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10 – FISH AND AQUATIC RESOURCES
10.1

INTRODUCTION

10.1.1 Regional Setting
The federal Fisheries Act provides the legislative basis for the protection of fish and fish habitat throughout
Canada. In Yukon, Fisheries and Oceans Canada (DFO) is the primary guardian of freshwater and marine fish
habitat conservation and protection, and principally responsible for implementation and enforcement of Fisheries
Act policy. Habitat is defined as “”spawning grounds and nursery, rearing, food supply and migration areas on
which fish depend on directly or indirectly in order to carry out their life processes.” All fish are protected at
varying life stages from eggs, spawn, spat, and juveniles, to adult fish. The Policy for the Management of Fish
Habitat (1986) outlines DFO’s objectives in administering the Fisheries Act, and emphasizes the long-term goal of
Net Gain in productive capacity of fish habitats in order to achieve the underlying principle of “No Net Loss”.
The Fisheries Act outlines several regulations which may restrict or alter project activities:
•

Sections 20-22: Fish Passage;

•

Section 30: Fish Guard or Screen;

•

Section 32: Destruction of Fish;

•

Section 35: Harmful Alteration, Disruption, or Destruction of Fish Habitat (HADD); and

•

Section 36: Deleterious discharges.

Mitigation measures and adherence to DFO guidelines (e.g., Freshwater Intake End-of-Pipe Fish Screen
Guidelines) will ensure regulatory compliance for the majority of project activities. However, authorizations under
Fisheries Act Section 35(2) will be required where a HADD is unavoidable following the exhaustion of all
alternative options for re-design, re-location and mitigation. In anticipation of required habitat loss, a Fish Habitat
Compensation Plan (Appendix 10C) has been developed to achieve DFO’s guiding principle of “No Net Loss”.
Fisheries management, such as setting harvesting quotas, issuing fishing licenses, and conducting stock
assessments is jointly managed by the territorial and federal governments, with freshwater fisheries falling under
the jurisdiction of the Fish and Wildlife branch of Environment Yukon, and anadromous and marine fisheries
under the federal Fisheries and Oceans Canada (DFO). The management of Yukon River salmon is further
regulated by two specialized non-governmental advisory bodies, the trans-boundary Yukon River Panel and the
territorial Yukon Salmon Committee. Both advisory bodies provide recommendations to DFO regarding stock
preservation, habitat conservation and the enhancement of renewable resource economies. The great emphasis
on Yukon River salmon management derives from the species’ ecological, cultural and economic value to its
residents. As many Yukon salmon populations are in decline or stable yet well below historical levels, the
protection and enhancement of freshwater habitats which support critical life stages is increasingly important.
While the Species at Risk Act is applicable in Yukon, there are no fish species currently listed on Schedules 1 or 2
of the Act within the territory. Under the Act, species must be elevated to a Schedule 1 status to warrant legal
protection (GoC 2013).
The fish and aquatic resources effects assessment has been completed during a time of transition for
environmental legislation in Canada. In this proposal, terminology relating to Fisheries Act policy is consistent with
the older version of the Act, as the new provisions did not come into force until November 25, 2013, and as a
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consequence have yet to be widely implemented. New and forthcoming fisheries protection provisions relevant to
this proposal include amendments to Section 35 of the Fisheries Act, and to the supporting Fish Habitat
Compensation Guide. The updated policy will support DFO’s new focus on avoiding “Serious Harm to Fish”, and
the framework for offsetting any residual serious harm to fish.
Under the new provisions, the Casino Project will still require a Fisheries Act authorization and outlined plan to
compensate for impacts, although the focus will be re-directed at maintaining or enhancing the ongoing
productivity and sustainability of commercial, recreational and Aboriginal fisheries. Fish that support the
productivity of commercial, recreational and Aboriginal fisheries are also covered under the Act, which includes
any fish species with demonstrable effects on fisheries production including but not exclusively limited to prey
species. A habitat-based model will still be an acceptable approach to calculating productivity, and may be overly
conservative for large-scale projects such as Casino where there is a large impacted habitat area containing low
fisheries productivity. However, more flexibility is offered by the new fisheries productivity offsetting guide which
identifies several alternative means for maintaining productivity when a habitat-based compensation approach is
determined to be less effective (DFO 2013).
10.1.2 Rationale for VC Selection
The Fish and Aquatic Resources VC assesses the potential effects of the proposed Project on aquatic habitat
loss and alteration, and lethal and sub-lethal impacts on fish and other aquatic organisms within the LSA. Primary
and secondary producers such as periphyton and benthic invertebrates are key components of the aquatic food
web foundation, providing food sources for higher trophic levels (e.g., fish and birds), and are useful as indicators
of overall aquatic health due to their relatively long-lived and sedentary life histories. Fish have ecological,
cultural, recreational and commercial value as they support various fisheries, and constitute a fundamental role in
aquatic ecosystem functioning. The protection of fish and fish habitat is built into the environmental legislation of
the Fisheries Act, which ensures that project activities do not impact the overall productive capacity of fish habitat.
The key indicators selected to assess fish and aquatic resources are fish habitat, and fish and aquatic organism
health.
10.2

ASSESSMENT BOUNDARIES

10.2.1 Local Study Area (LSA)
The Local Study Area (LSA) for the fish and aquatic resources of the Casino Project includes the direct footprint
of the proposed Project mine and near-field affected areas which have the potential to be affected by the Project
(Figure 10.3-1). The LSA is defined by the boundaries of the two watersheds surrounding the Project deposit
(also known as Patton Hill): the Britannia Creek watershed to the north and the Casino Creek watershed to the
south. The LSA also includes a 5 km-long reach of Dip Creek downstream of its confluence with Casino Creek,
several Dip Creek tributaries within the airstrip and airstrip access road footprint, and several watersheds along
the Freegold Road corridor which extends from the Village of Carmacks to the Casino Project area. The LSA
surrounding the airstrip, airstrip access road, and Freegold access road is defined as 100 m upstream and 1000
m downstream of any stream crossing.
Most of the proposed mine infrastructure will be in the Casino Creek watershed, with some (e.g., the northern
corner of the open pit) found within the Britannia Creek watershed. The northern part of the LSA is drained by
Britannia Creek and its main tributary, Canadian Creek, which flow northward into the Yukon River. The southern
part of the property is drained by Casino Creek which flows south to Dip Creek and thence to the Yukon River via
the Klotassin, Donjek and White rivers. The Freegold Road corridor crosses several major and minor watersheds,
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beginning with the Nordenskiold River just west of Carmacks, followed by Murray Creek, Crossing Creek, Big
Creek, Selwyn River including Hayes Creek, and Isaac Creek.
10.2.2 Regional Study Area (RSA)
The fish and aquatic resources Regional Study Area (RSA) was defined as the LSA plus adjacent areas that have
the potential to experience either indirect (mid-to-far field), or cumulative effects due to interactions with other
projects (Figure 10.2-1). Indirect effects may occur in Dip Creek, both upstream of the Casino Creek confluence,
and downstream to the Klotassin River. Cumulative effects along the road corridor may occur in several
watersheds including Isaac Creek, Selwyn River including Hayes Creek, Big Creek, Crossing Creek, Murray
Creek and the Nordenskiold River.
10.2.3 Temporal Boundaries
The temporal boundaries for the effects assessment are defined in Section 5.2 of the Proposal as the life of the
Casino Project. Details on activities associated with the construction, operation, closure and decommissioning
and post-closure phases of the Project is provided in Section 4.
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10.3

BASELINE CONDITIONS

Detailed baseline information is contained in the Fish and Aquatic Resources Baseline (Appendix 10A), and in the
Freegold Road and Airstrip Fish and Aquatic Resources Baseline (Appendix 10B). Summaries of these two
baseline reports are provided below.
Casino Mine Site Baseline Study
Fish and aquatic resource studies were conducted from 2008 to 2013 at 29 fish sampling sites, 18 fish habitat
sites, and 14 benthic invertebrate and periphyton sites throughout the Project LSA (Figure 10.3-1). The six
seasonal assessments were completed during July and September of 2008, August 2009, August 2010, August
and September 2011, July and September 2012, and June and July 2013. Sites were concentrated in the Casino
Creek and Britannia Creek watersheds as they have the potential to be directly affected by the Project.
Backpack electrofishing and minnow trapping were the primary fish sampling methods used. At each site,
individual fish data (species, length, weight) were collected to infer fish community composition, relative
abundance, and life history use. Ageing structures (e.g., scales, otoliths) and fish tissues were sub-sampled and
analyzed to determine fish ages and baseline metal concentrations of resident fish species. Multi-year Chinook
salmon spawning surveys were completed in the Dip and Britannia Creek watersheds. Fish habitat in the Project
area was surveyed and analyzed relative to the potential for supporting rearing, spawning and overwintering
activities of local fish species. To further characterize local fisheries, benthic invertebrate and periphyton studies
were conducted to assess the primary productivity, community characteristics, and overall aquatic ecosystem
health in the Project area.
Benthic invertebrate communities in the Casino Creek watershed generally displayed lower densities, richness,
diversity, and Ephemeroptera-Plecoptera-Trichoptera (EPT) abundances, relative to other watersheds in the
Project area. Sites in the upper watershed had particularly low values when compared to lower Casino Creek or
to reference areas of upper Dip Creek, and were likely due to a combination of cold water temperatures, high
velocities, and poor water quality as a result of anthropogenic and natural acid rock drainage (ARD) from Meloy
Creek and Proctor Gulch. Similarly, sites in upper Casino Creek displayed low periphyton densities and
taxonomic richness in comparison to lower Casino Creek, or to reference areas of upper Dip Creek. Further,
periphyton diversity values were significantly lower in Casino Creek in comparison to Britannia Creek, with the
lowest values observed in the upper watershed. Notably, future monitoring will focus on comparing Dip Creek
reference areas to the near-field site in lower Casino Creek, as sites in the upper watershed will be displaced
following project construction of the tailings management facility. Accordingly, baseline periphyton and benthic
invertebrate communities were similar in Dip Creek reference areas to lower Casino Creek, thus facilitating the
future assessment of potential impacts. Benthic invertebrate community trends within sites in the Britannia Creek
watershed often differed from Dip and Casino Creeks, with the more upstream sites exhibiting higher taxonomic
richness, EPT abundance and diversity in comparison to downstream sites. Similarly, periphyton communities in
the upper watershed demonstrated higher diversity values, although at lower densities. The greater taxonomic
diversity and abundances observed in the upstream reaches of the Britannia Creek watershed may relate to
disturbances associated with recent (1996-2002) placer mining in lower Canadian Creek.
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Slimy sculpin (Cottus cognatus) and Arctic grayling (Thymallus arcticus) were the most dominant species
captured, with low numbers of burbot (Lota lota) and round whitefish (Prosopium cylindraceum) also present in
the lower watersheds. Juvenile Chinook salmon (Oncorhynchus tshawytscha) were captured in lower Britannia
Creek in 2009 and 2011 near the Yukon River confluence. Sampling of Dip Creek from 2008-2013 by AECOM
and PECG yielded no juvenile Chinook salmon, however, historical documentation of juveniles in the lower to mid
reaches, and the more recent capture of a single juvenile by Summit (2012) indicates that Dip Creek may provide
occasional habitat for low abundances of juvenile Chinook. No Chinook salmon have been captured either
recently or historically within Casino Creek. No Chinook salmon spawning was observed in either watershed
despite multi-year surveying. No species at risk were caught within the Project study area.
Four years of fish sampling in upper Casino Creek included 11,904 seconds (s) of electrofishing effort and 1,255
hours (h) of minnow trapping, with a total catch of 14 Arctic grayling within reach 2. A medium gradient (8-10%)
cascade marks the reach break between reaches 2 and 3, and likely constitutes a high-flow barrier to fish
migration in most years. Accordingly, fish sampling over three years yielded no fish in reach 3. However, in 2013
four Arctic grayling were captured within 250 metres (m) of the cascade during exceptionally clear and low flow
conditions. No fish were caught in the small (<1 m channel width) upper Casino Creek tributary, Meloy Creek.
Fish abundance was higher in the lower watershed, with catch-per-unit-efforts (CPUEs) of 0.5 and 0.9 fish/100s of
electrofishing in Brynelson and lower Casino Creeks, respectively. The fish communities were dominated by slimy
sculpin (71-89%) followed by Arctic grayling (10-29%). Downstream of Casino Creek, relative fish abundance and
community diversity further increased within Dip Creek, with the most downstream site (F20) exhibiting the
highest CPUE of any site in the project area at 4.5 fish/100s of electrofishing.
Within the Britannia Creek watershed, site Y1 located proximate to the Yukon River had the second highest
CPUE in the project area at 4.4 fish/100s of electrofishing. The fish community at Y1 was comprised of slimy
sculpin (64%), juvenile Chinook salmon (34%), and Arctic grayling (2%). At sites upstream of Y1, only Arctic
grayling were captured. In the three reaches of Canadian Creek, fish were caught only in the lower two reaches.
A 20% gradient probable fish barrier was located at the junction of reaches 2 and 3, and prohibited fish from
moving further upstream.

Project Proposal for Executive Committee Review

10-6

January 3, 2014

nad
Ca

ian Cr

600000

ò

610000

>

LEGEND:

N
"

"
""

"

Yukon

Cr

"

"
"

Me

Proposed Tailings
Proposed Pit
Heap Leach Facility
C

o

"

Cr

"

"

Cr

Proposed Dam
Location

Å

"

Cas

"
""

2

3

6960000

Fish and Aquatic Resources
Regional Study Area

s
un

eC
hin

r

Fish and Aquatic Resources
Local Study Area
Mine Site Haul Road
Airstrip Access Road

Freegold Road Extension

"
"
""

Vi
1

Placer Mine

C

"
"

"

"

Watercourse

Yukon River Access Road

D ip

"

"

ek
Cre

"
"
""

Å

"
"

"

ino

Au

s ti n

"
"

"
"
"

Waterbody

S

n

Stream Feature
(Cascade Barrier)
Contour (100 feet)

C o ff e e

"

"

0

R

"
ls

Cr

ne

Cr

Br y

Proposed Waste Rock
Storage

r

l oy

"

Sampling Site
Casino Property

"
"

iv e

6970000

r
Tay lo

620000

6970000

590000

"

c to r

C r ee

6960000

580000

Casino Creek Map Inset

k

"
"

4

Km

"
"
"
"

6950000

"

"
"
"
"

Å

"

6950000

"

"
""
"
"
""
"

Airstrip

"

"
"

"

"

"
0

1.25 2.5

5

7.5

10

Kilometers
580000
PREPARED BY:

590000

600000

610000

DESIGNED

D. Turner

NOTES:

DRAWN

D. Turner

1. BASE MAP: Digital Elevation Model and 1:250,000 and 1:50,000 Topographic Spatial Data provided by Geomatics
- Yukon Government via online source (www.geomaticsyukon.ca)
2. PROJECTION: NAD 1983 UTM Zone 7N
3. COORDINATE GRID: METRES
4. SCALE: 1:200,000

CHK'D

A. Murdoch

APP'D

A. Murdoch

REV

R. Palmer

DATE

5Nov'13

620000

Fish and Aquatic Resources
Sampling Sites
CASINO PROJECT

FIGURE 10.3.1

REF

REPORT 1

P/A

VA101-325/15

Casino Mining Corporation
Casino Project

Three years of sampling yielded a CPUE of 0.8 fish/100s electrofishing at the Victor Creek reference site, where
the community was predominantly slimy sculpin (88%). However, no fish were caught in 2012 at this site. A site in
the upper Coffee Creek watershed was added to the baseline program in 2012 to supplement Victor Creek as a
reference site. Two years of sampling yielded a total of 12 Arctic grayling and one round whitefish at a rate of 0.8
fish per 100s of electrofishing effort.
Statistical testing indicated that length-weight relationships of Arctic grayling did not vary among watersheds. The
majority of Arctic grayling captured in the project study area were greater than 125 mm in length, and thus
represented age classes 1+. Sizes corresponding to probable young-of-the-year (<70 mm) were only observed in
Dip Creek below its confluence with Casino Creek, and at site Y1 on Britannia Creek. The lack of young-of-theyear rearing in the majority of the Project area suggests that Arctic grayling spawning activities are
correspondingly minimal. Habitat survey results were consistent with fish sampling results, as the potential for
spawning habitat throughout the Project area was mostly rated none to poor, with some moderate spawning
potential identified in Dip and Britannia Creeks, as well as in reach 1 of Casino Creek. Reference to the habitat
suitability maps produced by the Yukon Mining Secretariat indicates that watercourses within the Project area do
not support spawning activities or provide critical migratory corridors for spawning Chinook salmon.
Rearing habitat was the most common habitat type identified in the Project area, with most sites having rankings
from moderate to good. Poor rearing habitat quality was documented in upper Casino Creek and in reach 1 of
Brynelson Creek, and was mainly attributed to a lack of potential fish resting or protective locations. In particular,
upper Casino Creek had several long medium gradient (5-11%) cascades comprised of a number of potential
flow-regulated barriers hindering both juvenile and adult rearing activities. Fish habitat suitability maps from the
Yukon Mining Secretariat were in accordance with baseline study results, with Casino, Canadian and Victor
Creeks designated as low suitability areas unlikely to support juvenile Chinook rearing. Further, habitat supporting
juvenile Chinook rearing activities was most probable in the lower Britannia Creek watershed, and in the lowest
10 km of Dip Creek.
Due to the lack of deep pools and the noted occurrence of anchor ice around the Project area, the potential for
overwintering habitat was generally sparse. Areas of exception included Dip Creek at F14 and Victor Creek which
were deeper and wider channels and are less likely to freeze to bottom.
Tissue samples from slimy sculpin in Britannia Creek demonstrated the highest metal concentrations with
significantly greater aluminum, arsenic, cadmium, iron, lead, nickel and selenium concentrations compared to the
other watersheds sampled. As all slimy sculpins analyzed from Britannia Creek were captured adjacent to the
Yukon River confluence, higher metal loading was likely due to the influence of Yukon River back-watering in
addition to the potential for small-scale movements (<100 m) between the two environments. The second overall
highest tissue metal concentrations in the study area were observed in Casino Creek, where sculpins had
significantly higher arsenic, cadmium, copper and lead concentrations in comparison to sculpins from Dip and/or
Victor Creeks. These results were consistent with water and sediment quality studies which have documented
consistently poor water quality in Casino Creek as a result of local sources of natural acid rock drainage (ARD)
which enter the upper watershed via Proctor Gulch and Meloy Creek. Mean selenium concentrations in slimy
sculpin tissues in Britannia and Victor Creeks exceeded the selenium guidelines for the protection of freshwater
aquatic life. Mean estimated methylmercury concentrations exceeded the guideline for the protection of fisheating (piscivorous) wildlife in all watersheds.
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Freegold and Airstrip Access Road Baseline Study
The objective of the fish and aquatic resource baseline investigation was to characterize aquatic habitat at each
watercourse crossing, and to determine fish bearing status (i.e., fish bearing or non-fish bearing) in support of the
design and permitting of each aquatic habitat crossing.
The fish and aquatic resource studies were conducted in 2010, 2011 and 2013 at 61 locations along the Freegold
Road Upgrade section, at 95 locations along the Freegold Road Extension and at 12 locations for the Airstrip
Access Road (the “Casino Roads”). These assessments were conducted within the local study area and included
the following watersheds: Big Creek, Selwyn River, Hayes Creek, Crossing Creek, Murray Creek, Isaac Creek,
Mascot Creek, Dip Creek, the Nordenskiold River and Yukon Tributaries.
The type of fish species present and their general distribution within the study area is already well known. Within
the watersheds crossed by the Casino Roads, Chinook salmon, chum salmon (Oncorhynchus keta), Arctic
grayling, slimy sculpin, and round whitefish are known to be present. The study area contains very few lakes and
therefore, overwintering habitat is primarily constrained to large groundwater fed rivers or small, deep pools. Many
of these watercourses also provide critical spawning, rearing or overwintering habitat for known fish species. In
addition, many of these watersheds have been previously disturbed by placer mining, quartz mining, and road
crossings, and as a result may contain artificial barriers to fish movement.
The presence or absence of fish within each watercourse crossed by the Casino Roads was confirmed using: (1)
a desktop GIS based assessment of stream gradients and barriers; (2) field investigations at all crossings to
confirm channel gradient, location of barriers, flow regime, and site conditions; and (3) fish sampling at select
watercourses where fish absence could not be confirmed based on habitat conditions alone.
Studies showed that the Freegold Road Upgrade had 22 fish bearing streams, the Freegold Road Extension had
56 fish bearing streams, and the Airstrip Access Road had six fish bearing streams. Fish sampling efforts were
primarily targeted towards major watercourse crossings and smaller channels where the fish-bearing status could
not be confirmed based on the desktop assessment and field investigations.
Rearing habitat was the most common habitat type identified in the Project area, with most low gradient (<5%),
higher order watercourses having rankings from moderate to good. Poor rearing habitat quality was documented
in many small tributaries with some watercourses only containing seasonal or connecting habitat.
Due to the lack of deep pools and the frequent occurrence of intermittent or ephemeral streams in the study area,
the potential for overwintering habitat was generally sparse. This limits productivity in many small watercourses
and suggests that many creeks in the study area may not provide critical habitat required for sustaining fish
populations. Areas of exception included Big Creek, Hayes Creek, Selwyn River, Dip Creek and the Nordenskiold
River. Smaller tributaries such as Bow Creek, Seymour Creek (downstream of the confluence with Bow Creek),
Murray Creek, Apex Creek, and Brynelson Creek were also identified as having the potential to provide good
overwintering habitat.
10.4

PROJECT-SPECIFIC EFFECTS

10.4.1 Project Interactions and Potential Effects
Several project components and activities were identified as having potential interactions with fish and aquatic
resources in the LSA (Table 10.4-1). These include the Canadian Creek diversion and eventual decommissioning,
construction of the airstrip and access roads, fish habitat compensation, mine development (increased fishing
access), and the construction, operations, and decommissioning of the TMF. In addition, air quality effects due to
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emissions and dustfall are assessed as a single component incorporating several project components and
activities including blasting, ore conveying, crushing and hauling, on-site equipment and vehicle use and traffic
along the access roads.
The majority of project components and activities have no anticipated interaction with fish and aquatic resources
as they are well removed (≥30 m) from any nearby watercourses. Further, the potential risk of an interaction will
be effectively mitigated with the implementation of best management practices such as erosion and sediment
control measures, site water management, and proper storage and handling of equipment and fuel as outlined in
the accompanying Erosion and Sediment Control Plan, Water Management Plan, and Environmental
Management Plan.
Potential impacts were sub-divided into three categories for discussion: habitat loss and alteration, lethal effects
on fish and aquatic organisms, and sub-lethal effects on fish and aquatic organisms. Within each section, impacts
were further assessed by each project component and phase. All potential project effects were compiled within
this framework (Table 10.4-2), assessed for residual impacts following mitigation and compensation measures
(Section 10.4.3), and determined for significance (Section 10.4.4).
Table 10.4-1

Potential Interactions between the Project and Fish and Aquatic Resources

Project Components and Activities

Project
Phase
(C, O, CD,
PC)

Potential
Interaction
(Y/N)

Accommodations (Construction and
Mine Staffing)

C, O, CD,

N

≥30 m away from nearest watercourse

C,

N

≥30 m away from nearest watercourse

Aggregate sources / Borrow Sites

Mechanism of Interaction
(or Rationale for No Interaction)

Stream infilling and riparian habitat removal
In-stream construction (de-watering, water
extraction, use of heavy machinery, noise,
tremors)
Airstrip and Airstrip Access Road

C, O, CD,

Y

Increased erosion and sedimentation in the
Casino and Dip Creek drainages
Metal leaching/Acid rock drainage (ML/ARD)
Dust, emissions and road runoff from vehicle
traffic
Change in habitat productive capacity

Ancillary Buildings (Explosives
Storage, Security Shed, Truck Shop
etc.)

C, O,

N

≥30 m away from nearest watercourse

Concentrate Transport and Loading

O,

N

≥30 m away from nearest watercourse, or,
addressed in Casino Emergency Response
Plan (Appendix 22C)
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Project Components and Activities

Concrete Batch Plant Operation
Contracted Employment
Cyclone Sand Plant
Dismantling of Facilities

Project
Phase
(C, O, CD,
PC)

Potential
Interaction
(Y/N)

C, O,

N

An interaction is not anticipated because all
contact water will be collected and directed
into the TMF

C, O, CD,

N

An interaction is not anticipated with
contracted employment

C, O,

N

≥30 m away from nearest watercourse

CD,

N

≥30 m away from nearest watercourse

Mechanism of Interaction
(or Rationale for No Interaction)

Stream infilling and riparian habitat loss within
the open pit footprint
Decommissioning of Canadian Creek
diversion during closure, upstream flows redirected into the open pit
Diversion of Canadian Creek

C,O

Y

Increased erosion and sedimentation into
Canadian Creek
Surface drainage lost to the open pit during
operations
Change in habitat productive capacity
Shockwaves and vibrations

Drilling and Blasting

C,O

Y

Blasting residues
Dust created from construction blasting
Stream diversion into historic Britannia Creek

Fish Habitat Compensation
Construction

Increased erosion and sedimentation at
compensation construction sites
C,O

Y

In-stream construction (de-watering, water
extraction, use of heavy machinery, noise,
tremors)
Change in habitat productive capacity
Stream infilling and riparian habitat removal
In-stream construction (de-watering, water
extraction, use of heavy machinery, noise,
tremors)

Freegold Road Extension

C,O, CD

Y

Increased erosion and sedimentation at road
crossings
Dust, emissions and road runoff from vehicle
traffic
Metal leaching/Acid rock drainage (ML/ARD)
Change in habitat productive capacity
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Project Components and Activities

Project
Phase
(C, O, CD,
PC)

Potential
Interaction
(Y/N)

Mechanism of Interaction
(or Rationale for No Interaction)

Stream infilling and riparian habitat removal
In-stream construction (de-watering, water
extraction, use of heavy machinery, noise,
tremors)
Freegold Road Upgrade

C,O, CD

Y

Increased erosion and sedimentation at road
crossings
Dust, emissions and road runoff from vehicle
traffic
Metal leaching/Acid rock drainage (ML/ARD)
Change in habitat productive capacity

Fuel Storage and Distribution System

C,O

N

≥30 m away from nearest watercourse, or,
addressed in Casino Emergency Response
Plan (Appendix 22C)

Gold Extraction Plant / Oxide Ore
Processing

C,O

N

≥30 m away from nearest watercourse

Ground Preparation Activities (e.g.
cut, fill, grub, etc.)

C

N

≥30 m away from nearest watercourse

Hazardous Materials Storage,
Transport, and Disposal

C,O

N

≥30 m away from nearest watercourse

Heap Leach Facility

C,O

N

≥30 m away from nearest watercourse

Heap Leach Pad

C,O

N

≥30 m away from nearest watercourse

Laydown Areas

C,O

N

≥30 m away from nearest watercourse

LNG Transport to site

C,O

Y

Dust, emissions and road runoff

Main and Supplemental Power Plant
(Gas Turbine and Diesel)

C,O

N

≥30 m away from nearest watercourse

Maximum Disturbance Area

C,O, CD

N

An interaction is not anticipated with the
project footprint as a whole

Mine Development

C,O, CD

Y

Increased recreational fishing access

Mine Staffing

C,O, CD

N

An interaction is not anticipated with mine
staffing

On-site equipment and vehicle use

C,O, CD

Y

Dust, emissions and road runoff

Open Pit Mining

C,O

N

All effluent will be conveyed to the TMF and
will not enter nearby watercourses

Ore Conveyors

C,O

Y

Dust created from ore on overland transfer
conveyors

Ore Crushing

C,O

Y

Dust created from the crushing of ore
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Project
Phase
(C, O, CD,
PC)

Potential
Interaction
(Y/N)

Ore Hauling

C,O

Y

Dust created from the transport of ore on
roads

Ore Stockpiles

C,O

N

≥30 m away from nearest watercourse

Processing Facilities for Sulphide
Ore

O

N

An interaction is not anticipated because all
mine contact water will be directed into the
TMF

Reagent Storage and Distribution

C,O

N

≥30 m away from nearest watercourse

Site Reclamation / Re-Vegetation

O, CD

N

An interaction is not anticipated with
reclamation activities

Site Security and Fencing

C,O, CD

N

An interaction is not anticipated with security
and fencing

Surface Water Management (Contact
Water)

C,O, CD

N

All contact water will be directed to the TMF

Surface Water Management (NonContact Water)

C,O, CD

N

All drainage entering watercourses will be unaltered with the exception of the Canadian
Creek diversion

Project Components and Activities

Mechanism of Interaction
(or Rationale for No Interaction)

In-stream and riparian habitat loss within TMF
footprint
Loss of downstream transport of flow,
nutrients, food, and woody debris to lower
Casino Creek
Increased erosion and sedimentation into
Casino Creek
Tailings Management Facility

C,O, CD

Y

In-stream construction (de-watering, water
extraction, use of heavy machinery, noise,
tremors)
Augmentation of flows due to the closure
spillway
TMF pond seepage to lower Casino Creek
Change in habitat productive capacity

C,O

N

≥30 m away from nearest watercourse

Traffic (Equipment and Materials to
Site)

C,O, CD

Y

Dust, emissions and road runoff

Waste management: garbage and
sewage waste facilities

C,O

N

≥30 m away from nearest watercourse

Waste rock and Overburden Disposal

C,O

N

An interaction is not anticipated because all
waste rock and overburden will be disposed

Topsoil Stockpiles
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Project Components and Activities

Project
Phase
(C, O, CD,
PC)

Potential
Interaction
(Y/N)

Mechanism of Interaction
(or Rationale for No Interaction)

in the TMF

C,O, CD,
PC

Water Supply

N

Initial water supply is within TMF footprint
Long-term supply is from a riverbank caisson
and radial well system adjacent to the Yukon
River
Extraction of groundwater will have a
negligible impact on the Yukon River water
table
The water pipeline will be above ground
following the existing Yukon River access
corridor
There will be no in-stream construction
Construction within riparian areas will adhere
to DFO operational statements

Note:
1. C (Construction), O (Operation), CD (Closure and Decommissioning) and PC (Post-Closure) represent the Project phases when the
potential interaction between the Project and valued component is anticipated to occur.
2. Potential mechanism(s) of interaction between the Project components and activities and the valued component are carried forward into
the assessment by characterizing the potential effect(s).

Table 10.4-2
Mechanism of
Interaction
Augmentation of
flows due to the
TMF closure
spillway

Blasting residues

Key Indicator(s)
Fish Habitat
Fish and Aquatic
Organism Health

Fish and Aquatic
Organism Health

Potential Effects on Fish and Aquatic Resources
Project Phase
(C, O, CD, PC)

Potential Effect

Direction

C,O, CD

Change in hydrology

Adverse

C,O, CD

Change in stream morphology

Adverse

C,O, CD

Change in water quality

Adverse

C,O, CD

Change in stream temperature

Adverse

C,O

Lethal effects on fish and aquatic
organisms due to blasting residue
contamination

Adverse

C,O

Sub-lethal impacts on aquatic biota
due to blasting residue contamination

Adverse

Change in habitat
productive
capacity

Fish and Aquatic
Organism Health

C,O

Sub-lethal effects on fish and aquatic
organisms throughout the LSA

Adverse

Decommissioning
of Canadian
Creek diversion

Fish Habitat

C,O

Non-fish-bearing habitat loss (e.g.,
nutrients, food) in upper Canadian
Creek

Adverse
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Mechanism of
Interaction
during closure,
upstream flows
re-directed into
the open pit

Dust, emissions
and road runoff
Increased
recreational
fishing access
Increased
erosion and
sedimentation
due to
construction
activities and
stream bank
alteration
In-stream
construction (dewatering, water
extraction, use of
heavy machinery,
noise, tremors)

Project Phase
(C, O, CD, PC)

Potential Effect

Direction

C,O

Reduced stream flows, nutrients, food,
woody debris in lower Canadian Creek

Adverse

Fish and Aquatic
Organism Health

C,O

Direct mortality of periphyton, benthic
invertebrates, and fish eggs

Adverse

Fish Habitat

C, O, CD,

Habitat degradation

Adverse

Fish and Aquatic
Organism Health

C, O, CD,

Lethal or sub-lethal effects on fish and
aquatic organisms due to
contamination

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Increased fishing pressure on local fish
populations

Adverse

Fish Habitat

C,O, CD

Habitat loss and alteration

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Lethal effects on fish and aquatic
organisms

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Sub-lethal effects on fish and aquatic
organisms

Adverse

C,O, CD

Lethal effects on fish and aquatic
organisms such as trampling by heavy
machinery, impingement or
entrainment during water extraction,
and stranding during de-watering

Adverse

C,O, CD

Sub-lethal effects such as habitat
avoidance, elevated stress or impaired
health of fish and aquatic organisms

Adverse

C,O, CD

Reduced stream flows, nutrients, food,
woody debris in lower Casino Creek

Adverse

C,O, CD

Change in water temperature in lower
Casino Creek

Adverse

C,O, CD

Change in stream morphology in lower
Casino Creek

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Direct mortality of periphyton, benthic
invertebrates, and fish eggs due to
reduction of wetted habitat area

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Lethal effects on fish and aquatic
organisms

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Sub-lethal effects on fish and aquatic
organisms

Adverse

C,O

Mortality of fish and incubating fish
eggs

Adverse

C,O

Sub-lethal impacts (e.g., stress, habitat
avoidance) on fish and incubating fish
eggs

Adverse

C,O

Fish-bearing in-stream and riparian

Adverse

Key Indicator(s)

Fish and Aquatic
Organism Health

Fish Habitat
Loss of
downstream
transport of flow,
nutrients, food,
and woody debris
to lower Casino
Creek

Metal
leaching/Acid
Rock Drainage
(ML/ARD)

Fish Habitat
Fish Habitat

Shockwaves and
vibrations

Fish and Aquatic
Organism Health

Stream diversion

Fish Habitat
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Mechanism of
Interaction
into historic
Britannia Creek
for fish habitat
compensation

Key Indicator(s)

Project Phase
(C, O, CD, PC)

habitat loss in lower Britannia Creek

C,O, CD

Non-fish-bearing in-stream habitat loss
and riparian habitat loss at airstrip
access road crossings

Adverse

C,O, CD

Fish-bearing in-stream and riparian
habitat loss due to airstrip diversion
channel

Adverse

C,O, CD

Non-fish-bearing in-stream habitat loss
and riparian habitat loss at Freegold
access road crossings

Adverse

Fish Habitat

C,O, CD

Fish-bearing and non-fish-bearing instream and riparian habitat loss within
TMF footprint in mid-upper Casino
Creek

Adverse

Fish Habitat

C,O, CD

Non-fish-bearing in-stream and riparian
habitat loss within the open pit footprint
in upper Canadian Creek

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Direct mortality of periphyton, benthic
invertebrates, and fish eggs

Adverse

Fish Habitat

C,O

Reduced stream flows, nutrients, food,
woody debris in lower Canadian Creek

Adverse

Fish Habitat

C,O, CD

Increased flows at closure/post-closure

Adverse

Fish and Aquatic
Organism Health

C,O, CD

Change in water quality in lower
Casino Creek

Adverse

Fish Habitat
Fish Habitat

Fish Habitat
Stream infilling
and riparian
habitat removal

Surface drainage
lost to the open
pit during
operations
TMF pond
seepage to lower
Casino Creek

Direction

Potential Effect

Note:
1. Key indicators are defined as measurable parameters or attributes to qualitatively or quantitatively evaluate the potential effect.
2. C (Construction), O (Operation), CD (Closure and Decommissioning) and PC (Post-Closure) represent the Project phases when the
potential interaction between the Project and valued component is anticipated to occur.

10.4.1.1

Habitat Loss and Alteration

Habitat loss was identified at several locations throughout the LSA, both within the project footprint and due to
habitat isolation of upstream areas. Potential habitat alterations included changes in stream flow, stream
temperature, channel morphology, and availability of nutrients, food, and structural habitat for fish and aquatic
organisms. Although changes in water quality may be considered a chemical habitat alteration, these effects are
addressed within the subsequent sections for lethal and sub-lethal impacts as there is no impact on physical
habitat.
Fish Habitat is protected under Section 35 of the federal Fisheries Act, which prohibits the harmful alteration,
disruption, or destruction of fish habitat (HADD) unless under authorization by DFO. Any authorized HADD must
be compensated elsewhere to achieve DFO’s guiding principle of “No Net Loss” in the productive capacity of fish
habitat (DFO 1986).
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A total of seven project components were assessed for potential habitat loss and alterations:
1. Air Quality (Dustfall from blasting, ore transport and vehicle use)
Project activities such as blasting, ore conveying, crushing and hauling, on-site equipment and vehicle use and
traffic along the access roads have the potential to affect air quality and subsequently surface water quality from
atmospheric deposition. The air dispersion model CALPUFF was used to assess potential effects to air quality
and rates of particulate and acid deposition at the mine site, with detailed model results found in Section 8. The
CALPUFF model showed that the dispersion of dust and emissions from project activities around the mine site
and along the Freegold access road mainly affect upper Canadian Creek and Casino Creek. Very minor air
quality effects were detected in discontinuous locations along the approximately last 8 to 30 km of the Freegold
access road; these potential effects were considered to be negligible and were not assessed further.
The potential for dust deposition and impacts on surface water quality are assessed in detail in 7.4.5.2. Effects on
habitat may include increased TSS, homogenization of stream bed features, reduced pool depths, and decreased
habitat quality and quantity for periphyton and benthic invertebrate communities.
2. Airstrip and Airstrip Access Road
Construction:
General:
Construction of the airstrip and access road will require the clearing and grubbing of vegetation, the installation of
culverts and bridges along the 14 km-long access road, and the construction of the airstrip and associated
facilities. The 2000 m-long airstrip will be located in the Dip Creek valley approximately 12 km southwest of the
mine site. The airstrip will intersect a small fish-bearing drainage, which will be diverted upstream of the airstrip
and flow around it in a southwest direction towards Dip Creek. The airstrip access road will be a 5 m-wide singlelane gravel road with a design speed of 30 km/h running from the airstrip up the Casino Creek valley to the mine
site. The airstrip access road will require the construction of six clear-span bridges over Dip, Brynelson and the
remaining fish-bearing creeks, and four major culverts in non-fish-bearing watercourses.
There will be a temporary alteration of stream habitat during construction activities. Potential impacts may include
an increase in localized sedimentation, reduced fish access, clearing of riparian vegetation, and the removal of instream cover such as boulders, large woody debris or in-stream vegetation.
Airstrip:
Within the single fish-bearing drainage intersecting the airstrip, there will be a permanent loss of fish-bearing
habitat within and downstream of the airstrip (Table 10.4-3). Periphyton and benthic invertebrate communities will
experience direct habitat loss along the 1006 m length of lost habitat. The proposed airstrip diversion channel will
provide connectivity to habitat upstream of the airstrip, and will provide new habitat offsetting the local habitat
loss. Furthermore, the diversion will occur upstream of the airstrip, reducing the potential for chemical run-off and
siltation into nearby watercourses.
Airstrip Access Road:
As clear-span bridges will be installed on all fish-bearing creeks, only non-fish-bearing aquatic habitat will be lost
along the access road due to culvert installations (Table 10.4-3, Table 10.4-4). In addition, riparian habitat loss
and alteration will occur adjacent to both fish-bearing and non-fish-bearing crossings.
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The modification of riparian habitat may de-stabilize stream banks and elevate levels of total suspended solids
and turbidity in the stream. Other potential effects from riparian habitat loss include a slightly lowered capacity for
stream temperature regulation, reduced quantities of in-stream cover, and lowered nutrient and food inputs into
the stream. However, new crossing structures will provide temperature regulation and cover, offsetting the loss of
riparian habitat.
Operations:
During operations there is the potential for runoff (sediment, road salts) and airborne dust from vehicle traffic to
alter nearby watercourses. Potential impacts on habitat following reduced air quality are described above under
project component 1, with further detail provided in 7.4.5.2. Siltation may homogenize stream bed features,
reduce pool depths, and decrease habitat quality for periphyton and benthic invertebrate communities.
Closure:
The airstrip will not be decommissioned at closure, as it is replacing an existing seasonal facility. Thus, potential
impacts on aquatic biota are predicted to be similar to those discussed in operations, albeit at a smaller scale.
Table 10.4-3
Watercourse or Project Component Area

Estimated In-stream Fish Habitat Loss
Impacted Stream
Length (m)
Fishbearing

Non-fishbearing

Impacted Stream Area
(m2)a
Fishbearing

Impacted Modeled
Area (m2)b

Non-fishbearing

Fishbearing

Non-fishbearing

9,535

0

2,384e

n/a

Total Habitat Loss within project footprint
Lower Britannia

1,405

Upper Canadian

0

0

3,483

0

17,415

n/a

n/a

15,819

11,012

43,428

14,377

10,600e

n/a

Freegold Extension

0

1,031

0

787

n/a

n/a

Freegold Upgrade

0

30

6d

24

6f

Upper Casinoc

Airstrip
Airstrip Access Road

n/a
f

1,006

0

1,509

0

1,509

n/a

0

91

0

54

n/a

n/a
n/a

Wetted Habitat Loss due to stream flow reductions
Lower Canadian
g

Lower Casino
Dip

Total

7,000

0

801

0

299h

6,500

0

1,438

0

3,157h
h

n/a

8,500

0

2,342

0

1,001

n/a

40,230

15,647

59,059

32,657

18,956*

n/a

a

Areas experiencing total habitat loss were obtained from a combination of field and 1:50,000 GIS base mapping measurements. Areas
experiencing wetted habitat loss were obtained from in-stream flow modelling results, where the total change in rearing habitat was used as
it represented the median loss of habitat for the entire ice-free season (May 15 – September 30)
b
All Modeled values are obtained from Physical Habitat Simulation (PHABSIM) and Habitat Evaluation Procedure (HEP) procedures described
in Normandeau and PECG 2013, and PECG and Normandeau 2013a, b
c
Upper Casino Creek encompasses all reaches and tributaries upstream of its confluence with Brynelson Creek. This includes Meloy Creek,
three unnamed tributaries, Taylor Creek, and Proctor Gulch. A detailed breakdown of the estimated stream lengths and areas for each
segment is reported in Table 3-7 of the Fish Habitat Compensation Report (Appendix 10C)
d
Habitat loss from the Nordenskiold Bridge pier
e
HEP modelling used to calculate total habitat loss (Normandeau and PECG 2013, PECG and Normandeau 2013b)
f
No modeled value available as there were no habitat limitation criteria identified
g
Lower Casino Creek consists of reach 1 up to its confluence with Brynelson Creek
h
PHABSIM used to calculate the change in ‘usable’ Arctic grayling wetted habitat. Habitat loss was divided by project phase, with the
maximum values by phase reported here (Normandeau and PECG 2013, PECG and Normandeau 2013a)
*Denotes final HADD value

Project Proposal for Executive Committee Review

10-18

January 3, 2014

Casino Mining Corporation
Casino Project

Table 10.4-4

Estimated Riparian Habitat Loss

2

Impacted Stream Length (m)

Impacted Riparian Area (m )

Watercourse
Fish-bearing

Non-fishbearing

Fish-bearing

Non-fishbearing

Total Area

1,405

0

52,860

0

52,860

0

3,483

0

34,830

34,830

Upper Casino

15,819

11,012

233,030

110,120

393,150

Freegold Extension

1,077*

1,031

32,310

10,310

42,620

Freegold Upgrade

180

30

5,400

300

5,700

1,006

0

30,180

0

30,180

73*

91

2,190

455

2,645

Total

355,970

156,015

511,985

Britannia
Upper Canadian

Airstrip
Airstrip Access Road

Riparian habitat setbacks were 30 m for Chinook salmon fish-bearing stream sections, 15 m for non-Chinook salmon fish-bearing streams,
and 5 m for non-fish-bearing streams, Meloy Creek, and Casino Creek upstream of the reach 2/3 break. Asterisks (*) denote that only
riparian habitat was impacted due to the installation of clear-span bridges on fish-bearing crossings.

3. Canadian Creek Diversion
Construction – Operations (Year 10):
Development of the open pit during construction through to year 10 of operations will be far removed from the
watershed (≥30 m), and thus will have no interaction with aquatic habitat.
Operations (Years 10-22):
The Canadian Creek diversion around the open pit will be constructed in year 10 of operations. The upper section
of Canadian Creek is non-fish bearing, with an identified high gradient (>20%) cascade barrier located
approximately 1.2 km downstream of the proposed diversion. Thus, there will be no fish-bearing habitat loss due
to the diversion of Canadian Creek.
The construction of the new 1129 m-long diversion channel will create a temporary reduction of non-fish bearing
habitat as new riparian vegetation, periphyton, and benthic invertebrate communities are established within the
diversion channel. Further, as the loss of channel length following the diversion is 1399 m, there will be a minor
net deficit of stream length of 270 m. The reduction of habitat productive capacity within the upper watershed will
subsequently reduce the downstream transport of nutrients (e.g., detritus), food (e.g., terrestrial and aquatic
insects), and structural habitat (e.g., sediment, woody debris). Stream temperatures may be slightly elevated
following the reduction of temperature-regulating riparian vegetation. Further, temporary in-stream construction
may increase sedimentation, and reduce in-stream habitat and riparian vegetation due to clearing activities.
Increased sediment loads into Canadian Creek may homogenize stream bed features, and decrease habitat
availability for benthic invertebrates and periphyton.
While the majority of flows will still be conveyed to lower Canadian Creek, a small percentage of surface run-off
will directly enter the open pit instead of naturally draining into the creek. Predicted flow reductions relative to

Project Proposal for Executive Committee Review

10-19

January 3, 2014

Casino Mining Corporation
Casino Project

baseline values for lower Canadian Creek will vary from 5-7% and 1-15% in the summer and winter months,
respectively (Table 10.4-5). Reductions in stream summer flows equate to very low reductions in the availability of
wetted habitat, with mean wetted depths and widths decreasing by approximately 2% and 1%, respectively.
2
Notably, the net reduction in total wetted area in lower Canadian Creek will be 254m , which represents a
negligible (0.7%) decrease relative to pre-construction values. Further, the impact on potential overwintering
habitat is expected to be minimal, as baseline winter flows were extremely low, as was the availability of deep
pools that did not freeze to bottom (Appendix 10A).
Flow contributions from Britannia Creek upstream of the Canadian Creek confluence will aid in buffering flow
reductions in lower Britannia Creek. Directly below its confluence with Canadian Creek, the projected mean
annual reduction is a 3% decline from baseline flows. The flow reduction differential between baseline and
operational flows is expected to continually decrease with increasing downstream distance and as flows near the
Yukon River.
In addition to calculating the projected change in total wetted area, in-stream flow modelling was carried out to
determine the change in ‘usable’ habitat area based on the habitat requirements (e.g., preferred depth, velocity,
and substrate) of Arctic grayling. The predicted change in usable fish habitat was assessed using a Physical
Habitat Simulation (PHABSIM) method in Canadian Creek downstream of the diversion influence (Refer to details
in PECG and Normandeau 2013a). In lower Canadian Creek, usable habitat for Arctic grayling rearing increased
under the new flow regime for all life stages with the exception of spawning habitat, which demonstrated a minor
2
loss of 52m or 2.4% of the total available spawning habitat.
Due to slightly lowered flows, there is the potential for minor effects on stream morphological processes, available
in-stream cover, stream temperatures, and the production of periphyton and benthic invertebrate communities. In
addition, diminished velocities may further reduce the downstream conveyance of nutrients (e.g., detritus), food
(e.g., terrestrial and aquatic insects), and structural habitat (e.g., sediment, woody debris).
Closure, Decommissioning, and Post-Closure:
During closure, the Canadian Creek diversion will be decommissioned, allowing headwaters to drain directly into
the open pit. Temporary impacts due to construction activities will be similar to those discussed during diversion
construction, such as increased sedimentation and potential reductions in riparian vegetation and in-stream
habitat. Non-fish bearing aquatic habitat supporting riparian vegetation, benthic invertebrate, and periphyton
2
2
communities will be permanently lost within the Project footprint (17,415 m of in-stream habitat, 34,830 m of
riparian habitat; Table 10.4-3 and Table 10.4-4), subsequently reducing the downstream transport of nutrients
(e.g., detritus), food (e.g., terrestrial and aquatic insects), and structural habitat (e.g., sediment, woody debris).
Predicted flow reductions relative to baseline values for lower Canadian Creek vary from 12-21% and 3-13% in
the summer and winter months, respectively (Table 10.4-5). Reductions in stream summer flows equate to very
low reductions in the availability of wetted habitat, with mean wetted depths and widths decreasing by
approximately 4% and 2%, respectively. Notably, the net reduction in total wetted area in lower Canadian Creek
2
will be 801m , which represents a minor (2%) decrease relative to pre-construction values. As in operations, the
impact on potential overwintering habitat during closure is predicted to be minimal.
Flow contributions from Britannia Creek upstream of the Canadian Creek confluence will aid in buffering flow
reductions in lower Britannia Creek. Directly below its confluence with Canadian Creek, the projected mean
annual reduction is a 9% decline from baseline flows (Table 10.4-5). The flow reduction differential between
baseline and closure flows is expected to continually decrease with increasing downstream distance, with minor
effects anticipated as flows near the Yukon River.
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As in operations, the predicted change in usable fish habitat was assessed under closure flow conditions using a
PHABSIM model (PECG and Normandeau 2013a). In lower Canadian Creek, usable habitat for Arctic grayling
juvenile and fry rearing increased under the new flow regime, while a small decreases were observed for adult
2
2
rearing (59 m or 0.6%) and spawning habitat (240 m or 11%).
While lowered flows have the potential to facilitate reductions in submerged protective cover (e.g., overhanging
vegetation, large woody debris, deep pools, undercut banks), alter stream morphological processes (e.g., bank
erosion, flushing flows, maintenance of scouring pools and undercut banks), and elevate the risk for habitat
isolation during low-flow months, impacts will likely be minor based on the small projected decrease in wetted
habitat volume. Other potential impacts following reduced flows from Canadian Creek headwaters include water
temperature increases, and changes in creek primary and secondary production. However, the direction and
magnitude of these potential effects on periphyton and benthic invertebrate communities are difficult to predict
due to the number of factors involved (e.g., lowered flows, temperature increases, altered channel morphology)
and the uncertainty surrounding their potential interactions.
Post-closure, the pit lake will be full and overflow will drain naturally through the TMF wetland area prior to
entering the TMF pond. No effluent seepage will enter the Canadian Creek drainage.
Table 10.4-5

Estimated Reductions in Flow and Wetted Area from Baseline Conditions
Change in flow (%)

Watercourse

Lower Casino
Creek

Dip Creek

Lower Canadian
Creek

Britannia Creek*

a

Project
Phase

Mean
Peak
flows
(May)

Mean
Summer
flows (June
- October)

Mean
Winter
flows
(November
- April)

Mean
change in
total
wetted
b
area (%)

Mean
change in
wetted
b
width (%)

Mean
change in
wetted
b
depth (%)

Construction

-44%

-60%

-68%

-5%

-4%

-18%

Operations

-44%

-60%

-66%

-5%

-4%

-18%

Closure

25%

-18%

-49%

-1%

-0.6%

-3%

Post-closure

25%

3%

-49%

1%

0.5%

3%

Construction

-12%

-14%

-24%

-3%

-2%

-3%

Operations

-12%

-14%

-23%

-3%

-2%

-3%

Closure

7%

1%

-19%

0%

-1%

-1%

Post-closure

7%

1%

-19%

0%

0%

0%

Construction

0%

0%

0%

0%

0%

0%

Operations

-6%

-6%

-9%

-1%

-1%

-2%

Closure

-17%

-16%

-8%

-2%

-2%

-4%

Post-closure

-17%

-16%

-7%

-2%

-2%

-4%

Construction

0%

0%

0%

-

-

-

Operations

-3%

-4%

-5%

-

-

-

Closure

-8%

-10%

-5%

-

-

-

Post-closure

-8%

-10%

-4%

-

-

-

*Flows in Britannia Creek are inferred using data from hydrology stations in upper Britannia and Canadian Creeks; Dashes indicate that
results were not calculated due to the lack of in-stream modelling.
a
Change in flow data from KPL 2013
b
Wetted dimension estimates based on in-stream flow data provided by Normandeau, November 2013
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4. Fish Habitat Compensation Construction
Fish Habitat Compensation Construction will occur in lower Britannia Creek during the project construction phase.
In lower Britannia Creek, a total flow diversion will be facilitated to direct flows from the existing creek into the
historical Britannia channel, causing habitat loss in the lowest 1.4 km of Britannia Creek (Table 10.4-3). The
Casino Fish Habitat Compensation Plan proposes to re-direct flows into historical lower Britannia Creek, which
avulsed into its current location sometime between 1965 and 1988, to follow the straight, road right-of-way, which
offered little resistance and a direct, downhill path (Appendix 10C). The majority (1048 m) of the proposed habitat
loss is of poor quality, and characterized by long straight riffle segments with little to no functioning habitat in its
most upstream section, followed by a large area of LWD and sediment deposition where the creek fans out and
drains through multiple low-flow channels with minimal habitat structure or channel definition. However, the most
downstream 357 m of habitat is of good habitat quality supporting off-channel habitat for rearing Yukon River
Chinook juveniles. A habitat evaluation procedure (HEP) was carried out to quantify the loss of usable fishbearing habitat in lower Britannia Creek, which represented approximately 25% of the total habitat area based on
the lack of pool habitat (PECG and Normandeau 2013b). More detail surrounding the proposed historic Britannia
Creek diversion can be found in the Fish Habitat Compensation Plan (Appendix 10C).
During construction activities, there will be a temporary alteration of stream habitat. Potential impacts may include
an increase in localized sedimentation, reduced fish access, clearing of riparian vegetation, and the removal of instream cover such as boulders, large woody debris or in-stream vegetation.
5. Freegold Road Extension
Construction:
Construction of the Freegold Road extension will require extensive clearing and grubbing along 120 km of new
road, and the installation of 39 culverts and 56 bridges at 95 crossings. The road will be an all-weather two-lane
gravel road with a 70 km/h design. The existing Casino Trail and winter road which generally follows the proposed
road corridor will be utilized as early site access. Access road construction will be staged, beginning with the
construction of a limited access tote road in Year -4. The tote road will follow the proposed Freegold Road
corridor, providing slow-moving rough terrain vehicles early site access, and facilitating construction of the
permanent road.
There will be a temporary alteration of stream habitat during construction activities. Potential impacts may include
an increase in localized sedimentation, reduced fish access, clearing of riparian vegetation, and the removal of instream cover such as boulders, large woody debris or in-stream vegetation. The information presented in
Appendix D outlines a detailed risk assessment for erosion and sedimentation along the Freegold Road
Extension.
As clear-span bridges will be installed on all fish-bearing creeks, only non-fish-bearing aquatic habitat will be lost
along the access road due to culvert installations (Table 10.4-3, Table 10.4-4). In addition, riparian habitat loss
and alteration will occur adjacent to both fish-bearing and non-fish-bearing crossings. Clear-span bridge
installation on all fish-bearing watercourses will avoid any stream bed alteration, however rip rap placement may
remove any undercut banks providing fish cover. As permafrost laden areas are particularly susceptible to slope
failure, the use of rip rap is essential to minimize siltation below bridges where vegetation is unable to grow due to
insufficient light. Further, rip rap will be placed flush with the stream bank to avoid changes in channel volume or
flows.
Despite the incorporation of rip rap reinforcement, the modification of riparian habitat may still de-stabilize stream
banks and elevate levels of total suspended solids and turbidity in the stream. Increased sediment loads may
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homogenize stream bed features, fill in pools, decrease habitat availability for benthic invertebrates and
periphyton, and decrease the area of suitable spawning habitat for salmonid species. Other potential effects from
riparian habitat loss include a slightly lowered capacity for stream temperature regulation, reduced quantities of instream cover, and lowered nutrient and food inputs into the stream. However, new crossing structures will provide
temperature regulation and cover, offsetting the loss of riparian habitat.
Operations:
The Freegold access road will be used to transport LNG fuel, concentrate, supplies, equipment, and for waste
removal, with projected traffic volumes of 56 inbound and 68 outbound vehicles per day. Thus, there is the
potential for road runoff (sedimentation, road salts) and airborne dust from vehicle traffic to alter nearby
watercourses. Potential impacts on habitat following reduced air quality are described above under project
component 1, with further detail provided in 7.4.5.2. Siltation may homogenize stream bed features, reduce pool
depths, and decrease habitat quality for periphyton and benthic invertebrate communities.
Closure:
The Freegold Road will be decommissioned at closure unless otherwise specified by the Yukon Government.
Road crossing structures will be removed, stream beds will be re-established, and stream banks will be stabilized.
Potential effects due to in-stream workings will be similar to those identified during construction, such as erosion
and sedimentation, reduced fish access, and the clearing of in-stream cover and riparian vegetation.
6. Freegold Road Upgrade
Construction:
The existing Freegold Road originates from the village of Carmacks and extends approximately 85 km in a
northwest direction towards Big Creek. The road crosses a total of 37 watercourses, 22 of which are fish-bearing.
To facilitate Casino mine traffic, upgrades will include widening the road to two lanes with a design speed of 70
km/h, a 5 km bypass around Carmacks, and new bridges over Nordenskiold River, Seymour Creek, Bow Creek,
and Crossing Creek. All bridges will be single-lane clear-span structures with the exception of the Nordenskiold
Bridge which will be two-span with a pier located in the river channel.
There will be a temporary alteration of stream habitat during construction activities. Potential impacts may include
an increase in localized sedimentation, reduced fish access, clearing of riparian vegetation, and the removal of instream cover such as boulders, large woody debris or in-stream vegetation.
As clear-span bridges will be installed on the majority of fish-bearing creeks, only non-fish-bearing aquatic habitat
2
will be lost along the access road due to culvert installations with the sole exception of a 6 m loss from the
Nordenskiold bridge pier (Table 10.4-3, Table 10.4-4). Riparian habitat loss and alteration will occur adjacent to
both fish-bearing and non-fish-bearing crossings. Clear-span bridge installation on the majority of fish-bearing
watercourses will avoid any stream bed alteration, however rip rap placement may remove any undercut banks
providing fish cover. As permafrost laden areas are particularly susceptible to slope failure, the use of rip rap is
essential to minimize siltation below bridges where vegetation is unable to grow due to insufficient light. Further,
rip rap will be placed flush with the stream bank to avoid changes in channel volume or flows.
Despite the incorporation of rip rap reinforcement, the modification of riparian habitat may still de-stabilize stream
banks and elevate levels of total suspended solids and turbidity in the stream. Increased sediment loads may
homogenize stream bed features, fill in pools, decrease habitat availability for benthic invertebrates and
periphyton, and decrease the area of suitable spawning habitat for salmonid species. Other potential effects from
riparian habitat loss include a slightly lowered capacity for stream temperature regulation, reduced quantities of in-
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stream cover, and lowered nutrient and food inputs into the stream. However, new crossing structures will provide
temperature regulation and cover, offsetting the loss of riparian habitat.
Operations:
The Freegold access road will be used to transport LNG fuel, concentrate, supplies, equipment, and for waste
removal, with projected traffic volumes of 56 inbound and 68 outbound vehicles per day. Thus, there is the
potential for road runoff (sedimentation, road salts) and airborne dust from vehicle traffic to alter nearby
watercourses. Potential impacts on habitat following reduced air quality are described above under project
component 1, with further detail provided in 7.4.5.2. Siltation may homogenize stream bed features, reduce pool
depths, and decrease habitat quality for periphyton and benthic invertebrate communities.
Closure:
The Freegold Road upgrade section is owned and operated by the Yukon Government and will not be
decommissioned at closure. Thus, potential impacts on aquatic biota will no longer be associated with the Casino
Project.
7. Tailings Management Facility (TMF)
Construction:
The predicted effects on aquatic habitat from TMF construction can be divided into three main sections, being (a)
habitat loss within the TMF footprint in the upper Casino Creek watershed, (b) habitat alteration in the lower
watershed due to reduced stream flows, and (c) temporary localized effects around construction sites. Potential
effects from these three identified components, and the possible interactions among them, are discussed below:
Habitat loss within the TMF footprint:
Construction of the TMF will cause direct habitat loss of the upper Casino Creek watershed, including main-stem
Casino Creek from its headwaters to its confluence with Brynelson Creek, Proctor Gulch, Taylor Creek, Meloy
Creek, and three unnamed tributaries which drain westward into Casino Creek (Table 10.4-3). The majority of the
upper watershed is considered fish-bearing with the exception of the three unnamed tributaries which are too
small to permit fish passage. In addition, an identified fish barrier (1 m vertical drop within an 18% gradient
segment) on Taylor Creek approximately 275 m above its confluence with Casino Creek prohibits fish from
accessing habitat further upstream. While approximately 750 m of habitat will technically remain between the
water management pond and the confluence of Casino and Brynelson Creeks, this section is included as lost
habitat as the predicted flows are too low to support any viable aquatic communities.
The direct loss of fish-bearing habitat in upper Casino Creek will remove seasonal rearing habitat for juvenile
(lengths=170 mm+) and adult Arctic grayling. As no overwintering, spawning, or young-of-the-year rearing Arctic
grayling habitat or associated life stages were identified in the upper watershed, there are no predicted impacts
on these more critical life stages. A HEP method was carried out to quantify the loss of usable fish-bearing habitat
in the upper watershed, which represented approximately 30% of the total habitat area (PECG and Normandeau
2013b).
In addition to the direct loss of fish-bearing habitat, riparian and in-stream habitat providing the downstream
transport of nutrients, food (e.g., benthic invertebrates), and structural habitat (e.g., woody debris) for fish will be
removed. Large woody debris (LWD) disbursement is essential to aquatic ecosystem functioning, as it provides
organic carbon, fish protective cover, and benthic invertebrate habitat. LWD also plays an important role in
maintaining stream processes such as promoting channel sinuosity, facilitating the creation of complex stream
features (e.g., pools, undercut banks), and aiding in the regulation of stream energy during peak flows. Notably,
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upper Casino Creek is primarily dominated by small woody vegetation (e.g., shrubs), making it a very limited
source of functional LWD to the lower watershed. Further, as upper Casino Creek is characterized by low quality
benthic invertebrate and periphyton communities, the anticipated loss of nutrient inputs and benthic invertebrate
drift to the lower watershed is considered minimal.
Habitat alteration downstream of the TMF:
The reduction of stream flows in Casino Creek following TMF construction will alter downstream fish-bearing
habitat. Lower Casino Creek will experience a 41-48% flow reduction from baseline values during May peak
flows, 53-68% reductions during summer “base flows”, and 47-72% reductions during the winter (Table 10.4-5).
The substantial noted decrease in winter flows may further reduce or eliminate the already limited overwintering
habitat available for Arctic grayling and slimy sculpin in lower Casino Creek. Projected decreases in the
availability of wetted summer habitat are considerably smaller than flow reductions, with mean reductions of 18%
and 4% for mean wetted depths and widths, respectively. Notably, the net reduction in total wetted area in lower
2
Casino Creek will be 1,438 m , which represents a relatively minor (5%) decrease relative to pre-construction
values.
Further downstream, Dip Creek will experience 11-16% and 9-31% flow reductions from baseline values during
the summer and winter months, respectively (Table 10.4-5). In-stream model projections indicate that there will be
minor decreases in wetted area (3%), width (2%) and depth (3%) within Dip Creek.
In addition to calculating the projected change in total wetted area, in-stream flow modelling was carried out to
determine the change in ‘usable’ habitat area based on the habitat requirements (e.g., preferred depth, velocity,
and substrate) of Arctic grayling. The predicted change in usable fish habitat was assessed using a PHABSIM
method in Casino and Dip Creeks downstream of the TMF influence (Refer to details in PECG and Normandeau
2013a). In lower Casino Creek, usable habitat for Arctic grayling increased under the new flow regime for all life
2
stages with the exception of spawning habitat, which demonstrated a loss of 3,157 m (Table 10.4-3). Further
downstream in Dip Creek, there were small projected changes in Arctic grayling usable habitat due to the minimal
2
influence of Casino Creek flow, including a 3.2% decrease in fry rearing habitat (-164m ), and a 1.9% decrease in
2
spawning habitat (-147 m ). Although the small predicted decrease in spawning habitat in lower Casino Creek
2
was greater than the predicted decrease in total wetted area (1,438 m ), the larger value was conservatively
employed in habitat loss calculations.
Decreased inputs from cold, high elevation headwaters may produce water temperature increases, particularly in
shallow low-gradient sections. However, upper Casino and Brynelson Creeks have very similar cold-water stream
temperatures, indicating that the post-construction thermal regime in lower Casino Creek will be similar to
baseline conditions. Indeed, there were no significant differences (paired t-test, t=1.488, df=14, P=0.16, with
significance levels set to α=0.05) in mean monthly temperatures at hydrological stations of similar elevation (W18
and H18) in Casino and Brynelson Creeks.
Other potential impacts following reduced flows include reductions of submerged in-stream cover (e.g.,
overhanging vegetation, large woody debris, deep pools, undercut banks), increased risk of habitat isolation
during low-flow periods, and changes in stream morphology. During peak flows, the downstream transport of
materials (e.g., substrate, woody debris), and natural scouring processes may be modified, with subsequent
impacts on stream morphology. A moderate reduction in stream bank erosion may occur, with subsequent
decreases in stream TSS and turbidity, and maintenance of complex habitat features which rely on scouring
processes (e.g., pools, undercut banks). Substrate embeddedness may increase in low velocity areas due to a
reduction of flushing flows, however, this increase is not considered significant as major storm events will still
provide the necessary energy to re-mobilize fines.
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The combined environmental effects (e.g., lowered flows, temperature increases, and altered channel
morphology) may have resultant impacts on periphyton and benthic invertebrate communities downstream.
However, the direction and magnitude of these potential effects on periphyton and benthic invertebrate
communities are difficult to predict due to the number of factors involved (e.g., lowered flows, temperature
increases, altered channel morphology) and the uncertainty surrounding their potential interactions.
General effects from construction activities:
Construction of the TMF will require initially damming Casino Creek at the Stage IA Starter Embankment, which
will gradually expand in stages across the Casino Creek valley throughout the mine’s operative years. In-stream
activities will include the installation of cofferdams and pumping systems, extensive site clearing, stripping, and
grubbing, diverting non-contact water around the construction area, and the management of sediment-laden
water including construction of the water management pond located downstream of the Embankment.
During construction, there is the potential for temporary impacts on aquatic habitat including increased
sedimentation, reduced fish access, and reduced in-stream cover and riparian vegetation due to clearing
activities. Increased sediment loads into Casino Creek may homogenize stream bed features, fill in pools,
decrease habitat availability for benthic invertebrates and periphyton, and decrease the area of suitable spawning
habitat for Arctic grayling.
Operations:
During operations, a small amount of seepage (2.3 L/s) will enter Casino Creek. The seepage is predicted to near
0-1°C due to the high underground retention time before surfacing into the creek. However, the minimal
contribution (0-2%) to overall flows during the ice-free season will preclude any measurable impact on stream
temperatures in lower Casino Creek. Although winter seepage will contribute a slightly higher (0-16%) percentage
of overall flows, seepage water temperatures will be at or near 0°C and thus will have no impact on stream
temperatures in lower Casino Creek.
Closure, Decommissioning, and Post-Closure:
The Project closure and decommissioning plan is designed to have a passive walk-away approach incorporating
a wetland infiltration system. The TMF spillway will be constructed during Water Management Plan (WMP)
Closure Phase I (years 23-30) while the seepage collection system remains operative. In WMP Closure Phase II
(years 31-114+), the embankment collection ditches and seepage collection will be decommissioned, allowing
discharge to flow directly through the main Embankment into lower Casino Creek in addition to the TMF spillway
which will facilitate overflow into Casino Creek.
Spillway flow will produce increases from baseline conditions in Casino and Dip Creeks downstream from the
spillway outlet (Table 10.4-5). In addition, Brynelson Creek will experience a small decrease in flows (average
annual decrease = 4%) due to the parallel spillway intersecting some of the natural surface drainage. Flow
increases will be highest during peak flows within Casino Creek (17-27%), and will decrease with progressive
downstream distance. Natural wetted habitat dimensions will be re-instated within Casino Creek, with projected
mean wetted area and width being within 1% of the baseline flow regime, and wetted depth being within 3%.
Predicted flow increases in Dip Creek during freshet will be low (7%), with minimal anticipated impacts on the
aquatic community. In-stream model projections indicate that there will be minor decreases in wetted area (3%),
width (2%) and depth (3%) within Dip Creek. Mean wetted area, width, and depth in Dip Creek are projected to be
within 1% of the baseline flow regime.
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Employing the PHABSIM method, usable Arctic grayling habitat was also calculated for flow increases during
closure and post-closure (PECG and Normandeau 2013a). In lower Casino Creek, usable habitat for Arctic
grayling increased under the new flow regime for all life stages during closure, with the exception of spawning
habitat. However, as flow increases provide more suitable flows for spawning, losses were predicted to be
2
approximately 10x smaller (-320 m ) than those observed in construction and operations. In post-closure, the
2
2
biggest habitat loss in lower Casino Creek was observed for adult (-1083m ) and juvenile rearing (-1038 m ),
2
2
followed by fry rearing (-360 m ), and a concurrent increase in spawning habitat (+311m ).
Further downstream in Dip Creek, there were small projected changes in Arctic grayling usable habitat during
closure and post-closure. During closure, adult and juvenile rearing usable habitat area increased relative to
baseline conditions, whereas negligible decreases of 0.2% and 1.1% were predicted for fry rearing and spawning
habitat, respectively. During post-closure, 2.6-2.7% decreases were projected for adult and juvenile rearing
habitat, respectively, whereas minor increases were predicted for fry rearing and spawning. During closure and
post-closure, total habitat losses were overall less than those predicted for construction and operations. Thus,
habitat loss values for construction and operations were conservatively used for calculating the total habitat loss
value in Table 10.4-3
Augmented flows have the potential to increase erosion, downstream sediment transport, and flooding. However,
anticipated peak flow increases (April-May) along lower Casino Creek are not expected to result in any significant
changes to channel morphology or the aquatic habitat it supports. Lower Casino Creek has a typical width-todepth ratio for meandering, gravel-bed channels, showing no evidence of entrenchment, and is well connected to
its floodplain. Overbank flooding occurs naturally every spring, in association with the melting and detachment of
anchor ice from the channel bed. As water levels rise within the channel, average velocities and shear stress
exerted on the bed and banks increase proportionally. Once flows spill overbank into the adjacent floodplain,
however, submerged riparian vegetation (mosses, dwarf shrubs and stunted spruce) reduces surface flow
velocities across the full width of flow. Velocities at depth are unaffected or decrease slightly, in turn, which yields
no significant change in erosion potential along the bed and banks. However, site-specific surveys will be
required during detailed design to determine whether any minor channel modifications (e.g., local bank
stabilization/restoration, riffle modification, etc.) are needed to mitigate localized erosion at existing, unstable
sites.
A significant proportion of closure and post-closure flows in Casino Creek will derive from the TMF pond (Table
10.4-6). The majority of this flow will enter the creek as overflow from the closure spillway, with a smaller
contribution entering as seepage through or under the TMF embankment. Seepage flows are estimated to have
water temperatures at or nearing 0°C due to high underground retention times. In contrast, spillway flow
temperatures will be higher, particularly during summer months as the pond surface waters warm.
Further downstream, stream temperatures in Dip Creek may also demonstrate minimal increases, although the
small contribution of spillway flows relative to seepage flows will likely cancel out any potential stream
temperature increases, and the drainage distance along Casino Creek further regulating any artificial temperature
changes.
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Table 10.4-6

Watershed

Casino
Dip

Project Phase

Estimated contribution of flow from TMF seepage and closure spillway
Mean Peak flows
(May)

Mean Summer flows
(June - October)

Mean Winter flows
(November - April)

Seepage

Spillway

Total

Seepage

Spillway

Total

Seepage

Spillway

Total

Closure

13%

44%

57%

21%

33%

54%

7%

18%

25%

Post Closure

13%

44%

57%

17%

44%

62%

7%

18%

25%

Closure

0%

15%

15%

4%

7%

11%

1%

4%

5%

Post Closure

0%

15%

15%

4%

11%

16%

1%

4%

5%

Note:
Data from KPL 2013

10.4.1.2

Lethal Effects on Fish and Aquatic Organisms

Fish are protected under Section 32 of the Fisheries Act which prohibits the destruction of fish by any means
other than fishing except as authorized by DFO. Direct fish mortality may occur as a result of fishing, blasting, the
deposition of deleterious substances, or during water extraction where fish may be impinged onto pump intake
screens, or entrained into pumps. Other activities such as habitat loss or degradation have the potential to cause
indirect fish mortality by reducing fish health or habitat productive capacity over time. Other more sedentary
aquatic organisms including incubating fish eggs and benthic invertebrates may experience lethal effects due to
habitat loss or degradation. For example, erosion and sedimentation due to construction could increase the
amount of fine substrate and consequently smother organisms living within stream gravel substrate (Reiser 1998,
Suren and Jowett 2001).
1. Air Quality (Dust and emissions from blasting, ore transport and vehicle use)
The potential for acid and dust deposition and impacts on surface water quality are assessed in detail in 7.4.5.2.
Both dust and acid deposition can lead to reduced water quality and resultant impacts on aquatic biota survival.
Acid deposition forms when nitrogen oxides (NOx) and sulphur dioxides (SO2) are emitted from burning fossil
fuels equipment and vehicle use. Adverse effects from acid deposition are not anticipated as local watercourses
exhibit high alkalinities, and there are no lakes within the RSA which are more sensitive to acid deposition.
2. Airstrip and Airstrip Access Road
Construction:
Similar to construction for the Freegold Road, the Airstrip and Access Road will require the clearing and grubbing
of vegetation, the installation of culverts and bridges, and the construction of the Airstrip and associated facilities.
Potential effects from construction include increased erosion and sedimentation, metal leaching and acid rock
drainage (ML/ARD) from exposed cut rock or waste rock, fish stranding during de-watering, or fish impingement
or entrainment during water extraction. The use of any heavy machinery required for construction within the
stream channel can trample and destroy any fish and aquatic organisms present. Temporary de-watering, stream
infilling, increased erosion and sedimentation, and ML/ARD due to construction activities may be lethal to
incubating fish eggs or benthic invertebrates.
Operations/Closure:
During operations there is the potential for airstrip and road runoff (sedimentation, road salts) and airborne dust
and emissions from vehicle traffic to pollute nearby watercourses and have lethal impacts on local aquatic biota.
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Potential lethal impacts on aquatic biota following reduced air quality are described above under project
component 1, with further detail provided in 7.4.5.2.
Impacts during closure are anticipated to be similar to those in operations, but at a reduced scale as vehicular
activity declines. The Airstrip will not be decommissioned as it is replacing an existing smaller seasonal facility.
3. Canadian Creek Diversion
Construction – Operations (Year 10):
Lethal impacts on aquatic biota are not anticipated prior to the Canadian Creek diversion, as Project activities will
have no interaction with aquatic communities.
Operations (Years 10-22):
The open pit will intersect upper Canadian Creek in year 10 of operations, producing the diversion of upper
Canadian Creek around the pit. The upper section of Canadian Creek is non-fish bearing, with an identified high
gradient (>20%) cascade barrier located approximately 1 km downstream of the proposed diversion. Thus, no
lethal effects on fish are anticipated by the creek diversion. However, destruction of aquatic habitat will result in
mortality of periphyton and benthic invertebrate communities within the Project footprint. The use of any heavy
machinery required for construction within the stream channel can trample and destroy any aquatic organisms
present. Temporary de-watering, and increased erosion and sedimentation due to construction activities may be
lethal to periphyton and benthic invertebrate communities.
There is the potential for lethal impacts on aquatic biota in lower Canadian Creek due to the reduction of
headwater flows. Flow reductions will de-water edge habitat potentially supporting periphyton, benthic
invertebrates and incubating fish eggs, and may cause fish stranding, particularly if the drain down occurs during
summer base flows. However, as mean wetted habitat area will decrease by approximately 0.7% relative to
baseline conditions, lethal impacts on aquatic biota are predicted to be minimal. Further downstream in Britannia
Creek, reductions in mean wetted habitat area will be further buffered by stream flows in upper Britannia Creek,
and thus there are no anticipated lethal impacts on aquatic biota.
Closure, Decommissioning, and Post-Closure:
During closure, the Canadian Creek diversion will be decommissioned, allowing headwaters to drain directly into
the open pit. Thus, periphyton and benthic invertebrate communities which have established in the diversion
channel during operations will be lost.
There is the potential for lethal impacts on aquatic biota in lower Canadian Creek due to the loss of headwater
flows. Flow reductions will de-water edge habitat potentially supporting periphyton, benthic invertebrates and
incubating fish eggs, and may cause fish stranding, particularly if the drain down occurs during summer base
flows. However, as mean wetted habitat area will decrease by approximately 2% relative to baseline conditions,
lethal impacts on aquatic biota are predicted to be minimal. Further downstream in Britannia Creek, reductions in
mean wetted habitat area will be further buffered by stream flows in upper Britannia Creek, and thus there are no
anticipated lethal impacts on aquatic biota.
4. Drilling and Blasting
Shock waves from drilling and blasting activities greater than 100 kPa can rupture the internal organs of fish
including swim bladders, and kill fish eggs or larvae (Wright and Hopky 1998). The detonation of explosives can
also increase peak acoustic particle velocities, with velocities greater than 13 mm/s having the potential to destroy
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incubating fish eggs. Guidelines for the use of explosives in or near Canadian Fisheries Waters (Wright and
Hopky 1998) outline the required setback distance from the centre of detonation to fish-bearing waters which vary
depending on the explosive charge weight and the substrate type.
As the minimum distance between the Casino pit and fish-bearing waters in upper Canadian Creek is 1.2 km,
equations from Wright and Hopky (1998) were employed to determine the charge weight threshold for impacting
fish downstream. Results demonstrated that charge weights of 6,300kg and 57,000 kg would be required to yield
lethal impacts on incubating fish eggs and fish, respectively. As these weights far exceed anything that would be
used in the Casino pit, there are no anticipated impacts due to blasting activities on fish or incubating eggs in
Canadian Creek.
The use of explosives will also be required during construction of the infrastructure site pads and along access
roads. As many construction sites will be in or near fish-bearing watercourses, there is the potential for explosive
shockwaves to kill fish. Site-specific mitigation will be required to ensure that fish are removed the appropriate
setback distance from a blasting area. For example, the detonation setbacks for a 100 kg charge set in solid rock
are 50.3 m to prevent fish death from shock waves, and 150.9 m to prevent fish egg death from increased peak
particle velocities.
The potential for blasting residues to leach into nearby watersheds is discussed in detail in 7.4.5.1. Briefly, all
contact water from the open pit will be diverted to the TMF, whereas potential impacts from blasting residues
along access roads are predicted to be minimal.
5. Fish Habitat Compensation Construction
Potential mortality of fish during compensation construction may be in result of increased erosion and
sedimentation, fish stranding during de-watering, or fish impingement or entrainment during water extraction. The
use of any heavy machinery required for construction within the stream channel can trample and destroy any fish
and aquatic organisms present. Temporary de-watering, stream infilling, and increased erosion and sedimentation
due to construction activities may be lethal to incubating fish eggs or benthic invertebrates.
6. Freegold Road Extension
Construction:
Potential fish mortality during road construction may result from increased erosion and sedimentation, metal
leaching and acid rock drainage (ML/ARD) from exposed cut rock or waste rock, fish stranding during dewatering, or fish impingement or entrainment during water extraction. The use of any heavy machinery required
for construction within the stream channel can trample and destroy any fish and aquatic organisms present.
Temporary de-watering, stream infilling, increased erosion and sedimentation, and ML/ARD due to construction
activities may be lethal to incubating fish eggs or benthic invertebrates. The information presented in Appendix D
outlines a detailed risk assessment for erosion and sedimentation potential along the Freegold Road Extension
Operations:
The Freegold access road will be used to transport LNG fuel, concentrate, supplies, equipment, and for waste
removal, with projected traffic volumes of 56 inbound and 68 outbound vehicles per day. Thus, there is the
potential for road runoff (sedimentation, road salts) and airborne dust and emissions from vehicle traffic to pollute
nearby watercourses and yield lethal impacts on local aquatic biota. Potential lethal impacts on aquatic biota
following reduced air quality are described above under project component 1, with further detail provided in
7.4.5.2.
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Closure:
The Freegold Road will be decommissioned at closure unless otherwise specified by the Yukon Government.
Road crossing structures will be removed, stream beds will be re-established, and stream banks will be stabilized.
Potential effects due to in-stream workings will be similar to those identified during construction, such as erosion
and sedimentation, stranding, trampling, impingement and entrainment.
7. Freegold Road Upgrade
Construction:
Potential fish mortality during road construction may result from increased erosion and sedimentation, metal
leaching and acid rock drainage (ML/ARD) from exposed cut rock or waste rock, fish stranding during dewatering, or fish impingement or entrainment during water extraction. The use of any heavy machinery required
for construction within the stream channel can trample and destroy any fish and aquatic organisms present.
Temporary de-watering, stream infilling, increased erosion and sedimentation, and ML/ARD due to construction
activities may be lethal to incubating fish eggs or benthic invertebrates.
Operations:
The Freegold access road will be used to transport LNG fuel, concentrate, supplies, equipment, and for waste
removal, with projected traffic volumes of 56 inbound and 68 outbound vehicles per day. Thus, there is the
potential for road runoff (sedimentation, road salts) and airborne dust and emissions from vehicle traffic to pollute
nearby watercourses and yield lethal impacts on local aquatic biota. Potential lethal impacts on aquatic biota
following reduced air quality are described above under project component 1, with further detail provided in
7.4.5.2.
Closure:
The Freegold Road upgrade section is owned and operated by the Yukon Government and will not be
decommissioned at closure. Thus, potential impacts on aquatic biota will no longer be associated with the Casino
Project.
Mine Development (Fishing)
The large Casino Project workforce has the potential to increase fishing pressure within the mine area and along
access roads. Predicted workforces include approximately 1600 workers during construction and 600 during
operations. As CMC will enforce a no-fishing policy for workers during all project phases, impacts on local sport
fish populations are predicted to be negligible. Further, the Freegold extension will operate as a private resource
road with no public access.
8. Tailings Management Facility (TMF)
Construction:
Construction activities have the potential to temporarily elevate sediment loading in Casino Creek, which could
have lethal impacts on benthic invertebrate communities, fish eggs, or, in worst case scenarios, survival of fish
downstream. During construction of the Starter Embankment, the use of any heavy machinery within the stream
channel can potentially trample and destroy any fish and aquatic organisms present. De-watering construction
areas may result in fish stranding, mortality of benthic invertebrate and incubating eggs, or impingement and
entrainment of fish into water intake pipes. Finally, habitat loss within the upper Casino Creek watershed will
result in the direct mortality of any present periphyton, benthic invertebrates and incubating fish eggs.
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Notably, aquatic communities in Casino Creek experienced a naturally wide range of TSS, particularly during
peak flows (Table 10.4-7). Thus, the regulatory standard of 25 mg/L above baseline levels for TSS (CCME 1999)
is well within the natural range experienced by communities in Casino Creek. Furthermore, the baseline analysis
of fisheries in Casino Creek revealed little to no evidence for spawning activities, and thus the probability of
sedimentation impacting survival of incubating eggs is minimal.
Table 10.4-7

Total Suspended Solids (TSS) in the Casino LSA
Britannia Creek Watershed

Month

n

Min

Mean

Max

SD

May*

14

0.5

29.15

190

47.88

Jun

10

0.5

5.55

20

6.57

Jul

10

0.5

3.85

20

6.03

Aug*

15

0.5

6.43

34

9.30

Sep

13

0.5

1.88

4

1.14

Oct

17

0.5

0.59

1

0.20

Casino Creek Watershed
May*

19

1

25.51

106

31.90

Jun*

9

4

50.11

160

56.80

Jul

11

0.5

4.91

11

3.83

Aug*

19

0.5

12.34

54

14.79

Sep

14

0.5

6.04

22

6.41

Oct

15

0.5

2.50

11

2.71

Dip Creek Watershed
May*

14

0.5

43.89

123

36.19

Jun*

10

0.5

40.75

160

52.77

Jul

6

2

11.17

25

8.84

Aug

13

0.5

9.69

23

7.28

Sep

11

0.5

7.77

25

8.45

Oct

16

0.5

1.13

3

0.81

TSS is reported in mg/L
N=sample size, min=minimum value, max=maximum value, and SD=standard deviation
*Months which demonstrate a natural fluctuation in TSS exceeding 25 mg/L from mean values

There is the potential for lethal impacts on aquatic biota in lower Casino Creek due to the TMF installation. Flow
reductions will de-water edge habitat potentially supporting periphyton, benthic invertebrates and incubating fish
eggs, and may cause fish stranding, particularly if the dam is installed during summer base flows. However, as
mean wetted habitat area will decrease by approximately 5% relative to baseline conditions, lethal impacts on
aquatic biota are predicted to be minimal during the summer months (Table 10.4-5). During winter, anticipated
declines in flow (66-68%) and depth (18%) may greatly elevate the risk for winter kill, particularly for fish species
with limited ranges such as slimy sculpin. Further downstream in Dip Creek, there is no predicted reduction in
mean wetted habitat area and thus no anticipated lethal impacts on aquatic biota.
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Operations:
During operations, reduced flows may elevate the risk for winter kill and fish stranding during low-flow periods. It
is suggested that a physical fish barrier should be installed directly above the Casino-Brynelson confluence to
prevent any potential fish stranding downstream of the water management pond.
There are no anticipated lethal effects due to water quality during operations, as effluent seepage will be heavily
contained using the seepage collection system.
Closure, Decommissioning, and Post-Closure:
Potential lethal impacts on aquatic organisms in Casino Creek due to construction activities were discussed
above and are not repeated here.
Potential impacts due to effluent seepage from the TMF were assessed under the sub-lethal effects section
(10.4.1.3) and not repeated here. Lethal impacts due to a change in water quality are not likely as water quality
guidelines are generally developed to avoid sub-lethal effects.
10.4.1.3

Sub-lethal Effects on Fish and Aquatic Organisms

Sub-lethal effects have the potential to influence fish and aquatic organism growth, recruitment, and reproduction,
with implications for the overall productive capacity of an aquatic community. Mechanisms for sub-lethal effects
include changes in behavior such as habitat avoidance, and direct impacts on aquatic organism health.
1. Air Quality (Dust and emissions from blasting, ore transport and vehicle use)
The potential for acid and dust deposition and impacts on surface water quality are assessed in detail in 7.4.5.2.
Both dust and acid deposition can lead to temporary habitat avoidance, or have negative impacts on nearby fish
and aquatic organism health. For example, increases in TSS and turbidity may cause immune suppression,
reduced feeding, and lowered reproduction. Acid deposition forms when nitrogen oxides (NOx) and sulphur
dioxides (SO2) are emitted from burning fossil fuels equipment and vehicle use. Adverse effects from acid
deposition are not anticipated as local watercourses exhibit high alkalinities, and there are no lakes within the
RSA which are more sensitive to acid deposition.
2. Airstrip and Airstrip Access Road
Construction:
Construction activities producing excess noise, tremors, sedimentation, or ML/ARD may cause temporary habitat
avoidance or have negative impacts on nearby fish and aquatic organism health. For example, increases in TSS
and turbidity may cause immune suppression, reduced feeding, and lowered reproduction. The removal or
alteration of in-stream habitat features such as fish protective cover (e.g., undercut banks, boulders, large woody
debris), deep pools for rearing and overwintering, or spawning areas may further trigger habitat avoidance
behaviour.
The predicted habitat loss and alteration associated with the Airstrip and Airstrip Access Road is relatively minor
in comparison to the overall quantity of available habitat in the Dip and Casino Creek drainages. Furthermore,
fish-bearing habitat loss due to the airstrip diversion channel will be offset with new habitat upslope of the
receiving environment from the airstrip, and providing connectivity to Dip Creek. Thus, long-term effects on the
health of aquatic biota populations are anticipated to be negligible.
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Operations/Closure:
During operations there is the potential for airstrip and road runoff (sedimentation, road salts) and airborne dust
and emissions from vehicle traffic to pollute nearby watercourses and have sub-lethal effects (increased stress,
habitat avoidance, impaired health) on local aquatic biota. Potential sub-lethal impacts on aquatic biota following
reduced air quality are described above under project component 1, with further detail provided in 7.4.5.2.
Impacts during closure are anticipated to be similar to those in operations, but at a reduced scale as vehicular
activity declines. The Airstrip will not be decommissioned as it is replacing an existing smaller seasonal facility.
3. Canadian Creek Diversion
Construction – Operations (Year 10):
Sub-lethal impacts on aquatic biota are not anticipated prior to the Canadian Creek diversion, as Project activities
will have no interaction with aquatic communities.
Operations (Years 10-22):
As the closest fish-bearing section of Canadian Creek is approximately 1 km downstream of any construction
activities associated with the diversion, sub-lethal impacts on fish due to excess noise, tremors, and
sedimentation are predicted to be minimal. While increased sedimentation during construction may produce sublethal impacts on periphyton and benthic invertebrates upstream of the cascade fish barrier, it is anticipated that
these effects will be short-term, localized and low in magnitude.
During operations, pumping systems will be in place to manage pit de-watering. As water collected in the pit will
be used for processing, and ultimately be disposed of in the TMF, potential sub-lethal impacts on aquatic biota
due to changes in water quality are addressed within the TMF discussion.
Closure, Decommissioning, and Post-Closure:
During closure, the Canadian Creek diversion will be decommissioned, re-directing headwater flows into the pit
lake. Post-closure, the pit lake will be full and overflow will drain naturally through the TMF wetland area prior to
entering the TMF pond.
The loss of Canadian Creek headwaters and the subsequent habitat alteration downstream may impact the
overall fitness (i.e., growth, reproduction, recruitment) of local fish and aquatic organisms. For example, lowered
nutrient and food inputs may decrease growth, and less available protective cover may induce stress or cause
habitat avoidance. However, due to the low projected decreases in wetted habitat area (2-4%), and ‘usable’ fish
2
2
habitat for Arctic grayling (-240 m for spawning, -59 m for adult rearing), impacts on the health of local aquatic
biota are anticipated to be similarly minimal. Further, changes may also benefit overall species fitness if postconstruction conditions are predicted to move closer to species-specific environmental optima, as demonstrated
by the post-closure increases in ‘usable’ fry and juvenile rearing habitat.
4. Drilling and Blasting
The use of explosives will be required for open pit mining, and for the construction of infrastructure site pads and
access roads. As most blasting sites will be in or near fish-bearing watercourses, there is the potential for
explosive shockwaves or blast residues to increase fish stress or cause habitat avoidance. While detonation
setbacks are prescribed for avoiding fish and embryo death (Wright and Hopky 1998), similar guidelines for sublethal effects are not available.
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The potential for blasting residues to leach into nearby watersheds is discussed in detail in 7.4.5.1. Briefly, all
contact water from the open pit will be diverted to the TMF, whereas potential impacts from blasting residues
along access roads are predicted to be minimal.
5. Fish Habitat Compensation Construction
Construction activities producing excess noise, tremors, or sedimentation may cause temporary habitat avoidance
or have negative impacts on nearby fish and aquatic organism health. For example, increases in TSS and
turbidity may cause immune suppression, reduced feeding, and lowered reproduction. The removal or alteration
of in-stream habitat features such as fish protective cover (e.g., undercut banks, boulders, large woody debris),
deep pools for rearing and overwintering, or spawning areas may further trigger habitat avoidance behaviour.
The predicted habitat loss and alteration associated with the Fish Habitat Compensation Plan is extremely minor
in comparison to the overall quantity of available habitat in the Yukon River. Furthermore, new high quality habitat
will be constructed adjacent to the area of habitat loss, allowing populations to re-establish quickly to baseline or
above baseline conditions.
6. Freegold Road Extension
Construction:
Construction activities producing excess noise, tremors, sedimentation, or ML/ARD may cause temporary habitat
avoidance or have negative impacts on nearby fish and aquatic organism health. For example, increases in TSS
and turbidity may cause immune suppression, reduced feeding, and lowered reproduction. The removal or
alteration of in-stream habitat features such as fish protective cover (e.g., undercut banks, boulders, large woody
debris), deep pools for rearing and overwintering, or spawning areas may further trigger habitat avoidance
behaviour.
The predicted habitat loss and alteration associated with the Freegold Road extension is relatively minor in
comparison to the overall quantity of available habitat in the Big, Selwyn, and Sunshine Creek drainages. Thus,
long-term effects on the health of aquatic biota populations are anticipated to be negligible.
Operations:
The Freegold access road will be used to transport LNG fuel, concentrate, supplies, equipment, and for waste
removal, with projected traffic volumes of 56 inbound and 68 outbound vehicles per day. Thus, there is the
potential for road runoff (sedimentation, road salts) and airborne dust and emissions from vehicle traffic to pollute
nearby watercourses and yield sub-lethal impacts on local aquatic biota. Potential sub-lethal impacts on aquatic
biota following reduced air quality are described above under project component 1, with further detail provided in
7.4.5.2.
Closure:
The Freegold Road will be decommissioned at closure unless otherwise specified by the Yukon Government.
Road crossing structures will be removed, stream beds will be re-established, and stream banks will be stabilized.
Potential effects due to in-stream workings will be similar to those identified during construction, such as erosion
and sedimentation, stranding, trampling, impingement and entrainment.
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7. Freegold Road Upgrade
Construction:
Construction activities producing excess noise, tremors, sedimentation, or ML/ARD may cause temporary habitat
avoidance or have negative impacts on nearby fish and aquatic organism health. For example, increases in TSS
and turbidity may cause immune suppression, reduced feeding, and lowered reproduction. The removal or
alteration of in-stream habitat features such as fish protective cover (e.g., undercut banks, boulders, large woody
debris), deep pools for rearing and overwintering, or spawning areas may further trigger habitat avoidance
behaviour.
The predicted habitat loss and alteration associated with the Freegold Road upgrade is relatively minor in
comparison to the overall quantity of available habitat in the Nordenskiold, Crossing, Seymour, and Big Creek
drainages. Thus, long-term effects on the health of aquatic biota populations are anticipated to be negligible.
Operations:
The Freegold access road will be used to transport LNG fuel, concentrate, supplies, equipment, and for waste
removal, with projected traffic volumes of 56 inbound and 68 outbound vehicles per day. Thus, there is the
potential for road runoff (sedimentation, road salts) and airborne dust and emissions from vehicle traffic to pollute
nearby watercourses and yield sub-lethal impacts on local aquatic biota. Potential sub-lethal impacts on aquatic
biota following reduced air quality are described above under project component 1, with further detail provided in
7.4.5.2.
Closure:
The Freegold Road upgrade section is owned and operated by the Yukon Government and will not be
decommissioned at closure. Thus, potential impacts on aquatic biota will no longer be associated with the Casino
Project.
8. Tailings Management Facility (TMF)
Construction:
Construction activities producing noise, tremors, and elevated sediment loading have the potential to increase
stress levels of nearby fish and aquatic organisms, or cause habitat avoidance behaviour. For example, increases
in TSS and turbidity may cause immune suppression, reduced feeding, and lowered reproduction. Notably,
aquatic communities in Casino Creek experienced a naturally wide range of TSS, particularly during peak flows
(Table 10.4-7). Thus, the regulatory standard of 25 mg/L above baseline levels for TSS (CCME 1999) is well
within the natural range experienced by communities in Casino Creek.
Changes in habitat quality downstream of the TMF may hold varying consequences for the fitness (i.e., growth,
recruitment, reproduction) of local aquatic biota. Sub-lethal effects may arise from a myriad of potential
environmental changes, and their possible interactions, including changes in water quality, stream flow, water
temperature, fluvial morphology, and nutrient and food availability. However, changes may also benefit overall
species fitness if post-construction conditions are predicted to move closer to species-specific environmental
optima. For example, in-stream flow modeling results suggest that there will be an increase in usable rearing
habitat for Arctic grayling due to the increased availability of lower velocity habitat. Further, potential temperature
increases may positively influence species growth considering that baseline temperatures in Casino Creek rarely
exceeded 5°C, and that many local species have thermal preferences well above that threshold (e.g., Arctic
grayling: 10-12°C, slimy sculpin: 13°C, burbot: 15.6-18.3°C; Symons et al. 1976, BC MOE 2001a).
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Operations:
There are no anticipated sub-lethal effects from water quality during operations, due to the implementation of the
seepage collection system and the employment of alternative water quality guidelines (Section 7.4.7.2).
Closure, Decommissioning, and Post-Closure:
Potential sub-lethal impacts on aquatic organisms in Casino Creek due to closure-related construction activities
are described above and include noise, tremors, and increased sedimentation. However, the most likely sublethal impacts on local aquatic communities during closure/post-closure will be due to the release of TMF pond
flow following seepage collection de-commissioning, and the implementation of the closure spillway.
As described previously within the habitat loss and alteration assessment section, effects from increased
closure/post-closure flows will be concentrated in Casino Creek, with relatively minor changes in stream flow
predicted in Brynelson and Dip Creeks. Flow increases will be greatest during freshet, with potential
consequences for increased erosion, TSS, and flooding in Casino Creek. The increased contribution of TMF pond
water from the closure spillway may also warm Casino Creek during the summer months.
Changes in habitat quality downstream of the TMF may hold varying consequences for the fitness (i.e., growth,
recruitment, reproduction) of local aquatic biota. Predictions due to varying environmental changes are difficult to
make due to the complexity of natural systems, and the number of potential interactions between effects. As
previously noted, changes may benefit overall species fitness if post-closure conditions are predicted to move
closer to species-specific environmental optima. For example, potential stream temperature increases may
positively influence species growth considering that baseline temperatures in Casino Creek rarely exceeded 5°C,
and that many local species have thermal preferences well above that threshold (e.g., Arctic grayling: 10-12°C,
slimy sculpin: 13°C, burbot: 15.6-18.3°C; Symons et al. 1976, BC MOE 2001a).
While higher stream velocities may reduce the availability of preferred stream flows for Arctic grayling, the
majority of increases are during peak flows where velocity preferences for Arctic grayling are higher due to
spawning (Hubert et al. 1985, Stewart et al. 2007). In contrast, predicted velocity increases during summer
rearing months are within 11% of baseline flows and will likely yield a minimal impact on habitat usage, growth,
and health of fish of local aquatic biota.
Water Quality:
There are seven parameters that exceed CCME guidelines in Casino Creek: aluminum, cadmium, copper,
fluoride, molybdenum, selenium, sulphate and uranium. Of these parameters, only copper, cadmium, selenium
and fluoride continue to exceed guidelines in Dip Creek. These seven parameters are considered the
Contaminants of Concern (COC) and the potential effects to water quality in the Casino and Dip creek receiving
environment are addressed below. All predicted water quality values are based on the water quality modeling
results, which is detailed in Appendix 7F. Site W4 in Casino Creek and W5 in Dip Creek are baseline monitoring
sites, while M18 is a modeled site in Casino Creek. M18 represents the water quality in Casino Creek from the
point of discharge to the receiving environment to about halfway down Casino Creek. The remaining lower half of
the Creek and the water discharging to Dip Creek is represented by W4. Site W5 is on Dip Creek just downstream
of the confluence with Casino Creek. Predicted values in Table 10.4-8 are based on the Life-of Project median
and maximum values and the proposed water quality objectives are from the Water Quality effects assessment in
Section 7.
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Table 10.4-8

Proposed Alternative Water Quality Objectives and Predicted Parameter Concentrations
Predicted Values (mg/L)

Site

M18

Proposed
Water Quality
Objective
(mg/L)

Median

Maximum

CCME
Guideline
(mg/L)

Cadmium

0.00011

0.00050

0.000036

0.00027

Copper

0.0040

0.0174

0.0026

0.025

Fluoride

0.52

0.80

0.12

1.4

Approved BC MOE
maximum

Molybdenum

0.053

0.100

0.073

1.0

Approved BC MOE
30-day average

Selenium

0.0028

0.0040

0.001

0.002

Sulphate

211

441

None

309

Uranium

0.013

0.021

0.015

0.019

Cadmium

0.000087

0.00045

0.000036

0.00027

Copper

0.0034

0.0157

0.0026

0.025

Fluoride

0.40

0.72

0.12

1.4

Approved BC MOE
maximum

Molybdenum

0.039

0.091

0.073

1.0

Approved BC MOE
30-day average

Selenium

0.0024

0.0035

0.001

0.002

Sulphate

167

404

None

309

Uranium

0.012

0.019

0.0150

0.019

Cadmium

0.00004

0.00011

0.000030

0.00023

US EPA chronic
dissolved

Copper

0.0018

0.0043

0.0022

0.0065

SSWQO-BCP based
th
on 90 percentile

Selenium

0.0005

0.0013

0.001

0.002

Approved (Interim) BC
MOE 30-day average

Fluoride

0.15

0.26

0.12

1.3

Parameter

Creek

W4

Dip

W5
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Cadmium
Cadmium is an unessential element for aquatic life and is toxic at very low concentrations (US EPA 2001).
Salmonids are the most sensitive fish family to cadmium toxicity, and thus provide a conservative threshold for
developing cadmium guidelines (CCME 1999). Cadmium can disrupt the functioning of fish gills, kidneys and
intestines, with the effects manifested as reduced growth and reproduction rates (Eisler 1985, Besirovic et al.
2010). Cadmium has been shown to bioaccumulate, however evidence for cadmium biomagnification in aquatic
life is conflicting (CCME 1999). There are several potential cellular mechanisms for cadmium toxicity including
DNA and mitochondrial damage (Belyaeva et al. 2006, Bertin and Averbeck 2006, Viau et al. 2008), activation of
proteases (Lee et al. 2007, Hsu et al. 2009), the promotion of radicals (Pathak and Khandelwal 2006, Liu et al.
2009, Risso-de Faverney et al. 2001), and disruption of homeostasis (Yang et al. 2007). Cadmium toxicity is
complex, as the various chemical forms have differing toxicities and bioconcentration factors, and are dependent
on numerous other parameters including pH, hardness, redox potential, organic ligands, hydroxides, and anions
(CCME 1999; US EPA 2001).
In the case of cadmium, the US EPA chronic dissolved guideline was considered to be the most appropriate
guideline as it underwent a more recent and detailed development process relative to the interim CCME guideline
(see Section 7.4.7). The predicted maximum cadmium concentration at W5 in Dip Creek (0.00011 mg/L) does not
exceed the US EPA chronic dissolved guideline (0.00023 mg/L during any project phases); however, the
predicted maximum cadmium concentration in Casino Creek (0.0005 mg/L) does exceed the US EPA guideline
(0.00027 mg/L) during four to five months of the year (Table 10.4-8). Guidelines are based on baseline median
hardness values at the three respective sites, being 111 mg/L at W4 and M18 in Casino Creek, and 90 mg/L at
W5 in Dip Creek. As increasing water hardness has ameliorating effects on cadmium toxicity, using the median
predicted hardness value for Casino Creek (318 mg/L at W4 from Years 30+) produces a higher US EPA chronic
dissolved guideline of 0.00060 mg/L, which surpasses the predicted maximum annual cadmium value at M18 and
W4 during all post-closure phases.
Although predicted cadmium concentrations will exceed CCME guidelines at all sites (Table 10.4-8), exceeding
these guidelines is not considered indicative of a major adverse effect based on the following points:
•

The interim CCME guidance is older, published in 1999, than the US EPA guidance, published in 2001.
Furthermore, a key aspect of the CCME guidance is older still. The hardness adjustment equation used
by CCME to adjust its nominal chronic-toxicity-based guidance of 0.000017 mg/L cadmium at 48.5 mg/L
hardness as CaCO3 is based on an unpublished report by Lewis and Porter dated 1990.

•

The US EPA methodology is based on a much more thorough literature evaluation and analysis (268
pages) versus the CCME guidance (5 pages).

•

The US EPA guideline is derived using chronic data from 14 fish species and 7 invertebrates. In contrast,
the interim CCME guideline is based on a single lowest observed effect level (LOEL) value obtained from
Lewis and Porter (1990), where cadmium concentrations could not be verified during exposure. The
CCME hardness-based equation was developed using acute toxicities rather than chronic toxicities, and
then extrapolated based on LOEL values.

•

The CCME has recognized that their cadmium guidance is out-dated and does not reflect current
scientific understanding, as is noted on the CCME website, and a revised draft cadmium guidance
document was sent out for public review and comment in late 2012. However, no final updated CCME
guidance for cadmium water quality has been released to date.
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•

Baseline cadmium concentrations exceed CCME guidelines at the majority of sites in the local and
regional study area of the Casino Project, including lower Dip Creek, Britannia Creek, and the Yukon
River.

A review of relevant scientific literature also suggests that chronic cadmium toxicity will not be experienced by fish
in Casino or Dip Creeks. While there are no studies specifically evaluating chronic cadmium toxicity in Arctic
grayling or slimy sculpin, the predominant fish species in the study area, comparable species have demonstrated
hardness-standardized (50 mg/L) chronic values between 0.001308 mg/L for rainbow trout Onchorhynchus
mykiss and 0.004265 mg/L for coho salmon Oncorhynchus kisutch (US EPA 2001). The chronic cadmium value
for Arctic grayling is likely to fall within this range, which is well above (3-39 times greater) the maximum predicted
cadmium values in either creek. Further, as watercourses in the LSA generally demonstrate higher hardness
values than 50 mg/L, it is likely that the threshold for chronic effects will be even higher. The use of chronic
toxicity data available for rainbow trout and coho salmon are an appropriate proxy for Arctic grayling, as acute
toxicity studies have demonstrated that Arctic grayling have similar cadmium thresholds to both species (96-h
LC50s adjusted to 50 mg/L total hardness: rainbow trout: 0.002108 mg/L (species mean acute value), Arctic
grayling: 0.004894 mg/L (juvenile), coho salmon: 0.006221 mg/L (species mean acute value); Buhl and Hamilton
1991, US EPA 2001).
Invertebrate species generally demonstrate a higher sensitivity to cadmium toxicity than fish species (CCME
1999). The interim CCME cadmium guideline is based on the LOEL of 0.17 µg/L for Daphnia magna (CCME
1991), with other invertebrate species also demonstrating effects at similar cadmium concentrations (0.2 µg/L).
These values were used to develop the CCME guideline, although the guideline is an order of magnitude lower
based on the application of a safety factor of 0.1. While cadmium concentrations are predicted to exceed the
LOEL, adverse effects are not anticipated given that predicted hardness levels in Casino and Dip Creeks are
higher than the normalized hardness value of 50 mg/L. For example, using the median predicted hardness of 318
mg/L in lower Casino Creek for Years 30+, the CCME cadmium guideline would be 0.000090 mg/L. Once the
application of the safety factor has been removed, it is expected that the hardness-adjusted LOEL would be
approximately 0.00090 mg/L, which is approximately two times greater than maximum predicted values in Casino
Creek. Similarly, maximum cadmium concentrations derived using median predicted hardness in mid-Casino and
Dip Creeks (352 mg/L and 142 mg/L, respectively) will be approximately 2-4 times less than hardness-adjusted
LOELs of 0.00098 mg/L and 0.00045 mg/L, respectively.
Provided that predicted cadmium concentrations will not exceed the US EPA guidelines derived using predicted
hardness values, and that the lowest chronic effects guidelines for similar fish species are well above the
predicted ranges (Buhl and Hamilton 1991, US EPA 2001), and also above hardness-adjusted LOELs for
invertebrates (CCME 1991), it is anticipated that any adverse residual effects on aquatic biota due to cadmium
toxicity will be minor.
Copper
Copper is an essential micronutrient for plants and animals at low concentrations, but can be toxic at elevated
concentrations (US EPA 2007). Potential chronic effects from copper exposure include disruption of gill function,
osmoregulation, oxygen transport, and energy metabolism in fish (Reid and McDonald 1991, Eisler 1998); and
inhibited membrane permeability, cytoplasmic function, osmoregulation, ionic regulation and respiration in
invertebrates (Alberta Environmental Protection 1996). Copper speciation and resultant bioavailability is complex
as numerous physicochemical characteristics of the ambient water can produce markedly different toxicities,
including temperature, dissolved organic compounds, suspended particles, pH, various inorganic ions, and
alkalinity (US EPA 2007). Given the narrow biological tolerance range, and the noted complexity of estimating
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copper bioavailability, the US EPA has developed and implemented their Biotic Ligand Model (BLM) which
facilitates the calculation of a site-specific guideline by incorporating ten site-specific input parameters.
In the case of copper, a SSWQO based on background concentrations was considered to be the most
appropriate due to the naturally high copper concentrations in the baseline conditions (Section 7.4.7). In addition,
the US EPA BLM was incorporated as a secondary guideline. Predicted maximum copper concentrations do not
exceed SSWQOs or BLM guidelines during any project phase, with maximum values of 0.016 mg/L at W4 and
0.017 mg/L at M18 in Casino Creek, and 0.0043 mg/L at W5 in Dip Creek (Table 10.4-8). Although the 95th
percentile SSWQO (0.025 mg/L) is put forth as the proposed objective, it is important to note that at post-closure,
predicted copper concentrations will meet the 90th percentile SSWQO (0.015 mg/L) for all months except for
November.
While predicted maximum copper concentrations will exceed the CCME copper guidelines of 0.0022-0.0026 mg/L
based on baseline hardness values, the usage of the USA EPA BLM is considered a more appropriate guide for
assessing potential effects on aquatic biota due to the following points:
•

The CCME value is derived from an outdated US EPA chronic Ambient Water Quality Criteria (1984),
which is no longer based on current scientific understanding, and was subsequently refined (2007) by the
US EPA as the BLM.

•

The CCME guideline has an arbitrary value of 0.2 applied to the US EPA equation, which is not founded
on scientific information and reduces the guideline by an order of magnitude.

•

The BLM is currently the most rigorous and thorough method of determining Copper criterion, as it
incorporates an up-to-date analysis of scientific literature.

•

The CCME guideline is water hardness based, whereas the updated US EPA BLM requires ten input
parameters (e.g., temperature, pH, dissolved organic carbon (DOC), calcium, magnesium, sodium,
potassium, sulfate, chloride, and alkalinity), and is specifically designed to allow criteria to be customized
to the particular water under consideration.

•

Copper toxicity varies depending on other water quality parameters, and thus the use of only hardness is
simplistic and may yield under or over estimates.

Thus, the US EPA BLM model was employed here to determine acute and chronic thresholds based on the
predicted water chemistry of Casino and Dip Creeks (Table 10.4-9). The BLM derived guidelines are higher than
site-specific water quality objectives as a result of the high predicted ionic concentrations (e.g., calcium,
magnesium, chloride, sulphate) which will alleviate the effects of increased copper by reducing the bioavailable
fraction.
Table 10.4-9

Acute and chronic water quality guidelines for copper derived using the US EPA Biotic
Ligand Model (US EPA 2007)
Creek

Chronic

Acute

Casino (W4)

0.030

0.047

Dip

0.021

0.033

Note:
All units are mg/L
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Considering that maximum predicted copper will not exceed SSWQOs, or the water quality objectives derived
from the BLM model, no significant adverse impacts are anticipated on local fish and aquatic biota.
While there are a substantial number of studies that have investigated and confirmed sub-lethal impacts on fish
from low-level copper exposure (e.g., Hansen et al. 1999a, b; Baldwin et al. 2003, McIntyre et al. 2008, Meyer
and Adams 2010, Baldwin et al. 2011, Kennedy et al. 2012), these findings are not currently reflected in the
derivation of regulatory guidelines (Meyer and Adams 2010). Furthermore, it is uncertain whether noted impacts
on fish olfactory systems yield population-level impacts (McIntyre et al. 2008). Fish and aquatic biota in Casino
and Dip Creeks will experience minor increases of copper within their environments as a result of project
activities, which may increase habitat avoidance behaviour, or in worst case scenarios impact aquatic biota
health. However, given that current guidelines do not account for these impacts, and the uncertainty of a
population-level impact, the potential for a far-reaching regional effect is considered unlikely.
Fluoride
The accumulation of toxic fluoride ions in bone, teeth, scales and exoskeletons is cumulative and permanent (BC
MOE 2011). On a cellular level, fluoride inhibits enzyme activity, disrupting metabolic processes such as
glycolysis and protein synthesis (Camargo 2003). Salmonid species have demonstrated disruptions in their
migration patterns when exposed to low levels of fluoride (0.5 mg/L) before or during upstream spawning
migrations, and thus should be considered when developing site-specific guidelines (CCME 2002).
Fluoride toxicity is dependent on water hardness and temperature, with higher temperatures increasing toxicity
and higher water hardness reducing it. However, experiments demonstrating fluoride toxicity at higher water
hardness levels should be considered with caution as the two are highly reactive and will quickly precipitate as
long as free calcium is available. Thus, current guidelines incorporating water hardness are tentative and require
further study (BC MOE 2011). In addition to water hardness and temperature, certain metals may influence the
bioavailability of fluoride. Aluminum in particular is noted to have an adverse effect on fluoride toxicity in aquatic
plants, and potentially also in aquatic animals (CCME 2002).
For fluoride, the maximum BC MOE guideline was used as an alternative
CCME as it incorporates water hardness, which has a proven influence on
MOE guideline for fluoride produces guidelines of either 1.4 mg/L or 1.3
respectively. Maximum predicted fluoride concentrations are below BC MOE
10.4-8).

water quality guideline in place of
fluoride toxicity. The maximum BC
mg/L for Casino and Dip Creeks,
guidelines for all three sites (Table

An exceedance of the interim CCME guideline (0.12 mg/L) is not considered indicative of a major adverse effect
based on the following points:
•

The CCME guideline is based on acute toxicity data, rather than more applicable chronic toxicity data,
with an arbitrary safety factor of 0.01 applied to the LOEL for uncertainty.

•

The CCME guideline is based on a 144-h LC50 for the caddisfly Hydropsyche bronta based on a water
hardness of 40.2 mg/L and a temperature of 18°C (CCME 2002).

•

As fluoride toxicity is positively related to temperature and inversely related to water hardness, the CCME
guideline is overly conservative for watercourses like Dip and Casino Creeks which experience both
higher water hardness and lower temperatures.

•

The BC MOE guideline equation obtained from Pimental and Bulkley (1983) is meant to better
approximate fluoride toxicity in cooler water temperatures around 12°C, which are still higher than stream
temperatures in Casino and Dip Creeks, but provide a more reasonable estimate.
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It should be noted that the technical documents for both guidelines recommend further research to better
understand the interactions between water hardness and temperature with fluoride toxicity. Currently, there are
limited data available from multifunctional experiments which strategically vary water hardness, temperature and
fluoride concentrations. As such, guidelines tend to be overly conservative because (1) impacts of fluoride are
better understood for low water hardness concentrations, and (2) guidelines have been developed with the aim of
protecting anadromous adult fish which experience increased sensitivity to fluoride toxicity, and often migrate
through soft coastal waters. However, as predicted maximum fluoride will not exceed the hardness-based BC
MOE guidelines, and there is no evidence for salmon spawning in Casino and Dip Creeks, a major adverse effect
on aquatic biota in either watershed is decidedly unlikely despite the uncertainty surrounding guideline
development.
Molybdenum
Molybdenum is an essential trace metal which promotes growth in periphyton, phytoplankton and macrophytes
(CCME 2001). The mechanism of molybdenum toxicity is not well understood (Ricketts 2009), although chronic
effects include reduced reproduction and mortality over long periods of exposure (CCME 2001). Molybdenum is
relatively non-toxic to fish (Davies et al. 2005), and bioconcentration and biomagnification through the food chain
is negligible (Regoli 2012).
Currently, British Columbia is the only province where molybdenum is mined and also has approved guidelines to
reflect this. The 30-day average total molybdenum BC MOE guideline is 1 mg/L, which is almost 14 times higher
than the interim CCME guideline of 0.073 mg/L (Fletcher et al. 1997). Considering the Casino mine will be
producing copper, gold and molybdenum concentrate, it is proposed that the BC MOE guideline of 1 mg/L is used
as the alternative guideline. Median monthly molybdenum concentrations will peak at 0.100 mg/L at M18 and
0.091 mg/L at W4, remaining well below the BC MOE 30-day guideline during all project phases (Table 10.4-8).
Notably, the predicted median molybdenum concentrations of 0.053 mg/L for M18 and 0.039 mg/L for W4 will also
remain below the more conservative CCME guideline.
While the interim CCME molybdenum guideline will be exceeded throughout the ice-free season, major adverse
effects on fish and aquatic biota are not anticipated due to the following points:
•

The CCME guideline was developed using older literature (Birge 1978), and although there is a limited
amount of environmental effects testing literature to-date, subsequent studies were not able to
corroborate the results on which the water quality guideline was based (Davies et al. 2005).

•

The guideline was derived by multiplying the lowest chronic toxicity value, the 28-d LC50 of 0.73 mg/L for
rainbow trout (Birge 1978), by a safety factor of 0.1 (CCME 1991). However, the higher toxicity range
reported in subsequent comparable studies (15 to >90 mg/L), and the inability to reproduce the
experimental results of Birge (1978), suggests that the guideline is based on an overly conservative and
potentially unrepresentative experimental artifact (Davies et al. 2005).

•

Results from a newer study replicating methods in Birge (1978) were significantly higher, where
molybdenum was not acutely toxic to developmental stages of rainbow trout over 32 days up to a
maximum concentration of 400 mg/L, and a further 32-day experiment with a maximum molybdenum
concentration of 1500 mg/L similarly did not cause sufficient mortality to allow an LC50 to be calculated
(Davies et al. 2005). These molybdenum concentration experiments yielded an acute response over three
orders of magnitude higher than predicted molybdenum concentrations in Casino Creek.

•

Molybdenum is relatively non-toxic to fish, with acute LC50s being fairly high (70 to >2000 mg/L; Davies
et al. 2005).
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•

Consistent with the review and experimental replication in Davies et al. (2005), there was no evidence of
a cellular or physiological stress response at high concentrations (1000 mg/L) of molybdenum (Rickets
2006).

•

Molybdenum bioconcentration and biomagnification through the food chain is negligible (Regoli 2012).

Selenium
Selenium has the narrowest biological tolerance range (3-5 times difference) of all essential trace elements
(Wake et al. 2004), and bioaccumulates in aquatic organisms at rates of 100-30,000 above ambient conditions
(Lemly 2004). Selenium is principally transferred to aquatic biota through diet, with the initial source derived from
organic-rich selenium present in stream sediments (BC MOE 2001b). Selenium toxicity can produce varying
effects on fish and aquatic organisms including liver and ovary abnormalities (Sorensen 1998), impaired growth
(Dobbs et al. 1996), reduced reproduction (Lemly 2004), and teratogenesis during early development (Lemly and
Smith 1987). In aquatic environments, the most sensitive group to selenium exposure are egg-laying vertebrates
such as fish, with toxic effects typically manifested as reproductive failures and abnormalities during early
development (Coyle et al. 1993, Hamilton et al. 1990, Hermanutz et al. 1996).
Selenium toxicity is arguably one of the most complex contaminants of concern due to the numerous physical and
ecological properties which govern selenium bioavailability and toxicity in a given environment, and the potential
for distinctly different outcomes for aquatic biota in similar waterborne selenium concentrations. Accordingly, there
is ample scientific evidence indicating that traditional water-based guidelines with widespread geographical
application are not appropriate for selenium, and that site-specific risk assessments incorporating critical media
(e.g., fish embryonic tissues) are the most conservative means for the protection of aquatic life (Chapman et al.
2010).
Both the CCME and BC MOE water quality guidelines are based on a lowest observed effect level (LOEL) of 0.01
mg/L of Se introduced by the International Joint Commission (IJC) to protect species in the Great Lakes (IJC
1981). For the CCME guideline, a safety factor of 10 was applied to the LOEL to end up with the guidance of
0.001 mg/L Se. The BC MOE guideline of 0.002 mg/L incorporates a safety factor of 5 to recognize that Se is an
essential trace element for animal nutrition and that it is bioaccumulation (chronic effects) of Se through the food
chain that is the major source of risk. The US EPA guideline of 0.005 mg/L is based on the same field studies
cited in IJC (1981), but differs from the CCME and BC MOE guidelines in that it employs the selenium
concentration at which no effects were observed as the guideline, rather than using the LOEL multiplied by a
safety factor.
The maximum predicted selenium concentrations at M18 and W4 are 0.0040 mg/L and 0.0035 mg/L, respectively,
exceeding the CCME and BC MOE guidelines but remaining below the US EPA guideline (Table 10.4-8). In Dip
Creek, the maximum predicted concentration is 0.0013 mg/L, exceeding the CCME guideline but remaining below
the BC MOE and US EPA guidelines.
Water-based guidelines for selenium have become increasingly controversial due to the growing body of literature
investigating the complex mechanism of selenium transfer into aquatic food webs (Chapman et al. 2009).
Foremost among literature findings is that the main source of selenium uptake into aquatic organisms is through
diet, and that toxicity is further influenced by species physiology, and local hydrological and geochemical
processes which ultimately regulate the bioavailability of selenium, the probability of uptake by organisms, and the
potential for toxicity. Thus, the use of a water-based criterion has been increasingly criticized as an ineffective and
unscientific means for ensuring that selenium concentrations remain within narrow biological tolerance ranges.
Furthermore, there is ample evidence to suggest that the water-based LOEL determined by field studies in IJC
(1981) is not transferrable to other systems (US EPA 1987, 2004; Chapman et al. 2009), with results from several
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laboratory studies indicating that similar or higher selenium concentrations did not produce any chronic effects on
aquatic biota (e.g., Lemly 1982, Hamilton and Wiedmeyer 1990, Cleveland et al. 1993; Gissel-Nielsen and GisselNielsen 1978). However, variable results over a range of selenium concentrations in both laboratory and field
studies further underline the complexity of predicting adverse levels of selenium based on water concentrations in
natural settings (US EPA 1987, 2004; Chapman et al. 2009). In contrast, there is mounting evidence to suggest
that an alternative tissue-based criterion using the most sensitive organism and life stage in a given ecosystem is
the most conservative and scientifically defensible route for ensuring protection of aquatic life from selenium
exposure (Chapman et al. 2009). Both British Columbia and the US EPA have recommended that measuring the
level of selenium in whole body tissue of fish is a more appropriate way to assess selenium effects, and have
provided tissue-based criteria accordingly.
It is important to note that the scientific studies used to develop selenium water quality guidelines were largely in
standing or slow-moving waters which demonstrate an increased risk of selenium toxicity (BC MOE 2001b). In
slower moving waters (e.g., lentic environments), higher organic-rich selenium concentrations accumulate in
sediments and cause increased bioaccumulation in the food chain. In fast-flowing waters (e.g., lotic
environments), selenium is less likely to bioaccumulate due to the lack of organic-rich sediment and rooted plants
(BC MOE 2001b). Various studies investigating selenium toxicity were compiled in a review by Adams et al.
(2010) to demonstrate the clear distinction between lentic and lotic systems. Selenium bioaccumulation was
generally ten times greater in lentic environments in comparison to lotic environments, with bioaccumulation
occurring above 0.001 mg/L and 0.013 mg/L in lentic and lotic environments, respectively (Adams et al. 2010).
Thus, in the cobble-dominant fast-flowing waters of Casino Creek, the risk of selenium bioaccumulation into the
aquatic food chain is likely low. Furthermore, the LOEL reported by other studies is likely an overly conservative
estimate for selenium impacts in lotic systems such as Casino Creek. Several field studies have demonstrated no
discernible effects on aquatic biota residing in fast-flowing waters within the receiving environment from coal
mining effluent containing high (0.0133-0.0145 mg/L) waterborne selenium concentrations (e.g., McDonald and
Strosher 1998, Kennedy et al. 2000).
Due to the lack of scientific support for applying a water-based criterion to Casino and Dip Creeks, a site-specific
risk assessment is proposed to determine local toxicity thresholds for selenium. The assessment will facilitate the
development of site-specific guidelines based on the various moderating factors including selenium speciation,
hydrology, food web structure, physiology, water temperature and chemistry. As the reproductive tissues of egglaying vertebrates have been identified as the most sensitive endpoint for determining selenium toxicity, fish eggs
will be collected and analyzed where possible to develop local guidelines. Notably, previous environmental
assessments have also proposed site-specific tissue-based guidelines (e.g., High Lake Project in Nunavut), which
included an adaptive management approach to ensure no adverse effects.
In summary, it is unlikely that any significant adverse effects will occur as a result of selenium toxicity due to the
following points:
•

A site-specific tissue-based assessment will be undertaken to provide the most conservative and
scientifically defensible protection for local aquatic life.

•

Predicted selenium concentrations will remain below the established US EPA guideline (0.005 mg/L) at all
sites and under all project phases, and additionally below the BC MOE guideline (0.002 mg/L) in Dip
Creek year-round and under all project phases.

•

Casino and Dip Creeks are fast-flowing streams and the developed guidelines are likely overly
conservative for these lotic (fast-flowing) systems as they are based on lentic (still water) systems which
experience enhanced selenium bioaccumulation.
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Sulphate
Sulphur is an essential element used in amino acid synthesis (Meays and Nordin 2013). Numerous research has
demonstrated that sulphate toxicity is ameliorated with increasing water hardness, however, there is limited data
demonstrating this continuing trend in very hard waters (Meays and Nordin 2013). Invertebrate species are
generally more sensitive to sulphate than fish (Davies et al. 2003). Chronic sulphate toxicity effects on aquatic
biota include reduced reproduction, feeding, metabolism, and growth (Soucek 2007a, b; Elphick et al. 2011).
The only available sulphate guideline is provided by the BC MOE (Meays and Nordin 2013), which is a 30-day
chronic guideline that varies with water hardness up to 250 mg/L. There are no approved federal water quality
guidelines for the protection of freshwater aquatic life from sulphate in Canada, the USA or elsewhere. Application
of the approved 30-day average water quality guidelines using baseline median hardness of 111 mg/L for Casino
Creek results in a sulphate guideline of 309 mg/L, which is lower than the predicted maximum sulphate
concentrations of 441 mg/L at M18 and 404 mg/L at W4. However, as median water hardness is predicted to
increase to 334 mg/L for M18 and 278 mg/L for W4, the potential for sulphate toxicity will concurrently decrease
due to the ameliorating effects of water hardness. The maximum BC MOE sulphate guideline is 429 mg/L, based
on water hardness levels between 181-250 mg/L, which surpasses the predicted maximum annual sulphate value
at W4 during all project phases. However, predicted maximum sulphate at M18 will exceed the maximum BC
MOE sulphate guideline from Years 31-52 during the month of November only.
There is currently no sulphate guideline available for water hardness concentrations greater than 250 mg/L, and
the BC MOE sulphate technical appendix recommends that site-specific toxicity testing is done for hardness >250
mg/L due to the paucity of experimental studies conducted using higher water hardness concentrations. However,
the majority of this limited research has demonstrated the ameliorating influence of increased water hardness on
sulphate toxicity (Meays and Nordin 2013), indicating that future research will likely provide the data to develop a
higher sulphate guideline for water hardness levels >250 mg/L. Based on this anticipated interaction, it is unlikely
that sulphate will cause major adverse effects on aquatic biota in Casino Creek, despite periodic exceedances of
the current maximum guideline at M18.
While the BC MOE technical appendix cites one study in which increasing water hardness did not reduce
sulphate toxicity, the study is unclear on the mechanism which resulted in reduced reproduction rates for C. dubia
at lower sulphate concentrations following an increase in water hardness from 160 mg/L to 320 mg/L (Elphick et
al. 2011). Further, the study authors indicated that the increased sensitivity was thought to derive from osmotic
stress caused by the increasing ionic strength of the total dissolved solids, and not from sulphate (BC MOE 2011).
Notably, the LOEL for mortality continued to increase with water hardness up to 320 mg/L. Thus, potential effects
from high water hardness appear to be more subtle than direct impacts on individual survival. There are currently
no guidelines for water hardness, however unpublished research has demonstrated that lethal effects are not
experienced by either rainbow trout or C. dubia up to concentrations of 1000 mg/L (Kennedy, In prep). However,
more research is required in order to isolate the non-lethal thresholds of water hardness and sulphate, and to
ultimately develop defensible sulphate guidelines for harder waters.
In summary, no significant adverse effects are anticipated due to sulphate toxicity due to the following points:
•

Incorporating predicted water hardness, sulphate concentrations in Casino Creek remain below the BC
MOE chronic 30-day guideline for water hardness of 250 mg/L for the majority of months and project
phases, with the only exception being small exceedances at M18 during the month of November between
Years 31 and 52. Further downstream, W4 demonstrates no exceedances during all project phases.

•

No guideline currently exists for water hardness above 250 mg/L, however it is likely that it will be higher
based on the ameliorating effects of water hardness (BC MOE 2011).
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•

Although there was evidence for a lower sulphate LOEL in C. dubia following increased water hardness,
the authors attributed the result to water hardness effects, rather than sulphate (Elphick et al. 2011).

•

Any minor residual impacts will be localized to Casino Creek, with no BC MOE exceedances predicted for
W5 in Dip Creek.

Uranium
Uranium accumulation is greatest in the mineralized tissues of fish (Waite et al. 1990, Cooley and Klaverkamp
2000), although it can also build up in other organs such as the kidneys and gonads (Waite et al. 1990, Cooley
and Klaverkamp 2000). In invertebrates, uranium has been shown to collect in the gills, visceral mass, stomach
and digestive glands (Labrot et al. 1999, Simon and Garnier-Laplace 2004, Simon and Garnier-Laplace 2005).
There is evidence for uranium bioaccumulation in aquatic ecosystems, but not for biomagnification (Swanson
1985, Environment Canada and Health Canada 2003, Simon and Garnier-Laplace 2005). In addition, trophic
transfer rates of uranium are low (Simon and Garnier-Laplace 2005), with higher concentrations generally found
in lower trophic organisms (Environment Canada and Health Canada 2003). Uranium toxicity may cause a range
of potential chronic effects, including reduced reproduction, growth, and survival.
Natural uranium concentrations demonstrate wide variability, and may promote ecological adaptations in local
aquatic life. Uranium toxicity and bioavailability varies with pH, hardness, and temperature, however the CCME
guideline does not incorporate the influence of other parameters due to limited current understanding of potential
interactions (CCME 2011). As there is evidence for organismal adaptation to higher natural uranium
concentrations, the increase of anthropogenic uranium into an environment may be less detrimental to organisms
with pre-existing high uranium tolerances (CCME 2011).
Although not at the same intensity as copper, baseline levels of uranium are also elevated in the Casino Creek
watershed. Thus, a SSWQO was considered to be the most appropriate as two out of six winter samples from the
2008-2012 water quality baseline study (Appendix 7A) exceeded the CCME long term guideline of 0.015 mg/L.
Predicted maximum uranium concentrations equal the SSWQO at W4 (0.019 mg/L) and exceed it at M18 (0.02
mg/L), although the noted exceedances are minor and restricted to the month of October, with all remaining
months below the guideline. For both sites in Casino Creek, predicted maximum uranium will remain below the
short term CCME guideline of 0.033 mg/L, and the maximum British Columbia Working Water Quality Guideline
(BCWWQG) of 0.3 mg/L during all project phases.
Despite the noted exceedances, uranium is not anticipated to yield significant adverse effects due to the following
main points:
•

Aquatic life experiencing higher natural uranium concentrations such as in Casino Creek may have
adapted higher tolerances for uranium; the CCME states that in these cases, a site-specific guideline may
be necessary or advantageous (CCME 2011).

•

Maximum predicted uranium concentrations will not exceed short-term CCME or maximum BCWWQ
guidelines at either site.

•

Maximum predicted uranium concentrations at W4 will not exceed SSWQOs at any time, and will only
exceed long-term CCME guidelines during the late summer months, and by a small margin. Specifically,
uranium will exceed the long-term CCME guideline during September, October and November by a
maximum of 0.004 mg/L.

•

While more exceedances of the long-term CCME guideline will occur further upstream at M18, the
median value of 0.013 mg/L remains below the guideline. Furthermore, at Post-Closure, uranium at M18
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will only exceed the site-specific water quality objective during the month of October, and by a small
margin of 0.002 mg/L.
•

A small exceedance in the CCME guideline is considered acceptable given that: (1) uranium
concentrations appear to be naturally elevated at several sites in the LSA and RSA, including upper Dip
Creek and all sites on Britannia Creek, (2) British Columbian and Yukon stream levels of uranium are
highest amongst all streams in Canada (Garrett, 2007), and (3) elevated U concentrations at the Casino
mine site appear to be ubiquitous and unrelated to the ore body.

•

The CCME guideline is derived using the statistical (Type A) approach which sets the guideline at the 5th
percentile, below which 95% of all taxa will not experience chronic uranium effects (CCME 2011).
However, according to Figure 2 in the uranium CCME factsheet, an increase to 0.02 mg/L is still at least 2
times below the LOEL for 12 of 13 aquatic species used to derive the guideline. Furthermore, it is not
significantly different from the guideline, falling below the upper 95% confidence interval of 0.025 mg/L
(CCME 2011). Only one sensitive species, the amphipod Hyalella azteca is within the potential range of
chronic effects with a LOEL of 0.012 mg/L, although notably it is also not protected by the CCME
guideline of 0.015 mg/L. Finally, the lowest chronic threshold experienced by fish species used to derive
the guideline is much higher, with a 30-day EC10 (non-viable embryos) of 0.350 mg/L for rainbow trout
(Vizon 2004).

•

Any minor residual impacts will be localized to Casino Creek, with no CCME exceedances predicted for
W5 in Dip Creek.

10.4.2 Identification of Mitigation Measures and Potential Residual Effects
Mitigation measures were identified and compiled for each potential effect on fish and aquatic resources (Table
10.4-10 to Table 10.4-12). For the purposes of this assessment, mitigation measures included any action, project
design feature, or proposed habitat compensation that will reduce or eliminate impacts on fish habitat and aquatic
organism health in the LSA. A detailed Fish Habitat Compensation Plan is included as an appendix to this
assessment, outlining the proposed habitat compensation plan to offset unavoidable habitat losses (Appendix
10C). Each mitigation measure was evaluated for its predicted effectiveness on reducing or eliminating impacts.
Following the application of all potential mitigation measures, residual effects were identified and carried forward
in the assessment to determine significance (Section 10.4.3).
General Mitigation Measures:
All construction activities will adhere to CMC’s Erosion and Sediment Control Plan, Environmental Management
Plan and Water Management Plan, which aim to reduce or eliminate impacts on fish and aquatic resources by
incorporating best management practices (BMPs), such as:
•

Minimizing disturbances in and near watercourses (e.g., clearing, grubbing, grading)

•

The use of cofferdams or stream diversions to de-water construction areas

•

Diverting clean water around crossings to maintain sufficient flows downstream

•

Monitoring of TSS and turbidity during construction to ensure compliance with regulatory guidelines (<25
mg/L increase if background levels are less than 250 mg/L, <10% increase if background levels are
greater than 250 mg/L; CCME 1999)

•

Stabilizing and re-vegetating disturbed areas following construction
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•

Dust suppressants and enforced traffic speed limits along all access roads to reduce any potential
contamination of nearby watercourses

•

Best Management Practices for dust and other air contaminants as outlined in the Air Quality
Management Plan

•

Completing fish salvages prior to any in-stream activities in fish-bearing watercourses

•

DFO guidelines for:
o Timing windows for the protection of fish and fish habitat during critical life history stages
o Freshwater Intake End-of-Pipe Fish Screen (DFO 1995), to avoid fish impingement and entrainment
while pumping water during construction
o The Use of Explosives In or Near Canadian Fisheries Waters (Wright and Hopky 1998)

In addition to mitigation and compensation measures, an environmental monitoring plan will be designed and
implemented to monitor water quality, fish habitat, and biological communities in the LSA. Additional mitigation or
compensation measures will be incorporated on an as-needed basis.
Bridges and Culverts:
To minimize impacts, bridges will be installed on all fish-bearing creeks where reasonably possible. Single-lane
clear-span bridges designed for a minimal footprint within the stream channel will be used at all crossings with the
exception of the Nordenskiold River Bridge, which will be two-span with a pier located in the river channel. Clearspan bridge installation on fish-bearing watercourses will avoid any stream bed alteration, and rip rap will be
installed below bridges in order to minimize the risk of slope failure where vegetation is unable to grow due to
insufficient light. Further, rip rap will be placed flush with the stream bank to avoid changes in channel volume or
flows.
When possible, permanent bridges and culverts will be installed during the initial construction stages to minimize
the duration of in-stream activities. However, any required temporary crossing structures will comply with
measures outlined in DFO operational statements. Where technically and economically feasible and reasonably
practical, bridge construction will occur in the winter, whereas all major culvert construction will be completed
during the summer months. Where required, temporary ice bridges will be used to provide far shore access to
construction equipment. Ice bridges will be removed prior to spring break-up to prevent unnatural ice jamming and
flooding.
Several assessments were completed along the access road corridors with the aim of identifying any areas which
may be sensitive to disturbances and requiring either project re-design or mitigation. A fluvial geomorphological
assessment was carried out along the Freegold road extension and airstrip access road to assess the sensitivity
of aquatic habitat to disturbance, and thus the potential risk for unnatural erosion, sedimentation, permafrost
destabilization or potential crossing structure blow-outs (Appendix D). Final crossing structure sites, orientations
and spans will be modified for sensitive sites to mitigate any potential impacts on aquatic habitat.
An Erosion and Sedimentation Risk Assessment (Appendix D) was carried out along the Freegold road extension
to identify areas that may require additional mitigation strategies during construction. Crossings were classified as
either low, moderate or high, based on the “Erosion Potential” and the “Potential Ecological Consequences of
Erosion”. Erosion Potential is a physical measure of an area’s susceptibility to erosion and considers factors such
as surficial materials, slope gradients, and presence of permafrost. Potential Ecological Consequences of off-site
sediment mobilization considers the potential for sediment to actually reach a watercourse and the sensitivity of
the watercourse.
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The majority of crossings were low (68%) or moderate (23%) risk, as a direct result of project planning to avoid,
where practical, steep north-facing slopes and maintain the road alignment within low gradient valley bottoms and
exposed bedrock soils. Based on the erosion and sedimentation control practices described in “Best Management
Practices for Works Affecting Water in Yukon” (Environment Yukon 2011), the following risk-commensurate
erosion and sedimentation control measures are suggested for construction of the Freegold Road Extension:
•

Low Risk: General preventative best management practices (BMPs); minimal monitoring;

•

Moderate Risk: Active sediment controls and BMPs; periodic monitoring; and

•

High Risk: Active sediment controls and, where applicable, active erosion controls; priority for monitoring.

Insufficient data was available at the time of analysis to conduct an erosion and sedimentation risk assessment on
the Freegold Road Upgrade Section, Airstrip Road or the Casino Mine site. If the appropriate data becomes
available at later projects stages, a similar risk assessment can be conducted for the remaining project elements.
Water Quality:
A water quality monitoring plan will be designed and implemented to ensure that water quality threshold
objectives are met downstream of the TMF. Other mitigation to improve water quality downstream of the TMF is
built into design of the TMF, including the construction of wetlands both upstream and downstream of the TMF
pond, a winter seepage mitigation pond (WSMP), strategic placement of waste rock in TMF, and protection of the
dam shell with rip rap.
ML/ARD potential was assessed along the Freegold road corridor to determine areas requiring additional
investigation, mitigation and/or monitoring (Lorax Environmental, 2012). Sites with ML/ARD potential were further
assessed using available fisheries and aquatic habitat data, with the most ecologically significant and sensitive
habitats receiving the highest rating. For example, habitat supporting commercial, recreational, or aboriginal
fisheries such as Chinook salmon were assigned the highest rating. Where impacts from ML/ARD were
anticipated, proposed mitigation strategies included (1) avoidance of high acid generating potential (PAG)
materials during construction activities, (2) diluting PAG material with acid consuming material, and (3) storing
PAG material at a safe distance from watercourses. On-site testing of materials during construction will be
required for higher-risk sites to ensure that materials are managed accordingly. Similar ML/ARD assessments are
currently underway for the airstrip access road.
Mitigation of potential fuel and chemical spills into watercourses are outlined in the Casino Emergency Response
Plan (Appendix 22C). The conservative setback distance of the airstrip to Dip Creek (>400 m), and the design of
the airstrip diversion channel will further reduce potential contamination as it flows upslope around the receiving
environment from the airstrip and into Dip Creek.
Habitat Loss:
Unavoidable fish-bearing habitat loss will be compensated in adherence to DFO’s guiding principle of no net loss.
Direct habitat loss will occur during construction of the TMF and the airstrip, whereas wetted habitat loss due to
flow reductions are anticipated in lower Canadian and Casino Creeks. HEP methodology was employed to
calculate habitat loss in areas that will be completely removed (Refer to details in PECG and Normandeau
2013b). In lower Canadian and Casino Creeks, a PHABSIM model was used to determine the change in usable
habitat for Arctic grayling under the new flow regime.
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Casino Creek stream flow increases (Closure/Post-closure):
The original proposed location of the TMF closure spillway outlet was on Brynelson Creek, upstream of Casino
Creek. Hydrological and geomorphological assessments conducted identified significant habitat loss in Brynelson
Creek due to projected peak flow increases between 122-452% from baseline values. To mitigate effects, the
proposed spillway was modified to bypass Brynelson Creek and directly enter Casino Creek just upstream of its
confluence with Brynelson Creek. Further, the overflow discharge schedule was modified to evenly spread flow
increases across the summer months, rather than having a major flow increase event during freshet. The redesigned discharge schedule has reduced peak flow increases from 50% to 25%.
Projected flow increases following closure will require additional mitigation to minimize localize erosion at existing,
unstable sites. Site-specific surveys will be conducted during detailed design to determine whether any minor
channel modifications (e.g., local bank stabilization/restoration, riffle modification, etc.) are needed as mitigation
measures.
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Table 10.4-10 Identification of Mitigation Measures and Potential Residual Effects for Fish and Aquatic Resources due to Habitat
Loss and Alteration
Project
Component

Project
Phase

Potential Effect

Direction

Proposed Mitigation (or
Enhancement) Measure1

Predicted
Effectiveness

Residual
Effect

High

No

n/a

Yes

Moderate

Yes

High

Yes

C, O

Habitat degradation due
to dustfall from blasting,
ore transport and
vehicle traffic

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

C

Non-fish-bearing instream habitat loss and
riparian habitat loss at
airstrip access road
crossings

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

Airstrip and
Airstrip Access
Road

C

Fish-bearing in-stream
and riparian habitat loss
within and downstream
of the airstrip

Adverse

Fish habitat compensation

Airstrip and
Airstrip Access
Road

C, O,
CD, PC

Increased erosion and
sedimentation causing
habitat loss and
alteration

Adverse

Sediment and erosion control plan,
modify culvert and bridge design
for areas with increased sensitivity
to disturbances

O

Non-fish-bearing instream and riparian
habitat loss within the
open pit footprint in
upper Canadian Creek

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

O

Reduced stream flows,
nutrients, food, woody
debris in lower
Canadian Creek due to
loss of surface drainage
to the open pit

Adverse

Fish habitat compensation for
serious harm to Arctic grayling
habitat

Moderate

Yes

Air quality

Airstrip and
Airstrip Access
Road

Canadian Creek
Diversion

Canadian Creek
Diversion
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Project
Component

Direction

Proposed Mitigation (or
Enhancement) Measure1

Predicted
Effectiveness

Residual
Effect

Increased erosion and
sedimentation causing
habitat loss and
alteration

Adverse

Sediment and erosion control plan

High

Yes

CD

Non-fish-bearing habitat
loss (e.g., nutrients,
food) in upper Canadian
Creek

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

CD, PC

Reduced stream flows,
nutrients, food, woody
debris in lower
Canadian Creek due to
decommissioning of the
Canadian Creek
Diversion

Adverse

Fish habitat compensation for
serious harm to Arctic grayling
habitat

Moderate

Yes

C

Fish-bearing in-stream
and riparian habitat loss
in lower Britannia Creek

Adverse

Fish habitat compensation for
serious harm to Arctic grayling
habitat

High

Yes

C

Increased erosion and
sedimentation causing
habitat loss and
alteration

Adverse

Sediment and erosion control plan

High

Yes

C

Non-fish-bearing instream habitat loss and
riparian habitat loss at
Freegold access road
crossings

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

Freegold Road
Extension

C, O, CD

Increased erosion and
sedimentation causing
habitat loss and
alteration

Adverse

Sediment and erosion control plan,
modify culvert and bridge design
for areas with increased sensitivity
to disturbances

High

Yes

Freegold Road
Upgrade

C

Non-fish-bearing instream habitat loss and
riparian habitat loss at

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

Canadian Creek
Diversion

Canadian Creek
Diversion

Canadian Creek
Diversion

Fish Habitat
Compensation
Construction
Fish Habitat
Compensation
Construction

Freegold Road
Extension

Project
Phase
O, CD

Potential Effect
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Project
Component

Project
Phase

Potential Effect

Direction

Proposed Mitigation (or
Enhancement) Measure1

Predicted
Effectiveness

Residual
Effect

Adverse

Sediment and erosion control plan,
modify culvert and bridge design
for areas with increased sensitivity
to disturbances

High

Yes

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

High

No

High

No

Moderate

Yes

n/a

Yes

High

Yes

Freegold access road
crossings
Freegold Road
Upgrade

LNG Transport to
site

On-site
equipment and
vehicle use

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)
Tailings
Management
Facility (TMF)

C, O, CD

C, O

Increased erosion and
sedimentation causing
habitat loss and
alteration

Habitat degradation due
to dust and road runoff
from vehicle traffic

C, O

Habitat degradation due
to dust and road runoff
from vehicle traffic

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

C

Fish-bearing in-stream
and riparian habitat loss
within TMF footprint in
mid-upper Casino
Creek

Adverse

Fish habitat compensation

C

Non-fish-bearing instream and riparian
habitat loss within TMF
footprint in mid-upper
Casino Creek

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

C

Increased erosion and
sedimentation causing
habitat loss and
alteration

Adverse

Sediment and erosion control plan
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Project
Component

Project
Phase

Potential Effect

Direction

Proposed Mitigation (or
Enhancement) Measure1

Predicted
Effectiveness

Residual
Effect

Change in water
temperature in lower
Casino Creek due to
reduced flows

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

Reduced stream flows,
nutrients, food, woody
debris in lower Casino
Creek

Adverse

Fish habitat compensation for
serious harm to Arctic grayling
habitat

Moderate

Yes

C, O

Change in stream
morphology from flow
decreases

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

Tailings
Management
Facility (TMF)

CD, PC

Change in water
temperature in lower
Casino Creek due to
release of TMF pond

Adverse

No mitigation required, refer to
Section 10.4.3 (Significance of
Residual Effects) for details

n/a

Yes

Tailings
Management
Facility (Closure
spillway)

CD, PC

Increased stream flows

Adverse

Modification of closure spillway
location, magnitude and timing

Moderate

Yes

Tailings
Management
Facility (TMF)

CD, PC

Change in stream
morphology from flow
increases

Adverse

Site-specific fluvial geomorphology
studies

Moderate

Yes

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

High

No

Tailings
Management
Facility (TMF)

C, O

Tailings
Management
Facility (TMF)

C, O,
CD, PC

Tailings
Management
Facility (TMF)

Traffic
(Equipment and
Materials to Site)

C, O

Habitat degradation due
to dust and road runoff
from vehicle traffic

Notes: 1For beneficial potential effects, opportunities, where possible, to enhance potential environmental benefits are included as proposed enhancement measures
C: Construction, O: Operations, CD: Closure and Decommissioning, PC: Post-Closure
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Table 10.4-11 Identification of Mitigation Measures and Potential Residual Effects for Fish and Aquatic Resources due to Lethal
Effects on Fish and Aquatic Organisms
Project
Component

Air quality

Airstrip and
Airstrip Access
Road

Airstrip and
Airstrip Access
Road

Airstrip and
Airstrip Access
Road

Project
Phase

Potential Effect

Direction

Proposed Mitigation (or
1
Enhancement) Measure

C, O

Lethal effects due to
dust and emissions
from blasting, ore
transport and vehicle
traffic

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

C

Direct mortality of
periphyton, benthic
invertebrates, and fish
eggs due to infilling

Adverse

Fisheries working windows to
avoid destroying incubating fish
eggs

C

Lethal effects on fish
and aquatic organisms
such as trampling by
heavy machinery,
impingement or
entrainment during
water extraction, and
stranding during dewatering

Adverse

De-water construction areas, fish
salvage, guidelines for fisheries
working windows and Freshwater
Intake End-of-Pipe Fish Screen to
prevent fish impingement and
entrainment into water pumps

C, O,
CD, PC

Lethal effects on fish
and aquatic organisms
due to increased
erosion and
sedimentation
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channel
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Yes

High

No

High
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Airstrip and
Airstrip Access
Road

Canadian Creek
Diversion

Canadian Creek
Diversion

C, O,
CD, PC

Lethal effects on fish
and aquatic organisms
due to ML/ARD

Adverse

ML/ARD risk assessment and
management plan

High

No

O, CD

Lethal effects on fish
and aquatic organisms
due to increased
erosion and
sedimentation

Adverse

Sediment and erosion control plan

High

Yes

O, CD

Direct mortality of
periphyton, benthic
invertebrates, and fish
eggs due to infilling in
the open pit footprint,
and loss of wetted
habitat area
downstream following
reduced stream flows

Adverse

Fisheries working windows to
avoid destroying incubating fish
eggs

Low

Yes

Adverse

Divert contaminated water from
the open pit into the TMF; Best
Management Practices for
explosives selection, drilling,
handling and loading;
environmental effects monitoring;
natural dilution

High

No

High

No

Moderate

Yes

Drilling and
Blasting (Noise,
Fly Rock,
Vibration)

C

Lethal effects on fish
and aquatic organisms
due to blasting residue
contamination

Drilling and
Blasting (Noise,
Fly Rock,
Vibration)

C

Mortality of fish and
incubating fish eggs

Adverse

Adhere to DFO guidelines for The
Use of Explosives In or Near
Canadian Fisheries Waters

C

Direct mortality of
periphyton, benthic
invertebrates, and fish
eggs due to diversion
of lower Britannia
Creek

Adverse

Fisheries working windows to
avoid destroying incubating fish
eggs

Fish Habitat
Compensation
Construction
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Lethal effects on fish
and aquatic organisms
such as trampling by
heavy machinery,
impingement or
entrainment during
water extraction, and
stranding during dewatering

C

Lethal effects on fish
and aquatic organisms
due to increased
erosion and
sedimentation

C

Direct mortality of
periphyton and benthic
invertebrates due to
infilling

Freegold Road
Extension

Freegold Road
Extension

Fish Habitat
Compensation
Construction

Fish Habitat
Compensation
Construction

Freegold Road
Extension

Freegold Road
Extension

Adverse

De-water construction areas, fish
salvage, guidelines for fisheries
working windows and Freshwater
Intake End-of-Pipe Fish Screen to
prevent fish impingement and
entrainment into water pumps

High

No

Adverse

Sediment and erosion control
plan, fisheries working windows,
fish salvage

High

Yes

Adverse

Minimize disruption of fish food
production by installation culverts
on non-fish bearing streams only
where possible

Moderate

Yes

C

Lethal effects on
aquatic organisms such
as trampling by heavy
machinery and
stranding during dewatering for culvert
installation

Adverse

Minimize disruption of fish food
production by installation culverts
on non-fish bearing streams only
where possible

High

No

C, O

Lethal effects on fish
and aquatic organisms
due to ML/ARD

Adverse

ML/ARD risk assessment and
management plan

High

No

C, O, CD

Lethal effects on fish
and aquatic organisms
due to increased
erosion and
sedimentation

Adverse

Sediment and erosion control
plan, fisheries working windows,
modify culvert and bridge design
for areas with increased
sensitivity to disturbances

High

Yes

C
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Adverse

Minimize disruption of aquatic
biota by installing culverts on nonfish bearing streams only where
possible. Fisheries working
windows to avoid destroying
incubating fish eggs around
Nordenskiold Bridge

Moderate

Yes

High

No

C

Direct mortality of
periphyton, benthic
invertebrates, and fish
eggs due to infilling

Freegold Road
Upgrade

C

Lethal effects on fish
and aquatic organisms
such as trampling by
heavy machinery,
impingement or
entrainment during
water extraction, and
stranding during dewatering

Adverse

Minimize disruption of aquatic
biota by installing culverts on nonfish bearing streams only where
possible. For the Nordenskiold
Bridge installation: de-water
construction area, fish salvage,
guidelines for fisheries working
windows and Freshwater Intake
End-of-Pipe Fish Screen to
prevent fish impingement and
entrainment into water pumps

Freegold Road
Upgrade

C, O

Lethal effects on fish
and aquatic organisms
due to ML/ARD

Adverse

ML/ARD risk assessment and
management plan

High

No

C, O, CD

Lethal effects on fish
and aquatic organisms
due to increased
erosion and
sedimentation

Adverse

Sediment and erosion control
plan, modify culvert and bridge
design for areas with increased
sensitivity to disturbances
For the Nordenskiold Bridge
installation: fisheries working
windows, fish salvage

High

Yes

C, O

Lethal effects on fish
and aquatic organisms
due to contamination
from dust, emissions,
and road runoff

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

High

No

Freegold Road
Upgrade

Freegold Road
Upgrade

LNG Transport
to site
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Mine
Development

On-site
equipment and
vehicle use

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

C, O,
CD, PC

Lethal effects on local
fish populations due to
increased fishing
pressure

C, O

Lethal effects on fish
and aquatic organisms
due to contamination
from dust, emissions,
and road runoff

Adverse

No fishing policy for CMC
workforce, the Freegold extension
will not be open to the public

High

No

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

High

No

C

Lethal effects on fish
and aquatic organisms
such as trampling by
heavy machinery,
impingement or
entrainment during
water extraction, and
stranding during dewatering

Adverse

De-water construction areas, fish
salvage, guidelines for fisheries
working windows and Freshwater
Intake End-of-Pipe Fish Screen to
prevent fish impingement and
entrainment into water pumps

High

No

C

Direct mortality of
periphyton, benthic
invertebrates, and fish
eggs due to infilling and
reduction of wetted
habitat area

Adverse

Fisheries working windows to
avoid destroying incubating fish
eggs

Moderate

Yes

C

Lethal effects on fish
and aquatic organisms
due to increased
erosion and
sedimentation

Adverse

Sediment and erosion control
plan, fisheries working windows,
fish salvage

High

Yes
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Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Traffic
(Equipment and
Materials to Site)

O, CD,
PC

Change in water quality

C, O,
CD, PC

Lethal effects on fish
and aquatic organisms
due to stranding or
winter kill following
reduced flows

C, O

Lethal effects on fish
and aquatic organisms
due to contamination
from dust, emissions,
and road runoff

Adverse

Water Management, including a
Reclamation Plan (i.e.
construction of two engineering
wetlands: North TMF wetland and
South TMF wetland, construction
of a Winter Seepage Mitigation
Pond to contain seepage during
December to April and release
during higher flows)

Moderate

Yes

Adverse

Monitoring of biological
communities to identify any
changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional
compensation

Moderate

Yes

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

High

No

1

For beneficial potential effects, opportunities, where possible, to enhance potential environmental benefits are included as proposed enhancement measures
C: Construction, O: Operations, CD: Closure and Decommissioning, PC: Post-Closure

Table 10.4-12 Identification of Mitigation Measures and Potential Residual Effects for Fish and Aquatic Resources due to Sub-lethal
Effects on Fish and Aquatic Organisms
Project
Component

Air quality

Project
Phase

Potential Effect

C, O

Sub-lethal effects due to
dust and emissions from
blasting, ore transport
and vehicle traffic
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1
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No
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Project
Component

Airstrip and
Airstrip Access
Road

Project
Phase

C

Potential Effect

Sub-lethal effects such
as habitat avoidance,
elevated stress or
impaired health of fish
and aquatic organisms
during construction

Direction

Proposed Mitigation (or
1
Enhancement) Measure
Management Plan

Predicted
Effectiveness

Residual
Effect

Adverse

De-water construction areas, fish
salvage, guidelines for fisheries
working windows

High

No

Adverse

Sediment and erosion control plan,
fisheries working windows, fish
salvage, modify culvert and bridge
design for areas with increased
sensitivity to disturbances, airstrip
diversion channel

High

Yes

Adverse

ML/ARD risk assessment and
management plan

High

No

Moderate

Yes

Airstrip and
Airstrip Access
Road

C, O, CD,
PC

Sub-lethal effects on
fish and aquatic
organisms due to
increased erosion and
sedimentation

Airstrip and
Airstrip Access
Road

C, O, CD,
PC

Sub-lethal effects on
fish and aquatic
organisms due to
ML/ARD

C, O, CD,
PC

Sub-lethal effects on
fish and aquatic
organisms due to
change in habitat
productive capacity

Adverse

Monitoring of fish habitat and
biological communities to identify
any changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional
compensation

C, O, CD,
PC

Sub-lethal effects on
fish and aquatic
organisms due to
increased erosion and
sedimentation

Adverse

Sediment and erosion control plan

High

Yes

C, O, CD,
PC

Sub-lethal effects on
fish and aquatic
organisms due to
change in habitat
productive capacity

Adverse

Monitoring of fish habitat and
biological communities to identify
any changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional

Moderate

Yes

Airstrip and
Airstrip Access
Road

Canadian Creek
Diversion

Canadian Creek
Diversion
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Project
Component

Drilling and
Blasting (Noise,
Fly Rock,
Vibration)
Drilling and
Blasting (Noise,
Fly Rock,
Vibration)
Fish Habitat
Compensation
Construction

Fish Habitat
Compensation
Construction

Fish Habitat
Compensation
Construction

Freegold Road
Extension

Project
Phase

Potential Effect

Direction

Proposed Mitigation (or
1
Enhancement) Measure
compensation

Predicted
Effectiveness

Residual
Effect

High

No

C

Sub-lethal impacts on
aquatic biota due to
blasting residue
contamination

Adverse

Divert contaminated water from the
open pit into the TMF; Best
Management Practices for
explosives selection, drilling,
handling and loading;
environmental effects monitoring;
natural dilution

C

Sub-lethal impacts (e.g.,
stress, habitat
avoidance) on fish and
incubating fish eggs

Adverse

Adhere to DFO guidelines for The
Use of Explosives In or Near
Canadian Fisheries Waters

High

Yes

C

Sub-lethal effects such
as habitat avoidance,
elevated stress or
impaired health of fish
and aquatic organisms
during construction

Adverse

De-water construction areas, fish
salvage, guidelines for fisheries
working windows

High

No

C

Sub-lethal effects on
fish and aquatic
organisms due to
increased erosion and
sedimentation

Adverse

Sediment and erosion control plan,
fisheries working windows, fish
salvage

High

Yes

Adverse

Monitoring of fish habitat and
biological communities to identify
any changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional
compensation

Moderate

Yes

Adverse

Minimize disruption of aquatic biota
by installing culverts on non-fish
bearing streams only, Guidelines
for fisheries working windows

High

No

C, O, CD,
PC

C

Sub-lethal effects on
fish and aquatic
organisms due to
change in habitat
productive capacity
Sub-lethal effects such
as habitat avoidance,
elevated stress or
impaired health of fish
and aquatic organisms
during construction
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Project
Component
Freegold Road
Extension

Freegold Road
Extension

Freegold Road
Extension

Freegold Road
Upgrade

Freegold Road
Upgrade

Project
Phase
C, O

Potential Effect
Sub-lethal effects on
fish and aquatic
organisms due to
ML/ARD

Predicted
Effectiveness

Residual
Effect

ML/ARD risk assessment and
management plan

High

No

Adverse

Sediment and erosion control plan,
fisheries working windows, modify
culvert and bridge design for areas
with increased sensitivity to
disturbances

High

Yes

Adverse

Monitoring of fish habitat to identify
any changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional
compensation

Moderate

Yes

Sub-lethal effects such
as habitat avoidance,
elevated stress or
impaired health of fish
and aquatic organisms
during construction

Adverse

Minimize disruption of aquatic biota
by installing culverts on non-fish
bearing streams only where
possible.
For the Nordenskiold Bridge
installation: de-water construction
areas, fish salvage, guidelines for
fisheries working windows

High

No

Sub-lethal effects on
fish and aquatic
organisms due to
ML/ARD

Adverse

ML/ARD risk assessment and
management plan

High

No

Adverse

Sediment and erosion control plan,
modify culvert and bridge design
for areas with increased sensitivity
to disturbances
For the Nordenskiold Bridge
installation: fisheries working
windows, fish salvage

High

Yes

Adverse

Monitoring of fish habitat to identify

Moderate

Yes

C, O, CD

C, O, CD

Sub-lethal effects on
fish and aquatic
organisms due to
change in habitat
productive capacity

C, O

Proposed Mitigation (or
1
Enhancement) Measure

Adverse

Sub-lethal effects on
fish and aquatic
organisms due to
increased erosion and
sedimentation

C

Direction

Freegold Road
Upgrade

C, O, CD

Sub-lethal effects on
fish and aquatic
organisms due to
increased erosion and
sedimentation

Freegold Road

C, O, CD

Sub-lethal effects on

Project Proposal for Executive Committee Review

10-64

January 3, 2014

Casino Mining Corporation
Casino Project

Project
Component
Upgrade

LNG Transport to
site

On-site
equipment and
vehicle use

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Project
Phase

Potential Effect

Predicted
Effectiveness

Residual
Effect

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

High

No

High

No

Direction

fish and aquatic
organisms due to
change in habitat
productive capacity

Proposed Mitigation (or
1
Enhancement) Measure
any changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional
compensation

C, O

Sub-lethal effects on
fish and aquatic
organisms due to
contamination from
dust, emissions, and
road runoff

C, O

Sub-lethal effects on
fish and aquatic
organisms due to
contamination from
dust, emissions, and
road runoff

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

C

Sub-lethal effects such
as habitat avoidance,
elevated stress or
impaired health of fish
and aquatic organisms
during construction

Adverse

De-water construction areas, fish
salvage, guidelines for fisheries
working windows

High

No

C

Sub-lethal effects on
fish and aquatic
organisms due to
increased erosion and
sedimentation

Adverse

Sediment and erosion control plan,
fisheries working windows, fish
salvage

High

Yes

Adverse

Water Management, including a
Reclamation Plan (e.g.,
Construction of two engineered
wetlands: North TMF wetland and
South TMF wetland, construction
of a Winter Seepage Mitigation

Moderate

Yes

O, CD,
PC

Change in water quality
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Project
Component

Tailings
Management
Facility (TMF)

Traffic
(Equipment and
Materials to Site)

Project
Phase

Potential Effect

C, O, CD,
PC

Sub-lethal effects on
fish and aquatic
organisms due to
change in habitat
productive capacity

C, O

Sub-lethal effects on
fish and aquatic
organisms due to
contamination from
dust, emissions, and
road runoff

Direction

Proposed Mitigation (or
1
Enhancement) Measure
Pond to contain seepage during
December to April and release
during higher flows)

Adverse

Monitoring of fish habitat and
biological communities to identify
any changes relative to baseline
conditions. Mitigation may include
habitat remediation or additional
compensation

Adverse

Traffic speed limits, dust
suppressants, sediment and
erosion control plan; Best
Management Practices for dust
and other air contaminants as
outlined in the Air Quality
Management Plan

Predicted
Effectiveness

Residual
Effect

Moderate

Yes

High

No

1

For beneficial potential effects, opportunities, where possible, to enhance potential environmental benefits are included as proposed enhancement measures
C: Construction, O: Operations, CD: Closure and Decommissioning, PC: Post-Closure
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10.4.3 Significance of Residual Effects
Significance of residual effects was evaluated based on several criteria including: magnitude, geographical extent,
duration, frequency, reversibility, context, and probability of occurrence, as defined for fish and aquatic resources
(Table 10.4-14). Ratings were assigned to each individual residual effect and compiled in Table 10.4-14 (Habitat
Loss and Alteration), Table 10.4-15 (Lethal effects) and Table 10.4-16 (Sub-lethal effects).
Following the assessment, all adverse residual effects were considered non-significant due to the low or medium
magnitude and limited geographical extent of the impacts. A summary of the fish and aquatic resources residual
effects which were evaluated are provided below:
•

Temporary losses of fish-bearing in-stream and adjacent riparian habitat as compensated areas are
constructed and become fully established

•

Flow reductions in lower Canadian Creek

•

Flow reductions and subsequent increases in lower Casino Creek

•

Non-fish-bearing habitat loss including riparian vegetation and in-stream production of periphyton and
benthic invertebrates, with subsequent decreases in the downstream transport of nutrients, food, and
structural habitat (e.g., woody debris)

•

Changes in stream temperature and morphology in lower Casino Creek

•

Changes in water quality in lower Casino Creek and in Dip Creek

•

Mortality of periphyton and benthic invertebrates due to stream infilling and reductions in downstream
wetted areas

•

Lethal effects on fish and aquatic organisms due to stranding or winter kill following reduced flows

•

Minor sedimentation at the immediate vicinity of road crossings due to permanent stream bank alteration,
and at various locations during mine infrastructure construction. Potential adverse residual effects from
increases in stream TSS and turbidity include:
o Alteration of downstream habitat including the potential for stream bed homogenization, reduced
pool depths, loss of benthic invertebrate and periphyton habitat, and the loss of suitable spawning
habitat for salmonids
o Lethal or sub-lethal impacts on periphyton and benthic invertebrate communities
o Sub-lethal impacts on fish such as habitat avoidance or stress

•

Adverse effects on aquatic biota fitness (e.g., growth, reproduction, recruitment) due to habitat avoidance
and reduced aquatic biota health throughout the LSA

•

Sub-lethal impacts on fish from blasting activities
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Table 10.4-13 Determining Significance of Residual Effects for Fish and Aquatic Resources
Criteria

Magnitude

Geographical
Extent

Duration

Frequency
Reversibility
Context
Probability of
occurrence

Rating

VC Specific Definitions

Low

Predicted effects on fish and aquatic organisms are within the natural
baseline variability

Medium

Predicted effects on fish and aquatic organisms are not within the natural
baseline variability but do not exceed any applicable regulatory thresholds

High

Predicted effects on fish and aquatic organisms are not within the natural
baseline variability and exceed any applicable regulatory thresholds

Localized

Effect limited to the LSA

Widespread

Effect extends to the RSA

Short Term

Effect lasts <2 years

Long Term

Effect lasts more than 2 years but less than 30 years (equivalent to
estimated Post-Closure phase of the Project)

Permanent

Effect continues beyond Post-Closure phase into the foreseeable future

Infrequent

Effect occurs rarely (i.e. monthly to yearly)

Frequent

Effect occurs intermittently or continuously (i.e. weekly or daily)

Reversible

Effect is reversed after the activity ceases

Irreversible

Effect will not be reversed after the activity ceases, or the effect is permanent

Low resilience

Low resilience to imposed stresses, or will not easily adapt to the effect.

High resilience

High resilience to imposed stresses, or will easily adapt to the effect.

Low

Low likelihood that the predicted residual effect will occur.

Moderate

Moderate likelihood that the predicted residual effect will occur. (Unknown)

High

High likelihood that the predicted residual effect will occur.

Habitat loss and alteration in the LSA was considered non-significant based on the following specific points:
•

Aquatic habitat in the LSA is generally of low quality and productivity, and does not contain regionally
unique species or habitat

•

The majority of aquatic habitat in the LSA does not support fish overwintering, and thus provides only
seasonal habitat

•

Habitat loss and alteration in the LSA will not affect regional biodiversity, and there will be no measurable
impact on regional productivity

•

Once habitat compensation in Britannia Creek and along the road corridor is constructed and developed it
will offset any temporary losses in local productive capacity of habitat

•

While significant local habitat loss and alteration will occur in Casino and Canadian Creeks, impacts on
the productive capacity of habitat immediately downstream in Dip and Britannia Creeks will be negligible
for the following reasons:
o Upper Casino Creek demonstrates the lowest habitat quality within the LSA and is characterized by
poor water quality, limited primary and secondary production, and low quality riparian habitat.
Together, these qualities demonstrate that upper Casino Creek provides an insignificant source of
nutrients, benthic invertebrate drift, and functional woody debris to the lower watershed.
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o

o

o
o

o

From a regional fisheries perspective, the loss of upper Casino Creek will yield a negligible impact as
very low numbers of fish migrate to the upper watershed, only Arctic grayling are present, and no
critical life history stages such as overwintering, spawning or young-of-the-year rearing are
supported.
While adverse residual effects on aquatic communities in lower Casino Creek may occur, such as a
significant decrease in winter flows, flow modelling results clearly demonstrate that these impacts will
not extend to Dip Creek as maximum changes in habitat availability will be within 3% of baseline
conditions (Table 10.4-3 and Table 10.4-5).
Canadian Creek has experienced recent and historical extensive placer mining disturbance, and is
not fish-bearing in the upper watershed where the diversion and habitat loss will occur
Projected changes in wetted habitat in Canadian Creek downstream of project activities are minor
during summer months (2-4% reductions in wetted widths and depths), and the impact on potential
overwintering habitat is predicted to be similarly minimal
Minor impacts observed in Canadian Creek will be further buffered downstream by surface and
groundwater inputs in Britannia Creek, with impacts continually decreasing as flows approach the
Yukon River.

•

While there is the potential for a stream temperature increase in lower Casino Creek due to reduced
flows, and following the construction of the TMF pond spillway, all resident fish species have thermal
preferences well above baseline stream temperatures and thus no adverse effects are anticipated.
Instead, increased stream temperatures will likely yield a positive impact on seasonal growth rates as
incipient lethal temperatures will not be approached.

•

Stream morphology changes in lower Casino Creek during construction/operations will include a
moderate reduction in bank erosion, and a minor increase in substrate embeddedness in low velocity
areas due to the reduction of flushing flows. However, the accumulation of fine substrate will be negligible
as major storm events will still provide the necessary energy to re-mobilize fines.

•

Stream morphology changes in lower Casino Creek during closure/post-closure will be regulated by
natural floodplain processes which aid in minimizing channel erosion and sediment transport during
freshet.

•

Road crossing structures will provide new cover and shade to fish and aquatic biota.

•

Impacts on habitat from minor increases in erosion and sedimentation are considered to be negligible as
aquatic habitat in the LSA experiences a naturally wide range of TSS, particularly during peak flows,
which are well within the regulatory standard which all project construction activities will adhere to.

Lethal and sub-lethal impacts in the LSA were considered non-significant based on the following specific points:
•

Any sub-lethal impacts on fish species will be low in magnitude, localized, and yield no impact on regional
fisheries productive capacity. In addition, fish communities will be monitored at near-field sites in Casino,
Dip, Canadian and Britannia Creeks to identify and potentially mitigate/compensate any future impacts on
the fitness of local fish species

•

Alternative water quality guidelines which take into account site-specific water chemistry will be applied

•

While there will be a significant loss of periphyton and benthic invertebrate production due to project
activities, impacts will be localized and have no far-reaching effects on regional productivity or diversity.
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•

Aquatic communities in the LSA experience a naturally wide range of TSS, which is well within the
regulatory standard which all project construction activities will adhere to.
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Table 10.4-14 Significance of Residual Effects for Fish and Aquatic Resources due to Habitat Loss and Alteration

Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C

Non-fish-bearing
in-stream habitat
loss and riparian
habitat loss at
airstrip access road
crossings

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Airstrip and
Airstrip Access
Road

C

Fish-bearing instream and riparian
habitat loss within
the airstrip footprint

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Airstrip and
Airstrip Access
Road

C, O,
CD, PC

Increased erosion
and sedimentation
causing habitat
loss and alteration

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Medium

Not
Significant

O

Non-fish-bearing
in-stream and
riparian habitat loss
within the open pit
footprint in upper
Canadian Creek

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Canadian
Creek
Diversion

O

Reduced stream
flows, nutrients,
food, woody debris
in lower Canadian
Creek due to loss
of surface drainage
to the open pit

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

High

Not
Significant

Canadian

O, CD

Increased erosion
and sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Medium

Not
Significant

Project
Component

Airstrip and
Airstrip Access
Road

Canadian
Creek
Diversion

Project
Phase

Residual Effect
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

Creek
Diversion

causing habitat
loss and alteration

Canadian
Creek
Diversion

CD

Non-fish-bearing
habitat loss (e.g.,
nutrients, food) in
upper Canadian
Creek

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

CD, PC

Reduced stream
flows, nutrients,
food, woody debris
in lower Canadian
Creek due to
decommissioning
of the Canadian
Creek Diversion

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

High

Not
Significant

C

Fish-bearing instream and riparian
habitat loss in
lower Britannia
Creek

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C

Increased erosion
and sedimentation
causing habitat
loss and alteration

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Medium

Not
Significant

C

Non-fish-bearing
in-stream habitat
loss and riparian
habitat loss at
Freegold access
road crossings

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Project
Component

Canadian
Creek
Diversion

Fish Habitat
Compensation
Construction
Fish Habitat
Compensation
Construction

Freegold Road
Extension

Project
Phase

Residual Effect
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C, O,
CD

Increased erosion
and sedimentation
causing habitat
loss and alteration

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Medium

Not
Significant

Freegold Road
Upgrade

C

Non-fish-bearing
in-stream habitat
loss and riparian
habitat loss at
Freegold access
road crossings

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Freegold Road
Upgrade

C, O,
CD

Increased erosion
and sedimentation
causing habitat
loss and alteration

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Medium

Not
Significant

C

Fish-bearing instream and riparian
habitat loss within
TMF footprint in
mid-upper Casino
Creek

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C

Non-fish-bearing
in-stream and
riparian habitat loss
within TMF
footprint in midupper Casino
Creek

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C

Increased erosion
and sedimentation
causing habitat
loss and alteration

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Medium

Not
Significant

Project
Component

Freegold Road
Extension

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Project
Phase

Residual Effect
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C, O

Change in water
temperature in
lower Casino
Creek due to
reduced flows

Adverse

Low

Localized

Long term

Frequent

Reversible

High
resilience

Medium

Tailings
Management
Facility (TMF)

C, O,
CD, PC

Reduced stream
flows, nutrients,
food, woody debris
in lower Casino
Creek

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Tailings
Management
Facility (TMF)

C, O

Change in stream
morphology from
flow decreases

Adverse

Low

Localized

Long term

Frequent

Irreversible

High
resilience

Medium

Not
Significant

Tailings
Management
Facility (TMF)

CD, PC

Change in water
temperature in
lower Casino
Creek due to
release of TMF
pond

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

Medium

Not
Significant

Tailings
Management
Facility
(Closure
spillway)

CD, PC

Increased stream
flows

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Tailings
Management
Facility (TMF)

CD, PC

Change in stream
morphology from
flow increases

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Project
Component

Tailings
Management
Facility (TMF)

Project
Phase

Residual Effect

Significance
of Residual
Effect

Not
Significant

1

For beneficial potential effects, opportunities, where possible, to enhance potential environmental benefits are included as proposed enhancement measures
C: Construction, O: Operations, CD: Closure and Decommissioning, PC: Post-Closure
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Table 10.4-15 Significance of Residual Effects for Fish and Aquatic Resources due to Lethal Effects on Fish and Aquatic Organisms

Reversibility

Context

Probability of
Occurrence

Canadian
Creek
Diversion

Frequency

Canadian
Creek
Diversion

Duration

Airstrip and
Airstrip Access
Road

Geographic
Extent

Airstrip and
Airstrip Access
Road

Magnitude

Project
Component

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C

Direct mortality of
periphyton,
benthic
invertebrates, and
fish eggs due to
infilling

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C, O,
CD, PC

Lethal effects on
fish and aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

O, CD

Lethal effects on
fish and aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

O, CD

Direct mortality of
periphyton,
benthic
invertebrates, and
fish eggs due to
infilling in the
open pit footprint,
and loss of wetted
habitat area
downstream
following reduced

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Project
Phase

Residual Effect
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

Project
Component

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C

Direct mortality of
periphyton,
benthic
invertebrates, and
fish eggs due to
diversion of lower
Britannia Creek

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C

Lethal effects on
fish and aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C

Direct mortality of
periphyton,
benthic
invertebrates, and
fish eggs due to
infilling

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C, O,
CD

Lethal effects on
fish and aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C

Direct mortality of
periphyton,
benthic
invertebrates, and

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Project
Phase

Residual Effect

Significance
of Residual
Effect

stream flows

Fish Habitat
Compensation
Construction

Fish Habitat
Compensation
Construction

Freegold Road
Extension

Freegold Road
Extension

Freegold Road
Upgrade
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C, O,
CD

Lethal effects on
fish and aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C

Direct mortality of
periphyton,
benthic
invertebrates, and
fish eggs due to
infilling and
reduction of
wetted habitat
area

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Tailings
Management
Facility (TMF)

C

Lethal effects on
fish and aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

Tailings
Management
Facility (TMF)

O, CD,
PC

Change in water
quality

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Tailings
Management
Facility (TMF)

C, O,
CD, PC

Lethal effects on
fish and aquatic
organisms due to
stranding or

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

Project
Component

Project
Phase

Residual Effect

Significance
of Residual
Effect

fish eggs due to
infilling

Freegold Road
Upgrade

Tailings
Management
Facility (TMF)
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1

Probability of
Occurrence

Context

Reversibility

Frequency

Duration

Residual Effect

Geographic
Extent

Project
Phase

Magnitude

Project
Component

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

Significance
of Residual
Effect

winter kill
following reduced
flows
For beneficial potential effects, opportunities, where possible, to enhance potential environmental benefits are included as proposed enhancement measures
C: Construction, O: Operations, CD: Closure and Decommissioning, PC: Post-Closure

Table 10.4-16 Significance of Residual Effects for Fish and Aquatic Resources due to Sub-Lethal Effects on Fish and Aquatic
Organisms

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

Airstrip and
Airstrip Access
Road

Residual Effect

Geographic
Extent

Airstrip and
Airstrip Access
Road

Project
Phase

Magnitude

Project
Component

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C, O,
CD, PC

Sub-lethal effects
on fish and
aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C, O,
CD, PC

Sub-lethal effects
on fish and
aquatic
organisms due to
change in habitat

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

Low

Not
Significant
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

Project
Component

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C, O,
CD, PC

Sub-lethal effects
on fish and
aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C, O,
CD, PC

Sub-lethal effects
on fish and
aquatic
organisms due to
change in habitat
productive
capacity

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

Low

Not
Significant

C

Sub-lethal
impacts (e.g.,
stress, habitat
avoidance) on
fish and
incubating fish
eggs

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C

Sub-lethal effects
on fish and
aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

Project
Phase

Residual Effect

Significance
of Residual
Effect

productive
capacity

Canadian
Creek
Diversion

Canadian
Creek
Diversion

Drilling and
Blasting
(Noise, Fly
Rock,
Vibration)

Fish Habitat
Compensation
Construction
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Project
Phase

Residual Effect

Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

C, O,
CD, PC

Sub-lethal effects
on fish and
aquatic
organisms due to
change in habitat
productive
capacity

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

Low

Not
Significant

C, O,
CD

Sub-lethal effects
on fish and
aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C, O,
CD

Sub-lethal effects
on fish and
aquatic
organisms due to
change in habitat
productive
capacity

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

Low

Not
Significant

Freegold Road
Upgrade

C, O,
CD

Sub-lethal effects
on fish and
aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

Freegold Road
Upgrade

C, O,
CD

Sub-lethal effects
on fish and
aquatic

Adverse

Low

Localized

Permanent

Frequent

Irreversible

High
resilience

Low

Not
Significant

Project
Component

Fish Habitat
Compensation
Construction

Freegold Road
Extension

Freegold Road
Extension
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Magnitude

Geographic
Extent

Duration

Frequency

Reversibility

Context

Probability of
Occurrence

Project
Component

1

Direction

Predicted Degree of Effect After Mitigation (or Enhancement) Measures

O, CD,
PC

Change in water
quality

Adverse

Medium

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not
Significant

C

Sub-lethal effects
on fish and
aquatic
organisms due to
increased erosion
and
sedimentation

Adverse

Low

Localized

Short Term

Infrequent

Reversible

High
resilience

Low

Not
Significant

C, O,
CD, PC

Sub-lethal effects
on fish and
aquatic
organisms due to
change in habitat
productive
capacity

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

Moderate

Not
Significant

Project
Phase

Residual Effect

Significance
of Residual
Effect

organisms due to
change in habitat
productive
capacity
Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

Tailings
Management
Facility (TMF)

1

For beneficial potential effects, opportunities, where possible, to enhance potential environmental benefits are included as proposed enhancement measures
C: Construction, O: Operations, CD: Closure and Decommissioning, PC: Post-Closure
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10.4.4 Discussion of Significance
No significant habitat loss and alteration (Table 10.4-17), lethal effects (Table 10.4-18), or sub-lethal effects
(Table 10.4-19) on fish and aquatic organisms are predicted to occur due to the Casino Project. All residual
effects were considered non-significant due to the low geographical extent, and low to medium magnitude of the
anticipated impacts. The assessment of significance is contingent on the complete implementation of mitigation
measures, including proposed compensation works, which are outlined in Section 10.4.2.
The level of confidence applied for each residual effect is defined in Section 5 and varies from low (<50%) to high
(>80%). Where sufficient baseline data was available and interactive mechanisms were relatively well
understood, confidence levels were predicted to be medium or high. Conversely, a few potential residual effects
were rated as low confidence due to insufficient baseline data or scientific literature available, and/or the potential
for complex mechanisms. For example, the understanding of potential sub-lethal effects on local aquatic biota
following reduced stream flows in lower Casino and Canadian Creeks is low due to the number of factors involved
(e.g., lowered flows, temperature increases, altered channel morphology) and the uncertainty surrounding their
potential interactions. In addition, the confidence for understanding the potential for winter kill in lower Casino
Creek is low as the decline of overwintering habitat will be dependent on multiple factors including temperature,
groundwater flow, and fish presence in a given year. Lastly, the water quality assessment is generally moderate,
with a few exceptions where guideline development is still preliminary and based on limited datasets (e.g.,
fluoride, sulphate, selenium). Proposed site-specific risk assessments for these parameters would provide the
most conservative and scientifically defensible protection for local aquatic life, thus increasing the non-significant
confidence rating from low to moderate or high.
Table 10.4-17 Summary of Residual Effects for Fish and Aquatic Resources due to Habitat Loss and
Alteration
Project
Component

Potential Residual Effects

Direction

Significance

Level of
Confidence

1, 4, 7

Fish-bearing in-stream habitat
loss

Adverse

Not Significant

High

1, 2, 5, 6, 7

Non-fish-bearing in-stream
habitat loss

Adverse

Not Significant

Moderate

1, 4, 5, 6, 7

Fish-bearing riparian habitat loss

Adverse

Not Significant

Moderate

1, 2, 5, 6, 7

Non-fish-bearing riparian habitat
loss

Adverse

Not Significant

High

1, 2, 4, 5, 6, 7

Increased erosion and
sedimentation causing habitat
loss and alteration

Adverse

Not Significant

High

2, 7

Reduced downstream transport of
stream flows, nutrients, food,
woody debris

Adverse

Not Significant

Moderate

7

Change in stream morphology

Adverse

Not Significant

Moderate

7

Change in water temperature

Adverse

Not Significant

Moderate

7

Increase in stream flows

Adverse

Not Significant

Moderate

1. Airstrip and Airstrip Access Road, 2. Canadian Creek Diversion, 3. Drilling and Blasting, 4. Fish Habitat Compensation Construction, 5.
Freegold Road Extension, 6. Freegold Road Upgrade, 7. Tailings Management Facility
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Table 10.4-18 Summary of Residual Lethal Effects for Fish and Aquatic Resources

Project
Component

Potential Residual Effects

Direction

Significance

Level of
Confidence

1, 2, 4, 5, 6, 7

Direct mortality of periphyton,
benthic invertebrates, and fish
eggs due to infilling

Adverse

Not Significant

High

1, 2, 4, 5, 6, 7

Lethal effects on fish and aquatic
organisms due to increased
erosion and sedimentation

Adverse

Not Significant

High

2, 7

Direct mortality of periphyton,
benthic invertebrates, and fish
eggs due to loss of wetted habitat
area downstream following
reduced stream flows

Adverse

Not Significant

High

7

Lethal effects on fish and aquatic
organisms due to stranding or
winter kill following reduced flows

Adverse

7

Change in water quality

Adverse

Not Significant

Not Significant

Low

Moderate

1. Airstrip and Airstrip Access Road, 2. Canadian Creek Diversion, 3. Drilling and Blasting, 4. Fish Habitat Compensation Construction, 5.
Freegold Road Extension, 6. Freegold Road Upgrade, 7. Tailings Management Facility

Table 10.4-19 Summary of Residual Sub-Lethal Effects for Fish and Aquatic Resources

Project
Component

Potential Residual Effects

Direction

Significance

Level of
Confidence

1, 2, 4, 5, 6, 7

Sub-lethal effects on fish and
aquatic organisms due to
increased erosion and
sedimentation

Adverse

Not Significant

Moderate

1, 2, 4, 5, 6, 7

Sub-lethal effects on fish and
aquatic organisms due to change
in habitat productive capacity

Adverse

Not Significant

Low

3

Sub-lethal impacts (e.g., stress,
habitat avoidance) on fish and
incubating fish eggs

Adverse

Not Significant

Moderate

7

Change in water quality

Not Significant

Low to Moderate

Adverse

1. Airstrip and Airstrip Access Road, 2. Canadian Creek Diversion, 3. Drilling and Blasting, 4. Fish Habitat Compensation Construction, 5.
Freegold Road Extension, 6. Freegold Road Upgrade, 7. Tailings Management Facility
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10.5

CUMULATIVE EFFECTS ASSESSMENT (CEA)

10.5.1 Introduction
Residual effects on fish and aquatic resources as a result of the Casino Project were described in Section 10.4. In
this section, identified residual effects were further assessed for their potential to cumulatively interact with other
past, present, and future projects which overlap spatially and temporally with the Casino Project.
10.5.2 Identification of other Activities Potentially Affecting the VC
A list of all potential past, present and likely future projects and activities that could reasonably be expected to
have a spatial or temporal interaction with the residual effects of the Casino Project is reported in Appendix 5B.
Section 5.0 provides further details into the compilation of this list. These projects and activities include quartz
mines, mineral and placer claims, heritage sites, and registered outfitting and trapline concessions. These
projects and activities were assessed on whether or not they met three conditions, as outlined in Section 5.0, to
warrant further assessment of cumulative effects. They are reiterated here:
•

Adequate qualitative and/or quantitative information which is publicly available to allow for spatial and
temporal characterization, and

•

Spatial overlap with the residual effects of the Casino Project, and

•

Temporal overlap with the residual effects of the Casino Project.

Of these projects and activities, potential overlap of fish and aquatic resources residual effects with the Casino
Project includes (Table 10.5-1):
•

Past mining in the Casino Creek watershed;

•

Present mining at the Minto Copper Mine;

•

Current development and future mining at the Carmacks Copper Mine;

•

Past, present, and future mineral exploration around the Casino Mine site and within watersheds along
the Freegold access corridor; and

•

Past, present and future placer mining around the Casino Mine site and within watersheds along the
Freegold access corridor.

While there are numerous other projects and activities outlined in Appendix 5B, insufficient data often precluded
any assessment of a potential interaction with the Casino Project. Only projects for which data was available are
reported herein.
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Table 10.5-1

Residual Effect Information for Other Projects or Activities – Fish and Aquatic Resources

Projects or Activities

Assumed Residual
2
Effect

1

Status

Spatial Extent of
Assumed Residual
Effect

Temporal Extent of
Assumed Residual
Effect

Mining
Historic Casino
Property Mining

Past

Cadmium, silver, lead,
zinc loading into Casino
Creek from historical adit

Casino Creek from
confluence of Meloy
Creek to confluence of
Dip Creek

Life of mine

Minto Copper Mine

Present

Reduced water quality
Increased erosion and
sedimentation

Yukon River, Big
Creek, Wolverine
Creek, Dark Creek,
Unnamed Creek B and
Minto Creek

2022

Carmacks Copper Mine

Future

Increased erosion and
sedimentation

Yukon River, Williams
Creek, Nancy Lee
Creek, Merrice Creek,
Crossing Creek,
Murray Creek,
Nordenskiold River

Project in review;
Predicted 8-year mine
life

Mineral Exploration
Upper Canadian Creek
and Canadian Creek
Sonora Gulch

Past,
Present
and
Future

Prospector Mountain

Reduced water quality
Increased erosion and
sedimentation
Disturbances from
drilling and trail clearing

Canadian Creek

Unknown

Hayes Creek
Watershed
Hayes Creek and Big
Creek Watersheds

Nucleus

Big Creek Watershed

WS Total

Big Creek and
Crossing Creek
Watersheds
Placer Mining

See Appendix 5b for
specific placer claim
information

Past,
Present
and
Future

Increased erosion and
sedimentation
Channel re-alignments
Reduced water quality
Stream temperature
increases
Changes in hydrology

Canadian and
Britannia Creeks
Rude Creek
Seymour Creek
Hayes Creek
Watershed
Big Creek Watershed

Indeterminate

Note
1. Status refers to Past, Present or Likely Future project or activity.
2. Assumed residual effects of other projects or activities are derived from professional judgement and focus on the key issues of concern for
the VC, thereby ensuring that the CEA remains focussed and the analysis remains manageable and practical.

Mining
The Casino Property has had a long and varied exploration history. Between 1965 and 1980, silver-rich veins
were explored and developed intermittently by underground and surface workings. A remnant of the past
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exploration activities include an adit with a pipe that discharges water to Casino Creek via surface runoff to Meloy
Creek. This water is elevated in silver, lead, cadmium and zinc and has likely been discharging to Casino Creek
for the past 33 to 48 years.
The Minto Copper mine is located 240 km northwest of Whitehorse and can be accessed by barge or ice road
along the Yukon River via Minto Landing. An all-weather access road provides access from the west side of the
Yukon River to the mine site, with one major bridge crossing over lower Big Creek. Commercial production of the
Minto mine commenced in 2007, with operations expected to run until 2022. Mining activities reside within Minto,
Wolverine, and Dark Creeks, which all drain directly into the Yukon River with the exception of Dark Creek which
is a tributary to Big Creek. Potential residual effects are expected to be generally confined to the Minto Creek
drainage, although there may be impacts in the lower Big Creek drainage due to the access road crossing, and
possible development in upper Dark Creek. Effects may include habitat loss or alteration in Dark Creek, with
resultant negative impacts on aquatic ecosystem health. The existing bridge on Big Creek may increase erosion
and sedimentation due to slope failure, or road runoff and dust from vehicle traffic.
The proposed Carmacks Copper mine is located 38 km northwest of the town of Carmacks, and accessed from a
12 km road originating via the Freegold Road (km 33). Exploration on the property has been ongoing since 1970,
with the most recent program initiated in 2006. The Carmacks mine is currently under YESAB review, and once
permitted will have an anticipated mine life of eight years. Mining activities will occur in the Williams Creek subbasin which flows northward into the Yukon River, however, site access will require usage of the shared Freegold
Road. Usage of the Freegold Road may increase erosion and sedimentation due to slope failure, or road runoff
and dust from vehicle traffic into watercourses along the shared portion of the Freegold Road, which includes the
Nordenskiold River, Murray Creek, and Crossing Creek.
Mineral Exploration
There has been extensive mineral exploration along the Dawson Range dating back to the Klondike Gold Rush in
the late 1800’s. Several recent exploration projects are situated around the Casino Mine site and along the
proposed Freegold Road corridor. Directly west of the Casino Mine property, recent mineral exploration in the
Canadian Creek area began in 1993 and is still ongoing within the 6180 ha property. Field programs on the
Canadian Creek property share several access roads with the Casino Project.
There are several active mineral exploration programs along the Freegold Road corridor, including Sonora Gulch,
Prospector Mountain, Nucleus, and WS Total. Below is a brief summary of the location of each property relative to
the proposed Freegold Road corridor:
Sonora Gulch claims are situated at the junction of Hayes and Selkirk Creeks, and overlap several Hayes Creek
tributaries including Butterfield Creek and Klines Gulch. The Freegold Road extension is proposed to run directly
through the Sonora Gulch property along the western and southern banks of Hayes Creek.
Further east, the Prospector Mountain property is located in the Hayes Creek headwaters, and extends
southward into the Big Creek drainage. The proposed Freegold road passes the property to the northeast in
reaches further downstream.
The Nucleus property is located in the Big Creek watershed just upstream of its confluence with Seymour Creek.
The Freegold Road is proposed to run directly through the Nucleus property along the south bank of Big Creek.
The WS total property is proximate to the proposed Carmacks Copper Mine, just south of the Yukon River. The
property claims traverse several watersheds, including Big Creek tributaries just upstream of its outlet into the
Yukon River, and Crossing Creek which drains northeast into the Yukon River. The Freegold Road upgrade
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section runs through the southern edge of the WS property on the north bank of Crossing Creek, but enters the
Big Creek watershed well upstream of the Yukon River.
Placer Mining
Placer mining activities are prevalent within the Casino local study area and occur in all major watersheds. Known
past and present operation locations include:
•

Britannia and Canadian Creeks;

•

Rude Creek (Jaworski and Vanwermeskerken 2000), a tributary to upper Dip Creek;

•

Hayes Creek upstream of its confluence with the Selwyn River;

•

Several Big Creek tributaries just upstream of its confluence with Seymour Creek, and near the end of the
Freegold Road upgrade section; and

•

Seymour Creek, just upstream of its confluence with Big Creek.

Potential residual effects from placer mining include changes in hydrology or channel morphology due to channel
re-alignments and water withdrawals, losses of complex in-stream habitat features such as protective cover,
reduced health of riparian habitat, stream temperature increases, increased erosion and sedimentation, and
reduced water quality. Combined, the potential for habitat loss and alteration may negatively impact the health of
local fish and aquatic communities. Further, areas where placer mining activities are particularly dense may be at
risk of experiencing cumulative impacts in downstream mainstems.
10.5.3 Interactions between Residual Project Effects and Other Activities
The fish and aquatic resources residual effects of the Casino Project were compared to residual effects of the
mining, mining exploration and placer mining projects and activities identified within the cumulative effects
assessment boundaries (Table 10.5-2). Spatially and temporally, there is potential for these residual effects to
interact with fish and aquatic resources residual effects from the Casino Project.
There are several potential cumulative effects due to the interaction of the Casino Project with other projects and
activities (Table 10.5-3). Directly around the Casino Mine site, there is the potential for cumulative effects as a
result of historic mining in upper Casino Creek, past and present mineral exploration of upper Canadian Creek,
and past and potential future placer mining in Canadian and Britannia Creeks. Impacts from placer mining on
Rude Creek were not considered here, as Rude Creek is over 10 kilometres upstream of the confluence of
Casino Creek and Dip Creek, making it highly unlikely that any residual effects from current and likely future
placer mining activity on Rude Creek would have any additive or synergistic effects with fish and aquatic
resources residual effects from the Casino Project.
Historic mining on the Casino property has resulted in the frequent discharge from a historical adit into the upper
watershed, subsequently lowering water quality in downstream Casino Creek (Refer to Appendix 7A – Water and
Sediment Quality Baseline Report for details). As the majority of residual impacts from the Casino Project will
occur in Casino Creek, there is high potential for linkage between the two projects to cause negative cumulative
effects on local aquatic biota health and survival. On the northern side of the Casino property, present and future
mineral exploration activities may increase erosion and sedimentation into Canadian Creek headwaters, disturb
riparian habitat, and lower water quality. There is also the potential for placer mining in Canadian and Britannia
Creeks to produce cumulative effects on local aquatic communities. While impacts from previous placer mining
activities have been captured within the Fish and Aquatic Resources Baseline conditions (Appendix 10A), there is
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still the potential for future placer mining to further increase erosion and sedimentation, alter channel morphology
and hydrology, and ultimately impact local aquatic biota health and survival.
Along the Freegold Road corridor, there are numerous mining, mineral exploration, and placer mining projects
and activities with the potential to interact with the Casino Project. Road construction will result in habitat loss,
increased erosion and sedimentation, and lethal and sub-lethal effects on local aquatic biota due to construction
activities and dense vehicle traffic.
Residual effects from the Minto Copper Mine are not anticipated to interact with the Casino Project, as the
proposed Freegold road corridor is located over 20 km upstream from the confluence of Dark and Big Creeks. As
the proposed Carmacks copper mine will share 33 km of the Freegold Road upgrade section with the Casino
Project, there is the potential for a cumulative effect between the two projects. Impacts to local aquatic
communities will include effects from upgrade construction and vehicle traffic, including siltation and road run-off
into nearby watercourses.
The most likely residual effect from ongoing mineral exploration programs is increased erosion and sedimentation
into local watercourses. The potential for a cumulative effect with the Casino Project will be greatest where the
road alignment passes directly through an exploration property, such as at Sonora Gulch and Nucleus. Although
the Freegold Road extension will be a private resource road with restricted access to other activities and projects
along the corridor, there is still the potential for interactions with the Casino Project along this segment. Other
potential residual effects may occur as a result of trail clearing and drill pad building. For example, riparian
vegetation disturbance may reduce bank stability, temperature regulation, and food and nutrient inputs into local
watercourses. Further, exploration activities may also lower water quality, with resultant negative impacts on local
aquatic biota health.
The proposed Freegold Road corridor will run through several past, present and future placer mining operations
including areas within the Hayes, Big and Seymour Creek watersheds. Anticipated cumulative effects along these
sections include lowered habitat productive capacity, and the potential for reduced aquatic organism health and
survival.
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Table 10.5-2

Cumulative Effects Assessment Interactions Matrix – Fish and Aquatic Resources
Potential Spatial and Temporal Overlap

Disturbances from drilling and trail
clearing

Increased erosion and sedimentation

Channel re-alignments

Reduced water quality

Stream temperature increases

Changes in hydrology

Habitat Loss

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

Increased erosion and sedimentation

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

Change in Casino Creek water quality

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

Habitat alteration downstream of TMF

YES

NO

NO

NO

NO

NO

NO

NO

NO

NO

NO

Habitat alteration downstream of
Canadian Creek diversion

NO

NO

NO

YES

YES

YES

YES

YES

YES

YES

YES

Lethal effects on aquatic biota due to
infilling, wetted habitat area loss, or
stranding

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

Sub-lethal effects on fish and aquatic
organisms due to change in habitat
productive capacity

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

Sub-lethal impacts due to blasting

YES

NO

YES

YES

YES

YES

YES

YES

YES

YES

YES

Casino Project Residual Effect

Reduced water quality due to Minto
Copper mining

Increased erosion and sedimentation

Placer Mining

Reduced water quality

Mineral Exploration
Increased erosion and sedimentation

Cadmium, silver, lead, zinc loading into
Casino Creek from historical adit

Mining

1 YES is used to indicate where a residual effect of the Casino Project has the potential to overlap spatially and temporal with an assumed residual effects of other projects and
activities.
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Table 10.5-3

Potential Cumulative Effects – Fish and Aquatic Resources

Casino Project Residual Effect

Project or Activity

Potential Cumulative Effect

Habitat Loss

Mining, Mineral
Exploration, Placer Mining

Reduction in the productive capacity of
aquatic

Increased erosion and
sedimentation

Mining, Mineral
Exploration, Placer Mining

Reduction in the productive capacity of
aquatic habitat
Negative effects on aquatic biota health
Aquatic community population declines

Mining

Reduced water quality in Casino Creek due
to adit discharge and TMF discharge
Negative effects on aquatic biota health in
Casino Creek
Aquatic community population declines in
Casino Creek

Mining

Reduction in the productive capacity of
aquatic habitat in Casino Creek
Negative effects on aquatic biota health in
Casino Creek
Aquatic community population declines in
Casino Creek

Habitat alteration downstream of
Canadian Creek diversion

Mineral Exploration, Placer
Mining

Reduction in the productive capacity of
aquatic habitat in Canadian Creek
Negative effects on aquatic biota health in
Canadian Creek
Aquatic community population declines in
Canadian Creek

Lethal effects on aquatic biota due
to infilling, wetted habitat area loss,
or stranding

Mining, Mineral
Exploration, Placer Mining

Sub-lethal effects on fish and
aquatic organisms due to change in
habitat productive capacity

Mining, Mineral
Exploration, Placer Mining

Habitat avoidance, increased stress, lowered
population fitness (e.g., growth, reproduction,
recruitment)

Mining, Mineral
Exploration, Placer Mining

Habitat avoidance, increased stress of local
aquatic biota

Change in Casino Creek water
quality

Habitat alteration downstream of
TMF

Sub-lethal impacts due to blasting

Aquatic community (e.g., fish, periphyton,
benthic invertebrates) population declines

10.5.4 Proposed Mitigation Measures and Potential Residual Cumulative Effects
Proposed Mitigation Measures of the Casino Project are outlined in Section 10.4.2. Briefly, mitigation will include
several developed mitigation plans including the Erosion and Sediment Control Plan, Water Management Plan,
Environmental Management Plan, and the Air Quality Management Plan. Further, a Fish Habitat Compensation
Plan has been produced to ensure no net loss of habitat within the LSA (Appendix 10C), and Environmental
Effects Monitoring will be implemented to monitor water quality and the health of aquatic communities in
watercourses adjacent to the mine site. Further, the Freegold Road design incorporates the installation of bridges
at all fish-bearing crossings, significantly reducing the impact to aquatic communities along the road corridor.
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Additional mitigation to be considered by CMC includes permanently sealing the adit pipe in the upper Casino
Creek watershed. A suitable time to implement this measure may be during the construction of the heap leach
facility as the proposed footprint of the heap leach facility is adjacent to the historic adit.
In Yukon, current and future projects and activities are required to adhere to their own developed mitigation plans,
including sediment and erosion mitigation around construction activities and access roads. In conjunction with
mitigation plans implemented by the Casino Project, areas of spatial and temporal overlap between projects will
be monitored and mitigated where necessary. The permitting and monitoring of placer mines has additional
mitigation built into its regulatory infrastructure. For example, each watercourse has pre-determined TSS
thresholds which vary depending on the local habitat rating (i.e. Fish Habitat Suitability rating), and operators
must continually monitor TSS discharge to ensure compliance. Habitat is ranked by its environmental significance
and sensitivity, with the highest quality habitat garnering the best water quality standards. High suitability habitats
are those supporting Chinook salmon production, or habitat identified as supporting ecologically or culturally
important fisheries or aquatic resources (i.e., Areas of Special Consideration, such as in lower Britannia Creek). In
addition to high TSS standards, channel diversions, in-stream works, and the creation of new fords are not
authorized, and riparian buffers of 30 m must be maintained along high suitability habitat.
Table 10.5-4

Additional Mitigation Measures and Residual Cumulative Effects – Fish and Aquatic
Resources

Potential Cumulative
Effect

Reduction in the
productive capacity of
aquatic habitat

Mitigation Measures for Project1
Specific Effects

Bridges at fish-bearing crossings
Erosion and Sediment Control Plan
Fish Habitat Compensation Plan

Additional
2
Mitigation
(if possible)

Effectiveness of
Additional
Mitigation Measure
(Low, Moderate,
High, Unknown)

Residual
Cumulative
Effect
(Yes/No)

Placer mining
regulations

Moderate

Yes

Moderate

Yes

Placer mining
regulations;

Negative effects on
aquatic biota health;
Lowered population
fitness (e.g., growth,
reproduction,
recruitment)

Erosion and Sediment Control Plan
Environmental Effects Monitoring

Aquatic community
population declines

Bridges at fish-bearing crossings
Erosion and Sediment Control Plan
Fish Habitat Compensation Plan

Placer mining
regulations

Moderate

Yes

Habitat avoidance

Bridges at fish-bearing crossings
Erosion and Sediment Control Plan
DFO Guidelines for: The Use of
Explosives In or Near Canadian
Fisheries Waters (Wright and Hopky
1998)
Environmental Effects Monitoring

Placer mining
regulations

Moderate

Yes

Control
contaminate
discharge from
the historic adit
in upper Casino
Creek

Note
1. Mitigation measures for Project-specific effects include mitigation measures that have been proposed by CMC to eliminate, reduce or
control similar adverse environmental or socio-economic effects.
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2. Additional mitigations measures may be either Project-specific mitigation for which CMC can implement or recommended mitigation
measures for which other parties could implement.

10.5.5 Significance of Residual Cumulative Effects
Residual impacts from the Casino Project are concentrated in the Casino and Canadian Creek drainages, with
impacts along the proposed access roads anticipated to be minimal. Conversely, the majority of active or nearfuture projects within the RSA are situated along the proposed road corridor and are well removed from the
Casino Mine site. Thus, all identified cumulative effects are anticipated to be non-significant based on the minimal
potential of project effect interactions (Table 10.5-5). The result of project effect linkages will be low in magnitude
and geographical extent, and are not expected to have far-reaching effects on regional productivity or diversity. In
particular, the use of bridges on all fish-bearing watercourses along the road corridor, the restriction of the
Freegold extension as a private resource road, and the implementation of the Casino Fish Habitat Compensation
Plan (Appendix 10C) will serve to minimize, and then compensate for any potential project impacts on fish and
aquatic resources in the RSA.
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Table 10.5-5

Significance of Residual Cumulative Effects – Fish and Aquatic Resources

Probability of
Occurrence

Context

Reversibility

Frequency

Duration

Geographic
Extent

Magnitude

Residual Cumulative
Effect

Direction

Predicted Degree of Effect After Additional Mitigation Measures
Significance of
Residual
Cumulative Effect
(Significant/Not
Significant)

Reduction in the
productive capacity of
aquatic habitat

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

High

Not Significant

Negative effects on
aquatic biota health;
Lowered population
fitness (e.g., growth,
reproduction,
recruitment)

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

Moderate

Not Significant

Aquatic community
population declines

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

Moderate

Not Significant

Habitat avoidance

Adverse

Low

Localized

Permanent

Frequent

Irreversible

Low
resilience

Moderate

Not Significant
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10.5.6 Discussion of Significance of Residual Cumulative Effects
No significant cumulative effects (Table 10.5-6) on fish and aquatic organisms are predicted to occur due to the
Casino Project. All residual effects were considered non-significant due to the low geographical extent, low
magnitude, and high level of confidence of the anticipated impacts. The assessment of significance is contingent
on the complete implementation of mitigation measures, including proposed compensation works, which are
outlined in Sections 10.4.2 and 10.5.4.
Table 10.5-6

Summary of Residual Cumulative Effects – Fish and Aquatic Resources
Direction
(Adverse/Beneficial)

Significance
(Significant/Not
Significant)

Level of Confidence
(Low, Moderate, High)

Reduction in the productive capacity of
aquatic habitat

Adverse

Not Significant

High

Negative effects on aquatic biota health;
Lowered population fitness (e.g., growth,
reproduction, recruitment)

Adverse

Not Significant

High

Aquatic community population declines

Adverse

Not Significant

High

Habitat avoidance

Adverse

Not Significant

High

Residual Cumulative Effect

10.6

SUMMARY AND CONCLUSIONS

No significant habitat loss and alteration (Table 10.4-17), lethal effects (Table 10.4-18), sub-lethal effects (Table
10.4-19), or cumulative effects (Table 10.5-6) on fish and aquatic organisms are predicted to occur due to the
Casino Project. All residual effects were considered non-significant due to the low geographical extent, and low to
medium magnitude of the anticipated impacts. The assessment of significance is contingent on the complete
implementation of mitigation measures, including proposed compensation works, which are outlined in Sections
10.4.2 and 10.5.4.
While habitat loss and alteration in Casino Creek will be notable, the reduction in available habitat will be offset
with new higher quality habitat in lower Britannia Creek (Appendix 10C). For example, flow reductions during
winter may decrease or eliminate the low amount of overwintering habitat currently available in lower Casino
Creek, however, the proposed compensation pond will more than offset this loss. Overall, the net habitat gain will
ensure that there is no impact on the productive capacity of habitat on a regional scale.
Impacts from mine effluent discharge are not anticipated to be significant based on the application of alternative
water quality guidelines which take into account site-specific water chemistry including high water hardness, and
elevated baseline metal concentrations. The designation of non-significance is directly formulated on results from
the water quality model (Appendix 7F).
Sub-lethal effects on fish and local aquatic biota are difficult to predict owing to the number of factors involved
(e.g., lowered flows, temperature increases, altered channel morphology) and the uncertainty surrounding their
potential interactions. Thus, monitoring of water quality and aquatic communities at near-field sites in Casino, Dip,
Canadian and Britannia Creeks is required to identify and potentially mitigate/compensate any future impacts on
the fitness of local fish species. Despite the uncertainty involved, potential project impacts are not predicted to
yield far-reaching effects on regional productivity or diversity.
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