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DESCRIPTION OF SUPPORTING DOCUMENTATION

Cumberland Resources Ltd. (Cumberland) is proposing to develop a mine on the Meadowbank
property. The property is located in the Kivalliq region approximately 70 km north of the Hamlet of
Baker Lake on Inuit-owned surface lands. Cumberland has been actively exploring the Meadowbank
area since 1995. Engineering, environmental baseline studies, and community consultations have
paralleled these exploration programs and have been integrated to form the basis of current project
design.

The Meadowbank project is subject to the environmental review and related licensing and permitting
processes established by Part 5 of the Nunavut Land Claims Agreement. To complete an
environmental impact assessment (EIA) for the Meadowbank Gold project, Cumberland followed the
steps listed below:

1. Determined the VECs (air quality, noise, water quality, surface water quantity and distribution,
permafrost, fish populations, fish habitat, ungulates, predatory mammals, small mammals,
raptors, waterbirds, and other breeding birds) and VSECs (employment, training and business
opportunities; traditional ways of life; individual and community wellness; infrastructure and social
services; and sites of heritage significance ) based on discussions with stakeholders, public
meetings, traditional knowledge, and the experience of other mines in the north.

2. Conducted baseline studies for each VEC and compared / contrasted the results with the
information gained through traditional knowledge studies (see Column 1 on the following page for
a list of baseline reports).

3. Used the baseline and traditional knowledge studies to determine the key potential project
interactions and impacts for each VEC (see Column 2 for a list of EIA reports).

4. Developed preliminary mitigation strategies for key potential interactions and proposed
contingency plans to mitigate unforeseen impacts by applying the precautionary principle (see
Column 3 for a list of management plans).

5. Developed long-term monitoring programs to identify residual effects and areas in which
mitigation measures are non-compliant and require further refinement. These mitigation and
monitoring procedures will be integrated into all stages of project development and will assist in
identifying how natural changes in the environment can be distinguished from project-related
impacts (monitoring plans are also included in Column 3).

6. Produce and submit an EIS report to NIRB.

As shown on the following page, this report is part of the documentation series that has been
produced during this six-stage EIA process.
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SECTION 1 « EXECUTIVE SUMMARY

This report describes and quantitatively maps the spatial distribution and relative abundance of fish
habitat types within Second Portage, Third Portage, and Vault Lakes (project lakes) as part of
Cumberland Resources Meadowbank Gold project baseline study program. The specific objectives of
this study were to: (1) describe the nature, quantity, and distribution of habitat types, and (2)
quantitatively map the relative abundance and value (high, moderate, low) of habitat types in the
project lakes. This information is required to quantify the potential adverse effect of the Meadowbank
project on fish habitat.

Initial interpretation of physical substrate and landform features from nearshore littoral and shoal
habitat was described from stereoscopic pairs of 1:10,000 colour air photos (1999 and 2002 series) of
the project lakes. These features were used to distinguish identifiable polygons, which were
described according to four different habitat attributes including: sediment grain size (e.g., boulder,
cobble), morphology (e.g., platform, shoal, shelf), depth (shallow, moderate, deep, very deep), and
habitat complexity (low, moderate, or high complexity).

In August 2003 we groundtruthed representative habitat polygons identified from aerial photographs
using underwater video photography. Using the photographs, empirical bathymetry data, and
underwater video imagery, we were able to assign a habitat type to individual polygons. Six different
habitat types were described, ranging from very coarse boulder gardens at shallow depths to fine
(silt/clay) sediments at deep depths. Habitat types of individual polygons were then mapped and
quantified using a geographic information system (GIS). A valuation and ranking system was then
devised to score and assign a relative value to different habitat types, based on the unique habitat
attributes identified within each polygon. Habitat types were ranked as having high, moderate, or low
value, based on their relative contribution and importance as spawning, nursery, shelter, foraging,
and overwintering habitat for fish. High, moderate, or low value habitats were quantified using GIS
and mapped.

In Second and Third Portage lakes, the majority of habitat (70% and 81%, respectively) consisted of
profundal basin habitat, >6 m depth with uniform silt/clay grain size and low complexity. Boulder
platform and sediment apron habitats were next most abundant, and were characterized by
heterogeneous substrates, shallow to moderate depths, moderate to high complexity, and were
usually associated with shorelines and shoals. These habitat types were moderate and high value
habitats.

In the Vault lakes, aerial (m2) and relative proportions (%) of nearly all habitat types were much more
even than the Portage lakes, with high percentages of boulder platform (38%), boulder shoal (19%),
and mixed sediment apron (11%). Sediment basin habitat composed only 25% of surface area,
proportionately much less than the Portage lakes, due to the relatively shallow depth and abundant
shoals and platforms in the lakes. Shoreline development and complexity was high throughout the
Vault lakes, which provides abundant habitat for all life history stages of lake trout and round
whitefish, including spawning, nursery, shelter, feeding, and overwintering.

January 2005 Executive Summary 1-1



CUMBERLAND MEADOWBANK GoLD PROJECT

RESOURCES LTD. BASELINE FISH HABITAT REPORT

There is an inverse relationship between depth and habitat value. Deep, low complexity, fine grain
size habitats dominated surface area of the Portage lakes and do not provide for spawning, nursery
or shelter habitat for fish, although such habitats are valued for feeding and overwintering.
Heterogeneous substrates found in moderate to deep depths (<4 to 6 m) with high complexity were
less abundant than profundal habitats, but had much higher value because they provide spawning,
nursery, shelter, and feeding habitat.

The project area lakes appear to have abundant and diverse habitats that are typical of Arctic lakes,
and provide adequate habitat and physical conditions to support all life history stages of fall spawning
fish populations.
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SECTION 2 « INTRODUCTION

21 BACKGROUND

Cumberland Resources Ltd. (Cumberland) is evaluating the feasibility of establishing a gold mine at
its Meadowbank property near Baker Lake, Nunavut (see Figure 2.1). The Meadowbank project,
about 75 km north of the hamlet of Baker Lake, is situated within a number of Arctic, oligotrophic, fish-
bearing lakes at the headwaters of the Quoich River system. The most notable lakes are Second
Portage and Third Portage and the Vault lakes, which are located directly within the boundaries of the
mineral zones being explored on the Meadowbank property. These headwater lakes drain into Tehek
Lake, which flows via the Quoich River into the western end of Chesterfield Inlet and, eventually, into
Hudson Bay. The surrounding terrain is typically barren-ground sub-arctic, with little relief, and is
dominated by many small lakes and ponds with indistinct and complex drainage patterns. Parts of
these lakes may be subject to direct or indirect environmental impacts related to mine development
as a result of dike construction, dewatering, stream crossings, and effects on water quality.

Baseline studies have examined the physical (e.g., water depth, temperature, and substrate type),
chemical (e.g., metals concentrations in water, sediment, and fish tissue), and/or ecological (e.g.,
phytoplankton, zooplankton, periphyton, benthic invertebrates, and fish) characteristics of the
Meadowbank project study lakes. The objective of baseline studies has been to describe
environmental conditions of these remote lakes prior to any disturbances as a result of mine-related
development and operational activities (BAEAR, 2005).

An important question is, “how will certain development activities, particularly the isolation and
impoundment of discrete portions of the study lakes, affect overall productivity of fish populations?”
The federal fisheries act describes fish habitat as, “spawning grounds and nursery, rearing, food
supply, and migration areas on which fish depend directly or indirectly to carry out their life
processes.” Fish habitat is comprised of physical (e.g., substrate type and structure), chemical (e.g.,
nutrients, temperature), and biological (e.g., plankton, insects) attributes that combine to create a
variety of conditions affecting the productivity of fish populations in a lake or stream. The federal ‘no
net habitat loss principal’, described in the Department of Fisheries and Oceans (DFO) Fish Habitat
Management Policy (DFO, 1987), strives to avoid any net loss of the productive capacity of fish
habitat as a result of a development project, by following a set of guidelines or a hierarchy of options
(DFO, 1998; DFO, 2003). In order of preference, these are:

¢ Relocation or physically moving of a project, or part of the project, to eliminate the potential for
adverse effects.
e Redesign of a project to avoid adverse impacts.

e Mitigation of impacts in cases where relocation or redesign of a project is not possible. An
example is installation of erosion-control measures or materials to minimize effects of introduced
sediments on habitats.
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¢ Compensation, which involves replacing harmfully altered, disrupted, or lost habitat with newly
created habitat, or enhancement of existing habitat. This is DFO’s least preferred option and is
only considered when relocation, redesign, or mitigation measures fail to avoid harmful alteration,
disruption, or destruction of fish habitat. There is also a hierarchy of compensation measures
ranging from the creation of similar habitat at or near the development, to the least preferred,
increase of productive capacity of fish habitat of a different species or stock off-site.

Habitat is generally grouped within four major categories: spawning and nursery; rearing; feeding;
and overwintering. Certain physical features within discrete parts of each lake determine the extent to
which habitat is utilized by different life history stages of fish. For example, shallow areas of lakes that
may be important as a food source in summer may not be used by fish at all during winter, because
depth is too shallow for overwintering.

Fish habitat, as it pertains to importance and utilization by different fish species at particular life
history stages (e.g., larvae, juvenile, adult), is a complex mixture of physical, chemical, and biological
features in lakes and streams. For example:

e Physical features include the type, size, shape, distribution, and slope of bottom sediment,
ranging in size from fine material (clay, silt, and sand) to coarse material (gravel, cobble, and
boulder). Water depth, exposure to wind forces, currents, ice scour, temperature, oxygen
concentration, and proximity to sediment sources and tributary streams also affect habitat quality
and utilization by fish.

e Chemical features affecting habitat quality include pH, nutrient concentration, organic carbon
content of sediment, and contaminant concentrations (e.g., metals).

e Biological features affecting habitat quality include such factors as abundance of food sources
(algae, zooplankton, benthic invertebrates), predators, and competing species.

The quality of fish habitat is a relative measure prescribed to different habitat types that can vary
according to life history stage. Examples of habitat quality that can be indirectly measured include:
the quantity and quality of food produced; the degree of protection afforded to developing eggs and
hatching larvae; protection from predators; and overwintering success by fish.

An understanding of the relative abundance and spatial distribution of physical features and structure
of habitat in lakes can be used to indirectly determine the quality of habitat, which is ultimately
reflected in the abundance (i.e., biomass) and diversity of fish within a study lake. Abundance of fish
differs between lakes as a result of a complex interaction between: quality and abundance of
available habitat; quantity of critical habitats, such as spawning; availability and abundance of food
resources (as dictated by lake productivity); and immigration or emigration by fish. For example, the
absence of Arctic grayling (Thymallus arcticus) in study lakes is partly due to the near absence of
stream habitat, which grayling depend on for spawning and foraging. In addition, the study lakes are
near the northern geographic extent of the range of this species, and grayling have not been
observed in the Quoich River watershed (Lawrence and Davies, 1977). Lake trout (Salvelinus
namaycush) was the most abundant species found in all study lakes, which is typical of lakes at this
latitude in this region of the Arctic.
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2.2 OBJECTIVIES

This study quantitatively describes and maps the spatial distribution and relative abundance of fish
habitat within the project lakes. This interpretation is based on an examination of physical substrate
and landform features distinguished from stereoscopic pairs of 1:10,000 colour air photos of the study
area (at a gross level), and groundtruthed with an underwater video camera system (at a fine scale).

The specific objective of this study is to describe the nature, quantity, and distribution of visible
substrate types within each study lake, according to factors that influence quality of the substrate as it
pertains to utilization by fish, including water depth, complexity, substrate, and morphology. The
ultimate objective of this exercise will be to quantitatively map the relative abundance and distribution
of habitat types within areas of Second and Third Portage lakes and Vault 1 Lake that are potentially
adversely affected by mine development, relative to areas of these lakes that are unaffected by mine
development. This will be determined as part of the environmental impact assessment (EIA) process
to assess the magnitude of impacts to fish habitat, and the degree and type of mitigation and
compensation required to strive for no net loss.

In addition, the determination of whether or not critical habitats (e.g., habitat types that might be
limiting factors to fish production, such as spawning habitat) are captured within the proposed
development area (Figure 2.1), that are not otherwise present or represented in similar abundance in
areas outside of the proposed development area, is important in assessing the relative degree to
which the Meadowbank project may have an impact on fish. This has direct implications about the
significance of habitat loss and replacement.

Because this assessment is based on interpretation of physical features from air photos and
underwater video photography, there are a number of inherent limitations in terms of the degree of
sophistication of interpretation and confidence in habitat classification that can be made due to scale,
water visibility, and depth. For example, the smallest feature that can clearly be distinguished from a
1:10,000 scale air photo is a boulder with a diameter of at least 2 m. Also, the vast majority of lake
area is deeper than the maximum depth at which habitat features could be distinguished (about 6 m
below the surface), so mapping and quantification from aerial photographs was limited to littoral areas
near shorelines, platforms, and visible shoals less than 6 m in depth. It is presumed, based on
baseline studies, that the majority of bottom substrate is comprised of fine sediments, primarily clay
and silt, at depths greater than 6 or 8 m. This assumption was confirmed during field exercises.

To more accurately describe, classify, and quantify habitat types, an underwater video camera was
used in 2003 to capture imagery of representative habitat types. This imagery provided essential
groundtruthing of information acquired from air photo interpretation, to verify habitat descriptions,
increase confidence of quantitative measures, and fill in data gaps. Note that our ability to
quantitatively assess habitat quality was constrained somewhat by the very large area of the study
lakes and limited spatial coverage possible using underwater photography; however, the level of
information is adequate for baseline mapping purposes, and will serve as a guide for more detailed
mapping, if necessary. Ultimately, this information will be used to quantify and assess the scope and
magnitude of impact on fish habitat in the study lakes that occurs as a result of mine development.
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23 APPROACH

The general approach of this study was as follows:

e Scan and integrate air photographs of study lakes into a GIS database.

e Interpret and map individual habitat polygons identified from air photos according to a
classification scheme based on observed physical features (e.g., grain size, depth).

¢ |dentify and describe six discrete habitat types based on four primary habitat attributes —
substrate size and composition, depth, morphology, and complexity.

¢ Individual polygons were assigned a habitat type based on observable habitat attributes.

e Conduct a field survey to groundtruth air photograph information by capturing video and still
imagery of representative habitat types within study lakes.

¢ Derive a ranking system to assess habitat quality, based on physical features inferred from air
photos and video data, and on a professional understanding of habitat requirements and physical
features that are of importance to fish.

¢ Classify habitat value in the study lakes as “high,” “moderate,” or “low.”

e Quantify (ha) and map high, moderate, and low value habitats using GIS.

It was not within the scope of this document to determine the relative quantity of high, moderate, or
low value habitat within lake areas potentially affected by mine development, versus lake areas
unaffected by mine development. This will be addressed within the EIA.

A number of assumptions were required to achieve our objective of quantifying habitat. Given the
scale of the project, it was not possible to acquire video imagery of all areas within the project lakes.
Thus, we had to assume that certain habitat types identified and grouped within common categories
had similar features, such as grain size and complexity. There are limited bathymetry data for the
project area lakes, so depth was inferred based on colour signature of the air photos and
groundtruthed with video at select locations. Finally, it is difficult to distinguish subtle features from air
photos, such as degree of ice scouring, cover by periphyton, and presence of fine sediments draped
over coarse sediment. Underwater video photography of representative habitat types in the lakes was
used in an attempt to resolve these assumptions and reduce uncertainty in habitat quantification.
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SECTION 3 - METHODS

3.1 BASE MAP

The entire area of Second Portage Lake was quantitatively mapped and assessed, as well as the
northern and eastern basins of Third Portage Lake, the southern basin of Third Portage Lake (which
serves as the internal reference area for the study), and the Vault Area lakes (Figure 2.1). Lake areas
identified as being potentially affected by mine development are delineated on the map. The lines
indicate dike locations that would capture and impound lake areas that would be drained to
accommodate mining operations.

The first step of the assessment was to create a base map by scanning 1:10 000 aerial photographs
and transferring the data to GIS for analysis. Visible substrate features were then classified in shallow
and littoral zones of study area lakes, according to grain size, morphology, depth, and complexity.
Major visible features were inferred from various colour signatures that were visible in the aerial
photos. Such a characterization allowed the areas, the types of habitat, and habitat values to be
assessed. This information will be used in the EIA to compare the area and type of affected habitat to
the area and type of unaffected habitat in project lakes.

All habitat polygons were overlain on an electronic National Topographic Survey (NTS) 1:50,000
scale base map. These data are in UTM projection, Zone 14 using NAD83 datum. In some locations,
shorelines were missing, incorrect, or derived at a smaller scale. Efforts were made to correct obvious
shoreline errors by digitizing new shoreline from the air photos, or supplementing the gaps with
1:250,000 shoreline.

3.2 AIR PHOTO ANALYSIS

Two sets of aerial photos were used in the assessment: 1998 aerial photography (5,544 ft survey
altitude) that was collected by Eagle Mapping Services Ltd.; and 2002 aerial photography (5,657 ft
survey altitude), collected by Geographic Air Survey Ltd. The effective scale of this photography is
1:10,000. It is important to note that these air photos were not orthorectified; this required some
additional processing to match the aerial imagery with the base map.

Interpretation of the air imagery required four steps: scanning, registering, warping, and interpretation.

3.21 Scanning

Photos were scanned at a resolution of 300 dpi using a Canon Lide30 scanner. To improve the
quality of the image for classification purposes, Adobe Photoshop was used to brighten the image
(+30-35) and to increase the contrast (+15-20). This allowed the interpreter to better distinguish finer
features such as deep-water reefs and complexity of habitat polygons.
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3.2.2 Registration

Images were imported into ArcView and registered using the register and transform extension.
Prominent shoreline features were registered against the NTS base map. It was our goal to maximize
accuracy by keeping the registration error to within 3 m. This was not possible in all cases,
particularly in aerial transects 3 and 8.

3.2.3 Warping/Rubbersheeting

As the air imagery was not digitally orthorectified, it required rubbersheeting to match our 1:50,000
base map. Given the disparity between the two scales (photos = 1:10,000 and map = 1:50,000),
some degree of adjustment was to be expected. In most cases, a great deal of warping was not
required. Photos from transect 8 did require a larger degree of modification. Warping using the
ArcView extension ImageWarp, produced by Spatial Solutions Inc., allowed us to rubber-sheet the
scanned imagery using second- or third-order transformations.

3.3 SCALE OF INTERPRETATION & MAPPING

Air photos were interpreted at a scale of 1:5,000. Although features could be mapped at finer scales,
it was judged that 1:5,000 provided the best mix between detail and spatial continuity for the project.
Features that could not be reasonably distinguished at this scale were lumped into larger classes
(i.e., small groupings or patches of boulder veneer would be lumped into the dominant category).
Zooming in to assist in the mapping of larger features was used in some cases.

Features were digitized in ArcView and assigned attributes using information from a combination of
sources: the scanned digital images; the original aerial photographs; and water depth, based on
ground penetrating radar (GPR) transects and interpolated bathymetry that were acquired from
discrete areas of Second and Third Portage lakes where the majority of mine development is
proposed.

Features that were less than 2 mm on the physical air photo (i.e., 20 m in width) were excluded from
interpretation. This included some areas of steep shoreline cliff and rapid increases in depth. The
landward edges of nearshore polygons were snapped to the shoreline of the 1:50,000 NTS base
map.

3.4 UNDERWATER VIDEO PHOTOGRAPHY

In August 2003, an underwater video survey of representative habitat areas, as determined from
aerial photographs, was undertaken within the study lakes, focusing on lake areas contained within
the proposed dike locations on Second and Third Portage lakes (see Figure 3.1). Underwater
imagery was recorded using a video drop camera attached to an onboard Sony portable mini-DV
recorder with viewing screen so that captured imagery could be viewed on the boat in real time. Pre-
selected stations were navigated to using a Garmin 12 hand held global positioning system (GPS),
aerial photographs, and topographic maps. Once on station, the boat was anchored and water depth
was determined with a hand held digital depth meter (accurate within +/- 0.1 m). The camera was
then deployed over the side of the boat and lowered to between 1 and 2 m from the bottom. Between
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Figure 3.1: Distribution of Drop Camera Video Stations in Second Portage & Third Portage
Lake East Basin
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30 seconds and 2 minutes of video imagery was captured per station. Surface winds pushed the boat
and camera around in a several metre radius area over the bottom, resulting in a zone of filming
around the station anchor.

Video imagery was acquired from 64 stations (video was not acquired from 3 stations because of very
shallow depth, and shallow, heavy boulder coverage) that were identified from aerial photographs
prior to going into the field, and from stations that were visited opportunistically during the field
survey. Figure 3.1 depicts the distribution of all stations visited in August 2003 in Second (2P-01) and
Third Portage lakes (3P-01 to 3P-04). Appendix A provides the location (UTM NAD 83 coordinates), a
general description of habitat features, and depth of each station visited.

Appendix B provides a series of five aerial photograph images depicting all prescribed and
opportunistically visited stations in Second and Third Portage lakes (Figure 3.1) from which video
imagery was acquired. The intent of opportunistic drop camera stations was to gather video imagery
of key bottom features identified while in the field. Imagery was captured from areas that were either
considered typical of a larger area, had unusual features, or were deep (>10 m), to verify our
assumption that bottom sediment in deeper areas, beyond the discernable depth of the aerial
photographs (about 6 m), consisted of fine substrate (silt/clay). The locations of the stations are
overlain on the appropriate aerial photograph in Appendix B, and correspond to descriptions given in
Appendix A.

Overall, there was good coverage of representative habitat types ranging from very shallow boulder
garden type habitat to habitat consisting of fine sediments (silt/clay) in deeper water (>8 m).

Brief video clips and still images from each station have been extracted from the mini-DV tapes and
placed on a CD-ROM, which is included with this report. To view the video imagery, follow these
steps:

e Place the CD in a computer drive and go to the appropriate folder or drive from Windows
Explorer.

e Double click on CumberlandMovies.htm. This will direct you to an overview map of all prescribed
stations.

o Click on the particular map sheet (e.g., 3P-03, 2P-01) that you wish to view video imagery. This
will bring up an aerial photograph of all video stations for that map sheet.

e Click on the particular station to view imagery for that station. Your computer will open Windows
Media Player and a 7 to 20 second video clip will automatically play, showing bottom substrate
from that station and habitat type (Appendix A).

o To view still photographs from the same stations, captured from the video imagery, follow exactly
the same steps, except begin the process