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1.0 INTRODUCTION

1.1 Study Area

Western Copper Holdings Limited (WCHL) is proposing to develop the
Williams Creek copper oxide property located 38 km northwest of the
town of Carmacks, Yukon (Figure 1.1.1). The property has estimated
ore reserves of approximately 13.6 million tonnes. The ore body is
located in the upper reaches of Williams Creek approximately nine
km upstream from the Yukon River confluence between elévations 717
and 770 m. Williams Creek is a small tributary originating in the
Dawson Range and draining northeast into the Yukon River downstream
(north) of Carmacks. The creek has a total drainage area of
approximately 89 km? with a mainstem length of approximately 11 km.
The site is accessed from Carmacks via the Mt. Freegold Road and a

13 km seasonal access road at Mile Post 22 on the Mt. Freegold

Road.

1.2 Mine Plan Overview

Development of the property would entail an open pit mine, ore
crushing facility and a solvent extraction-electrowinning process
facility on site. Extracted ore would be crushed to 2.5 cm and
stacked in lifts of 6 m on leach pads to an ultimate height of 36
m. The leach pads would be situated adjacent to the ore body in the
upper watershed; two alternative pad locations are being investi-
gated (Figure 1.2.1). Sulphuric acid would then be irrigated on the
heaps and collected for processing in the cathode extraction plant.

Sulphuric acid would be produced on-site. Raw materials for the acid

-1-



FIGURE 1.1.1 Study area location map
showing Williams Creek in
relation to Whitehorse, Yukon.

Lake
"-:},_: Laberge

Whitehorse




WASTE
STOCKPILE

y - °
0°%¢° °°°°°°
0,°00%°00%2
o o °
°,0% o °o°°

LEACH PAD PIT ZONE 1 /
rnative A
Alte ti ‘,s\"\','_’\'/\/\,\‘, T
7 -t ,_\/\—,’_7,-’ /\/\[\\7 \’/\,
SISt D s AL 1
REARN TV /\\//\_,\-' /‘/,,/

FIGURE 1.2.1: Pre%iminary site plan of proposed Williams
Creek mine site and location alternatives for
the leach pads.
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generation plant would be transported to the mine site by road.
Process waters would be pumped from the Yukon River or from a fresh
water pond to be located near the mine. Extraction solvents would
be recycled in the process. Any waste water discharge would enter
the upper reaches of Williams Creek. The mine site would be
serviced by a new power transmission 1line from the town of
Carmacks. Copper would be recovered by an on-site electrolysis
process and moved by truck from the mine site through to Carmacks
and the Alaska Highway via the existing Mt. Freegold Road. The mine
access road would be upgraded to an all-weather road. A detailed
description and discussion of the mine will be presented in Volume
1 of the Initial Environmental Evaluation (IEE). Additional details
of the preliminary mine development plan have been presented in the
initial submission made to the Regional Environmental Review

Committee (Archer Cathro and Associates 1991).

1.3 Study Objectives and Scope

P.A. Harder and Associates Ltd. were retained in June 1991 by WCHL
to conduct the initial assessment of aquatic resources in the study
area and develop recommendations for a detailed environmental
assessment. An interim report of this study was prepared and
submitted to the requlatory agencies. Following this initial study,
WCHL instructed us to conduct further baseline environmental
studies during the summer of 1992 and prepare a study on environ-

mental baseline conditions for the IEE.



The scope of this report includes assessments of:
1. Terrain and vegetation characteristics;
2. Wildlife habitat capabilities;
3. Surficial hydrology and climate;
4. Water quality;
5. Aquatic resources; and

6. Natural resource use.

The assessments of surface water hydrology, water quality and
aquatic resources have been based on field data collected since

1989. Field work for the other study components was conducted in

the summer of 1992.

This report and accompanying maps, have been prepared in support of
the Initiai Environmental Evaluation being conducted for the
proposed heap leach open pit copper mine referred to as the
Williams Creek Copper Oxide Project. Socio-economic and heritage
resource issues have been presented in a separate report prepared

by Hallam, Knight and Piedsold Consultants Ltd.



2.0 METHODS

2.1 Terrain and Vegetation Assessment

The terrain mapping program consisted mainly of aerial photographic
interpretation augmented with limited field checking. Aerial photos
used were 1:24,000 black and white and colour flown in August 1992.

The 1:12,000 black and white photos were also used in some areas.

Field work was done August 10-12, 1992. Two days of ground
traversing visited most of the area accessible by road. One day of
helicopter support provided access to the remainder of the area

where transects were walked.

Terrain mapping was done according to acceptable standards (B.C.
Ministry of Environment 1988). The base data (terrain units) were
derived from aerial photographic interpretation. A terrain
interpretive map was derived from'the base data. It is plotted at
1:20,000 scale, and contains the general study area as well as the

proposed heap leach pad area.

The interpretive map shows selected units of generalized terrain
and vegetation features and conditions and potential geomorphic
hazards which may have geotechnical and/or environmental consider-
ations with regard to access road construction and mine site

development.



2.2 Wildlife Resources

The wildlife field reconnaissance was conducted between August 10
and 2, 1992. This reconnaissance entailed an overview flight of the
entire Williams Creek watershed by helicopter. Observations on
habitat types were made and a collection of colour photographs
taken at this time. Ground surveys were then conducted to obtain a
description (notes and photos) of vegetation and wildlife sign and
to assess the wildlife importance of representative sites on the
ground. This involved helicopter access to the lower part of the
watershed and truck access along exploration roads in the upper
watershed. Notes were also made on wildlife sightings and or sign

throughout the study area.

Additional wildlife information was obtained from the following
sources:
1. Yukon Wildlife Branch staff.

2. Report of J. Gibson and Associates (1991) on wildlife
sightings, October, 1989 to May, 1991.

3. Wildlife observations made by exploration camp staff,
Fisheries Consultants, and others associated with the project.

4. Reports and publications on Yukon wildlife.

Terrain units mapped by Westland Resource Group (Walmsley 1993)
were interpreted for their wildlife use or importance, based on
physical features and on vegetation plots and wildlife sign

described in the field. Wildlife habitat capability ratings were



determined on the basis of this information and aerial photo

interpretations.

The preliminary impact assessment was based on the approximate
extent and importance of habitats that would be altered or lost as
a result of the mine project, on preliminary review of mine-related

activities, and experiences with similar projects in other areas.

2.3 Climate

Western Copper Holdings Ltd. measured temperature and precipitation
in the vicinity of the Williams Creek Ore Body during the summer of
1991. These limited data, along with longer-term information from
nearby stations operated by the Atmospheric Environment Service,
were used to characterize the climatological characteristics of the
Williams Creek watershed. Three snow courses were also operated at
Williams Creek during 1992 and these data, supplemented with
information collected by Indian and Northern Affairs Canada, were
used to estimate the potential snow cover variation in the vicinity

of the proposed mine site.

2.4 Surface Water Hydrology

Water level measurements were obtained at two sites on Williams
Creek during the summers of 1991 and 1992. These data, which were
obtained by J. Gibson and Associates Ltd., were used in conjunction
with longer-term information from stream gauging sites operated by

Indian and Northern Affairs Canada and the Water Survey of Canada

-8-



to characterize the stream flow characteristics of the Williams
Creek watershed. Potential peak and low-flow stream discharge were
estimated for various locations within Williams Creek on the basis
of regional flood frequency and low flow analyses prepared by

Indian and Northern Affairs Canada.

2.5 Water and Sediment Quality

Water samples hé&e been collected from the Williams Creek drainage
between October 1989 and October 1992. Sediment samples were
collected during the August 1992 survey. Sample techniques and site

locations are described below.

2.5.1 Water Sampling
2.5.1.1 Sample Site ILocations
Eleven water quality sampling stations were established in the
Williams Creek drainage at the onset of the studies in 1989 (Figure
2.5.1). Location of these sites are described below.
W-1 Located on an east flowing intermittent tributary to
Williams Creek draining the south east hill side of the

ore deposit situated approximately 50 m downstream of the
slope toe and 30 m below the new access road.

W-3 Located on an east flowing tributary to Williams Creek
draining the north facing hill side of the deposit and
situated approximately 20 m upstream of the new access
road crossing.

W-4 Mainstem of Williams Creek approximately 100 m downstream
of the W-3 tributary confluence.

W-5 Northeast flowing tributary to Williams Creek draining

the hill side across the valley from the ore deposit
This tributary is spring fed.

-9-
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W-7 East flowing tributary draining the north face of the ore
deposit located approximately 2 km upstream of sample
station W-3.

W-8 Southeast intermittent tributary to Williams Creek
draining the south hill side adjacent to the ore deposit.
Stream flow occurs during peak of snow melt run off.

W-9 Mainstem of Williams Creek approximately 500 m upstream
of the mine access road crossing.

W-10 Mainstem of Williams Creek located approximately 150 m
upstream of the Yukon River confluence.

W-11 Mainstem of Nancy Lee Creek located approximately 200 m
upstream of the Williams Creek confluence.

2.5.1.2 Sample Collection
Water samples were collected from Sites W-1, W-5, W-7 and W-9 on
six occasions between October 1989 and October 1992. Sites W-3 and
W-10 where sampled twice during this period while single samples
(October 1989) were collected from Sites W-2 and W-6. Site W-11 on
Nancy Lee Creek was sampled four times. Additional samples were
collected from two sites in lower Williams (W-12 and W-13) during

the August 1992 fish survey (Figure 2.5.1).

At each site, samples were collected in a two litre plastic bottle
for suspended solids, turbidity, Ph, conductivity, alkalinity,
total hardness, nitrate, nitrite, sulphate, ammonia and total
phosphorus; and two 250 ml plastic bottles for total and dissolved
metals. Collection bottles were supplied by Quanta Trace Labora-
tories. All sample bottles, with the exception of the dissolved
metals sample, were partially filled and rinsed three times prior

to collecting sample waters. During periods of open water, samples

-11-



were collected in mid-channel at mid-depth upstream of any
disturbance from other sampling activity. For samples collected
under ice cover, a hole was chopped or augured through the ice to
the flowing water. The hole was baled out three times before the
sample was collected to reduce the effect of stream bed material
disturbance. Samples from tributary sites were collected far enough
upstream to avoid mainstem influence. Similarly, mainstem samples
were collected far enough downstream of tributary confluences to
ensure that the samples were representative of completely mixed

waters.

The filtration method for dissolved metals samples varied slightly
between sample years. The July and October 1992 samples were
filtered in the field using 60 ml disposable syringes with an in -
line 45 micron filter. This system was used to reduce the risk of
sample contamination suspected in some cases when the Nalgene
vacuum filter flask method was used. The August and December 1991
and May 1992 samples were collected and then filtered latter on the
same day of collection using a dissolved metals filter train method
to establish sample integrity. The filter train method entailed
filtering deionized water before and after the sample water was
filtered through a Nalgene 250 ml vacuum filter flask with 45
micron filters. The deionized water samples were then analyzed as
separate samples for dissolved metals. Prior to the filtration
procedure, the sample was re-mixed by shaking and the apparatus

rinsed with a weak nitric acid/deionized water solution followed by
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two deionized water rinses. New filters were installed for each
filter train using rinsed forceps. Filtered samples were collected
in new collection bottles. Triplicate samples for all analyses were
collected from Station W-10 during May 1992 as a further QA/QC
measure. The October 1989 samples were un-filtered and were

analyzed for total metals only.

All sample bottles were labelled prior to collection including
project name, sample station number, data and time of collection
and analysis required. Labels were double checked and verified with
the log book entries in the field and again during the filtration

procedure.

Dissolved and total metals samples were preserved with 0.5 ml of
nitric acid per 100 ml of sample using a disposable pipette.
Ammonia samples were preserved with 0.5 ml of sulphuric acid.
Samples were kept cool prior to shipment to Quanta trace Labora-

tories in Vancouver.

2.5.1.3 Laboratory Analysis

Methods used by Qaunta Trace Laboratories are based on Standard
Methods for the Examination of Water and Wastewater (17" Edition)
and U.S. EPA protocols and include 20% duplicates and SRM’s with
each sample shipment. Parameters of analysis and detection limits
for water samples collected in Williams Creek are listed in Table

2.5.1.
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TABLE 2.5.1. Parameters of analysis and detection limits for water
samples collected in Williams Creek.

PARAMETER DETECTION PARAMETER DETECTION
LIMIT (mq/L) LIMIT (mq/L)
Nitrogen NH, 0.05 Molybdenum 0.003
Sulphate 5.0 Sodium 0.05
Total Hard 5.0 Nickel 0.001
Aluminum 0.005 Phosphorous 0.02
Arsenic 0.05 Lead 0.004
Barium 0.001 Antimony 0.02
Beryllium 0.0002 Selenium 0.02
Bismuth 0.02 Silicon 0.05
Calcium 0.01 Tin 0.01
Cadmium 0.0003 Strontium 0.001
Cobalt 0.001 Tellurium 0.001
Chromium 0.001 Titanium 0.001
Copper 0.001 Thallium 0.001
Iron 0.09 Vanadium 0.001
Potassium 0.05 Zinc 0.002
Magnesium 0.001 Zirconium 0.001
Manganese 0.001
Boron 0.001

Note: Detection limits varied between years in some cases (As,
Sb, Be, Bi, Pb, Se and Th) due to changes in laboratory
procedures and regulatory guidelines.

2.5.2 Sediment Sampling

Sediment samples were collected from 6 stations (W-4, W-9, W-10, W-
11, W-12 and W-13) during the July 1992 survey. Duplicate sediment
saﬁples were collected from Sites W-11, W-12 and W-13. Samples were
collected from exposed portions of the bank, selecting the finest
grained sediments available. A composite sample was collected for
three points of the channel cross section at Site W-10. The W-4 and
W-9 samples were collected by selecting a composite of available

sediments within a 10 m stretch of the stream bank.
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Samples were collected using a disposable perforated plastic scoop
for each site and placed into a plastic or glass container and
packed on ice before shipment to Quanta Trace Laboratories in
Vancouver. The samples were dried and then run through an ICAP

analysis using methods found in Clesceri et al., (1989).

2.6 Aquatic Resources

Aquatic resource of the study area were investigated in 1991 and
1992. These studies included juvenile and adult fish sampling,
habitat assessment work and collection of baseline Dbenthic

invertebrate data.

2.6.1 Fisheries

The fisheries assessment has been based on two years of field
studies. The Year 1 study included an assessment of habitat
capabilities in Williams Creek, fish sampling to determine fish
distribution and seasonal abundances in the creek and a survey of
the Yukon River during the fall of 1991 during the chum salmon
spawning period. Additional fish sampling was conducted in Williams
Creek and tributaries crossed by the Mt. Freegold mine access road

during August, 1992.

2.6.1.1 Habitat Assessment
Habitat types within the Williams Creek drainage were assessed from
high level aerial photo interpretation (North West Survey Corpor-

ation Ltd. 1977; Scale: 1:60,000), helicopter reconnaissance and
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ground sampling. Stream habitat types were classified into
homogeneous reaches on the basis of wvalley wall and channel
processes and instream bio-physical characteristics. These data
were collected and stored on DFO/MOE Stream Survey Forms following
the methodology developed by the B.C. Ministry of Environment

(Chamberlain 1986).

2.6.1.2 Fish Sampling

Fish samples were collected from Williams Creek and the Yukon River
in Augqust and October, 1991. The 1992 fish sampling program was
conducted in Auqust and included sites in lower Williams Creek,
lower Nancy Lee Creek, Crossing and Merrice creeks on the Mt.

Freegold mine access road.

2.6.1.3 Sample Sites

A total of seven fish sample sites fish were established on
Williams Creek during the August 1991 survey (Figure 2.6.1). One
site was established on the Yukon River immediately downstream of
the Williams Creek confluence. Repetitive fish sampling was
conducted at Sites #5 and #6 in Williams Creek during the October
1991 survey. Sampling was also conducted during the October sample
in a side channel habitat of the Yukon River (Site Y1) located
approximately 2 km upstream of the Williams Creek confluence
(Figure 2.6.1). Fall sampling was not conducted at Site Y1l due to
high flow conditions. The 1992 fish sampling included two sites in

lower Williams Creek, a new site in lower Nancy Lee Creek and new
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LEGEND:

1991 fish sample sites:
- Sites 1 through 7 and Y1
and Y2.
1992 fish sample sites:
- Sites W11, W12, W13 and
M1.

* Designates benthic invertebrate
site locations.

Reach Boundary

Scale 1:50,000

FIGURE 1.2.1. Preliminary site plan of proposed Williams
Creek mine site and location alternatives for
the leach pads.
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sites at the Mt. Freegold Road crossings of Crossing and Merrice

creeks (Figure 2.6.1).

2.6.1.4 Sample Techniques

Samples were collected using an electrofisher, baited minnow traps
(August, 1991 sample only) and visual observations. The electro-
fishing was conducted using upstream and downstream stop nets
enclosing the sample area. Sample areas varied between approxi-
mately 100 and 120 m?. In most cases the electrofisher was moved up
and down the enclosed sample area two times. Individual fish
catches from each pass were kept in separate collection buckets to
demonstrate the effectiveness of each sample. Captured specimens
were identified to species and a measured for fork length.
Specimens were anaesthetized using CO, prior to handling. Fish were
revived and released in an area of slow, protected water. All

mortalities were recorded and retained for future reference.

2.6.1.5 Spawner Surveys

A spawner survey was conducted in 1991 over selected sections of
the Yukon River during the October spawning period for chum salmon.
The survey extended downstream of the Williams Creek confluence for
approximately 5 km and upstream for 10 km. The survey was concen-
trated along the channel margins of side channel areas where water
clarity was adequate for aerial observations. The survey was
conducted from a helicopter at a speed of approximately 70 km/hr,

50 to 100 m above ground level.

-18-



2.6.2 Benthic Invertebrate Study

Benthic invertebrate samples were collected from one site (W-10) in
lower Williams Creek approximately 250 m upstream of the Yukon
River confluence during the 1991 study. This site was relocated
approximately 1.2 km further upstream (W-12) during the 1992 study
and two additional sites were also established; one site (W-13) was
upstream of the Nancy Lee Creek confluence and the other site in
the lower reach of Nancy Lee Creek (W-11l). Locations of the benthic

invertebrate sites are presented in Figure 2.6.1.

Benthic invertebrate samples were collected using three wire mesh
basket samplers set at each site. Each basket was filled with
cleaned rocks collected from the stream bottom. The baskets were
secured in a deep run along an under-cut bank. The baskets were
left to colonize over a five week period and then retrieved (Table
2.6.1). Field preparation of the samples entailed removing all
invertebrates with a wash bottle and brush. Collected specimens

were preserved in 5% formalin and sent to Vancouver for analysis.

Preserved samples were sorted and screened using 5, 10 and 40
micron meshes. Debris was removed and specimens identified to genus
level when possible. Analysis was conducted on the entire sample

volume and a constant effort was maintained for each sample.
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TABLE 2.6.1. Basket installation and collection dates for benthic
invertebrate sampling conducted in the Williams Creek
watershed during 1991 and 1992.

SITE # SITE LOCATION || SAMPLE INSTALLATION COLLECTION
YEAR DATE DATE

W-10 Lower 1991 August 8 September 6
Williams Cr

W-13 Williams Cr 1992 July 7 August 11
above Nancy
Lee

W-12 Williams Cr 1992 July 7 August 11
below Nancy
Lee

wW-11 Lower Nancy 1992 July 7 August 11
Lee Creek
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3.0 BASELINE ENVIRONMENTAL CONDITIONS

3.1 Terrain and Vegetation Characteristics

The purpose of the information is to assist in the planning for the
mine development and to provide information to the multi-disciplin-
ary team addressing environmental issues (in particular, the

wildlife component).

The majority of the effort spent on this task is represented by the
information displayed on the Terrain Interpretive Map contained in
Appendix 1. This section has been kept brief, in that it is

intended mainly as a supporting document to the map and legend.

3.1.1 Physiographic and Ecological Setting

The area around the project site is part of the Pelly River
Ecoregion (Oswald et.al. 1977). The Pelly River Ecoregion is
comprised of portions of the Stewart, Macmillan, Lewes and Klondike
Plateaus and Tintina Valley physiographic subdivisions (Bostock,

1970). The study area generally falls with the Klondike Plateau.

Surface drainage flows both north and east from the study area. A
number of valley streams, of which Williams Creek is the largest,

drain northeastward to the Yukon River.

A broadly rolling till plain forms the dominant glacial landform.
Isolated pockets of fluvial and glaciofluvial sands and gravels,

glaciolacustrine silts and organic deposits mantle the subdued till
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in places. Surface till is variable in colour, moderately stony and
has a silty sandy matrix. Volcanic ash forms a veneer varying from

5 to 30 cm thick in various locations throughout the area.

The area features a broad valley and rounded ridge crests. Relief
is 480 to 900 m within the study area. Late Wisconsin ice covered
the majority of the landscape east of the project area during
glacial maxima. As deglaciation commenced and the ice sheet
retreated and downwasted, glaciers remained in the valleys while
ridge crests and upper slopes were ice-free. Till deposits in the
valley bottoms and on lower slopes are the result of direct glacial
deposition. Tills with a silty sandy matrix reflect the regional
glaciation; in the upper valleys a coarser, looser till may be
found which reflects deposition from ablating valley glaciers. The
higher elevation areas were 1likely not glaciated during the
Wisconsin. However, these areas were probably influenced by an

earlier, pre-Wisconsin advance.

Large volumes of meltwater emanated from the retreating ice.
Loose, surficial deposits were eroded from slopes, transported by
meltwater streams and deposited as glaciofluvial terraces, outwash
plains and ice-contact kames and eskers. These granular sediments
infilled much of the valley lowlands. In places, they are associ-
ated with silt deposits laid down in glacial lakes formed by

temporary ponding of meltwater.
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In post-glacial time, deposition and erosion continues. Colluvial
deposits are gravity-transported materials common to sloping
ground. Angular bedrock fragments with interstitial sand and silt
are ubiquitous on ridge crests and upper and mid-slope positions.
Fluvial sediments and organic materials accumulate on floodplains,
fans and adjacent valley lowlands. Fluvial erosion, lateral and
vertical cutting through existing surface materials, is an on-going
but generally imperceptible process; it is usually most dynamic in
steeper-gradient channels and where unstable bank materials exist.
Landsliding and debris flows are rapid mass movement processes
which are modifying some areas of sloping terrain. Where surficial
deposits are overlain by a blanket of organic materials, and on
many north facing slopes, permafrost tends to occur. In these

areas, ground-ice was encountered at depths of 10 to 50 cm.

3.1.2 Terrain Features

Landforms

Williams Creek valley and its tributaries are the dominant landform
features of the study area. The main valley is characterized
generally as a broad floodplain containing sands and silts that are
covered by a blanket of organic accumulation. Ground ice occurs
throughout this area at depths of 10 to 20 cm and peat plateaus are
common. The Williams Creek channel becomes more confined down-
stream of the mine site area, where it has cut through bedrock and

extensive deposits of fluvioglacial sands and gravels.
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Near its confluence with Yukon River, Williams Creek is tightly
confined in a canyon comprised of bedrock outcrop and steeply
sloping outwash terraces. Due to the fact that much of the western
portion of the study area was unglaciated during the Wisconsin
Advance, the common surficial materials occurring upslope of
Williams Creek are a combination of coarse textured colluvium and
medium textured glacial till, and minor fluvioglacial materials.
Weathered bedrock is a dominant feature throughout much of the
upland area, where soils exhibit a coarse sandy and rubbly texture.
Minor side-slope drainages are usually incised into bedrock and
exhibit infilling by fluvial sediments, capped by a veneer of
organic accumulation. Extensive areas of the landscape, where
slopes are generally less than 20% are poorly drained and covered
by a veneer of organic accumulation. Loess and volcanic ash
deposits (White River source) cover extensive portions of the study

area.

Erosion

Slope erosion processes are generally confined to minor qully
erosion and landsliding. These processes are predominant on the
terraces and steep slopes occurring on the north side of Williams
Creek. The majority of the gulleys on the side-slopes are stable
and exhibiting little erosion. The steeply sloping face on the
south side of Williams Creek, upstream of its confluence with the

Yukon River is exhibiting minor gullying and debris flow activity.
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The extensive terrace face at the confluence 1is undergoing

continuous mass movement by qully and surface erosion processes.

The area for the proposed heap leach pad is generally a moderately
sloping area characterized by a blanket of moderately well drained

glacial till overlying bedrock. There are no erosional processes

affecting this area.

Permafrost

The study area lies within the discontinuous widespread permafrost
subzone. During field examination, ground ice was encountered at
depths of 40 to 50 cm on most north facing slopes where glacial
till or medium textured colluvium is present. As previously
mentioned, ground ice is widespread in the main Williams Creek

floodplain as well as the north facing tributary gqullies.

3.1.3 Vegetation Characteristics

White and Black Spruce are the common tree species. Black Spruce
is dominant in poorly drained areas whereas White Spruce tends to
occur mainly in better drained areas, and in particular, near the
Yukon River. Birch is present throughout the forest stands with
Aspen and Poplar often occurring on disturbed sites. Lodgepole Pine
occurs throughout the study area, particularly on areas that have

been influenced by fire.
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Where Black Spruce occurs as a continuous forest stand, feathermoss
tends to dominate the understorey and form a complete ground cover.
Willows and ericaceous shrubs occur where the stands of trees are
less dense. In floodplain and poorly drained areas, sedge and
spagnum tussocks are common. On south facing slopes, sagewort,
grasses and forbs occur as a continuous cover with Aspen stands

occupying protected draws and gulleys.

On moderately well and well drained sites, brunisolic soil
development predominates. These soils are often lithic due to the
thin nature of the soil cover. Gleysolic soils occur throughout the
study area on poorly drained sites. Fibrisols tend to be the common

organic soil occurring in floodplain and poorly drained locations.

3.2 Climate

3.2.1 Climatological Setting

Wahl et al. (1987) divide Yukon into nine climatic regions on the
basis of latitude, topography, elevation, scales'of atmospheric
motion, etc. As illustrated on Figure 3.2.1, the Williams Creek
watershed is within the so-called "Central Yukon Basin". This
area, which has the most continental climate of any area in Yukon,
is typified by moderate annual precipitation totals (300 to 400 mm)
and extreme variations in temperature. For example the North
American record minimum temperature of -62.8°C was ébserved at Snag
and both Mayo and Ross River have been nearly as cold. The maximum

observed temperature in Yukon of 36.1°C was observed at Mayo.
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The Atmospheric Environment Service (AES) operates a number of
climatological stations within or adjacent to the Central Yukon
Basin (Table 3.2.1). Data from these sites has been obtained and
used to estimate conditions within the Williams Creek watershed.
As indicated on Figure 3.2.1, the closest long term AES stations
are located 35 km to the southeast at Carmacks and 60 km to the
northwest at Fort Selkirk and Pelly Ranch. ! Carmacks and Fort
Selkirk are located at an elevation of 525 m and 454 m, respec-
tively. In comparison the Williams Creek watershed ranges in
elevation between approximately 490 m and 1,070 m. Data from
Carmacks and Fort Selkirk may therefore not be representative of
conditions within higher elevation portions of the Williams Creek
basin and analyses of regional data has therefore been undertaken

to determine typical variations with elevation.

3.2.2 On-site Climatological Data

Temperature and precipitation data were collected in the vicinity
of the proposed Williams Creek mine site during the summer of 1992
(Tables 3.2.2 to 3.2.4). This information, along with data
collected in Carmacks by the Highway Department, suggest that
Williams Creek 1s substantially wetter and slightly colder than
Carmacks. However some of the readings seem anomalously different

(e.g. the August 17 precipitation at Williams Creek was 30.0 mm

! AES has combined data from the station Pelly Ranch with
that from Fort Selkirk as the stations are in close
proximity and have a similar elevation. All data from
these two sites have, for convenience, been referred to
as "Fort Selkirk".
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DATE PRECIPITATION TEMPERATURE
WILLXIAMS WILLIAMS CREEK CARMACKS
JUNE CREEK CARMACKS | MAXIMUM | MINIMUM | AVERAGE | MAXIMUM | MINIMUM | AVERAGE
{mm} {mm) {oC) (oC) (oC) {oC) (oQ) {oC)
1 4.8 17.5 3.0 10.3
2 19.0 2.0 10.5
3 19.5 5.0 12.3
4 17.0 5.0 11.0
5 7.0 7.0
6
7 17.0 17.0
8 17.0 0.0 8.5
9 26.0 -2.0 12.9 21.0 1.0 11.0
10 26.0 -1.0 12.5 21.5 3.0 12.3
11 27.0 6.0 16.5 26.0 5.0 15.5
12 1.0 28.0 4.0 16.0 6.0 6.0
13 9.8 21.0 5.0 13.0
14 1.0 6.2 23.0 5.0 14,0 28.0 28.0
15 2.0 trace 23.0 7.0 15.0 21.0 7.0 14.0
16 0.6 22.0 3.0 12,5 19.5 8.0 13.8
17 2.0 21.0 1.0 11.0 19.0 7.0 13.0
18 24.0 2.0 13.0 22.0 4.0 13.0
19 - T T 18 0T 20 100 — - T6.07 6.0
20 10.0 17.0 3.0 10.0
21 18.0 2.4 15.0 2.0 8.5 20.5 20.5
22 2.0 1.2 20.0 -1.0 9.5 16.0 7.0 11.5
23 1.0 trace 14.0 0.0 7.0 18.5 8.0 13.3
24 1.4 21.0 -2.0 9.5 13.5 4.0 8.8
25 2.0 1.4 20.0 -2.0 9.0 17.0 3.0 10.0
26 22.0 -1.0 10.5 4.0 4.0
27 27.0 -1.0 13.0
28 30.0 2.0 16.0 30.5 30.5
29 31.0 4.0 17.5 31.0 7.0 19.0
30 28.0 5.0 16.5 10.0 10.0
TOTAL 48.8 18.0
MEAN 22.9 1.9 12.4 20.6 5.1 12.9

TABLE 3.2.2 Preliminary Temperature and Precipitation Data-June,
1992
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DATE PRECIPITATION TEMPERATURE
WILLIAMS WILLIAMS CREEK CARMACKS
JULY CREEK CARMACKS | MAXIMUM | MINIMUM | AVERAGE | MAXIMUM | MINIMUM | AVERAGE
(mm) {mm) (oC) {oC) {oC) (oC) (0C) (oC)
1 29.0 8.0 18.5 29.0 13.0 21.0
2 28.0 9.0 18.5 29.0 14.0 21.5
3 6.0 2.0 21.0 8.0 14.5 29.0 13.0 21.0
4 1.0 22.0 8.0 15.0 13.0 13.0
5 10.0 7.0 21.0 7.0 14.0 21.0 21.0
6 14.0 17.4 22.0 6.0 14.0 16.5 12.0 14.3
7 2.0 5.2 21.0 7.0 14.0 17.0 12.0 14.5
8 trace 24.0 8.0 16.0 22.0 11.0 16.5
9 3.0 21.0 8.0 14.5 22.0 8.0 15.0
10 16.0 20.0 4.0 12.0 8.0 8.0
11 11.0 21.0 4.0 12.5
12 4.0 8.2 20.0 6.0 13.0 25.0 25.0
i3 14.0 18.0 8.0 13.0 13.0 10.0 11.5
14 0.5 18.0 8.0 13.0 18.0 10.0 14.0
15 2. 22.0 4.0 13.0 18.0 9.0 13.5
16 3. 23.0 3.0 13.0 19.5 6.0 12.8
17 trace 24.0 4.0 14.0 21.5 6.0 13.8
18 20.0 4.0 12.0 24.0 10.0 17.0
19 trace 21.0 5.0 13.0 21.0 10.0 15.5
20 3.0 1.4 20.0 2.0 11.0 20.0 8.0 14.0
21 3.0 22.0 3.0 12.5 19.5 9.0 14.3
22 21.0 2.0 11.5 21.0 8.0 14.5
23 4.0 20.0 4.0 12.0 23.0 8.0 15.5
24 6. 21.0 4.0 12.5 9.0 9.0
25 23.0 5.0 14.0
26 4.0 19.0 5.0 12.0 23.5 23.5
27 2.5 trace 20.0 1.0 10.5 18.5 6.0 12.3
28 22.0 3.0 12.5 21.0 6.0 13.5
29 2.0 2.8 23.0 4.0 13.5 18.0 6.0 12.0
30 4.0 2.8 22.0 3.0 12.5 16.5 7.0 11.8
31 10.0 0.4 23.0 5.0 14.0 23.5 9.0 16.3
TOTAL 103.5 68.7
MEAN 21.7 5.2 13.4 21.2 9.3 15.4

TABLE 3.2.3 Preliminary Temperature and
1992
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DATE PRECIPITATION TEMPERATURE
WILLIAMS WILLIAMS CREEK CARMACKS
AUGUST CREEK CARMACKS | MAXIMUM | MINIMUM | AVERAGE | MAXIMUM | MINIMUM | AVERAGE
(mm) {mm) {oC) {oC) (oC) (oC) {oC) (oC)
1 5.0 24.0 4.0 14.0 23.5 23.5
2 0.4 21.0 2.0 11.5 23.5 23.5
3 23.0 6.0 14.5 22.0 5.0 13.5
4 23.0 14.0 18.5 24.5 5.0 14.8
S 6.0 21.0 9.0 15.0 23.0 11.0 17.0
6 3.5 10.0 10.0 22.0 10.0 16.0
7 8.0 22.0 22.0 11.0 11.0
8 1.0 21.0 9.0 15.0
9 9.0 20.0 8.0 14.0 22.0 22.0
10 22.0 6.0 14.0 23.0 12.0 17.5
11 20.6 6.0 13.3 22.0 8.0 15.0
12 18.0 5.0 11.5 21.0 8.0 14.5
13 11.0 6.0 8.5 20.0 6.0 13.0
14 11.0 0.0 5.5 6.0 6.0
15 12.0 0.0 6.0
16 10.0 0.0 5.0
17 30.0 3.0 14.0 0.0 7.0 19.5 19.5
18 2.0 14.0 2.0 8.0 14.0 3.0 8.5
19 19.0 2.0 10.5 17.0 5.0 11.0
20 18.0 -1.0 8.5 19.5 5.0 12.3
21 20.0 1.0 10.5 0.0 0.0
22 21.0 1.0 11.0
23 19.0 7.0 13.0 23.0 23.0
24 18.0 11.5 14.8 20.0 0.0 10.0
25 4.0 17.0 13.0 15.0 18.0 10.0 14.0
26 14.0 trace 14.0 3.0 8.5 18.0 6.0 12.0
27 46.0 2.8 12.0 5.0 8.5 18.0 3.0 10.5
28 3.0 13.0 7.0 10.0 3.0 3.0
29 16.0 -2.0 7.0
30 24.0 12.0 3.0 7.5 16.0 16.0
31 8.0 5.0 5.0 17.0 0.0 8.5
TOTAL 143.0 27.9
MEAN 17.5 4.7 11.1 20.3 5.9 13.7

TABLE 3.2.4 Preliminary Temperature and Precipitation Data-August,
1992
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while that at Carmacks was 3.0 mm). Thus it would be desirable to
base a thorough comparison between these sites on verified data

(which were not available at the time this report was written).

3.2.3 Air Temperature

The seasonal variation in temperature at Carmacks (elevation 525 m)
and Fort Selkirk (elevation 454 m) are shown on Figure 3.2.2 and
are tabulated on Table 3.2.5. These data indicate that extreme
minimum temperatures typically occur in December, January oOr
February and have historically reached values of -58 to -60°C.
Extreme maximum values typically occur between May and August and
values of up to 30°C have been observed. Mean monthly temperatures
typically exceed 0°C in the period between April and September,
although greater than 0°C temperatures have historically occurred
in all months of the year. The data on Tables 3.2.2 to 3.2.5
suggest that Williams Creek temperatures are approximately 0.5°C,
2.0°C and 2.6°C colder than at Carmacks during the months of June,

July and August.

The historical variation in average annual air temperature at
Carmacks and Fort Selkirk is shown on Figure 3.2.3. The residual
mass curve indicates that annual mean air temperatures were gen-
erally colder than average between 1952 and 1975 and have subse-
quently been generally warmer than average. Statistical analyses
(described in Buishand, 1982), indicate that there is a 95 per cent

probability that a statistically significant shift in the mean
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SEASONAL VARIATION IN TEMPERATURE
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FIGURE 3.2.2 Seasonal variation in temperature at Carmacks and Fort
Selkirk.
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A: CARMACKS
EXTREME MEAN MEAN MEAN EXTREME
MONTH MINIMUM MONTHLY MONTHLY MONTHLY MAXIMUM
TEMP MINIMUM TEMP MAXIMUM TEMP
(oC) {oC) (oC) {oC) (oC)
JAN -58.9 -33.9 -28.5 -23.1 10.0
FEB -60.0 -29.3 -21.9 -14.5 12.2
MAR -50.0 -21.7 -12.4 -3.1 12.8
APR -38.3 -7.7 -0.3 7 23.3
MAY -12.2 0.2 7.5 14.7 32.5
JUN -3.5 5.3 12.9 20.5 35.0
JUL -2.8 7.7 15.0 22.3 32.5
AUG -7.0 5.0 12.4 19.8 33.0
SEP -20.0 ~-0.3 6.4 13.1 25.6
OoCT -37.0 -7.7 -2.8 2.1 20.0
NOV -51.0 -21.1 -16.2 -11.5 14.0
DEC -56.7 -30.8 -25.7 -20.5 12.8
B: PELLY RANCH/FORT SELKIRK
EXTREME MEAN MEAN MEAN EXTREME
MONTH MINIMUM MONTHLY MONTHLY MONTHLY MAXIMUM
"TEMP MINIMUM TEMP MAXIMUM TEMP
(oC) {oC) (oC) (o) (oC)
JAN -57.8 -31.2 -27.3 -21.3 6.0
FEB -57.2 -25 -19.1 -12.2 12.8
MAR -50 -17.9 -10.1 -1.5 14.4
APR -32 -6.6 0.3 7.4 23.3
MAY -12.2 -0.1 7.3 14.7 35.0
JUN -3.9 5.3 13.0 20.3 35.0
JUL -1.1 7.7 15.1 22.2 31.7
AUG -5 5.2 12.6 19.8 31.1
SEP -16.5 0.3 3.9 13.4 26.7
OCT -32.5 ~6.1 -1.8 2.9 18.3
NOV -46.7 -18.2 -14.7 -10.4 12.8
DEC -54.4 ~-27.9 -24.4 -19.5 5.6
NOTE: Data from AES computer files for the period up to 1990

TABLE 3.2.5 Seasonal variation in temperature at Carmacks and Fort
Selkirk.
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annual air temperature regime has occurred at Fort Selkirk over the
period of record. Without further regional analyses it is not
known if a similar pattern occurs in other areas of the Central
Yukon Basin or if this trend results from the amalgamation of data

from Pelly Ranch and Fort Selkirk.

3.2.4 Ground Temperature

The average annual temperature at Carmacks and Fort Selkirk is -3.8
and -4.4°C, respectively. On the basis of the criterion presented
in Brown (1967), the mean annual ground temperature (at the depth
of zero annual amplitude) should be approximately 3.3°C warmer or
-0.5 to -=-1.1°C. Continuous permafrost is associated with mean
annual ground temperatures of -5°C or colder and thus only discon-

tinuous or scattered permafrost is therefore expected.

The regional variation in mean annual air temperature as a function
of elevation is shown on Figure 2.3.4 on the basis of the data
compiled on Table 2.3.6. This analysis indicates that there is a
poor regional correlation between mean annual air temperature and
elevation, likely reflecting varying periods of record, winter
inversions and cold air drainage down valley bottoms. In general,
air temperature is expected to decrease by approximately 1°C per
100 m increase in elevation and therefore a mean annual air tem-
perature of -8.3°C (corresponding to a ground temperature of -5°C)
is roughly estimated to occur at an elevation of approximately 900

to 1,000 m. Thus conditions suitable for continuous permafrost
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MEAN ANNUAL AIR TEMPERATURE AS FUNCTION OF ELEVATION

Rank 12 Eqn 8010 y=a+bx® [Power]
r3=0.0718204499 OF Ad) r2=0 FitStdErr=1.29384625 Fstat=0.270822143
a=-5.761413 b=0.041136844
¢=0.55846191

MEAN ANNUAL AIR TEMPERATURE ( Degrees C)
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FIGURE 3.2.4 Mean annual air temperature as a function of elev-
ation.
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AES ELEVATION | PERIOD MEAN ANNUAL MEAN ANNUAL
STATION AES STATION NAME OF AIR TEMP PRECIPITATION
NUMBER (m) RECORD (oC) (mm)
2100100 AiSHIHIK A 966 | 1943-66 -4.4 256.3
2100J00 | AISHIHIK LAKE UPPER 1,160 | 1976~
2100120 | ANVIL 1,158 | 1967- -3.4 367.7
2100300 | CARMACKS 525 | 1984- -3.8 254.3
2100302 | CARMACKS TOWER 1,234 | 1964-76
2100400 | DAWSON 320 | 1897-78 -5.1 306.1
2100402 | DAWSON AIRPORT 369 | 1976-

2100460 | DRURY CREEK 609 | 1970- -2.5 394.4
2100516 | FARO 694 | 1971-77 -2.8 287.7
2100517 | FARO A 712 | 1977~

2100880 | FORT SELKIRK/PELLY éANCH 454 | 1898- -4.7 286.4
2100700 | MAYO A 504 | 1924- -4.0 306.3
2101030 | STEWART CROSSING 480 | 1963-

2100940 | ROSS RIVER A 705 | 1961- -5.7 263.5
2100948 | SHELDON LAKE 884 | 1970-

2101000 | SNAG A 587 | 1943-66 -6.1 338.5
NOTE: Data from Atmospherlc Environment Service 1982A and 1982B

TABLE 3.2.6

and mean annual precipitation data.
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occurrence are predicted to occur only in the extreme upper eleva-
tions of the Williams Creek watershed. Historical variation in air
temperatures, uncertainties in the relationship between air tem-
perature and elevation and effects of varying ground cover will all
however affect local ground temperatures. If required, the actual
distribution of permafrost in the vicinity of the mine site
infrastructure should therefore be confirmed by on-site measure-

ments.

3.2.5 Precipitation

The seasonal variation in rainfall at Carmacks and Fort Selkirk is
shown on Figure 3.2.5. Data summaries are shown on Table 3.2.7.
This analysis indicates that approximately 60 to 65 per cent of the
annual precipitation total (170 to 179 mm) occurs as rainfall in
the period between May and September. The maximum monthly rainfall
total typically occurs in July and, on average, is approximately 50
to 55 mm. The seasonal variation in the number of days per month
with observed rainfall or snowfall is shown on Figure 3.2.6 and
indicates that the greatest frequency of precipitation (11 to 14
days/month) occurs in June, July and August. Minimum values of 3

to 6 days per month occur in March and April.

The historical variation in annual precipitation at Fort Selkirk is
shown on Figure 3.2.7. These data indicate that wvalues have
historically ranged between 219 and 370 mm with an average of

295.5 mm. There is no statistically-significant trend or shift in
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FIGURE 3.2.5 Seasonal variation in precipitation at Carmacks and
Fort Selkirk air temperature as a function of elevation.
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A: CARMACKS

MONTH TOTAL TOTAL TOTAL
RAINFALL SNOWFALL PRECIPITATION
{(mm) {(mm) (mm)
JAN 0.0 17.9 17.9
FEB 0.0 12.2 12.2
MAR 0.2 6.8 7.0
APR 1.1 5.4 6.5
MAY 19.7 1.5 21.2
JUN 34.5 0.0 34.5
JUL 55.1 0.0 55.1
AUG 38.2 0.1 38.3
SEP 28.9 1.0 29.9
OCT 5.6 14.0 19.6
NOV 0.4 17.8 18.2
DEC 0.0 15.1 15.1
TOTAL 183.7 91.8 :275.5
B: FORT SELKIRK
MONTH TOTAL TOTAL TOTAL
RAINFALL SNOWFALL PRECIPITATION
(mm) (mm) (mm)
JAN 0.0 19.8 19.8
FEB 0.0 15.0 15.0
MAR 0.2 10.4 10.6
APR 3.0 7.0 10.0
MAY 21.6 0.2 21.8
JUN 35.7 0.0 35.7
JUL 51.2 0.0 51.2
AUG 35.7 0.0 35.7
SEP 24.6 1.4 26.0
OCT 7.5 15.1 22.6
NOV 0.5 23.4 23.9
DEC 0.1 21.5 21.6
TOTAL 180.1 113.8 293.9

Data from AES computer listing

Fort Selkirk
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TABLE 3.2.7 Seasonal variation in precipitation at Carmacks and




regime over the period of record.

The regional relationship between average annual precipitation and
elevation is shown on Figure 3.2.8. This analysis, which indicates
that there is a poor correlation between elevation and annual
precipitation, suggests that precipitation in the headwaters of
Williams Creek may be on the order of 5 per cent greater than that
observed at lower elevation sites, such as Carmacks and Fort
Selkirk. Comparison of June, July and Augqust, 1992 data from
Williams Creek and Carmacks (Tables 3.2.2 to 3.2.5) suggest that
differences during these summer months might be as large as 260 per
cent (based on seasonal totals of 295.3 vs. 114.6 mm). However
additional (verified) data are required in order to confirm this

preliminary result.

The seasonal variation in maximum 24-hour rainfall and total
precipitation at Carmacks and Fort Selkirk is shown on Figure
3.2.9. This analysis indicates that maximum rates of 24-hour
precipitation occur as rainfall events in June or July. Maximum
observed rates of 24-hour rainfall (32 to 36 mm) are however
relatively modest. A frequency analysis of short-duration rain-
fall data from Pelly Ranch is shown on Figure 2.3.10. This infor-
mation provides a basis to estimate precipitation-derived stream-

flows for specific return periods (Section 2.4.5).

—44-



FORT SELKIRK, 1951—-18990

ANNUAL TOTAL PRECIPITATION

450 —

400 [~

350 [~

300 -

250

200 [~

PRECIPITATION (mm)

150L—

100 —

50 r—

0 T T T T T g T
1910 1920 ] 1930 1940 1950 1960 1970 1980 1990 2C00

1915 1925 1935 1945 1955 1965 1975 1985 1995

FORT SELKIRK, 1951—-1980

RESIDUAL MASS CURVE

20

-30

—40 -

CUMULATVE 7 DEPARTURE

—-60 —

—-70 T | T ‘ T T T T T T T ;
1910 1920 1830 i 1940 [ 1950 1960 I 1970 T 1980 | 1990 —I 2200
1915 1925 1935 1945 1955 1965 1975 1985 149395

FIGURE 3.2.7 Historical variation in annual total precipitation at
Carmacks and Fort Selkirk.
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MEAN ANNUAL PRECIPITATION AS FUNCTION OF ELEVATION
Rank 17 Egn 1 y=a+bx
r1=0,0361913028 DF Adj r2=0 FitStdErr=41.3521948 Fstat=0,317662352
a=281.43568
b=0.030805342

375 | ' ’

350 ‘ . J

325 | ‘ |

MEAN ANNUAL PRECIPITATION (mm)

300 ,//{/ |
275 ‘ f
] /
250
225 ‘I T I‘ ! T
300 500 700 900 1100

ELEVATION (m asl)

FIGURE 3.2.8 Mean annual precipitation as a function of elevation.
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FIGURE 3.2.9 Seasonal variation in 24-hour rainfall and precipita-
tion at Carmacks and Fort Selkirk.
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3.2.6 Snow Cover

Western Copper Holdings Ltd., operated three snow course sites in
Williams Creek during the period between January 31 and May 16,
1992 (Figure 3.2.11). As described in the report by J. Gibson and
Associates (1992), each site consisted of 5 stations located 20 m
apart. Measurement techniques are described as being "identical to
those used by Water Resources N.A.P. and the Surface Water Section
of the British Columbia Ministry of Environment." ? (J. Gibson and
Associates Ltd. 1992 — page 4). The results of the snow survey
measurements are summarized on Table 3.2.8, along with data from
nearby snow survey sites operated by Indian and Northern Affairs,
Canada. Statistical analyses (reported in Gibson, 1992) indicate
that the Williams Creek data is best correlated to that from Mount
Nansen. Graphs showing the best fit linear regression line (along
with 95 % prediction confidence limits) between the 1992 Mount
Nansen data and snow water equivalents observed at the three
Williams Creek sites are presented on Figures 3.2.12 to 3.2.14.
These analyses indicate that the three Williams Creek sites receive
more snow than Mount Nansen. The potential annual variation in
snow depths at the three Williams Creek snow course sites is sum-
marized on Table 3.2.9 on the basis of the observed snow depths at

Mount Nansen and the developed regression equations.

2 see B.C. Ministry of Environment, 1977.
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FIGURE 3.2.11 Location of 1992 snow course sites in the Williams
Creek watershed.
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HISTORICAL
SNOW SNOW WATER AVERAGE YEARS
DATE COURSE DEPTH EQUIV. WATER OF
(cm) (mm) EQUIV. RECORD
(mm)
Williams #1 69.8 128 - -
92-01-31 Williams #2 73.6 164 - -
Williams #3 72.0 130 - -
Mt. Nansen 54 92 68 16
Mt. Berdoe 76 165 S1 17
Casino Cr. 67 124 98 17
92-03-02 MacIntosh 69 138 79 16
Williams #1 60 104 - -
Williams #2 69 110 - -
Williams #3 70 150 - -
Mt. Nansen 60 102 74 16
Mt. Berdoe 72 132 106 16
Casino Cr. 70 135 121 15
92~-03-30 MacIntosh 73 111 97 16
Williams #1 70 120 - -
Williams #2 73 130 - -
Williams #3 74 132 - -
Mt. Nansen 25 68 13 15
Mt. Berdoe 50 126 58 16
Casino Cr. 83 207 118 15
92-04-30 MacIntosh 53 121 56 16
Williams #1 22 84 - -
Williams #2 36 129 - -
Williams #3 36 103 - -
Mt. Nansen 0 68 0 16
Mt. Berdoe 38 126 15 16
Casino Cr. 83 207 69 11
92-05-14 MacIntosh 39 121 12 16
Williams #1 0 84 - -
Williams #2 11 129 - -
Williams #3 9 103 - -
E = Estimated

TABLE 3.2.8 Snow survey data for Williams Creek and Carmacks

Regional Snow Courses. Period March 1 to May 16,
(after Gibson,

1992).
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MOUNT NANSEN VERSUS WILLIAMS CREEK SNOW COURSE 1

Rank 4 Egn 1 y=a+bx
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FIGURE 3.2.12 Relationship between snow cover at Williams Creek
Snow Course 1 and Mount Nansen.
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MOUNT NANSEN VERSUS WILLIAMS CREEK SNOW COURSE 2
Rank 23 Egn 1 y=a+bx
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FIGURE 3.2.13 Relationship between snow cover at Williams Creek
Snow Course 2 and Mount Nansen.
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FIGURE 3.2.14 Relationship between snow cover at Williams Creek
Snow Course 3 and Mount Nansen.
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3.2.7 Evapotranspiration and Water Balance

Potential lake evaporation and evapotranspiration has been esti-
mated from climatological data using the Priestley and Taylor
(1972) approach following the methodology of Davis (no date) The
input parameters and results are summarized on Table 3.2.10. This
analysis indicates that little or no evaporation or evapotrans-
piration will occur in the period between October and March.
Potential evapotranspiration is calculated to exceed 95 mm/month in
both June and July, however actual values will depend upon both
water availability and vegetation characteristics. Potential lake
evaporation values reach values of approximately 130 mm/month in
June and July. Comparison of calculated potential lake evaporation
and evapotranspiration values with observed precipitation values at
Carmacks and Fort Selkirk suggest that a net water deficit could
occur throughout the April to Augqust period. Storage and melt of
the winter snow cover will however reduce this potential deficit.
Installation and operation of an evaporation pan is recommended if
water balance consideration are an important component in the

design of settling ponds or other mine infrastructure.
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3.3 wildlife Resources
3.3.1. Habitat Description
The Williams Creek watershed is at the western edge of the Pelly
River ecosection of Oswald and Senyk (1977). They characterize
this ecosection as follows:
"Pelly River: (36 336 km?) White and black spruce/shrub-moss
common; black spruce bog in moist, cool lowlands, aspen (white
spruce) or sagewort-grassland on warm, dry sites, lodgepole
pine common, alpine fir sparse; treeline at 1350-1500 m; pptn
low, temp moderately cold."
The Study Area varies in elevation from 480 m at the Yukon River to
975 m on ridgetops at the headwaters of Williams Creek. No alpine
or subalpine habitats are present. Most of the area is gently

rolling, except where Williams Creek is fairly deeply incised near

its confluence with the Yukon River.

Soil moisture, aspect, and fire history result in a patchwork of
vegetation types, including grassy south-facing slopes, aspen
woods, upland lodgepole pine and white spruce forest, and low, wet

sites supporting black spruce, willows, and ericaceous shrubs.

Although the winter climate is cold, it is also relatively dry, and
maximum snow depth seldom exceeds 60 cm (Farnell et al. 1991).

Wildlife habitat types in the Williams Creek watershed, and the
various terrain units included in each, are listed in Table 3.3.1.
The habitat types delineated on the wildlife habitat capability map

(Appendix 2) are described below.
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TABLE 3.3.1 Wildlife habitat types and associated terrain units
for Williams Creek Yukon.

WILDLIFE HABITAT TYPE?! HABITAT TERRAIN UNITS INCLUDED?
SYMBOL
1. Yukon River Valley
- Floodplain/Low terraces Yf Fl; F5
- Valley Slope Ys F7; M2B; BF4R

2. Williams Creek Watershed
2.1 Mesic to wet valley

bottoms:
- Willow-dominant Ww F5; 55/W2; M3/W2
- Spruce-dominant Ws F2/W3;F3/W3; F2; F2/F3;

F5; M4; M4/M2

2.2 Upland Forest:

- Aspen-dominant Ua BF4"; M1l; M1F6; M5; M5/M2
- Conifer-dominant Uc M1B; M2; M2B.; F6; CM5

2.3 Open Slopes and

Cliffs:

- Steep grassy
slopes Sh Bf4*
- Cliffs Sc Bf4*

* This terrain type consists partly of grassy slopes and
partly of aspen dominated forest. Cliffs are within the grassy
slope habitat unit.

1. See text for further description.

2.

See Section 3.1 of this report for description of terrain
units.

3.3.1.1 Yukon River Valley

a)

Floodplain/low terraces (Yf).

This unit is the richest and most productive in the Study
Area. This is because of low elevation, deep fine-
textured soils, good moisture conditions, and periodic
fluvial events which set back succession. The following
habitat types were noted within this unit, and illustrate
the diversity which is found there:
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b)

1) White Spruce-Willow-Rose stands. Willow is tall

and dense; some Viburnum also present. This is
mostly near the banks of the Yukon River.

2) Spruce-horsetail community. This is in rich, wet
sites.

3) Willow-sedge wetlands. These are old oxbow chan-

nels that are no longer active.
Valley Slopes (Ys).

These are generally steep, northeast-facing slopes along
the Yukon River, which support spruce forest. 1In places
there are steep cliffs and herbaceous openings. This
unit was not inspected on the ground.

3.3.1.2 Williams Creek Watershed

a)

b)

c)

Willow-dominant Wetlands (Ww).

Low, wet areas, usually along Williams Creek, where
willows are the dominant vegetation. Scattered black
spruce is often present, and other shrubs like Labrador
tea also occur. Sedges, horsetail, coltsfoot, and mosses
are common understory plants.

Spruce-dominant Wetlands (Ws).

Level to gently sloping valley bottom sites, including
Williams Creek and minor tributaries. Typical sites have
moderately open black spruce stands, with scattered
willow, mountain alder, Labrador tea, and shrubby
cinquefoil. The hummocky ground supports crowberry, red
bearberry, and mosses. Production of herbaceous plants
is fairly low, but variable.

Aspen-dominant Uplands (Ua).

South-facing slopes and well-drained ridges with good
soil cover. Aspen cover varies from sparse on south-
facing slopes to dense on east and west-facing slopes.
On poor sites with shallow soils, lodgepole pine is a
common subdominant tree, and occasional white spruce may
occur. Bearberry and grades are the most common underst-
ory species. Some rose, highbush-cranberry, aster,
pentstemon, white camas, and goldenrod also occurs.
Browse production is low, except where juvenile aspens
are common.
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d) Conifer-dominant uplands (Uc).

Primarily well-drained slopes and ridges with shallow
depth to bedrock. These areas are mostly dominated by
lodgepole pine, but white spruce is also common, and
minor amounts of black spruce aspen, and paper birch can
also occur. The pine sites have very sparse understory
growth and a thick layer of litter. Most pine-dominated
sites have probably been burned by wildfire. Occasional
Labrador tea, soapberry, lingonberry, cranberry, rose,
bearberry, and fireweed noted in the sparse understory.
Browse production may be good on some sites in early
successional stages following fire.

e) -Steep grassy slopes (Sh).
Steep, south-facing slopes which support largely grasses,
forbs, low shrubs, and scattered aspen of small stature.
These occur mostly along the north side of Williams Creek
and the tributary that joins it about 1 km west of the
Yukon River. Grasses such as purple reedgrass, and
pasture sage, were dominant at one site: bearberry,
juniper, rose, Gorman’s penstemon, thorough-wort, and
wild flax were also noted.

f) Cliffs (Sc).

Very localized eroded sites and vertical or near vertical
cliffs along lower Williams Creek and the Yukon River.

3.3.2 Wildlife Occurrence

It should be noted that the wildlife field inspection was in mid-
August in order to optimize logistics within the environmental
program. This is a suitable time to describe habitat, but not the
best time to encounter wildlife. Ungulates and large carnivores
are best surveyed in winter, and birds in May or June.In addition,
this inspection was done year after the crash in the 10-year cycle,

further reducing the abundance of wildlife and sign.
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Wildlife observations or sign recorded during the summer field

reconnaissance and winter-spring observations made by staff of J.

Gibson and Associates are listed in Appendix 2.

1.

Unqulates

Moose: No moose were seen during the field visit, and moose
sign was relatively scarce. Even the best willow stands had
low levels of browse use. J. Gibson staff did not report any
moose. Exploration camp personnel reported having seen only
two moose in the past two summers. Aerial surveys in the
Casino Trail area immediately west of Williams Creek gave an
estimate of 0.04 moose/km? (maximum estimate 0.07/km2?) of
habitable moose range, "... the lowest [density] found in the
Yukon to date (Markel and Larsen, 1988). Those authors
concluded that forage was not limiting, and speculated that
the area "... could support a larger moose population than
presently exists there." This also seems to apply to the
Williams Creek area.

Snow depth is not believed to limit moose use of this area.
In parts of the Yukon, moose populations are held below
carrying capacity by grizzly predation on calves, wolf
predation on any age classes, or human harvest. It is not
known which if any of these factors apply to moose in the
Casino Trail-Williams Creek area.

Caribou: I observed a single caribou track in two locations
along an exploration road north of the Williams Creek camp.
Staff at the camp have not seen caribou, and they must be
considered rare in the area, even though some apparently
suitable winter range is present. The animal which made the
track would most likely be from the Klaza herd, which occurs
to the west in the Dawson Range. The Klaza herd is known to
range as far west as Victoria Mountain, about 30 km southwest
of Williams Creek (Farnell et al. 1991) and individuals could
presumably stray farther than that.

Large Carnivores

Wolf: I saw only one probable wolf scat, and it is likely that
this species is presently of sporadic occurrence because of
low moose numbers and the decline phase of the hare cycle.
Exploration camp and J. Gibson staff reported having seen the
occasional wolf, and they are reported to be taken by trap-
pers. Markel and Larsen (1988) felt that wolf densities in
the general area were likely to be low.

Grizzly bear: Grizzlies are probably more common in the Dawson
Range west of Williams Creek, where alpine-subalpine habitats
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occur. However, they do descend to low elevations. Dr. M.
Hoefs (personal communication) stated that grizzlies had
recently frequented the village of Carmacks, and I saw a
probable scat near the Yukon River. J. Gibson staff reported
a probable track on the Williams Creek access road in spring.
Grizzly densities may approximate 10 to 16 animals per 1000
km? in the general area (Markel and Larsen, 1988). Being
wide-ranging, none are expected to reside entirely within the
Williams Creek watershed.

Black bear: Some black bear sign was noted in August/92,
including old scats (spring vegetation) and recent ones
(berries). Habitat here is moderately good for this species,
and several individuals are probably present, however popula-
tion densities are not known.

Furbearers

Lynx: Lynx were probably common here at the peak of the hare
cycle (winter 90/91) and the following year, when tracks were
regularly seen by staff of J. Gibson Associates. The species
is important in the regional trapline catch, and Yukon
densities of up to 9 per 100 km? have been estimated in years
of snowshoe hare abundance (Slough and Ward, 1990).

Coyote: Coyote sign was moderately common in the Williams
Creek area in August/92. Most scats were old, but two fresh
ones contained squirrel feet. Coyotes probably move to lower-
elevation parts of the study area in winter. The species is
of some importance in the trapline catch.

Red fox: I saw only one probable fox dropping. Foxes are a
minor component of the regional trapline catch.

Wolverine: This wide-ranging species is never abundant, but
does occur in the study area. I saw a track in mud at the
exploration camp incinerator, and J. Gibson staff reported one
track. Wolverines are a small component of the trapline catch,
but are economically important because of the price they
fetch.

Marten: Apparently uncommon in the immediate area of Williams
Creek, although they are taken by local trappers. Population
levels in this area aren’t known.

Mink: Expected to occur primarily along the Yukon River and
large streams and wetlands. One track was reported near the
exploration camp, but this species is probably rare in the
study area.

Ermine: Expected to occur based on occurrence in the trapline
catch, but of little economic importance.
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River otter: Probably occurs along Yukon River and possible in
lower kilometre of Williams Creek, but not expected elsewhere
in the watershed.

Beaver: As for otter.

4, Other Mammals

Snowshoe hare: No hares or fresh sign were seen in August/92,
however old sign in the form of runways, carpets of droppings,
and browsed shrubs were widespread and abundant. The popula-
tion apparently crashed in this area in the spring of 1991.
This species is an important food base for several predators.

Red squirrel: Very common throughout the area in August/92.

Ground squirrel: One or two apparent burrows were noted, but
the species had not been seen by exploration camp personnel,
and we did not see it. Suitable habitat appears to be
present, and reasons for its’ rarity here are not known.

Porcupine: Sign was noted in two locations.

5. Birds

Waterfowl: No standing water habitat is present and no
waterfowl use the watershed.

Grouse: Occasional spruce grouse droppings were noted, but no
birds were seen, and the species appears to be currently at a
low ebb. Populations may be cyclic, and higher at other
times. Suitable habitat occurs through most of the study
area. Ruffed grouse may occur in rich aspen or willow sites

along streams, but such habitats are not extensive. This
species is also cyclic, and may currently be at its cyclic
low.

Raptors: Golden eagle nests were seen on cliffs at two

locations near the Yukon River. No eagles were seen, however
they would have completed nesting by the date of our field
inspection, if they did actually nest at all in this year of
snowshoe hare scarcity. Several other species or raptors
should also occur in the area, but only the American kestrel
was observed.

3.3.3 Habitat Use and Importance
Habitat descriptions, observed wildlife sign, and known habitat

needs of key species were used for a preliminary assessment of the
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importance or wildlife potential of each major habitat type. These
are described for the Yukon River valley and the Williams Creek

drainage in the following sections.

3.3.3.1 Yukon River Valley
A. FLOODPLAIN AND LOW TERRACES:

Wildlife Occurrence

0ld moose pellets and browsing sign were noted, as well as
much old snowshoe hare sign (pellets; browsing to 1.0m+
level). This is the only part of the study area where beaver

sign was found. Beaver use deciduous shrubs along the
riverbank and along the lower part of Williams Creek near the
Yukon River. Two bear scats were observed during a short

visit to this unit, a fresh dropping consisting entirely of
Viburnum berries (probably black bear) and an older spring
scat made up of graminoid material (very large, probably
grizzly). Several squirrel middens were also observed.

wildlife potential

This unit has high potential for moose, snowshoe hares, red
squirrels, black bears, wolves, and lynx; moderate potential
for marten, grizzly bears, beaver, ruffed grouse, and a
variety of small mammals and forest birds.

Overall importance: High to Very High.

B. VALLEY SLOPE:

wWildlife occurrence
A golden eagle nest was seen on steep cliffs just down-stream
from the mouth of Williams Creek.

Wildlife potential

Where cliffs and steep eroded slopes are present there are
present there is a high potential for nesting by golden
eagles. Such sites also have some potential for other raptors

such as peregrine falcons. The forested slopes have low to
moderate potential for moose, hares, lynx, marten, and black
bears.

Overall importance: Moderate to High
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3.3.3.2 Williams Creek Watershed
A. WILLOW-DOMINANT WETLANDS:

wWildlife occurrence

Occasional sign of moose browsing, but levels of use are low.
Moderate to high levels of old hare sign, primarily around
edges where conifers provide some cover. Snipe, spotted
sandpiper, and solitary sandpiper seen in sedge openings or
streamsides in this type, and Wilson’s warbler in shrub
stands.

wWildlife potential
High potential for moose and snowshoe hares (and therefore for

wolves, lynx, and coyotes which prey on them). Moderate to
high early summer importance for black bears (herbaceous
forage). Expected to receive moderate use by nesting song-
birds.

Overall importance: High

B. SPRUCE DOMINANT WETLANDS

wildlife occurrence

Occasional sign of moose browsing on willows, but recent use
has been low. Hare signs were old but abundant, including
runways, pellets, and browsing sign. Some red squirrel sign.
Occasional black bear and coyote scats.

Wildlife potential
Moderate potential for moose; moderate to high potential for

the snowshoe hare and its predators. Moderate potential for
black bears (berries), red squirrels, and spruce grouse.

Overall importance: Moderate

C. ASPEN-DOMINANT UPLANDS:

Wildlife occurrence

Hare sign abundant where juvenile aspens are common. Occa-
sional moose pellet group noted, but not common. Occasional
coyote and black bear scats. Flickers occasionally seen in
this type; also some spruce grouse droppings.

Wildlife potential

Moderate potential for moose (but little sign), for snowshoe
hares and their predators, and for black bears (spring
foraging). Also expect some ruffed grouse use where rich
aspen stands border streams.

Overall importance: Moderate
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D.CONIFER DOMINANT UPLANDS

Wildiife occurrence

Red squirrels and their sign were very common. Some sign of
black bears, coyotes, snowshoe hares, and spruce grouse.
Moose sign not common at this time.

wildlife potential

This type has high potential for red squirrels and spruce
grouse, low to moderate potential for snowshoe hares and their
predators, and very low to moderate potential for moose
(depending on site conditions and successional stage).

Overall importance: Low

E. STEEP GRASSY SLOPES

wWildlife occurrence

Scrubby aspen-shrub stands around the edges of grassy slopes
had abundant hare sign, and occasional coyote droppings.
Little other wildlife sign was noted.

wWildlife potential

Shrub and juvenile aspen areas have high potential for hares
and moderate potential for moose. These slopes appear to have
good potential for moose. These slopes appear to have good
potential for Arctic ground squirrels, but little sign could
be found of this species. Grassy slopes are largely a vacant
niche in this area because no large grazing animals are
present.

Overall importance: Low to Moderate
F. CLIFFS

Wildlife occurrence

Golden eagle nest observed at two sites, one located in the
grassy slope on the north side of lower Williams Creek,
another facing the Yukon River just north of the mouth of
Williams Creek.

Wildlife potential
High potential is mainly for golden eagles, however other
raptors such as peregrines could occur, as well as ravens.

Overall importance: Very high
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3.4 Surface Water Hydrology

3.4.1 Hydrological Setting

The Williams Creek watershed consists of two principal basins,
Williams Creek and a left bank ? tributary (Nancy Lee Creek), which
flow into Yukon River (Figure 3.4.1). Basin morphometric para-
meters for 5 sites (Williams Creek above the Ore Body, Williams
Creek at Confluence with Nancy Lee Creek, Nancy Lee Creek at Con-
fluence with Williams Creek, Williams Creek at Confluence with
Yukon River and Yukon River upstream of Confluence with Williams

Creek) are summarized on Table 3.4.1.

Information presented in Burns and Gibson (1990) indicate that
Williams Creek typically consists of a narrow deep channel of 1 to
2 m in width and 1 to 1.5 m in depth. The stream channel is

described as "straight" with "few meanders or side channels".

3.4.2 On-site Hydrological Data

Western Copper Holdings Ltd., requested John Gibson and Associates
to install a staff gauge on Williams Creek upstream of the Ore Body
(Site W-9 on Figure 3.4.1) which was periodically read during the
summer of 1991 and 1992. A water level recorder was also installed
in lower Williams Creek (above the confluence with Yukon River)
during the summer of 1992 (Site W-10 on Figure 3.4.1). A number of
miscellaneous streamflow measurements were made at other sites

established for water quality or other purposes during both 1991

3 while looking downstream
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and 1992. The available streamflow measurements are summarized on

Table 3.4.2.

Sufficient discharge data is available from Williams Creek upstream
of the Ore Body (Site W-9) to allow the establishment of a stage-
discharge relationship for 1991 and 1992 (Figure 3.4.2). The 1991
data however is limited to gauge readings taken during discharge
measurements. The 1992 observations are more numerous and the
available discharge estimates are compiled on Table 3.4.3 and
graphed on Figure 3.4.3. These data indicate that mid-summer
discharges varied between 0.01 and 0.32 m’/s in the period between

June 10 and August 31.

The 1992 water level measurements on Williams Creek above the Yukon
River (Figure 3.4.4) were observed to be affected by backwater
flooding from Yukon River on July 10 and 11. Preliminary Water
Survey of Canada (WSC) data indicate that the discharge on Yukon
River at Carmacks was 2,720 m’/s on July 11. This value was
exceeded continuously in the period between June 17 and July 11 and
thus the observed mid-June to mid-July water level measurements on
Williams Creek are ﬁnreliable. Four discharge measurements were
made at this site in 1992. However a water surface elevation was
unavailable during the October 19 measurement as the river was ice
covered. As a consequence there are only 3 reliable discharge
observations, two of which were taken at nearly the same time. The

resulting stage-discharge rating curve (Figure 3.4.5) is thus ill-
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WATER LEVEL (m)
DISCHARGE
LOCATION DATE TIME STAFF WATER 3
GAUGE LEVEL (m”/s)
RECORDER
W-3 May 17, 1992 10:40 0.109
W-4 Aug 07, 1991 16:50 0.044
May 17, 1892 11:35 0.403
Jul 05, 1992 0.080
W-5 Aug 07, 1991 - 0.023
Mainstem Aug 07, 1992 - 0.023
u/s W-5
W-9 Jul 06, 1991 09:25 0.117 *¢ 0.014
0.117 0.011
20:00 0.119 0.014
0.119 0.012
Aug 07, 1991 08:00 0.129 0.013
0.129 0.015
0.129 0.012
Sep 17, 1991 13:00 0.250 0.029
0.250 0.027
May 16, 1992 20:00 0.585 0.291
May 17, 1992 13:05 0.544 0.234
Jul 08, 1992 0.381 0.069
W-10 Aug 07, 1991 0.202
Sep 17, 1991 0.190
Mar 31, 1992 0.005
May 18, 1992 *! | 14:10 0.391 0.391 0.894
Jul 07, 1992 *2 0.271
Jul 10, 1992 *3 14:20 0.434 0.455 0.376
Jul 23, 1992 11:45 0.215 0.225 0.235
12:15 0.215 0.225 0.211
Oct 19, 1992 under complete ice cover/ 0.034
float frozen
Mainstem Jul 07, 1992 0.077
u/s W-11
May 18, 1992 15:07 0.610
wW-11 Jul 07, 1992 - 0.141
oct 19, 1992 12:20 0.105 *3
NOTES: :1 Data Logger installed May 18, 1992
*§ July 07, 1992 measurement by Burns/Harder
July 10, 1992 measurement under backwater effect from

Yukon River

At lower gauge (W-9) heights, two or more flows were
taken for better definition of lower end of curve
under ice

*q

*5

TABLE 3.4.2 Summary of streamflow measurements.
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MONTH
DATE JUNE JULY AUGUST
GAUGE GAUGE GAUGE
HEIGHT |DISCHARGE | HEIGHT |DISCHARGE | HEIGHT |DISCHARGE
(m) (m3/s) (m) (m3/s) (m) (m3/s)

1 0.17 0.016 0.29 0.035
2 0.16 0.015 0.30 0.038
3 0.16 0.015 0.32 0.045
4 0.16 0.015 0.29 0.035
5 0.16 0.015 0.26 0.028
6 0.24 0.024 0.25 0.026
7 0.30 0.038 NA NA
8 0.43 0.106 0.29 0.035
9 0.40 0.085 0.30 0.038
10 0.28 0.033 0.41 0.092 0.28 0.033
11 0.27 0.030 0.46 0.132 0.27 0.030
12 0.26 0.028 0.55 0.238 0.26 0.028
13 0.25 0.026 0.58 0.285 0.25 0.026
14 0.27 0.030 0.60 0.320 0.24 0.024
15 0.26 0.028 0.53 0.210 0.23 0.022
16 0.26 0.028 0.47 0.141 0.22 0.021
17 0.27 0.030 0.44 0.114 0.22 0.021
18 0.26 0.028 0.43 0.106 0.21 0.019
19 0.25 0.026 0.41 0.092 0.20 0.018
20 0.25 0.026 0.41 0.092 0.20 0.018
21 0.24 0.024 0.39 0.079 0.00 0.012
22 0.23 0.022 0.35 0.057 NA NA
23 0.21 0.01¢ 0.31 0.042 NA NA
24 0.20 0.018 NA NA NA NA
25 0.19 0.017 NA NA 0.20 0.018
26 0.18 0.016 NA NA 0.20 0.018
27 0.18 0.016 0.30 0.038 0.21 0.019
28 0.18 0.016 0.28 0.033 0.22 0.021
29 0.17 0.016 0.25 0.026 0.23 0.022
30 0.17 0.016 0.26 0.028 0.24 0.024
31 0.27 0.030 0.25 0.026

TABLE 3.4.3 Upper Williams Creek Streamflow data for the period
June 10 - August 31, 1392 at Site W-9.
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defined and cannot be used to reliably estimate discharges from
measured water levels as the maximum gauged water level of 0.455 m
is significantly smaller than the maximum observed water level of
0.719 m (Figure 3.4.4). In addition there are minor variations in
the relationship between staff gauge and data 1logger readings
(Figure 3.4.6) which likely result from inconsistent visual staff
gauge readings, but may indicate inaccuracy in the data logger
sensor. Despite these difficulties the data do indicate that
streamflow in lower Williams Creek was on the order of 0.4 to

0.6 m’*/s during the period between August 1 and September 15, 1992.

3.4.3 Seasonal Variation in Discharge

Given the short duration and incomplete nature of the on-site data,
discharge values from other stations must be used to describe the
typical seasonal variation in discharge. Figure 3.4.7 shows the
maximum, average and minimum daily flow observed on Yukon River at
Carmacks. The basin area at Carmacks is 81,800 km® or approxi-
mately 90 per cent of that at the Williams Creek confluence.
Maximum discharges typically occur during June and July. Flows
then generally gradually decrease until mid winter when the
smallest discharges of the year typically occur. Sizeable late-
summer rainstorm floods can occur, however the largest flows in the
year are associated with the spring freshet. On smaller streams,
such as Vangorda Creek (basin area 91.2 km?) which is located near
Faro, the annual maximum flows typically occur as a result of snow

melt or rain-on-snow events in May or June (Table 3.4.4, Figure
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3.4.8). However in 1991 the annual maximum daily flow occurred on
July 28, likely as a result of a mid-summer rainstorm. The avail-
able data however suggests that the largest floods have been

associated with snow melt or rain-on-snow events.

3.4.4 Historical Variation in Peak Flows on Yukon River

The historical variation in annual maximum daily and instantaneous
discharges on the Yukon River at Carmacks is shown on Figure 3.4.9.
Flood frequency analyses (shown on Tables 3.4.5 and 3.4.6 *)
indicate that the maximum 1992 discharge (2980 m?/s on June 23) had
an approximately 25-year return period. In comparison, the largest
recorded flood (3,600 m?/s) which occurred on June 24, 1962, had a
return period of approximately 100 years. The 1992 freshet is
therefore the second largest event on record and the extent of
backwater flooding in lower Williams Creek was at least partially

a result of these unusually severe conditions.

3.4.5 Peak Discharge Estimates

Janowicz (1989) has undertaken a regional flood frequency analysis
of Yukon data from both the WSC and Indian and Northern Affairs
Canada (INAC) stream gauging stations. This study allows various
return period discharges to be estimated on the basis of watershed

area and stream channel gradient. Potential instantaneous dis-

4 The predicted instantaneous peak flows are smaller than
similar recurrence interval daily flows due to the
differing periods of record used in the analysis.
Additional work is therefore required prior to using
these values for design purposes.
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ANNUAL MAXIMUM ANNUAL MAXIMUM
YEAR DAILY DISCHARGE INSTANTANEOUS DISCHARGE
DATE VALUE (m3/s) DATE VALUE (m3/s)
1977 May 30 2.93 May 29 3.62
1978 Jun 08 1.59 Jun 15 2.00
1979 Jul 21 1.20 Jul 21 1.37
1980 Jul 17 3.32 Jul 17 4.72
1981 Jun 23 1.47 Jun 22 1.74
1982 Jun 09 5.54 Jun 08 6.90
1983 May 31 6.23 May 30 7.36
1984 Jun 06 5.62 Jun 06 6.11
1985 Jun 04 4.60 Jun 03 6.44
1986
1987
1988
1989 May 09 2.43 Jun 14 3.78
1990 May 31 4.48 May 30 5.60
1991 Jul 28 4.61 Jul 28 5.16
1992 Jun 14 8.45J Jun 14 7.25
NOTE: Data supplied by Indian and Northern Affairs Canada

TABLE 3.4.4 Dates of Annual Maximum Daily and Instantaneous Dis-
charge, Vangorda Creek at Faro Townsite Road.
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FIGURE 3.4.9 Historical variation in annual maximum daily and
instantaneous discharges, Yukon River at Carmacks.
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charges have been estimated using this procedure for various

locations within the Williams Creek basin (Table 3.4.7). However,

as discussed in Jacobsen et al. (1992), there is an impression that

the flood values predicted by Janowicz’s (1989) methodology may

underestimate actual values.

"The evidence of high flow events during the 1991 placer
mining season and other hydraulic characteristics were

surveyed at eight placer-mined streams. Flow rates,
gradients, channel dimensions and other data were calcu-
lated. The results were compared to "White Book" °

recommendations for flood flow designs. Wide variations
were observed between the design flood estimates from the
"White Book" and flood estimates calculated from field
surveys. The conclusions suggest that a regional analy-
sis method of design flood estimation for the design of
stable channels may not be appropriate. Instead, it is
recommended that stream-specific analysis is required.
It is also suggested that field documentation of actual
flood events be applied directly to channel design at

that location."

(Jacobsen et al., 1992, page 6)

Potential peak instantaneous discharges have therefore been esti-

mated for comparative purposes on the basis of the Rational Method

(Coulson,

1988) for sites with basin areas of <25 km?. The

rational method is based on the formula:

CPA

gp = 0.28

Hardy BBT (1991) which uses the procedures from Janowicz
(1989)
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where Qp is peak flow in m’/s, C is the runoff coefficient, P is
total precipitation in mm, A is drainage area in km? and Tc is the

time of concentration in hours.

The short-duration rainfall intensities shown on Figure 3.2.10 have
been used in this analysis. Time of concentration has been calcu-
lated assuming a 15 minute delay for overland flow to reach a
stream channel and a subsequent water velocity of 2 m/s. The
coefficient C (which represents the portion of the rainfall inten-
sity that is available as peak runoff) has been estimated from sur-
| ficial geology information (Section 3.2, Tempelman-Kluit, 1984 and
Klassen et al., 1987) and procedures recommended in Coulson (1988).
A value of 0.50 (representative for rolling forested terrain) has
been increased by a value of 0.10 for return periods of 5 years or
more to reflect snow melt during rain-on-snow events and by values
of 0.02 and 0.05 for return periods of 10 to 25 and 50 to 100

years, respectively.

The results of the above analysis are shown on Table 3.4.8 and the
calculated flows for Williams Creek above the Ore Body are an order
of magnitude larger than those predicted on the basis of Janowicz
(1989). The adopted time of concentration and coefficient C values

may both be slightly high, but the results are still anomalous.

Flood frequency analysis of instantaneous discharges on Vangorda

Creek (Table 3.4.9) provide a means of roughly verifying the
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predicted flows for Williams Creek above Yukon River as the basin
areas are relatively similar (88.0 vs. 91.2 km?). Comparison of
Tables 3.4.7 and 3.4.9 indicate the Janowicz (1989) study over
predicts the magnitude of peak flows on Vangorda Creek. [There is
however no assurity that streamflow on Vangorda Creek is comparable

to that on Williams Creek.]

Given the inability to calibrate the rational equation with on-site
data, the results of the regional analysis conducted by Janowicz
are more likely to be correct (and they compare reasonably well
with the limited observed data). Nevertheless it would be desir-
able for additional rainfall and runoff data to be collected on
Williams Creek such that the US Soil Conservation Service (McCuen,
1982, SCS, 1984) or other models could be calibrated. Until such
time as this work can be undertaken, it is recommended that the
discharge values shown on Table 3.4.7 be considered as minimum
estimates and that additional analysis of relevant data be under-
taken if streamflow is an important component for the design of

mine site infrastructure.

3.4.6 Minimum Flows

Janowicz (1991) has undertaken a low flow frequency analysis of
Yukon discharge data collected by the WSC and INAC. On the basis
of this study "7-day low flow" values have been predicted for
selected sites in the Williams Creek watershed (Table 3.4.10).

This analysis indicates that commonly occurring mid-winter stream-
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flow values are very small (<0.001 to 0.07 m’/s) and that no
surface streamflow is expected for return periods of greater than

50 years.

3.5 Water and Stream Sediment Quality

3.5.1 wWater Quality

Water quality data collected between October 1989 and October 1992
for the eleven stations on Williams Creek are presented in Appendix

3. These results are discussed in the following sections.
3.5.1.1 Physical Parameters, Nutrients and Major Ions
A summary of average values for physical parameters, nutrients and

major ions is pfesented in Table 3.5.1.

Alkalinity

Average alkalinity for the Williams Creek mainstem sites over the
entire sample period was between 107 and 149 mg/L as CaCO, (Table
3.5.1). Seasonal variation ranged between 38 and 255 mg/L with

highest values measured during December (Figure 3.5.1).

Alkalinity values (average) for the tributary sites (W-1, W-2, W-3,
W-5, W-6, W-7 and W-11) were between 84 and 130 mg/L as CaCoO,.
Seasonal trends were generally similar to the mainstem sites

(Figure 3.5.1).
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Water Hardness

Average water hardness for the mainstem Williams Creek varied
between 125 and 161 mg/L as CaCO; (Table 3.5.1). Highest values
occurred during the low flow winter period when the relative
contribution of ground water was highest. Water hardness Values
were lowest during the spring freshet period. Seasonal variation

for the mainstem sites is shown in Figure 3.5.2.

Water hardness values for the tributary sites (W-1, W-3, W-7 and W-
5) were generally lower than mainstem sites. Seasonal trends were
similar between the mainstem sites and tributary sites, with the
exception of W-1 which had relatively high water hardness through-

out the year (Figure 3.5.2).

pH

Mainstem pH values for Williams Creek ranged from 7.4 to 8.2 and
there was relatively little variation between individual sample
sites for each sample period (Figure 3.5.3). Values were generally
lowest during the May sample period coinciding with high flows

(Figure 3.5.3).
Tributary pH values ranged from 7.2 to 8.2 (Table 3.5.1) and

exhibited a relatively high degree of variation between sites for

the same sample period (Figure 3.5.3).
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ALKALINITY: WILLIAMS CREEK
Oct. 1989 - Oct. 1892
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FIGURE 3.5.1 Alkalinity values for mainstem Williams Creek (Top)
and tributary sites (Bottom) between October 1989 and October

1992.
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WATER HARDNESS: WILLIAMS CREEK
Oct. 1989 - Oct. 1992
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FIGURE 3.5.2 Water Hardness values for mainstem Williams Creek
(Top) and tributary sites (Bottom) between October 1989 and
October 1992.
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pH VALUES: WILLIAMS CREEK
Oct. 1989 - Oct. 1992
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FIGORE 3.5.3 pH values for mainstem Williams Creek (Top) and
tributary sites (Bottom) between October 1989 and October

1992.
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Suspended Solids

Suspended solid concentrations were generally at low concentrations
during all sample periods. Mainstem values ranged from below
detection to 258 mg/L with average values of 7, 94 and 13 mg/L for
sites W-10, W-4 and W-9 respectively (Tablg 3.5.1). The highest
suspended sediment level (1,825 mg/L) occurred in August 1991 at

Site W-5 located on a unnamed tributary flowing into Williams Creek
from the south side of the valley downstream of the proposed mine

site (Table 3.5.1 and Appendix 3).

Nitrates, Nitrites and Ammonia

Total ammonia concentrations were frequently below detection for
mainstem and tributary sample sites (Appendix 3). Average values
ranged from below detection in Nancy Lee Creek to 0.12 mg/L at the
mainstem site W-9 in the upper watershed (Table 3.4.1). The maximum
value observed was 0.44 mg/L during the December 1991 sample

(Appendix 3).

Nitrates and nitrite concentrations were generally below or close
to detection at the mainstem and tributary sites (Table 3.5.1 and

Appendix 3).

3.5.1.2 Total and Dissolved Metals
Of the 32 elements included in the ICAP analysis, 12 elements were
consistently below detection for total and dissolved components at

the lower most site on Williams Creek (W-10; Appendix 3). These
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included antimony, beryllium, bismuth, cadmium, lead, 1lithium,
molybdenum, selenium, silver, thorium, uranium and zirconium. These
same elements were also not detectable in the Nancy Lee Creek
samples (W-11) and the other tributary sites (Appendix 3). Elements
which were frequently below detection included arsenic, chromium,
cobalt, copper, phosphorous and vanadium (Appendix 5). Average
total and dissolved values for selected elements commonly occurring
in Williams Creek and tributary samples are summarized for the
sample period in Tables 3.5.2 and 3.5.3 respectively. Selected

elements are discussed below.

Aluminum

Aluminum was detectable in 10 of 17 samples collected from mainstem
Williams Creek sites. Concentrations of detectable total aluminum
ranged from 0.026 to 3.89 mg/L in the mainstem sites (Appendix 3
and Figure 3.5.4). The average total aluminum concentration for the
lowermost Williams Creek mainstem site (W-10) was 0.18 mg/L (Table
3.5.2). Dissolved aluminum levels ranged from below detection (7 of

17 samples) to 0.043 mg/L (Appendix 3).

Aluminum was detectable in 13 of 33 samples collected from the
tributary sites (Appendix 3). Average values for the sample period
ranged from 0.02 to 3.23 mg/L mg/L (Table 3.5.2). The highest
observed total concentration was 9.58 mg/L at Site W-5 with a

corresponding dissolved level of 0.037 mg/L (Appendix 3; Tables 5.8
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and 5.9). Total aluminum concentrations for selected tributary

sites are presented in Figure 3.5.4.

Arsenic

Arsenic was detectable in 3 of 17 samples collected from mainstem
Williams Creek sites and ranged from 0.08 to 0.16 mg/L (Figure
3.5.5). The average concentration of total arsenic at the lowermost
Williams Creek mainstem site (W-10) was 0.05 mg/L (Table 3.5.2).
Dissolved arsenic levels were below detection in all but one of the

mainstem samples (0.06 mg/L; Appendix 3).

Arsenic was detectable in 7 of 33 samples collected from the
tributary sites (Appendix 3). The highest observed total concentra-
tion was 0.016 mg/L at Sites W1 and W-7 (Figure 3.5.5). Dissolved

values ranged from below detection (30 of 33 samples) to 0.012

mg/L.

Barium

Barium was detectable in all mainstem samples and ranged from 0.013
to 0.146 mg/L (Figure 3.5.6). The average concentration of total
barium at the lower most Williams Creek mainstem site was 0.057

mg/L (Table 3.5.2). Dissolved barium levels ranged from 0.009 to

0.175 mg/L (Appendix 3).

Barium concentrations at the tributary sites ranged from 0.012 to

0.455 mg/L with the highest values occurring at Station W-1 and W-5
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TOTAL ALUMINUM: WILLIAMS CREEK
Oct. 1989 - Oct. 1992
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FIGURE 3.5.4 Concentration of total aluminum for Williams Creek
mainstem and selected tributary sites between October 1989 and
October 1992.
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TOTAL ARSENIC: WILLIAMS CREEK
Oct. 1989 - Oct. 1992 '
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FIGURE 3.5.5 Concentration of total arsenic for Williams Creek
mainstem and selected tributary sites between October 1989 and
October 1992.
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(Figure 3.5.6). Dissolved values ranged from 0.010 to 0.067 mg/L.

Cadmium

'éadmiunlwas below detection for most samples. A total concentration
“of 0.0004 mg/L was observed at one mainstem site during May 1992
(Figure 3.5.7). Cadmium was present at Site W-5 on two occasions

and once at W-1 (Figure 3.5.7) with a maximum value of 0.0006 mg/L.

Chromium

Chromium was detectable in 11 of 17 samples collected from mainstem
Williams Creek sites. Concentrations of total aluminum ranged from
0.002 to 0.012 mg/L in the mainstem sites (Figure 3.5.8). The
average concentration for the lowermost site was 0.003 mg/L (Table
3.5.2) with a maximum value of 0.009 mg/L (Appendix 3; Table 3.15).
Dissolved chromium levels ranged from below detection (12 of 17

samples) to 0.043 mg/L.

Chromium was detectable in 15 of 33 samples collected from the
tributary sites (Figure 3.5.8). The highest observed total
concentration was 0.05 mg/L at Site W-5. Dissolved values ranged

from below detection (29 of 33 samples) to 0.007 mg/L.

Cobalt
Cobalt was detectable in 9 of 17 samples collected from mainstem
Williams Creek sites. Concentrations of total cobalt ranged from

0.001 to 0.004 mg/L in the mainstem sites (Figure 3.5.9). The lower
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TOTAL BARIUM: WILLIAMS CREEK
Oct. 1983 - Oct. 1992
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TOTAL CADMIUM: WILLIAMS CREEK
Oct. 1989 - Oct. 1992
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FIGURE 35 7 Concentration of total cadmium for Williams Creek
mainstem and selected tributary sites between October 1989 and
October 1392.
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most mainstem site on Williams Creek had an average value of 0.001
mg/L and a maximum value of 0.002 mg/L (Table 3.5.2). Dissolved
cobalt levels ranged from below detection (12 of 17 samples) to

0.004 mg/L (Appendix 3).

Cobalt was detectable in 10 of 33 samples collected from the
tributary sites (Appendix 3). The highest observed total concentra-
tion was 0.016 mg/L at Site W-5 (Figure 3.5.9). Dissolved values

ranged from below detection (27 of 33 samples) to 0.007 mg/L.

Copper

Copper was detectable in 9 of 17 samples collected from mainstem
Williams Creek sites. Concentrations of total copper ranged from
0.001 to 0.014 mg/L in the mainstem sites (Figure 3.5.10). The
lowermost Williams Creek mainstem site had an average value of
0.003 mg/L and a maximum value of 0.005 mg/L (Appendix 3; Table
3.15). Dissolved copper was generally below detection (13 of 15
samples) and had a high value of 0.005 mg/L at Site W-10 (Appendix
3; Table 3.15). Average values for total copper are presented in

Table 3.5.2.

Copper was detectable in 14 of 28 tributary samples (Figure 3.5.10)
with a range of 0.001 to 0.059 mg/L. The highest observed total
copper concentration for the tributary sites was observed at Site
W-5. Dissolved values ranged from below detection (16 of 23

samples) to 0.009 mg/L (Appendix 3).
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TOTAL CHROMIUM: WILLIAMS CREEK
Oct. 1989 - Oct. 1992
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FIGURE 3.5.8 Concentration of total chromium for Williams Creek
mainstem and selected tributary sites between October 1989 and
October 1992.
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TOTAL COBALT: WILLIAMS CREEK
Oct. 1989 - Oct. 1992
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FIGORE 3.5.9 Concentration of total cobalt for Williams Creek
mainstem and selected tribntary sites between October 1989 and
October 1992.
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Iron

Iron was detectable in all samples with mainstem total values
ranging from 0.07 to 3.68 mg/L (Figure 3.5.11). The average
concentration of total iron in Lower Williams Creek (W-10) was
0.354 with a high value of 0.824 mg/L (Appendix 3; Table 3.15).
Dissolved iron ranged from 0.022 to 0.628 mg/L and was detectable

in all mainstem samples (Appendix 3).

Total iron concentrations for the tributary sites ranged from 0.037

to 31.4 mg/L with the highest values occurring at sites W-5 and W-7

(Figure 3.5.11).

Zinc

Zinc was detectable in 15 of 17 samples collected from mainstem
Williams Creek sites. Concentrations of total zinc ranged from
0.003 to 0.195 mg/L in the mainstem sites (Figure 3.5.12). The
average value at the lowermost mainstem site was 0.045 mg/L with a
maximum value of 0.195 mg/L (Appendix 5; Table 5.15). Dissolved
zinc levels ranged from below detection (3 of 15 samples) to 0.01
mg/L (Appendix 3). Zinc was detectable in most samples collected
from the tributary sites (Figure 3.5.12). The highest observed
total zinc concentration for the tributary sites was 0.0661 mg/L at
Site W-5. Dissolved values ranged from below detection (3 of 22
samples) to 0.010 mg/L. Total and dissolved zinc values averaged
over the sample period are compared for mainstem and tributary

sites in Figure 3.5.13.
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TOTAL COPPER: WILLIAMS CREEK
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FIGURE 3.5.10 Concentration of total copper for Williams Creek
malnstem and selected Lributary sites between October 1989 and
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3.5.1.3 Summary of Background Water Quality

The water quality data collected in this study will provide a
baseline from which potential impacts can be assessed once the mine
is operational. These data will also be important to regulatory
agencies setting the mine discharge limits for the project. The
Canadian Council of Resource and Environment Ministers (CCREM)
guidelines for water quality in Canada are generally considered to
be a conservative limit set for the protection of fish and the
aquatic ecosystem based on available data for acute and chronic
toxicity responses of aquatic organisms. Although these guidelines
are frequently used as water quality objectives for fish bearing
streams, mine discharge limits set by the Yukon Territorial Water
Board are more typically in line with Metal Mine Liquid Effluent

Regulations.

Baseline data on total metal concentrations in Williams Creek have
been compared to the recommended guideline values established by
the CCREM for waters of similar and pH in Table 3.5.4. Two mainstem
sites have been selected for this comparison, representing fish
bearing waters of lower Williams Creek (Site W-10) and mainstem
conditions in the upper watershed (W-4) below the proposed mine

site.

Of the nine elements compared in Table 3.4.5, average beckground
concentrations (October 1989 to October 1992) of total aluminum,

arsenic, iron, and zinc in lower Williams Creek exceeded the
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TABLE 3.5.4 Average concentrations of selected parameters for Site
W-10 in lower Williams Creek and Site W-4 in the upper
watershed compared to CCREM guideline values for waters of
similar pH and hardness. (Values reported are totals).

|'WILLIAMS W-10 | WILLIAMS W-4 “ | CCREM GUIDELINE
75 to 225 mg/L
as CacCo,
7.9 6.5 to 9.0
0.181 mg/L 0.020 mg/L 0.1 mg/L
0.052 mg/L 0.058 mg/L 0.05 mg/L
<0.0004 mg/L <0.0004 mg/L 0.0008 to
0.0013 mg/L
0.003 mg/L 0.002 mg/L 0.02 mg/L *
0.002 mg/L ™
0.003 0.001 0.002 to 0.003
0.354 0.374 0.3 mg/L
<0.005 <0.005 0.002 to 0.004
mg/L
0.004 0.002 0.065 to 0.110
mg/L
<0.001 <0.001 0.0001 mg/L
0.045 0.004 0.03 mg/L

recommended CCREM gquideline. The average total concentration of
copper was the same as the higher guideline value for a water
hardness of 120 to 180 mg/L as CaCO?. Total chromium concentrations
exceeded the recommended CCREM guideline for protection of the
aquatic ecosystem but were below the 1limit for fish protection.
Cadmium was not detected in the mainstem site. The CCREM guideline
for silver is 0.001 mg/L which is below the detection limit for the

1989 to 1992 samples. Detection limits for lead were also higher

than the CCREM guideline value.
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Similar to the lower site on Williams Creek, average total
concentrations of arsenic, chromium iron and zinc at the upper site
(W-4) also exceeded the CCREM guideline. The average total
concentration of aluminum and copper was lower in upper Williams

Creek and did not exceed the CCREM guidelines.

The CCREM guidelines are based on total metal concentrations.
However, in many cases it 1is the dissolved component which is
biologically available and of most concern with respect to chronic
and acute toxicity in aquatic organisms. Data collected in this
study indicated a high degree of variation in the ratio of the
dissolved and total components throughout the sample period as well
as between elements. A comparison of average dissolved and total
values for lower Williams Creek is presented in Table 3.5.5.

TABLE 3.5.5 Comparison of average total and dissolved metal

concentrations for Site W-10 in lower Williams Creek

based on data collected between October 1989 and
October 1992.

ELEMENT | TOTAL DISSOLVED PERCENT
CONCENTRATION (mg/L) | CONCENTRATION (mg/L) | DISSOLVED

Al 0.180 0.035 20%

As 0.052 0.048 95%

cd BD BD

Cr 0.003 0.002 66%

Cu 0.003 0.002 66%

Fe 0.0354 0.113 32%

Ni 0.004 0.003 75%

Zn 0.045 0.005 11%
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Water hardness values for Williams Creek indicate a moderate degree
of buffering capacity with respect to potential metal toxicity.
Natural buffering capacity would be lowest during periods of low
water hardness. In lower Williams Creek, water hardness values are
generally lowest during period of high stream discharge when the
relative contribution of surface water is high compared to the

ground water component (Gibson 1991a).

Further discussion of water quality in Williams Creek have been
presented in earlier project reports (Burns and Gibson 1989; Gibson

1990a and b, 1991a and b).

3.5.2 Sediment Quality

The analysis of sediments collected from Williams and Nancy Lee
creeks during July and August 1992 indicate that the major
constituents are iron, aluminum, calcium, and magnesium. The minor
constituents include, in decreasing order of relative concen-
tration, zinc, chromium, copper, nickel, lead and cadmium. Of the
32 elements analyzed, seven were below detection in all samples;
these included antimony, arsenic, bismuth, molybdenum, selenium and
uranium. Samples collected from the mainstem of Williams Creek
during July 1992 indicated relatively small variation in the
concentration of all components between upstream and downstream
sites (Figure 3.5.13). Particle size distributions for the July
samples are presented in Figure 3.5.14. A second set off samples

collected from Williams and Nancy Lee creeks during August 1992
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TOTAL IRON: WILLIAMS CREEK
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FIGURE 3.5.11 Concentration of total iron for Williams C(Creek
mainstem and selected tributary sites between October 1989 and
Qctober 1992.
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generally indicated the same sediment composition with respect to
the relative concentration of major and minor constituents (Figure
3.5.15). A summary of the range of concentrations found for each

element is presented in Table 3.5.5.

Results of the sediment analysis for the major constituents from
the Williams and Nancy Lee creek samples are compared to results
from Big Creek located 60 kilometres west of Williams Creek in
Table 3.5.6). In all cases, the concentrations of aluminum,
calcium, iron and magnesium are substantially lower in the Williams

Creek sites than the Big Creek sites.

TABLE 3.5.5. Summary of metal concentrations in sediments collected
from Williams and Nancy Lee Creeks - July and August 1992.

BD-200
6550-9770 BD
Cadiiium . .| BD-0.3 Silicon’ - | 270-760
cobalt = | 5.2-7.4 Sodium | 230-540
‘ 16.4-22.4 Strontium | 46.6-70.7
10.1-75.8 Thorium BD-7.0
13300-21800 Titanium | 539-704
EPotagé.‘iium 940-1400 Uranium - | BD
Magnésium | 3730-5370 Vanadium | 30-52
Manganese | 184-412 zZinc 30.8-48.0

-120-




TOTAL ZINC: WILLIAMS CREEK
Oct. 1989 - Oct. 1992

Oes 2 = 0 195 mag/fi

\me|
Em

VEL LS TGS TTITSTIG IS TSDI IS TS

Aug et Dac 31
Sample Date

TOTAL ZINC: TRIBUTARY SITES
Oct. 1988 - Oct. 1882

cald

gt 89 Aug 91 Dec &1 May 92 o2 Oct 92
Sampile Date

=

mnEE
;§§§

=007

5 8

D.04
3 04.03

oncentration

Zinc
e ]
Fn
o

a.ni

FIGURE 31.5.12 Concentration of total zinc for Williams Creck
mainstem and selected tributary sites between October 1989 and
October 1992.
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TABLE 3.5.6 Guidelines for sediment contaminants in Ontario
compared to the range in metal concentrations found
at the Williams Creek Sites for July and Augqust, 1992

samples.
ELEM‘ENT | Ontario Guideline  ~ | WITT.IAMS'CREEK ‘DRAINAGE -
| Lowest o [ Severe © ° I ——————
il Effect; ' Effect” #1.C
i Tevel'ug/g | Level ug/g | tem
6 33 BD BD
0.6 10 BD - 0.3 0.3
26 110 16.4 - 22.4 17.7
16 110 10.1 - 75.8 11.4
21,200 43,800 13300-21800 15,000
460 1,100 184 - 412 190
120 820 30.8 - 48.0 30.8
31 250 5.0 - 5.0 7.0

The Ontario Ministry of Envircnment has established sediment
quality guidelines or arsenic, cadmium, chromium, copper, lead,
manganese, mercury, nickel and =zinc (Jaagumagi 1992). These
guidelines have been developed using a Screening Level Concentra-
tion method developed by Persaud et al., (1992) which 1s based on
observed sediment contaminant concentrations and the co-occurrence
of benthic invertebrate species. Metal concentrations are plotted
against species presence or absence and the 5% and 95" percentile
values are taken as Lowest Effect Level (LEL) and Severe Effect
Level (SEL) respectively. These guideline values are presented in
comparison to the observed range in metal concentrations for the

Williams Creek sites in Table 3.5.6.
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Metal Concentration in Sediments {(ug/dry g)
Williams Creek Sites W-10, W-4 and W-9
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FIGURE 3.5.13 Analysis of sediment samples collected from Williams
Creek mainstem sites during July 1992.
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SEDMENT PARTICLE SIZE DISTRIBUTION

Williams Creek Sites W-10, W-4 and W-9
July 1992

100
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Particle Size
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Near Yukon River Mid-Reach Headwaters

FIGURE 3.5.14 Particle size distribution for sediment samples
collected from Williams Creek mainstem sites during
July 1992.
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Metal Concentration in Sediments (ug/dry g)
Williams and Nancy Lee Creeks
August 1992
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FIGURE 3.5.15 Analysis of sediment samples collected from Williams
and Nancy Lee creeks during August 1992.
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Concentrations of arsenic, cadmium, chromium, iron, manganese, zinc
and lead at the Williams Creek mainstem and Nancy Lee sites were
all below the lowest effect guideline level established by the
Ontario Ministry of Environment. One of the mainstem Williams Creek
samples collected from below Nancy Lee Creek during August 1992 had
an unusually high copper value which was above the LEL guideline

value (Table 3.5.6).

3.6 Aquatic Resources

This section of the report presents a description of habitat
characteristics in the Williams Creek study area, describes the
abundance and distribution of aquatic invertebrates and fish and
provides an assessment of habitat use and importance within the
study area. This report supersedes the earlier report titled

*Initial Assessment of Aquatic Resources in Williams Creek"

prepared in 1992.

3.6.1 Habitat Description

3.6.1.1 Williams Creek

Williams Creek originates at an elevation of approximately 890 m
and flows north east into the Yukon River confluence at 482 m.
Valley walls are generally stable through the watershed and the
active channel is relatively stable throughout the watershed with
no signs of recent lateral movement. There are some areas in the
upper watershed where mass wasting in permafrost banks was evident

during the summer of 1992. There is one major tributary (Nancy Lee

-126-



Creek) to Williams Creek located approximately 1.2 km upstream from

the Yukon River (Figure 3.6.1).

Williams Creek has been designated into four reaches based on
habitat characteristics. Reach Thabitat characteristics are
presented in Figure 3.6.1. Physical characteristics are summarized

in Tables 3.6.1 and 3.6.2 and are further described below.

Reach 1

Reach 1 extends approximately 1.2 km upstream from the Yukon River
confluence. The channel has a gradient of 1.5 to 2.0%, is frequent-
ly confined by the valley walls and has an active channel width of
6 m. The lower 100 m of the stream flows through a moderately
developed stable fan (Appendix 4; Plate 1). Wetted channel width in
Reach 1 averaged 4 m during the August 1991 survey. Bed material is
pre-dominantly gravels (40%) and larges (35%). Fine sediments are
prevalent in the lower 300 m of the reach. Habitat diversity is
moderate with a predominance of riffle (40%) and pool (30%)
habitats and the occasional run area. There are no side channel
habitats in this reach. Instream cover is moderately high due the
high occurrence of undercut banks and over hanging vegetation and

moderate amounts of small organic debris (Appendix 4; Plate 3).

Reach 2
Reach 2 of Williams Creek is approximately 3.3 km long. The single

channel is more confined than Reach 1 with a higher gradient (2.0
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FIGURE 3.6.1 Location of reach boundaries and summary of
physical habitat characteristics for the Williams
Creek study area.
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to 2.5%). The bed material is coarser with 60% larges and 20%
gravels. Riffle habitats are more common than in Reach 1 and there
is a lower incidence of pool and run habitat. The channel is
characterized by abundant overhanging vegetation and moderate
amounts of instream debris. The absence of gravels limits spawning
potential in this reach. Rearing capabilities are moderately high

based on the occurrence of pools, riffles and instream cover.

Reach 3

This reach is 1.0 km in length with a gradient of approximately 1.5
to 2.0%. The channel is 1less confined than in Reach 2; active
channel width is 2.5 m with an average wetted width of 1 m during
August. The predominant habitat type is run with little riffle
habitat. Banks are generally stable with a moderate degree of under
cutting. The bed material is predominantly larges (70%). Spawning
potential is limited by the large bed material size. Extensive
instream cover and large bed material size is suitable for recring
fish. However, channel width, low flow volumes and an absence of
side channel habitats are probably major constraints to fish

production in this reach (Appendix 4; Plate 3).

Reach 4

Reach 4 is 4.4 km in length and extends upstream to the headwater
reach. This is a relatively low gradient reach (1.0%) characterized
by a bed material of predominantly fines (80%) and small gravels.

The channel is relatively unconfined with a wide valley flat.
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Average width of the active channel is 4 m while wetted widths were
less than 1 m during August. Water depths during August were
typically between 30 and 50 cm. Habitat diversity was relatively
low (Appendix 6; Plates 5, 6 and 7) with a predominance of runs

(60%) and low incidence of riffle areas (10%).

Nancy Lee Creek

Two reaches were identified in Nancy Lee Creek. The lower reach is
similar to Reach 2 of Williams Creek with a channel gradient of 1.5
to 2.5%. Bed material in Reach 1 is predominantly larges (50%) with
a higher occurrence of gravels in Reach 2 (40%). Bed rock out crops
are also evident in Reach 2 of Nancy Lee Creek. Active channel
widths are between 5 and 7 m with wetted widths of 3 to 4 m during
August, 1991. There is a 1 m chute located 1.1 km upstream of
Williams Creek however this was not considered a potential
obstructions to fish passage. Spawning potential in this creek is

severely limited by the large size of the bed material.

3.6.1.2 Yukon River

The section of Yukon River near the Williams Creek confluence has
a relatively low gradient with extensive bar and island develop-
ment. There are numerous side channels ranging from 10 to 120 m in
width. Bed material composition varies widely from fine sediments
in many of the side channels to mixtures of large gravels and

cobble larges along the mainstem margins.
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The east bank of the river adjacent to the Williams Creek conflu-
ence is characterized by a moderately steep sloped gravel/cobble
bank. This area was a gently flowing riffle during the August, 1991
sample. Water velocities and wetted bank slope were substantially
higher during the October, 1391 and August 1992 surveys. The edge
of the Williams Creek fan adjacent to the river bank is vegetated
with sedges and grasses (Appendix 4; Plates 1 and 2). The Yukon
River channel upstream and downstream Williams Creek is relatively
straight. The lower 100 m of Williams Creek is subjected to back
water effects from the Yukon River during high flow periods. This
area was characterized by deep slow moving water with a small back
eddy during the October, 1991 and August 1992 surveys. The west
bank of the Yukon River across from Williams Creek is characterized
by a steep unstable bank of fluvial materials. Highest fish habitat
capabilities within this section of the Yukon River are likely
associated with the side channel areas. These areas tend to be
characterized by more diverse habitat types with areas of low water
velocity and more abundant instream cover. Major side channel
habitats are located approximately 0.5 km downstream of Williams

Creek and 1.2 km upstream of the creek (Figure 3.6.1).

3.6.2 Fish Distribution and Abundance
Fish sampling results and observations collected during three
survey periods between August 1991 and August 1952 are presented in

the following section. Sampling results are summarized in Table

3.6.3.
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Auqust 1991 Survey

Total electrofishing area for the four mainstem Williams Creek
sites sampled amounted to 627 m? (Table 3.6.3). Electrofishing
samples were conducted in Reaches 1, 3 and 4 (Appendix 4; Plates 3,
4 and 7). Minnow traps (N=17) were also set at two additional sites
in Reach 4 (Appendix 4; Plate 6). No fish were captured or observed
in Williams Creek during the August survey. Sampling conditions
were suitable for electrofishing and equipment was in good working
order. Periodic investigations of stones from the bed material

indicated low numbers of benthic invertebrates at all sites.

Electrofishing was also conducted along the margin of the mainstem
Yukon River (Site Y1) immediately downstream of Williams Creek.
Total sample area was 63 m? at this site (Appendix 4; Plate 2). A
total of six chinook fry (Onchorynchus tschawytscha) ranging in
size from 55 to 70 mm were captured at this time. Two slimy
sculpins (Cottus cognatus) were also collected (Table 3.6.2).
Moderate numbers of stoneflies were observed on the bed material of
this site. Instream cover at this site was marginal; however,
submerged vegetation did provide some cover along the edge of the

bank. This site was in the influence of Williams Creek.

October 1991 Survey

1) Juvenile Fish Distribution
Electrofishing was conducted at Site #5 in Reach 1 and Site #6 in

Reach 3 during the October survey. Total sample area was approx-

-134-



*23TS STU} 2P PIAIISUO axam DBuTTAeab 3Tnpe IASYlO UBASS TRUOTITPPR UV x«x
*9OUBNTIUOD IBATY uoNNX 9yl Fesau pajbue sem ax1d uIsYy3IOU JF[NPE STYL «

0 0 0 0 xx€ 0 POR potbuy | . .. ID @3TS
0 0 0 0 0 0 ybTH 06 o TR 8315
0 0 0 0 0 0 MOTT 06 ERICE
0 0 0 0 0 0 POR Z6 TTM 22TS
o0 | o 0 0 0 0 moT 18 i €IM @IS
0 0 0 0 0 0 Mo L 7 IM . ©3TS i
5T T | 0 91 T 5§ ubTH 8 |
0 0 0 T T 0T POK pST
0 8 0 T 5 8 morT 0TT JEEY
T m,mﬂ‘mmaﬁuo.
0 0 0 0 0 0 mom | sdexr LT | ¢ ¥ T seals
0 0 0 0 0 0 MO <87 |
0 0 0o | o | 0 0 MOT 0¥z
0 0 0 z 0 9

*eaxe Apnis Yo99I) SURTTEIM 3yl ur 66T 3Isnbny pue
1661 3subny usamiaq sporiad ardues aaxxyl roJ si(nsex burTdwes ysry jo Axemmg §-9°¢ FTAVL



imately 218 m?. No fish were captured in the upper site (Reach 3).
A total of eleven chinook salmon fry and one slimy sculpin were
captured at the lower site. Eighty percent of the captured fish
were collected with the first pass of the electrofisher indicating
high rate of capture efficiency. The calculated density of chinook
fry at this site was 7.1 fry per 100 m?. All fry were very dark in
colour and were taken from isolated areas of accumulated debris
along the under cut bank of a deep pool. Chinook fry were not found
in the bed material at this site. Chinook fry fork lengths ranged
from 60 to 70 mm with a mean length of 68.1 mm. Sculpin density was
calculated at 0.6 fish per 100 m® of stream habitat for Reach 1 of
Williams Creek. One adult grayling (Thymallus arcticus) approxi-
mately 30 cm in length was also observed in the lower 100 m of the
creek during the October survey. This fish had a dorsal lesion with

fungal infection.

Sampling along the margin of the Yukon River (Site Y1) was not
conducted due to high flow conditions at this time. A second Yukon
River site (Y2) was established upstream of Williams Creek in a
major side channel (Figure 3.6.1). A total sample area of 110 m?
was enclosed with stop nets and electrofished. Four species were
sampled with a total catch at this site of 20 fish. Sample results
are summarized in Table 3.6.3. All but one of the fish collected
from this side channel site were taken from a small debris clump
located in shallow water. Fish were not found in open water areas

or within the bed material. Captured chinook fry were dark in
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colour indicating they were probably inactive. Water temperature

was 2°C at this time.

2) Adult Spawner Survey

Approximately 27 km of side channel and mainstem habitat of the
Yukon River upstream and downstream of the Williams Creek conflu-
ence were surveyed by helicopter over a one hour period on October
9, 1991. Mainstem visibility was poor due to high flow conditions
but visibility in many of the side channels and along'the mainstem
margin was adequate to observe the bed material. No spawning salmon
or carcasses were observed. There was no indication of redd
(spawning nest) construction either. Interviews with local members
of the Carmacks Native Band indicated that chum salmon were present
in the mainstem Yukon River during the last month as they migrated
past Carmacks to upriver spawning areas. Local residents were not
aware of any salmon spawning areas in the mainstem Yukon or
tributary habitats within the Williams Creek study area. Fishing

activity was not observed on the river at this time.

Auqust 1992

1) Williams Creek Drainage

The total area sampled in lower Williams Creek (three sites) during
the August 1992 survey was 204 m?’. An additional 92 m* was sampled
in lower Nancy Lee Creek. A total of 72 fish were electrofished
during this survey and four species identified (Table 3.6.3).

Chinook fry were most abundant species comprising 76.3% of the
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catch (55 fish) followed by slimy sculpin (22%; 14 £fish) and
longnose suckers (Catostomus catostomous - 2.8%; 2 fish). One
juvenile grayling 175 mm in length was also caught. All fish were
collected from sample site W-10 located in the lower reach of
Williams Creek approximately 250 m upstream of the Yukon River
confluence (Figure 3.5.1). Fish recovery was hampered at this site
by the high occurrence of debris and deep pool cover. Chinook fry
captured from site W-10 had a mean fork length of 58.1 mm over a
range of 49 to 76 mm. The mean fork length of the slimy sculpin was
51.7 mm with a range of 30 to 65 mm. The two longnose suckers
captured were 100 and 130 mm in fork length. In addition to the
electrofishing catch, a sub-adult northern pike (Esox lucius) was
angled from lower Williams Creek near the confluence of the Yukon

River by a member of the archaeologist survey teamn.

Fish were not captured or observed at either of the other two
Williams Creek sample sites (W-12 and W-13) or in lower Nancy Lee
Creek (W-11) during the August 1992 survey. Sampling difficulty was
low at these sites during the 1992 survey and stop nets were used
to increase catch probability and fish recovery. Physical habitat
characteristics at these sites appeared to be suitable for juvenile
rearing with an abundance of deep pool habitat, diverse instream

cover and a cobble bed material.

Additional electrofishing in the upper mainstem of Williams Creek

at the mine access road crossing indicated an absence of fish from
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the upper watershed. These results are consistent with sampling

results from the 1991 studies.

2) Merrice Creek

Electrofishing was conducted at one site on Merrice Creek encompas-
sing 90 m®* of stream habitat above and below the Williams Creek
access road crossing (Figure 3.6.1). This site is characterized by
deep pools (30% of sample area) with undercut banks and over-
hanging bank vegetation. Shallow riffle habitat is also common in
this section of the stream. The bed material is of gravels and
large cobbles. Sample conditions were good during the August 1992
survey and the probability a fish capture and recovery was rated
high. Upstream and downstream stop nets were used during the
electrofishing sample and multiple passes of the sample area were
made. No fish were caught or observed. A subsequent survey of the
creek from a helicopter indicated there were no obstructions

between Merrice Lake and the road crossing (Figure 3.6.1).

3) Crossing Creek

Crossing Creek was surveyed at three locations adjacent to the
Freegold access road upstream of the road crossing. This creek is
characterized‘by a stable channel, approximately 5 m wide (wetted
and active width) with a bed material of gravels (20%) and large
cobbles (60%) with some boulders. The stream has extensive riffle
and pool habitats with abundant instream and bank cover. Habitat

diversity is high and it appears that spawning and rearing capabi-
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lities for Axrctic grayling would be high. Seven adult grayling (300
to 400 mm) were observed during the August 1992 survey. Three
grayling in the same size range were also angled from one pool site
adjacent to the road. The total angling sample effort was approx-

imately 30 minutes. Electrofishing was not done at this site.

3.6.3 Fish Habitat Use and Capabilities

3.6.3.1 Habitat Use

Of the 13 fish species found in the upper Yukon River drainage
(Table 3.6.4), six species were present in Williams Creek during
the 1991 and 1992 studies. These were juvenile chinook salmon,
Arctic grayling, slimy sculpins, longnose suckers, burbot (Lota
lota) and northern pike. Experience in other Yukon River systems
(Pavies and Shepard 1981; Walker 1976; and Mathers, West and Burns
1981) indicate that species such as inconnu (Stenodus leucicthys),
round whitefish (Prosopium cylindraceum) and brocad whitefish
(Coregonus nasus) may also be found in small tributary habitats of
the Yukon River system at certain times of the year (Appendix 4).
The following discussion is limited to fish species which have been

observed in Williams Creek to date.

Chinook Salmon
1. Rearing
Fish sampling data indicate that juvenile chinook salmon rearing in

Williams Creek is likely restricted to the lower one kilometre of
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stream habitat. Although physical habitat capabilities in lower
Nancy Lee Creek and Williams Creek downstream of this tributary
appeared to be suitable for chinook rearing during the summer
period, sampling indicated chinook did not use this section of the
system. Juvenile chinook were not found in Williams Creek during
the August 1991 survey but were found during the October 1991 and
August 1992 surveys. These data indicate seasonal and annual
variability in habitat use patterns by juvenile chinook salmon
within the study area. Similar habitat use patterns have been noted
in other Yukon River drainages. For instance, sampling conducted in
a similar sized tributary (Grew Creek) in the upper Pelly River
drainage resulted in no fish during the summer 1989 sample yet high
numbers the following year (Harder and Bustard 1990). High flow
levels preceding the August 1991 sample period in Williams Creek
(refer to Section 3.4 of this report) may have displaced fish

downstream into the Yukon River.

Results from other studies (Harder and Bustard 1990a and Beniston
and Lister 1991) indicate relatively high chinook use of small
tributary habitats in the Yukon drainage during the summer period.
Sampling conducted in lower Williams Creek also indicated a
relatively high level of habitat use during August 1992 with a
chinook fry density of 67.9 fry per 100 m?. By comparison, chinook
fry densities in lower Vangorda Creek, which is a small tributary
to the Pelly River near Faro, were 30.7 fry per 100 m2 during the

August 1992 sample period (unpublished data from Curragh Inc.).
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Chinook fry densities of up to 109 fry per 100 m* were observed in

Vangorda Creek in other years (Harder and Bustard 1990a).

Fish sampling conducted in October 1991 indicated the lower section
of Williams Creek is uséd by small numbers of juvenile chinook
salmon. Chinook fry that were found in the creek during the October
sample appeared to be in an inactive over-wintering state suggest-
ing that juvenile chinook over-winter in the system. Juvenile
chinook densities in lower Williams Creek were comparable to
observed densities from a side channel habitat (Y2) of the Yukon
River, upstream from Williams Creek. Fall chinook fry densities in
lower Williams Creek were relatively low when compared to fry
densities from Vangorda Creek. Harder and Bustard (1990) reported
fall (October) chinook fry densities of 27.2 to 29.6 fry per 100 m?
in Vangorda Creek. Chinook fry densities in Williams Creek during
the fall were far lower at 6.0 fry per 100 m?. However, the
compared data sets are from different years and as such the
differences may reflect variation in annual fry recruitment rather

than habitat capability.

2) Spawning

Yukon River chinook salmon first arrive at Dawson, approximately
200 km downstream of Williams Creek, in late July enroute to
upriver spawning grounds. The spawning period for chinook salmon in
the Yukon River is generally between August and early September

(Appendix 6). Chinook salmon generally spawn in major tributaries
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and along mainstem habitats of the Yukon River and tributary
rivers. There are no reports of mainstem spawning in the vicinity
of Williams Creek; spawning was not observed between Carmacks and
Williams Creek during the August, 1991 and 1992 helicopter surveys.
Furthermore there was no evidence of chinook spawning (redd
construction) in Williams Creek during either survey. Chinook
spawning capabilities in Williams Creek are limited by low flows

and an absence of suitably sized bed material.

Arctic gravyling

A single adult grayling was observed in the creek immediately
upstream of the Yukon River during the October 1991 survey and a
juvenile grayling was captured during the August 1992 survey. If
spawning grayling had used the creek during the spring of 1991 or
1992, it would be expected that recently emerged fry would be
present in the creek during the late July and August. The apparent
absence of grayling fry during the 1991 and 1992 studies suggests
low use of the system by spawning adult grayling. However, surveys
have not been conducted during the grayling spawning period to

confirm this.

3.6.3.2 Habitat Capabilities

Rearing
Fish rearing capabilities in Williams Creek are highest in the

lower creek below the confluence of Nancy Lee Creek. Extensive

undercut banks and overhanging vegetation contribute to the
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moderate rearing capabilities in this section of the creek. Higher
capabilities are probably constrained by the relatively Ilow
incidence of large instream debris, small cobble size and absence
of side channel habitat. Relatively low abundance of benthic
invertebrates may also contribute to low overall summer rearing

capabilities in the system (refer to Section 3.6.3 of this report).

Although obstructions to fish access were not present in Williams
Creek, fish distribution was restricted to the lower end of the
creek during the 1991 and 1992 studies. Rearing habitat capabil-
ities in the upper system are probably limited by low flow volumes,
small stream size and relatively low occurrence of riffle habitats

upstream of Nancy Lee Creek.

Observed habitat selection by over-wintering chinook fry in lower
Williams Creek indicate the presence of instream debris is an
important habitat during this stage of the 1life history. Our
assessment indicates this habitat type occurs relatively infre-
quently in Williams Creek. The absence of abundant large cobble
material with interstitial areas probably also 1limits over-
wintering capabilities in the system. It is suspécted that low flow
volumes and cold water temperatures are probably the most signifi-

cant constraint to over-wintering capabilities in the system.

Lakes and ponds are important habitats for Arctic grayling. These

areas provide flow stability and over-wintering habitats. In other
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studies (Harder and Bustard 1991a and 1991b), Arctic grayling were
more prevalent in systems which are characterized by these habitat
types. The absence of these habitats in the Williams Creek drainage

probably limits grayling production in this system.

Spawnin

There have been no reports of spawning salmon in Williams Creek and
no indication that either chum or chinook salmon used the system in
1991. Spawning capabilities for salmon in Williams Creek are
probably severely limited by the small stream size, low discharge
and relatively high fines content in the bed material of Reach 1.
Spawning capabilities for Arctic grayling are 1likely higher,
however, it is suspected that the low occurrence of pool habitat in
the lower reach probably also limits spawning capabilities for this

species.

The lower 200 m of Williams Creek is influenced by the Yukon River
during periods of high discharge. This area is characterized by low
velocities and submerged vegetation along the banks and may be used

by spawning northern pike during the spring period.

3.6.3 Benthic Invertebrates

3.6.3.1 Abundance and Distribution

A summary of the benthic invertebrate data collected in Williams
Creek during 1991 and 1992 is presented in Table 3.6.5. Total and

average number of insects collected at each of the three sample
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sites, including one site in lower Nancy Lee Creek, were similar
with a range in total numbers from 751 to 910 insects. A total of
23 different taxonomic groups were identified in the drainage.
Taxonomic richness of the 1992 samples varied between 14 and 19
taxa with the highest number found at the lowermost Williams Creek
site (W-12) below Nancy Lee Creek. Plecopterans were the dominant
order present in the William Creek sites (W-12 and W-13) represent-
ing between 50 and 79% of the community (Appendix 5). Plecopterans
were co-dominant at the Nancy Lee Creek site during 1992 represent-
ing 34% of the total community. Dipterans were the sub-dominant
order at all three sites during 1992 with chironomidae (Orthocladi-

idae) representing between 10 and 35% of the total insect community

(Appendix 5).

Total number of insects sampled from the one site in lower Williams
Creek (W-10) during 1991 was substantially lower than the 1992
results with a total of 266 insects from the three basket samplers.
Community richness was similar between years with 15 taxa repre-
sented in the 1991 data set (Table 3.6.5). Dipterans were the
dominant order in all three samples accounting for between 73 and
82% of total organisms. Chironomid (Orthocladiidae) were the most
abundant taxa within this order for all of the replicate samples.
Plecopterans were the next dominant order representing 18% of the

total sample (Appendix 5).
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3.6.3.2 Regional Comparisons

Benthic invertebrate data collected from lower Vangorda Creek
during 1989 (Burns 1990) and lower Buttle Creek (Perrin 1991) in
the upper Pelly River drainage are presented in Table 3.6.6 as a

regional comparison for the Williams Creek data. Both creeks have
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TABLE 3.6.5. Summary of total insect numbers and taxonomic richness
for triplicate samples collected at sites in the Williams
Creek drainage during 1991 and 1992.

Plecoptera: Chironomidae:
Nemouridae Orthocladi-
inae
763 14 Plecoptera: Chironomidae:
Nemouridae Orthocladi-
inae
751 19 Plecoptera: Chironomidae:
Nemouridae Orthocladi-
inae
266 25 Chironomidae: | Plecoptera:
Orthoclad- Perlodidae
iidae

* Total insect numbers refers to number of insects
collected in three basket samplers.

TABLE 3.6.6. Regional comparison of benthic invertebrate data
between Williams Creek sites (1991 and 1992) and selected
sites in the Pelly River drainage (1989 to 1990) expressed as
the average number of insects per basket sampler.

Plecoptera

Diptera

1992 250 19 Plecoptera | Diptera

1992 303 17 Plecoptera | Diptera

1992 254 14 Plecoptera | Diptera

1989 1,055 19 Diptera Plecoptera

1990 430 | 12 Diptera Ephemeroptera

1990 72 14 Diptera Ephemeroptera
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have a similar drainage area to Williams Creek. The total number of
taxa represented for the 1991 and 1992 Williams Creek sites ranged
from 11 to 19 which was similar to the variation observed at the
reference sites (Table 3.6.6). Average numbers of organisms for the
Williams Creek samples varied from 89 in 1991 to between 250 and
" 303 insects in the 1992 samples. These numbers are relatively low
compared to average numbers obtained for Vangorda and Buttle creeks
in 1989 and 1990 (Perrin 1991) respectively (Table 3.6.6). The
average numbers of insects from the Williams Creek sites in 1992
was substantially higher than the Blind Creek averages for 1990
(Perrin 1991) while the 1991 Williams Creek data was similar (Table
3.6.6). However, Blind Creek is a major tributary to the Pelly
River system and physical habitat characteristics and flow regimes

are not comparable between the two systems.

3.7 Resource Use

3.7.1 wWildlife

Assessment of wildlife capabilities in the Williams Creek drainage
indicate that hunting opportunity and activity would be minimal.
Densities of moose and cariboo in the area are low (see Section
3.3.2 of this report). Discussions with members of the Carmacks
First Nations indicated that there had been no moose or cariboo
kills in the Williams Creek watershed in recent years, but that the

area is part of the traditional hunting grounds.
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Important furbearing animals in the Williams Creek watershed
include lynx, coyote, wolverine and mink. There is one registered
trapline encompassing the Williams Creek drainage. This is held by
a member of the Carmacks First Nations. Although specific trapline
records for the Williams Creek drainage are not kept, the area is

trapped on more than one occasion during most years (Mr. J. Sam

pers. comm.).

3.7.2 Fish

Chinook and chum salmon runs in the Yukon River support important
commercial and native food fisheries. Escapement and catch data
for the commercial and Native fisheries on these species 1is
presented in Appendix 4. Adult chinook and chum salmon migrate up
the Yukon River past Williams Creek between August and October.

Salmon spawning does not occur in Williams Creek.

Members of the Carmacks First Nations harvest adult chinook and
chum salmon from the Yukon River during the late summer and fall
months. Catch records are not maintained specifically for the
Carmacks area. Interviews with band members and village elders
indicate that salmon fishing activities take place at many sites
along the Yukon River between Carmacks and Fort Selkirk. Sites
upstream of Carmacks are also used. Five seasonal fish camps were
observed on the banks of the Yukon River between Carmacks and
Williams Creek during the October 1991 survey. Three other fish

camp sites were 1identified downstream of the Williams Creek
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confluence. Locations of the fish camps change annually depending

on flow conditions in the river (Chief Faircleough, pers. comm.).

Other species which are alsoc of importance with respect to Native
and sport fisheries include Arctic grayling, inconnu, round and
broad whitefish, burbot and Northern Pike. Small numbers of these
species may be found at he confluence of Williams Creek and the
Yukon River at certain times of the year. It is suspected that some
sport fishing may occur at the mouth of Williams Creek during the
summer months as recreaticnal canoeists pass the creek enroute to
Dawson City (refer to following section). The extent of the Native
Fishery for these species in the Williams Creek area is not known.
It is suspected that most fishing for these species would occur in
the Yukon River. Historically there have been reports of some
Native fishing in the backwaters of the Williams Creek confluence

(Chief Fairclough pers. comm.).

3.7.3 Recreation

The most significant recreation activity within the study area is
summer canoeing on the Yukon River. Canceists generally use the
river between late May and September with peak use in July and
August. Dawscon City is the usual destination with people typically
starting their journey in the Whitehorse area or Carmacks. Visitor
records collected at Fort Selkirk on the Yukon River downstream of
Carmacks and Williams Creek indicate a total of 693 canoeists using

this section of the river during 1992. This figure represents a 11%
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increase over the 1991 visitor records. The usual length of time
taken to canoe between Carmacks to Dawson trip is between 5 and 10
days depending on flow conditions and other factors. There is a
designated campsite at Carmacks which is used by most canoeists as
an overnight stop while restocking provisions. The length of rivér
travelled on a daily basis can vary substantially but a range of
between 35 and 50 kilometres would be typical. Using these
estimates, and assuming the majority of canoeists have used
Carmacks as the last stopping point, than it can be projected that
the next logical camp location downstream from Carmacks would be
between the Williams Creek area and Fort Selkirk. Preferred and
designated camp sites along the Yukon River route are often
associated with tributary confluences. Although the location of
Williams Creek in relationship to Carmacks suggest it might be a
logical stop-over point, examination of the fan area indicated low
usage by campers. There was no evidence of regular campsites or

fire pits.

The only other significant recreation activity in the area is the
annual "Quest" Dog Sled race between Whitehorse and Dawson City.
The Quest Trail parallels the west bank of the Yukon River and
crosses lower Williams Creek approximately 150 m upstream of the

Yukon River confluence.

The extent of other recreational activities such as hiking or

skiing is not known. However, the Williams Creek area is not noted
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as a particularly popular or unique area for these activities.

Access to the area is restricted by the seasonal road conditions.

3.7.4 Forestry and Native Plants

White and black spruce are the common conifer tree stands in the
Williams Creek drainage, with some lodgepole pine occupying old
burn areas. Commercial harvesting of these species in this region
of the Yukon is not viable, therefore, commercial forestry values

for the Williams Creek watershed are not significant.

Some of the indigenous plants of the region are used by members of
the Carmacks First Nations for medicinal and traditional uses.
Specific areas of collection within the region and individual

species of concern have not been identified at this time.
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APPENDIX 1

Terrain and Vegetation Analysis: Terrain Analysis
Maps for the Williams Creek drainage.
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APPENDIX 2

Wildlife Habitat Assessment: Habitat Capability
Map and Wildlife Observation Notes.
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Appendix 1. - Winter-spring wildlife observations made by J. Gibson and Associates,

Species

Snowshoe hare

Lynx

Wolverine

Marten

Mink
Wolf

Black bear

Grizzly bear

Date

Oct./90
Mar. /91

May/91

Dec./91
Jan./Mar. /92
May/92
Mar. /91
Dec./91
Jan. /92
Dec. /91
Dec./91
Jan. /92
Jan./92
Mar./91
May/91
May/91
May/92

May/92

Williams Creek area, October/89-May/91.

Observations

Heavy browsing; many scats and sightings.

Heavy sign (tracks and scats); roadside poplars
barked.

Numerous carcasses (fur and bones) throughout
Williams Cr. Valley.

Few tracks or scats noted.
Few tracks.
Few signs; no carcass remains.
Tracks on Freegold Rd. & Williams Cr. Rd. to km 6.
2 tracks at km 3, one at km 8.
Tracks all along Freegold and Williams Cr. Roads.
Tracks in valley downstream from exploraton camp.
One set tracks at mouth of Williams Cr.
One track at km 4, Williams Cr. Rd.
One track near exploration camp.
Black wolf sighted, km 31 of Freegoid Rd.
" " " , km 3 of Williams Cr. Rd.

Tracks and scats, Williams Cr. Rd., km 4-7.

Tracks, km 7-8, Williams Cr. Rd. Sign of bears
foraging on south-facing slopes. One bear seen at
exploration camp.

Probable track, km 7-8, Williams Creek Rd.

Donatd A Blood & Associates 7ol _




Table 2. - Sightings and sign of wildlife, Williams Creek Yukon, August 10-12/92

Number of occurrences (sightings or sign) recordedl

Species Tracks/ Feeding Nests/ Carcass
Visual Vocal Trails Scats sign burrows remains Total

MAMMALS
Snowshoe hare 5 7 14 2 28
Red squirrel 2 4 8 2% 16
Ground squirrel 1 1
Porcupine 1

Beaver 1 1
Red fox

Coyote 1 10
Wolf

Black bear 1** 3

= & = 0
’_I

Grizzly bear

Wolverine 1
Moose 4 9 5 18
Caribou 1 1

BIRDS
Spruce grouse 7

Golden eagle 2
Amer. kestrel

Snipe
Sp. sandpiper

e

Solit. sandpiper
Nighthawk 1
Raven

Gray jay
N. flicker

Wilson's warbler

H o W o U R R N

H H W o w

Tree sparrow

AMPHIBIANS

Northwestern toad 1**

“ Donald A. Blood & Associates 72 /




Table 2. - Continued

1 . . .
multiple occurrences 1in the same locality (e.g. 3 moose pellet groups) were
recorded as 1 occurrence.

* in coyote scats

*x reported by P. Harder

Dorald A. Blood & Associates J2, /




APPENDIX 3

Water and Sediment Quality Data for Williams Creek:
October 1989 to October 1992.
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o 3 W RGN o w0 Lo g2 o e laborasltories A C «
FAH401~3I700 Giltmuire Wewr Burnabay By VIGE 4M1 Teli(604)438-5226 Faxi436-0965

ANALYSIS CF ENVIRONMENTAL SAMFLES

To Fohe HARDER & ASSOCIATES LTD. Workorder: 19080
F201 - S&0 Jonnson SLtreotl Received ¢ 22-Jul-92
Vivtorie, B.C. Completed: 04-Aug-92

- -
Ul 204

Attn: Palie Hardarw

Ret Lediment Samrles

"REFARATION!

Semriecs were arvied st 33C then seived using g 100 mesh screen., The rercent
b weldzdnt tholt was 100 mooh and -100 mesh is rerorted,

TTGESTIONS

o tion of the =100 wesh fraction was microwave didested with reverse acua
L3 i e seslad toflon vesseal., All results are on 3 dry-weidht basis on
tLhe 100 mesh Frscobtion.,

IKSQ0T

Orig of the samrles wee didgected and anasluzed in durlicate - results rerported.
A Sltundsrd Roelerenee Materiol (SRM) was didested and analuzed concurrently
with the ssmeles -~ slso rerorted, The SRM is from the National Bureau of
Standgerds amg 1s Freege deiod Buffalo River sediment.,



) Tmuasnta traece laboratories A MNC -«
. #401-5700 Gilmore Wayy Burnaby, B.C.» V3G 4M1 Tel:(404)A438-5226 Faxi1436-0965

ANALYSIS OF ENVIRONMENTAL SAMFPLES

To: Js GIBSON & ASSOCIATES Workorder?: 19039
. Site 15y Comr 111, RR2 Received ¢ 13-Jul-92
Whitehorses Yukon Comrleted?! 27-Jul-92
Yi1A SAS )

Re? Sediment Samrles Williams Ck

——————————————————— it e e e
Samrle tuyre ] sediment | sediment | sediment | sediment |
Identification I Wa | We | Wio | W10 i
Lab Refererce ¥ 1 12032-001 [ 19039-002 | 19039-003A] 19039-003E1l
——————————————————— e D e el e £
ICP - Ultrasonic Nebulization--+----—------- t-————————— e T T T b T +
Method used | microwave | microwave | microwave | microwave |
|RAR solublelRAR soalublelRAR solublelRAR solublel

Amount analysed | 0.529 g | 0,507 4 | 0.540 & | 0.520 4 |
——————————————————— Forr e e e e e e e e e
Aluminum Al | 8920 ] 8710 | 8240 | 7670 |
Antimony ’ Sb | <« 4, ] < 4, 1 < 4, I < 4, I
Arsenic As | < 9. I < 10. | P ] 10, |
Barium Ra | 112, | 111, ! 130, | 132, |
Reryllium Be | 0,2 | 0.2 f 0.2 [ 0.2 I
Rismuth Bi | <« 7 [ 7 | = 6. | < 7 j
Cadmium Cd 1 < 0,09 | < 0.10 | < 0.09 ] < 0.10 |
Calcium Ca | 7040 | 6990 | 7080 I 7040 !
Chromium Cr | 16.4 | 16.4 I 20,0 2 18.5 |
Cobalt Co | 542 ] 5.8 ! 6.4 I ] |
Corpper Cu I 11.3 ] 10.1 | 17.0 | 16.9 |
Iron Fe | 13300 | 13300 | 18900 | 18200 |
Lead Fh | S } S I 6 | ?. !
Lithium Li | 200 I 70 | 100 | 100 ]
Magnesium Mg | 3730 | 3990 | 4160 ] 4020 ]
Mandanese M | 184, | 228, | 399, | 92 I
Molubdernum Mo | < 0,5 A 0.5 I < 0.3 | < 0.5 |
Nichkel Ni | 10.3 | 10.6 | 11.9 I 12.0 |
Fhosshorus F | 630 | 630 | 850 } 860 !
Fotassium K | 1300 | 1000 | 1200 | 1100 I
Selenium Se | < 0.9 i 1.0 [ 0.9 Y 1.0 |
Silicon Si | 300 I 270 | 45 I 410 I
Sodium Na | 540 | 390 I 370 | 340 !
Strontium Sr | 96.9 I 5.3 ] 61,4 I 4.1 |
Thorium Th | = 2, | 2 I = 2 J . 2. }
Titanium Ti | 690, ! 674, ! 482, I 685, I
Uranium U [ 7. i 10, I G, | 10, I
Vanadium v | 30, | 31, ] 45, I Ab., }
Zinc Zn | 33,0 ! 37.0 ! 39.2 | 39.6 I
Zirconmium Zr | 7.1 ! S.4 I 940 | 5.3 ]
Results in ! ug/d ! ud/ i ug/ g ! nd/g I
———————————————————— it bt et et T o



o S aeauarmnts trace laborstories inmnce.
. %¥401-3700 Gilmore Wavr Rurnabyr RBR,C.y VEG 4M1 Teli(b04)438-52246 Faxi436-0568

~Tot J. GIBSON & ASSOCIATES W/70: 19039 Fade :
———————————————————— e e e §
Samrle ture | sediment | sediment | sediment |
Identification ] W4 I We | W10 ]
Labh Referernce # | 192039-001 | 19039-002 | 19039-003 |
———————————————————— e e it Rk El e bbb s &
Particle Size ----4+-------—--—- o - +
Z Retaimed on mesh # | | | }
10 (2 mm) ! 0.3 I 1,0 | 0.0 I
18 (1 mm) ] 0,5 | 2.7 ! 2.4 ]
35 (300 um) I 1.1 I 3.2 ! 392.3 !
60 (250 um) | 12.2 | 11.5 ] 51.5 |
100 (1350 um) ! 29.0 ] 21,6 ] 95 |
120 (123 um) | 12.0 I 10.95 I 0.3 I
230 (63 um) | 27.8 I 3J0.6 | 0.2 }
< 230 [ 17.1 ! i8.8 [ 0.8 |
———————————————————— Fo e e e e e

Test results are for internal use only., Quanta Trace liability is limited to the testind fee raid, Analss@ﬁ_//



cauarmnta trsce lapbporatories Armc .

$401-3700 Gilmore Wayy Burnabys B.C.» VSG 4M1 Teli(604)438-52246 Faxi436-03565
To: F.A. HARDER & ASSOCIATES LTD, W/0: 19080 Fadge 2
——————————————————— e e T At ittt §
Samrle ture | SEDIMENT | SEDIMENT | SEDIMENT ] SEDIMENT | SEDIMENT |
Identification ! WC-3 w-i2l WC-3 w-1 | WC-4 w=i3 | WC—-4 w-13 | NL-1 w-1l |
TWILLIAMS CKIWILLIAMS CKIWILLIAMS CRIWILLTAMS CKI 07-JUL-92 |

| 07-JUL-92 | 07-JUL-922 | O07-JUL-92 | 07-JUL-92 | |

Lab Reference ¥ | 192080-001 | 19080-002 | 19080-003 | 19080-004 | 19080-005 |
———————————————————— B e e i B e |
Gravimetric---—--—-—- LAmhelee b tommm s tomm e tommm e o 1
+100 Mesh 4 ] 88.73 | 68.24 ! 374+67 I 42,72 | 86.79 |
-100 Mesh A | 11.2 ! 31.76 I 42,33 | 57.28 i 13.21 ]
————————————————————— e it e T e ta e
ICP - Ultrasoniec Nebulizstion--+------—---- o e ————— R 9

microwave | microwave | microwave | microwave |
soluble!lRAR solublelRAR solublelRAR solublel

Method used | microwave |
IRAR solublel RAR

Amount analused | 0.512 g | 0,53% 4 | 0,526 o | 0,528 4« | 0.536 4 |
——————————————————— i e et
Aluminum AL | 84620 | 7280 | 7980 | 8710 | 46735 \
Antimony Sh | < 4, (4 4, [ 4, P4 4, | <. 4, !
Arsenic Ne |7 10 [ 10 | = 10 | 10 | < i0
Barium ks | 1586, | 120, | 201, ] 1468, | 56.9
Berullium Be | 0.2 | ' 2 | 0.3 I 0.2 ! 0,2
BEigsmuth Ri | = 8. I 7. < 7. 1 < 7. [ 7
Cadmium cd ! 0.3 ! 0.3 | 0.3 | 0,2 | 0.3
Calcium ca | 8010 ! 699 | 9770 | 2260 | 5600
Chromium Cr | 20,1 | 17.8 | 22.4 | 19.3 [ 17.7
Cohalt Co | b7 | 6.0 | 7.2 ] 7.4 | S5¢9
Cosrer Cu [ 75.8 | 17.6 | 20.1 I 17.3 [ 11.4
Iron Fe | 21800 | 18400 | 23100 } 183100 | 15000
Lead Fhh ) e, | 6. | 7 | 9. | 7
Lithium Li | < 40 I 40 | < 40 I < A0 I < 40
Magnesium’ Me | 4260 I 377 | 5370 [ 4860 | 3120
Manganese M ! 357. } 328, ] 412. } 351, | 190,
Molubdenum Mo |« 0.3 | 0.5 ] = 0.5 [N 0.5 o< 0.9
Nickel - Ni | 13.3 | 12.8 ! 16.6 | 16.3 ] 11.3
Fhosrhorus ool 740 J 820 ! 1100 I ?00 | 810
Fotassium < | P40 I 2?10 i 1400 | 1200 | 600
Selerium Se. | ., 1, | 1, [ 1. [ 1, | < 1,
Silicon Sic: -, &70 ! 600 | 690 | 740 | 490
Sodium Na 1" - 2607 | 230 ! 290 | 280 | 27
Strontium Sr | 62, | 46,6 | 70,7 I 57.1 7 | 37.5
Thorium Th I 4., | 4, | 3. ! 7. I 7
Titamium Ti | 704, I 539 | 691, | 998, | 994,
Uranium ¥ I 10 I < 10 I < 10 I < 10 < 10
Vanadium v I I3 ! 46, | 52 | 42, | 44,
Zinc Zr | 40,1 [ 36,0 [ 48,0 ! 47,4 | 30.8
Zirconrnium Zr | S.1 | 5.0 | 4,9 ] S.1 ] 3.2
Results in boug/dry g | wud/drg 4 ] ud/dry 4 || ud/drs g | ugd/drg 4
———————————————————— i e A e B

. ‘L/300



Guasmta traoce lsborastories imnmc .
$£401-3700 Gilmore W3vsy Burnabyy B,.C.r» VSG 4M1 Tel:(b604)438-5224 Faxid4346-056

To: P.A., HARDER & ASSOCIATES LTD. W/0: 192080 Pade
____________________ +--—_____._____~+_
Samrle ture I SEDIMENT I
Identification | NL~=1w-y1 !

’ | O07-JUL-92 |

| !

l.Lab Reference % | 192080~006 |
,__.._._......_.__A.._..._._.._.___._..__+ ____________ +_
Cravimetric-——=-——-—~- e +-
+100 Mesh 7 | 78.74 !
-100 Mesh 4 ! 21.24 |
i e - e = ____..__._..__+ _____________ +_

ICF - Ultrasonic Nebwulization--+-

Method used I microwave |
IRAR solublelF
Amount amnalysed f 0,312 & |
g S
Aluminum Al ] 673 ]
Antimonyg St | o« 4, |
Arsenic As | < 10 [
Barium ' Es | 70.0 I
Berullium " REe | o 2 |
Bismuth Bi | e, ]
Cadmium cd | 0.2 I
Caleium Cs 1 AEB%C I
Chromium Cr | 14.7 |
Cobeltl Co | 5.5 !
Coprmer Cua | 10. I
Iron Fe | 1180¢C !
Lead Fiv | & |
Lithium Li | < 4¢ |
Magmesium M | 2020 |
Manganese Mmoo | 189, [
Molwbdernum Mo ]« 0.5 ]
Nickel Ni | 11.5 |
Fhozrhorus o | o400 ]
Foltaeszium \ ] 793¢ !
Selaniudm za ) 1. |
Silicon ci | S00 ]
Sodiam Na o | 210 J
Strontium gr -l 37.2 }
Thoriumn Th | NN f
Titamium Ti | 487, }
Ursnium U I = 10 ]
Vanadium U i T4, !
Zinc FAYE 2903 I
Zivoonium Zr i 2.5 i
! ug /ey g |
'y T

Rosullts in



APPENDIX 4

Aquatic Resources of Williams Creek: Photographic Plates of
Stream Habitat Types, Life History Information and
Salmon Escapement Data for the Yukon River.



PLATE 1. Aerial photograph of lower Williams Creek from the Yukon
River confluence upstream to Nancy Lee Creek. Northwest
Survey Corporation Ltd. NW 91771-9-25.




‘ 'ﬁ! i F il -f'_ i!ﬁx

PLATE 2. Flsh sample Statlon Y1l on the west bank of the Yukon River
approximately B0 m downstream of the Williams Creek
confluence. Electrofisher enclosure nets in place during
August, 1951 fish sawmple.

-

o i i
PLATE 3. Fish sample Station Wl in Williams Creek approximately
300 m vpstream of the Yukon River confluence during August,
13991. Cobble riffle habitat with undercut banks and ovex
hanging vegetation.



rl

PLATE 4. Reach 3 of Williams Creek approximately 5.5 km wpstream of
the Yukon River confluence. Electrofishing Site #6 during
Auvgust, 1991. Note undercut banks, insStream cover and
overhanging vegetation.

PLATE 5. Physical Sample Site #3 in Reach 4 of Williams Creek
approximately 8 km upstream of the Yukon River confluence
during Aagust, 1991.



PLATE 6. Minnow trap Site #1 in Reach 4 of Williams Creek
approximately 8.5 km upstream of the Yukon River

confluence during August, 1591.

“}1 e
P f‘dﬁnt' il hh‘
PLATE 7. Electroflshlng Site #4 in Reach 4 of Williams Creek
approximately 8.5 km upstream of the Yukon River
confluence during August, 1991. Note stability of under-

cut banks.




APPENDIX 4: Summary of Life History Information for Fish
Species found in the Upper Yukon River Drainage.

The following section provides a brief summary of the major life
history stages for fish species which are found in the Yukon river
drainage. This information is summarized in Table Al. General
information on biology, habitat use and distribution has been taken

from Scott and Crossman (1972).

Chinook Salmon (Onchorhynchus tshawytscha)

Chinook salmon spawn in the late summer and fall. In the Yukon
River system, spawning can occur in mainstem river habitats and
moderate sized tributaries. Juvenile chinook fry rear in small
stream and river habitats for between one and two years before

migrating seaward as smolts.

Tagging studies (Brock, 1976 and Milligan et al 1985) indicate that
adult chinook salmon reach Dawson City on the Yukon River in the
first week of July with peak migration occurring between July 20
and August 6. These fish travel an average of 30.9 km/day (Brock
1976) and can be expected to the Williams Creek area approximately
one to two weeks after their arrival at Dawson. Observations made
at Ross River indicate peak spawning for chinook salmon between mid

and late August (DFO data files, Whitehorse).

Scale analysis of spawning chinook salmon captured at the White-
horse hatchery indicate that the majority of male spawners are five

and six year old fish while females were predominantly (82.4%) six



year fish (Brock 1976). Similar analyses at the Dawson fish wheel
indicated a predominance of younger fish (four year), however, this
is likely a reflection of the sampling bias attributable to the
fish wheel. Data collected at the Whitehorse hatchery shows that
the average fecundity of a returning female chinook salmon in the

upper Yukon system is between 3500 and 5000 eggs.

Chum Salmon (Onchorhynchus keta)

Chum salmon are a fall spawning species. In the Yukon River there
are two runs of chum salmon; an early run which spawns during late
summer and a late run which spawns in the late fall (A. von
Finster, pers. comm). Chum salmon usually spawn along the margins
of mainstem rivers or in the lower reaches of tributary habitats.
Eggs deposited in gravel redds incubate through the fall and winter
months and hatch some time in late winter or early spring depending
on water temperatures. Fry emerge from the gravel during the spring
and migrate seaward shortly thereafter. Freshwater rearing is

generally limited to weeks during the downstream migration period.

Slimy Sculpin (Cottus cognatus)

The slimy sculpin has a widespread distribution throughout the
Yukon. The biology of the slimy sculpin is not well documented.
Spawning occurs in the spring and a nest is built. Eggs are small
(2.3 to 2.6 mm) and adhesive. Age 3 females (100 mm fork length)
can produce approximately 1,400 eggs. Eggs hatch about four weeks

after spawning.



A wide variety of stream and lake habitats are used by the slimy
sculpin. This sculpin appears to be an opportunistic feeder with
diets varying depending on prey availability. Aquatic invertebrates

tend to be the main diet component but small fish are also

consumed.

Round Whitefish (Prosopium cylindraceum)

The round whitefish is a common northern species distributed
throughout the Yukon. This species spawns during the fall using
shallow, gravelly habitats along lake margins, at the mouths of
rivers and occasionally in mainstem river habitats; river and
stream habitats are more commonly used by northern populations. In
Northern Canada, spawning has been observed in late October.
Spawning females (305 to 432 mm fork length) can produce between

2,461 and 10,459 eggs.

The round whitefish is a bottom feeder consuming a wide variety of
benthic invertebrates. Young fish have also been reported in the
diets of some northern populations. Eggs of other fish may also be

eaten by the round whitefish.

Burbot (Lota lota)

The burbot is a mid-winter spawner spawning in shallow waters of
lakes and rivers with & bed material of sands or gravels. Spawning
usually occurs under ice cover. Spawning has been noted from
November to May but usually occurs between January and March in

Canada. It has been estimated that a 343 mm female produces about



46,000 eggs while a 643 mm fish may produce over 1.3 million eggs.
The eggs are laid on the bed material and fertilized. Eggs hatch in

about 30 days at water temperatures of 43°F.

Young burbot feed on aquatic invertebrates while older fish tend to

prey on other fish species. Burbot are generally night feeders.

Longnose Suckers (Catastomus)

Longnose suckers is a common northern species with a wide distri-
bution throughout Northern canada. The longnose sucker spawns in
the spring using stream areas and shallow lake margins. Upstream
migrations wusually occur between mid-April and mid-May with
movement during the late afternoon and evening hours. In streams,
spawning usually occurs in shallow, fast moving waters over a
gravel bed material. The eggs are adhesive and small (2.8 to 3.0
mm) . Females may produce between 17,000 and 60,000 eggs. Eggs hatch
approximately two weeks after spawning depending on water tempera-
tures and young fish remain in the gravel for another one to two

weeks before emerging in June.
High variation in growth has been reported for different regions of
Canada. In British Columbia spawning adults have ranged from 130 to

400 mm. Longnose suckers live to spawn more than once.

Northern Pike (Esox lucius)

The Northern Pike is widely distributed throughout the Yukon. This

species spawns during the spring (April to May) following ice



break-up. Spawning areas are typically characterized by shallow
waters with low velocity and extensive aquatic vegetation. Flood
plains of larger rivers and bays in lakes are commonly used by
spawning fish. Eggs are small (2.5 to 3.0 mm) and adhesive; they
are deposited in small groups over the spawning area. Females have
an average of 32,000 eggs; egg to fry mortality rates are extremely
high. Eggs hatch one to two weeks, after spawning, with the young
fish (6 to 8 mm) remaining attached to aquatic vegetation for a
further one to two weeks. Growth can be rapid with a size of 152 mm
often being obtained during the first growing season. Growth rates
in northern areas are less with increased longetivity for individ-

uwal fish.

After the yolk sac has been absorbed young northern pike feed on
larger zooplankton and aquatic invertebrates. Older fish eat a
wide variety of vertebrate food items with fish often representing

over 90% of the diet.
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APPENDIX 5

Benthic Invertebrate Results for Triplicate Basket
Samples Collected from four sites in the Williams
Creek drainage during 1991 and 1992.



APPENDIX 5: TABLE 5.1. Benthic invertebrate data for triplicate
samples collected from Lower Nancy Lee Creek (W-11) between
July 7 and August 12, 1992.

INSECT NUMBERS

CLASSIFICATION TOTAL | $ of
REPL REPL REPL TOTAL

1 2 3

PHYLUM ARTHROPODA -
CLASS INSECTA |

Order Collembola

Order Ephemeroptera

Family Baetidae

Baetis 8 7 15 2
Family Heptageniidae

Cinygmula 10 13 23 3

Epeorus

Order Plecoptera

Family Nemouridae
Nemoura 80 106 717 263 34

Zapada

Family Perlodidae

Isoperla

Family Chloroperlidae

Sweltza/Triznaka

Order Thysanoptera

Order Hemiptera

Family Cicadellidae

Order Trichoptera

Family Limnephilidae

Clostoeca

Dicosmoecus 1 1 {1

Family Lepidostomatidae
Lepidostoma 19 3 7 29 4




APPENDIX 5: TABLE 5.1

(Cont).

11) between July 7 and Auqust 12, 1992.

Benthic invertebrate data for
triplicate samples collected from Lower Nancy Lee Creek (W-

CLASSIFICATION

INSECT NUMBERS

REPL
1

REPL
2

REPL
3

TOTAL

% of
TOTAL

Order Diptera

Family Tipulidae

Family Psychodidae

11

Family Culicidae

adults

Family Simuliidae

Metacnephia

38

42

Simulium

16

13

58

Simulium pupae

11

Simulium adults

Family Ceratopogonidae

Family Chironomidae

Orthocladiinae

134

261

34

Tanytarsini

pupae

<1

Family Empididae

18

Family Phoridae

adults

CLASS ARACHNIDA

Order Acarina

Hydracarina

PHYLUM NEMATODA

PHYLUM ANNELIDA

TOTAL

249

323

191

763




APPENDIX 5: TABLE 5.2. Benthic invertebrate data for triplicate
samples collected from Lower Williams Creek (W-12) below Nancy
Lee Creek between July 7 and Augqust 12, 1992.

INSECT NUMBERS % of

CLASSIFICATION TOTAL | TOTAL
REPL REPL REPL

1 2 3

PHYLUM ARTHROPODA -
CLASS INSECTA |

Order Collembola

Order Ephemeroptera

Family Baetidae
Baetis 18 13 18 49 7

Family Heptageniidae
Cinygmula 20 18 13 51 7

Epeorus

Order Plecoptera

Family Nemouridae

Nemoura
Zapada 169 45 100 314 42

Family Perlodidae

Isoperla 1 1 3 |5 1

Family Chloroperlidae
Sweltza/Triznaka 19 13 22 54 7

Order Thysanoptera

Order Hemiptera

Family Cicadellidae | 1 1 <1

Order Trichoptera 1 1 1 3 <1

Family Limnephilidae

Clostoeca

Dicosmoecus

Family Lepidostomatidae

Lepidostoma 1 1 <1




APPENDIX 5: TABLE 5.2.

(Cont).

Benthic invertebrate data for

triplicate samples collected from Lower Williams Creek (W-12)
below Nancy Lee Creek between July 7 and August 12, 1992.

INSECT NUMBER

CLASSIFICATION TOTAL % of
REPL REPL REPL TOTAL
1 2 3
Order Diptera
Family Tipulidae 4 2 6 1
Family Psychodidae | 3 3 <1
Family Culicidae
adults 1 1 <1l
Family Simuliidae
Metacnephia
Simulium 8 2 10 1
Simulium pupae 6 2 8 1
Simulium adults 2 2 <1
Family Ceratopogonidae
Family Chironomidae
Orthocladiinae 68 47 33 148 20
Tanytarsini 3 3 6 1
pupae 5 5 2 12 2
Family Empididae 5 5 1
Family Phoridae ‘
adults
CLASS ARACHNIDA
Order Acarina
Hydracarina 47 9 16 72 10
PHYLUM NEMATODA
PHYLUM ANNELIDA
TOTAL 374 160 217 751




APPENDIX 5: TABLE 5.3. Benthic invertebrate data for triplicate
samples collected from Lower Williams Creek (W-13) above Nancy
Lee Creek between July 7 and August 12, 1992.

INSECT NUMBERS

CLASSIFICATION TOTAL | % of
REPL | REPL | REPL TOTAL

1 2 3

PHYLUM ARTHROPODA -
CLASS INSECTA

Order Collembola

Order Ephemeroptera

Family Baetidae |
Baetis 2 7 16 25 3

Family Heptageniidae
Cinygmula 3 16 5 24 3
Epeorus 3 3 <1

Order Plecoptera

Family Nemouridae

Nemoura
Zapada 20 350 272 642 71

Family Perlodidae

Isoperla 2 13 15 2

Family Chloroperlidae
Sweltza/Triznaka 35 24 59 6

Order Thysanoptera

Order Hemiptera

Family Cicadellidae

Order Trichoptera

Family Limnephilidae

Clostoeca

Dicosmoecus 1 3 4 <1l

Family Lepidostomatidae

Lepidostoma 3 2 5 <1




APPENDIX 5: TABLE 5.3

(Cont}).

Benthic invertebrate data for

triplicate samples collected from Lower Williams Creek (W-13)

above Nancy Lee Creek between July 7 and August 12, 1992.
INSECT NUMBERS
CLASSIFICATION TOTAL % of
REPL REPL REPTL, TOTAL
b 2 3
Order Diptera
Family Tipulidae 5 7 6 18 2
Family Psychodidae 6 2 8 1
Family Culicidae
adults 1 1 <1
Family Simuliidae |
Metacnephia
Simulium 2 2 <1
Simulium pupae
Simulium adults
Family Ceratopogonidae
Family Chironomidae
Orthocladiinae 56 27 83 9
Tanytarsini 2 2 <1
pupae 1 1 <1
Family Empididae 1 2 3 <1
Family Phoridae
adults
CLASS ARACHNIDA
Order Acarina
Hydracarina 10 5 15 2
- PHYLUM NEMATODA
ﬁ;HYLUM ANNELIDA
TOTAL ii34 510 366 910




APPENDIX 5: TABLE 5.4. Benthic invertebrate data for triplicate
samples collected from Lower Williams Creek (W-10) above the
Yukon River confluence between July 7 and August 12, 1991.

CLASSIFICATION

INSECT NUMBERS

REPL
1

REPL
2

REPL
3

TOTAL

% of
TQOTAL

PHYLUM ARTHROPODA -
CLASS INSECTA

IOrder Collembola

Order Ephemeroptera

Family Baetidae

Baetis

Family Heptageniidae

Cinygmula

Epeorus

Order Plecoptera

Family Nemouridae

Nemoura

Zapada

Family Perlodidae

Isoperla

19

12

38

Family Chloroperlidae

Sweltza/Triznaka

Order Thysanoptera

Order Hemiptera

Family Cicadellidae

Order Trichoptera

Family Limnephilidae

Clostoeca

Dicosmoecus

Family Lepidostomatidae

Lepidostoma




APPENDIX 5: TABLE 5.4 (Cont). Benthic invertebrate data for
triplicate samples collected from Lower Williams Creek (W-10)
above the Yukon River confluence between July 7 and August 12,

1991.

INSECT NUMBERS

CLASSIFICATION TOTAL | $ of
REPL REPL REPL TOTAL

1 2 3

Order Diptera

Family Tipulidae

Family Psychodidae

Family Culicidae

adults |

Family Simuliidae

Metacnephia

Simulium

Simulium pupae

Simulium adults 2 1 1 4

Family Ceratopogonidae _ |

Family Chironomidae

Orthocladiinae 65 33 57 145

Tanytarsini 110 18 9 37

pupae 3 1 2 6

Family Empididae

Family Phoridae I
adults 1 1
CLASS ARACHNIDA

Order Acarina

Hydracarina 3 3

PHYLUM NEMATODA 2 2
PHYLUM ANNELIDA
TOTAL 109 72 85 266
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