully
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recovered at these sites were eithe; found above the water level or were
completely inundated with sediments (ie. buried) during the return visit in
August 1988. All three samplers were recovered at the remaining sites with the
exception of Station 9 where only 2 samplers were recovered (the third sampler
was found out of water). Sample sites 1, 3 and 6 were not sampled for benthic

invertebrate due to lack of site suitability.

TABLE 2 SUMMARY OF BENTHIC INVERTEBRATES IN THE MOUNT NANSEN STUDY AREA

SAMPLE *DENSITY OF DIVERSITY
STATION BASKETS NUMBER OF INDIVIDUALS/ m® INDEX EVENNESS

RECOVERED INDIVIDUALS (H") "

2 3 531 31,000 0.21 0.19

4 3 110 6,400 0.06 ' .013

5 1 13 2,200 0.39 0.82

7 1 16 2,800 0.82 0.°1

8 3 797 47,000 0.54 0.41

9 2 110 9,600 0.73 0.66
10 3 263 15,000 0.70 0.60
11 3 ’ 186 11000 0.73 0.62
12 3 433 25000 0.56 0.46

* yolume of each basket is 0.0057m’

The dominant order found overall was Plecoptera. Podmosta sp. comprised
over 85% of this order at each site. Ephemeroptera, the second mést abundant
order was absent in Back Creek, Pony Creek and Dome Creek, but represented
approximately 20% of the sample at sites on Victoria and Minnesota Creeks. At
site 10 however, just below Dome Creek, Ephemeroptera was dominant, comprising

43% of the sample.
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Diversity and evenness indices were low in Dome Creek, as was found in
Environmental Protection's studies done in 1976 and 1977 (EPS, 1979). Two other
stations above and below Dome Creek sampled in the previous studies, conformed
with results at comparable sites (9 and 10) in the present study. A summary of

results from the benthic fauna samples can be found in Table 2.
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c ONS

Seepage from the tailings pond is the primary source of elevated levels of

silver, iron, lead and zinc in water found in Dome Creek.

Elevated concentrations of. silver, arsenic, cadmium, chromiﬁm, copper,
lead and zinc found in Back and Victoria Creek water samples are suspected
to originate from placer mining activity upstream on Back Creek and

Victoria Creek.

A significant increase in arsenic levels in Dome Creek sediments has

occurred since the survey in 1976-77 (Environmental Protection Service,

1979).

Elevated levels. of zinc in the lower portion of Pony Creek sediments are
suspected to originate from the waste rock pile at the Brown-McDade mine

site.

Benthic invertebrate populations in Dome Creek were found to be extremely
low in numbers, diversity and evenness. These findings are consistent. to
those found in the previous Survéy in 1976-77 (Environmental Protection

Service, 1979).

The condition of benthic populations at other sites sampled were
reflective of instream conditions present at the time of the study.
Invertebrate numbers, diversity and evenness were slightly reduced where

there were influences from placer mining activity.
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APPENDIX V .

BENTHIC INVERTEBRATE DATA



APPENDIX V TABLE 1 MT. NANSEN MINES TAXONOMIC LIST, AUGUST 1988

Phylum: -~ Arthropoda
Class: Insecta
Order: Ephemeroptera
Family: Baetidae
1 Baetis sp
2 Epeorus albertae
3 Epeorus longimanus
4 Cinygmula sp
5 Ephemeralla (attenuatela) sp
6 Ameletus sp
Order: Plecoptera
Family: Nemouridae
7 Podmosta sp
8 Visoka cateractae
9 Zapada sp
Family: Chloroperlidae
10 : Sweltsa group
11 Utaperla sp
Family: Capniidae
12 Capnia sp
Family: Perlodidae
13 Skwala (paralella) sp
14 Order: Trichoptera
15 Trichoptera pupae, unid
Family: Limnephilidae
16 Dicosmoecus sp
18 Chyranda sp
Family: Branchycentridae
17 Brachycentrus sp
Order: . Hemiptera
Suborder: Homoptera
19 Family: Cicadellidae
20 Family: Aphididea
Order: Hymenoptera
21 Family: Sphecoidea
Order: Coleoptera
22 Family: Haliplidae

Haliplus sp




APPENDIX V
(cont'd)
Order:
Family:
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
Family:
39
40
41 Family:
42
Family:
43 '
44 Family:
45
46
47 Order:
Phylum:
48 Class:
Family:
49
Phylum:
Class:
Order:
50 Family:
51
52
Order:
53 Family:
54

Phylum:

TABLE 1

MT. NANSEN MINES TAXONOMIC LIST, AUGUST 1988

Diptera

Chironomidae
Chironomidae pupae
Chironomidae unid J/D

Euryhapsis sp
Psectrocladius sp A
Cricotopus sp
Diamesa sp
Diplocladius sp
Eukiefferiella sp
Parakiefferiella sp
Tanytarsus sp
Cardioclidius sp

Heterotrissocladius sp
Potthastia sp
Thienemannimyia sp
Psedodiamesa sp
Orthocladius sp

Tripulidae
Antocha sp
Tipula sp
Muscidae
Lispe sp

Empididae
Chelifera sp

Simulidae adult
Simulium sp

Simulium sp pupae
Hydracarina

Molluska
Gastropoda
Lymnaeidae
Stagnicola arctica

Annalida

Oligochaeta
Basommatophora
Enchytraeidae
Kincaidiana hexatheca

Lumbriculus variegatus
Haplotaxida

Tubificidae
Nematoda
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