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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 « INTRODUCTION

This report addresses the environmental concerns and regulatory interests regarding the potential for
air emissions from the Meadowbank Gold project. The assessment presented herein analyzes
potential emissions to the atmosphere, estimates ambient concentrations, and compares these
estimates to relevant guidelines or objectives. A discussion of project emissions impact on ambient
air quality is included.

A limited number of point emission sources will be present at the plant. The most significant ones will
be the exhaust stacks of the diesel power plant. Combustion of diesel fuel involves emissions of
nitrogen oxides (NOy), with most of nitrogen oxide (NO) converting to nitrogen dioxide (NO), sulphur
dioxide (SO,), carbon monoxide (CO), carbon dioxide (CO,), water vapour (H,O), and some small
quantities of unburned hydrocarbons (HC), particulate matter (PM), and other compounds.

Mining activities and ore processing facilities will generate dust. The dust arises predominantly from
inert soil, ore materials, and tailings. The main potential sources of dust will include processing plant,
stockpiles, ore hauling trucks, tailings and waste rock disposal, stripping, and overburden storage.
They are generally dispersed sources rather than specific point sources. Plant-located dust emission
sources will include primary crusher, ball mill, and furnace vent. Windy and dry weather conditions
greatly enhance fugitive dust emission.

Various mining equipment and hauling trucks powered by diesel engines will exhaust air pollutants
such as nitrogen oxides, volatile organic compounds, particulate matter (mainly small sizes, less than
10 ym [PMyo] and 2.5 ym [PM_ 5] of aerodynamic diameter), carbon monoxide, and carbon dioxide.

The following air quality issues are of primary concern and, therefore, selected for the air quality
assessment:

e emissions resulting from combustion of diesel fuel in the power plant and vehicles, including
nitrogen oxides, carbon monoxide, sulphur dioxide, and particulate matter (PMq and PM,5)

e fugitive dust emissions from tailings, overburden, and waste disposal and process operations
including ore hauling.
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SECTION 2 - BOUNDARIES OF THE STUDY AREA

21 SPATIAL BOUNDARIES

The air quality assessment has been conducted for regional study area (RSA) and local study area
(LSA). The RSA for the cumulative air quality assessment was defined in preliminary dispersion
modelling with the AERMOD model and resulted in the selection of a 5 km zone around the emission
sources. The RSA is extended to the south and north by 7 km resulting from the distance between
the processing plant and the Vault mine. The RSA can be viewed in a series of concentration
isopleths presented in Section 6.

The LSA is based on a 3 km distance from project sites, within which the maximum ground level
concentrations will occur due to mining equipment, mobile sources, and plant activities. The extent of
the LSA was also determined by preliminary dispersion modelling. The LSA is shown in Section 6,
Figures 6.8 to 6.10, 6.12 to 6.14; and in Figures 6.16 to 6.24 (except Figure 6.22, which is within RSA
boundaries).

2.2 TEMPORAL BOUNDARIES

The establishment of temporal boundaries is based on the worst-case scenario when air quality
impacts would be worst throughout the life of the project. This will happen when the Vault pit is in
operation and the ore is hauled to the processing plant by a fleet of 90-tonne trucks over a distance of
approximately 7 km. Mining at the Vault site is scheduled for three-year period for an ore mining total
of 1,715,000 t/a.

January 2005 Boundaries of the Study Area 2-1



CUMBERLAND MEADOWBANK GoLD PROJECT

RESOURCES LTD. AIR QUALITY IMPACT ASSESSMENT

SECTION 3 « AIR QUALITY GUIDELINES & OBJECTIVES

The primary aim of establishing ambient air quality guidelines and objectives is to protect public
health and the environment from the effects of air pollution. Table 3.1 lists maximum, time-based
pollutant concentration levels (guidelines and objectives) for the protection and preservation of
ambient air quality. For each of these air contaminants, the concentration in the ambient air will not be
greater than the concentration indicated.

For National Ambient Air Quality Objectives (NAAQO), three levels have been defined:

Maximum desirable level (Level A) — defines the long-term goal for air quality and provides a basis for
an anti-degradation policy for unpolluted parts of the country and for the continuing development of
control technology.

Maximum acceptable level (Level B) — is intended to provide adequate protection against adverse
effects on soil, water, vegetation, materials, animals, visibility, personal comfort, and well-being.

Maximum tolerable level (Level C) — denotes the concentration of an air contaminant that requires
abatement without delay to avoid further deterioration to air quality that would endanger the prevailing
Canadian life-style or ultimately, to air quality that would pose a substantial risk to public health.

The appropriate level will be selected based on the degree of protection to be afforded to receptors.
Maximum tolerable levels are only for evaluation purposes to identify the severity of an anthropogenic
or natural phenomenon in order to protect human health and institute appropriate corrective action. In
general, maximum acceptable levels are not to be exceeded in any urban centre, including areas that
are in the vicinity of industries with atmospheric emissions. Within rural areas, the goal is to maintain
pollutant concentrations at or below maximum desirable levels.

In addition to NAAQOs, references are made to NWT guidelines and interim Canada-wide standards
(CWS) for O3 and PM, 5 developed by the Canadian Council of Ministers of the Environment (CCME)
under the Canadian Environmental Protection Act (CEPA).

The CWS are intended to be achievable standards based on sound science, which take into
consideration social implications and technical feasibility. They do not, however, have any legal
standing. Each jurisdiction that is a participant in the Harmonization Accord will implement the
standards under existing provincial legislation or draft new legislation. In keeping with the concepts of
Continual Improvement and Keeping Clean Areas Clean (CI/KCAC) by the Canadian Council of
Ministers of the Environment, the project will make every effort to minimize emissions by
implementing strategies described in other documents of this EIA series. Given the sensitivity of the
northern environment, the facility will strive to surpass the goal of simply meeting the ambient air
quality standards and achieve as minimal an impact as possible on ambient air quality. This air quality
assessment report, submitted in support of the proposed development, reflects the CI/KCAC
approach.
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Concentration® Averaging

Jurisdiction Substance Level pg/m® Time
450 1h
SOz Acceptable 150 24 h
o 30 Annual
Northwest Territories PM,s Acceptable 30 24 h
120 24 h
TSP Acceptable 60 Annual®
ON, NF, BC PMio Acceptable 50 24 h
) 100 1h
Desirable 30 24 h
o 160 1h
3 50 24 h
Acceptable 30 Annual
Tolerable 300 1h
PM25 Acceptable 30 24 h
Desirable 60 24 h
120 24 h
TSP Acceptable 70 Annual®
Canada Tolerable 400 24 h
Desirable 60 Annual
400 1h
Acceptable 200 24 h
NO: 100 Annual
1,000 1h
Tolerable 300 24 h
. 15,000 1h
Desirable 6.000 8h
CcO 35,000 1h
Acceptable 15.000 8h
Tolerable 20,000 8h

Note: a. At a temperature of 25°C and pressure of 101.3 kPa. b. As a geometric mean.
January 2005 Air Quality Guidelines & Objectives 3-2
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SECTION 4 - EXISTING CONDITIONS IN THE PROJECT AREA

41 CLIMATE & TERRAIN

The Meadowbank project region is within a low Arctic ecoclimate described as one of the coldest and
driest regions of Canada. Arctic winter conditions occur from October through May, with temperatures
ranging from +5° to -40°C. Summer temperatures range from -5° to +25°C, with isolated rainfall
increasing through September. The long-term mean annual air temperature for Meadowbank is
estimated to be approximately -12°C and can drop below 0°C in any month of the year. Air
temperatures at the Meadowbank area are, on average, about 0.6°C cooler than Baker Lake air
temperatures, with extreme temperatures at Meadowbank tending to be larger in magnitude (i.e.,
more extreme) than the extremes at Baker Lake; this is thought to reflect the effect at Baker Lake of a
moderating maritime influence.

Skies tend to be more overcast in the winter than the summer. The average annual wind speed is

10 km/h and winds tend to be most frequently from the west and east-southeast quadrants. Light-to-
moderate snowfall is accompanied by variable winds up to 70 km/h, creating large, deep drifts and
occasional whiteout conditions. Monthly rainfall, snowfall, and total precipitation values were adjusted
for undercatch using the values reported by Environment Canada for Baker Lake to develop
estimates of adjusted monthly and annual values for Meadowbank, for the period 1949 to 2003. The
resulting adjusted mean annual rainfall, snowfall, and precipitation totals for Meadowbank are

144.0 mm, 148.8 mm, and 292.8 mm, respectively.

Land exposure consists of gently rolling hills less than 25 m high and muskeg bound by numerous
lakes and streams. Glacial derived overburden is rare in the vicinity, and vegetation is limited to small
shrubs, lichen, and grasses. Areas of the property, such as the Third Portage peninsula, have
relatively thin layers of overburden ranging from 0 to 5 m and are underlain by bedrock.

Shallow lakes surround all the gold deposits at Meadowbank. Seasonal freezing of these lakes
occurs in October and lasts until early June with average maximum ice thickness of 2 m.

Permafrost is known to exist beneath all major landforms in the area; however, a level of thermal
insulation is associated with the lakes, preventing permafrost development beneath or proximal to
water bodies over 100 m in diameter and 2 m in depth. Over landforms, an active layer of up to 3.5 m
is present, depending on soil conditions. Below the active layer, thermistors have been installed on-
site to record permafrost temperatures. Values of -7 to -8°C have been measured at depths below

10 m. The depth of permafrost can also vary depending on proximity to lakes.

4.2 BACKGROUND AIR QUALITY

The Environment Protection Service of the Government of NWT reported PM;q concentrations of less
than 10 ug/m3 for undisturbed areas of Northwest Territories (NWTWRED, 2004). Concentration of
other pollutants considered in this project, such as SO,, NO,, and CO, are expected to be very low, in
keeping with the area’s pristine quality of air.
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SECTION 5§ « EMISSION SOURCES

5.1 POINT SOURCES

Emission point sources include the power plant and primary crusher (see Appendix B for locations).
These sources are described below.

5.1.1 Power Plant

The facility maximum electrical demand is currently estimated to be 15.5 MW. To supply this power,
three diesel generators will be in operation, with a fourth on stand-by duty. A total of 15.5 MW
operating capacity is sufficient to handle the peak demand during the winter season. These engines
will provide mechanical power to operate electricity generators. There will be two emergency
generator units, each capable of supplying 0.5 MW. These will be used initially to supply construction
power. They will be housed in separate modules located away from the main powerhouse to ensure
operability of the system in case of powerhouse fire.

Most of the pollutants from internal combustion (IC) engines are emitted through the exhaust.
Evaporative losses are insignificant in diesel engines due to the low volatility of diesel fuels.

The primary pollutants from internal combustion engines are nitrogen oxides (NO,); hydrocarbons
(HC) and other organic compounds; and carbon monoxide (CO) and particulate matter (PM), which
include both visible (smoke) and non-visible emissions. Nitrogen oxide formation is directly related to
high pressures and temperatures during the combustion process and to the nitrogen content, if any,
of the fuel. The other pollutants, HC, CO, and PM, are primarily the result of incomplete combustion.
Ash and metallic additives in the fuel also contribute to the particulate content of the exhaust. Sulphur
oxides also appear in the exhaust from IC engines. The sulphur compounds, mainly sulphur dioxide,
are directly related to the sulphur content of the fuel. Short descriptions of each primary pollutant, as
provided in the EPA publication “Compilation of Air Pollutant Emission Factors” (2000), are as follows:

Nitrogen Oxides — Nitrogen oxide formation occurs by two fundamentally different mechanisms. The
predominant mechanism with internal combustion engines is thermal NO,, which arises from the
thermal dissociation and subsequent reaction of nitrogen (N;) and oxygen (O;) molecules in the
combustion air. Most thermal NOy is formed in the high-temperature region of the flame from
dissociated molecular nitrogen in the combustion air. Some NO,, called prompt NO,, is formed in the
early part of the flame from reaction of nitrogen intermediary species, and HC radicals in the flame.
The second mechanism, fuel NO,, stems from the evolution and reaction of fuel-bound nitrogen
compounds with oxygen. Gasoline, and most distillate oils, have no chemically bound fuel nitrogen
and essentially all NO, formed is thermal NO..

Total Organic Compounds — The pollutants commonly classified as hydrocarbons are composed of a
wide variety of organic compounds and are discharged into the atmosphere when some of the fuel
remains unburned or is only partially burned during the combustion process. Most unburned
hydrocarbon emissions result from fuel droplets that were transported or injected into the quench
layer during combustion. Partially burned hydrocarbons can occur because of the following:
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e poor air and fuel homogeneity due to incomplete mixing, before or during combustion

e incorrect air/fuel ratios in the cylinder during combustion due to maladjustment of the engine fuel
system

e excessively large fuel droplets in diesel engines

e low cylinder temperature due to excessive cooling (quenching) through the walls or early cooling
of the gases by expansion of the combustion volume caused by piston motion before combustion
is completed.

Carbon Monoxide — Carbon monoxide is formed as an intermediate combustion product that appears
in the exhaust when the reaction of CO to CO; cannot proceed to completion. This situation occurs if
there is a lack of available oxygen near the hydrocarbon (fuel) molecule during combustion, if the gas
temperature is too low, or if the residence time in the cylinder is too short. The oxidation rate of CO is
limited by reaction kinetics and, as a consequence, can be accelerated only to a certain extent by
improvements in air and fuel mixing during the combustion process.

Particulate Matter — White, blue, and black smoke may be emitted from IC engines. Liquid
particulates appear as white smoke in the exhaust during an engine cold start, idling, or low load
operation. These are formed in the quench layer adjacent to the cylinder walls, where the
temperature is not high enough to ignite the fuel. Blue smoke is emitted when lubricating oil leaks,
often past worn piston rings, into the combustion chamber and is partially burned. Proper
maintenance is the most effective method of preventing blue smoke emissions from all types of IC
engines. The primary constituent of black smoke is agglomerated carbon particles (soot). Inhalable
particulate matter PM;q and PM, 5 are also present in IC exhaust. Particulates are important because
they can permanently lodge in the deepest and most sensitive areas of the lung, and can aggravate
many respiratory illnesses including asthma, bronchitis, and emphysema.

Sulphur Oxides — Sulphur oxide emissions are a function of the sulphur content in the fuel rather than
any combustion variables. During the combustion process, essentially all the sulphur in the fuel is
oxidized to SO,. The oxidation of SO; gives sulphur trioxide (SO3) which reacts with water to give
sulphuric acid (H,SO.), a contributor to acid precipitation. Sulphuric acid reacts with basic substances
to give sulphates, which are fine particulates that contribute to PM4, and visibility reduction.

Power Plant Emission Parameters — Emission rates of the pollutants discussed above have been
calculated with AP-42 emission factors that are shown in Table 5.1. Factors are based on averages
across all manufacturers and duty cycles. To convert from Ib/hp-h to g/kWh, multiply by 608.

Emission source geometrical and operating parameters were established based on project design
specifications. Their values and emission rates of substances included in dispersion modelling are
given in Table 5.2.
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Table 5.1: Emission Factors for Large Stationary Diesel Engines

Emission Factor
Pollutant Ib / hp-h' Rating
Nox B
co 0.0242 C
so,® 0.0055 B
CO» 0.0081x S B
PM 1.160.0007 B
TOC (as CHa) 7.05x 10™ C

Notes: 1. Power output. 2. Uncontrolled. 3. Assumes that all sulphur in the fuel is converted to SO,: S = % sulphur in diesel
fuel. Rating: B = Emission tests are based on a generally sound methodology, but lacking enough detail for adequate
validation; C = Emission tests are based on an unproven or new methodology, or are lacking a significant amount of
background information.

Table 5.2: Emission Parameters of Diesel Plant

Stack No.

Parameter Units 1 2 3
Power MW 5.17 517 5.17
Height m 30.5 30.5 30.5
Diameter m 1.2 1.2 1.2
Gas exit velocity m/s 17.3 17.3 17.3
Exit temperature K 600 600 600
UTM-E location m 638,101 638,106 638,111
UTM-N location m 7,214,014 7,214,007 7,214,000
Emission rate

SO gls 0.18 0.18 0.18
NO, als 21.0 21.0 21.0
Cco gls 4.8 4.8 4.8
CO; kg/s 1.014 1.014 1.014
TOC als 0.62 0.62 0.62
PMio gls 0.304 0.304 0.304
PMa.5 als 0.293 0.293 0.293

Certain polycyclic aromatic hydrocarbons (PAH) are present in the diesel exhaust. Forecasted
emissions of PAH from the plant powered by large uncontrolled stationary diesel engines are shown
in Table 5.3. Emissions were calculated with the AP-42 emission factors, annual fuel consumption of
25.8 M L and diesel higher heating value (HHV) of 137,000 Btu/gal. Considering that calculated
emissions of PAH are very low, no meaningful ground level concentrations could be expected and
therefore dispersion modelling is not warranted.
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Table 5.3: Diesel Plant Exhaust Summary — Polycyclic Aromatic Hydrocarbons

Emission Factor for Large Diesel Emission
Compound Engines (Ib/MM Btu) (kg/a)
Naphthalene 1.30 x 10-4 55.115
Acenaphthene 4.68 x 10-6 1.984
Acenaphthylene 9.23 x 10-6 3.913
Anthracene 1.23 x 10-6 0.521
Benz(a)anthracene 6.22 x 10-7 0.264
Benzo(b)fluoranthene 1.11x10-6 0.471
Phenanthrene 4.08 x 10-5 17.298
Chrysene 1.53 x 10-6 0.649
Fluoranthene 4.03 x 10-6 1.709
Fluorene 1.28 x 10-5 5.427
Pyrene 3.71x10-6 1.573
Total PAH 88.924

5.1.2 Primary Crusher & Mills

Run-of-mine (ROM) ore will be hauled from the open pits and stockpiled or dumped directly into an
ore hopper. From the hopper, an apron feeder will reclaim the ore and feed it directly into a primary
jaw crusher to reduce it to 100% passing 230 um. The primary crushing rate is expected to average
52 t/h to provide the mill feed requirements of 213 t/h. A conveyor will then convey the crushed
material to a live uncovered coarse ore stockpile. Two belt feeders will reclaim the ore from the
stockpile and discharge it onto a wide primary mill feed conveyor. The ore will be fed to a semi-
autogenous (SAG) mill, from where the pulp product will be pumped over a closed-circuit scalping
screen. Screen oversize (8-mesh aperture) will be returned to the SAG mill, while screen underflow
will drop into the cyclone feed pumpbox from where the slurry will be pumped to a bank of 250 mm
diameter hydrocyclones. For treating potential critical size SAG mill product, a pebble crushing circuit
may be required. Hydrocyclone underflow product will report to a 3,358 kW ball mill. The closed ball
mill circuit incorporates gravity concentration for the recovery of coarse free gold. The gravity
concentrate from a single gravity concentrator unit will be upgraded on a shaking table. The gravity
concentrator tailings will be combined with the ball mill discharge and pumped to the hydrocyclones.
The cyclone overflow (80% passing 44 um) will flow by gravity to a bank of primary rougher flotation
cells.

Most of the milling and materials handling will take place in wet conditions. For this reason, no
particulate matter (PM) emissions to the atmosphere are anticipated from wet streams. Potential dry
PM emission sources include the truck dump bin vent, primary crushing, ore stockpile, pebble
crushing plant, and furnace; however, for all these sources, plant design specifies the installation of
dust control equipment, which will reduce emissions of PM to the ambient air. Primary crushing and
pebble crushing plants will be equipped with SISW BI type filters, each handling 10,000 ft3/min
airflow. The remaining sources will be provided with smaller SISW filters, approximately 3,000 ft>/min
each. Considering a filter efficiency of over 98%, insignificant PM emissions from crushing/grinding
operations are anticipated.
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5.2 MOBILE SOURCES

In terms of emission associated with material transportation, the worst-case scenario will involve ore
hauling on the longest route at the mine area, namely from the Vault pit to the processing plant. The
route will be approximately 7 km long. To transport the mined ore, a total of 14 trucks, with a 90 tonne
load each will be available. The estimated number of trips per truck during a nine-hour shift is four, a
rate that is consistent with mining 1,715,000 tonnes annually during the first three years of operation.
To fulfill these requirements, the trucks will be operational 317 d/a, resulting in 5,400 t/d of material
hauled.

To calculate exhaust emissions, it was estimated that the project would use 11,200 m®/a of diesel,
mainly for trucks. It was also assumed that 10 trucks would be on the road from the Vault pit to the
plant at any given point in time. The remaining trucks would be in the process of loading, unloading,
or temporarily out of service for maintenance. The diesel fuel considered for this project contains
approximately 250 ppm sulphur. The emission factors compiled from the EPA AP-42 documents
(1997) were used for emission estimates that are shown in Table 5.4. Suspended particulates (SP)
and particulate matter (PM,5) are sums of the haul trucks exhaust emissions, detailed in Table C.3
(Appendix C), and the wheel entrainment emissions, given in Section 5.3.4, Table 5.11.

Table 5.4: Mobile Sources Total Emissions

Annual Max. Daily Instantaneous
Compound Emissions Units | Emissions Units Emissions Units
Suspended particulates (SP) <30 ym 1,414 t/a 5,437 kg/d 62.93 als
Particulate matter <2.5 ym (PM2.5) 71.2 t/a 265.9 kg/d 3.08 als
Methane (CHa) 2.39 t/a 6.5 kg/d 0.076 als
Nitrogen oxides (NOy) 92.3 t/a 252.9 kg/d 2.93 als
Sulphur dioxide (SO,) 5.5 t/a 15.0 kg/d 0.17 als
Volatile organic carbon (VOC) 0.96 t/a 2.62 kg/d 0.03 gls
Carbon dioxide (COy) 33,600 t/a 92.055 t/d 1.065 kagls
Carbon monoxide (CO) 84.9 t/a 232.7 kg/d 2.69 gls
Nitrous oxide (N20) 148 kg/a 405.48 g/d 4.69 mg/s

5.3 FUGITIVE SOURCES

Fugitive dust refers to small particles of geological origin that are moved into the atmosphere from
non-ducted, open sources. Open fields, paved and unpaved roads, construction sites, unenclosed
aggregates storage piles, open mines, and mineral material transfer systems are the major sources of
fugitive dust. Large dust plumes are often noticed over these sources when wind speeds are high or
when vehicles are moving.

For the above sources of fugitive dust, the dust-generation process is caused by two basic physical
phenomena:
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1. Pulverization and abrasion of surface materials by application of mechanical force through
implements such as wheels and blades (e.g., primary crusher and mills at the Cumberland ore
processing plant, hauling trucks on the Vault pit to the plant unpaved road).

2. Entrainment of dust particles by the action of turbulent air currents, such as wind erosion of an
exposed surface by wind speeds over 19 km/h (e.g., for example, tailings wind erosion, waste
rock disposal area, stockpile fugitive emissions).

The potential drift distance of particles is governed by the initial injection height of the particle, the
terminal settling velocity of the particle, and the degree of atmospheric turbulence. Dispersion models
have computed theoretical drift distance as a function of particle diameter and mean wind speed for
fugitive dust emissions. Results indicate that, for a wind speed of 16 km/h, particles larger than about
100 um are likely to settle out within 6 to 9 m from the point of emission. Particles that are 30 to

100 um in diameter are likely to undergo impeded settling. These particles, depending on the extent
of atmospheric turbulence, are likely to settle within tens to hundreds of metres from the point of
release. Smaller particles have much slower gravitational settling velocities and are much more likely
to have their settling rate retarded by atmospheric turbulence.

For air quality impact assessments, therefore, the most important particles are the suspended
particulates (SP) consisting of fractions <30 um in aerodynamic diameter. The following definitions
apply to particulate classes in the <30 uym range:

SP = Suspended particulate: particulate matter (PM) with an aerodynamic diameter <30 pm; often
used as a surrogate for TSP. SP may also be denoted as PM3,. An effective cut point of
30 ym aerodynamic diameter is frequently assigned to the standard high volume sampler.

PM;, = Particulate matter <10 ym in aerodynamic diameter; because PMyj is the size basis for the
current primary Ambient Air Quality Standards (AAQS) for particulate matter, it represents the
particle size range of the regulatory interest in some Canadian jurisdictions, such as BC, ON,
and NF, as well as in the U.S.

PM, 5 = Particulate matter <2.5 ym in aerodynamic diameter. Some provinces and NWT have
introduced AAQS for this group of particles. There are also Canada-wide standards for PM,s.

Quantity of fugitive dust emission rate depends on several factors, the most important being wind
speed, moisture content, and dust density. Maximum fugitive emissions will take place during windy
weather with small and light particles present in dry active surface material.

The following sections describe the main fugitive emission sources. Discussion of the marginal
sources applicable to Meadowbank Gold project is included in Appendix C.

5.3.1 Stockpile Wind Erosion

The project is designed to include a large coarse-ore stockpile to be located near the plant building
and the primary crusher. The pile will consist of 100% passing 20 cm (8") material. The size of the
pile will be 17 m high and 44.3 m diameter.
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Dust emission from an open surface of a particular conical storage pile depends on the following
factors:

e age of the pile

e moisture content

e proportion of aggregate fines
e wind speed

e time of the year.

The following section contains discussion of the main factors affecting wind erosion from stockpiles;
however, other fugitive dust area sources such as open yards, tailings, and waste aggregate disposal
facilities are also affected by these factors.

Age of Storage Pile — When freshly processed aggregate is loaded onto a storage pile, the potential
for dust emissions is at a maximum. Fines are easily disaggregated and released to the atmosphere
on exposure to air currents, either from aggregate transfer itself (including conveyor transfer) or from
high winds. As the aggregate pile weathers, the potential for dust emissions is greatly reduced;
however, the coarse ore storage pile at the Meadowbank plant will be continuously active and
turnover time will be short; consequently, the pile-aging factor has not been considered in this project.

Precipitation — Any significant rainfall soaks the interior of the pile, which slows the drying process
significantly. Based on measurements taken for the period of 1997 to 2003 at the Meadowbank camp,
the annual average of days with measurable precipitation in the Meadowbank area is 106, with a
mean annual precipitation of 246.8 mm (149.4 mm of rainfall and 97.4 mm of snowfall or water
equivalent). A summary of the Meadowbank camp climate station monthly and annual rainfalls
observations and their means for the 1997 to 2003 period are summarized in Table 5.5.

The mitigating effect of precipitation has been incorporated in the estimation of annual fugitive dust
emission rates by a precipitation factor of 0.71, based on the ratio of 106 days with precipitation
higher than 0.254 mm over 365 days of the year (0.71 = 1 — 106/365).

Wind Speed — Field testing of coal piles and other exposed materials using a portable wind tunnel
has shown that threshold wind speeds exceed 5 m/s (18 km/h) at 15 cm above the surface or 10 m/s
(36 km/h) at 7 m above the surface. As wind speed increases, more aggregate material will become
airborne; however, wind gusts may quickly deplete a substantial portion of the fugitive potential. In
addition, increased wind speed will provide better ventilation with consequent dilution of suspended
particulates and lower concentration. Higher wind speeds (more than 52 km/h) have been recorded at
the Baker Lake meteorological station. Most frequent annual directions are northeast. For fugitive
emissions, the weighted average wind speed of 7.8 m/s was applied for winds above the threshold
value of 5 m/s (see Section 6.2.1). For area dust sources associated with materials handling (loading
and unloading trucks, conveyor dumping, bulldozing, and wheel entrainment) the overall average
wind speed of 5.0 m/s for the Meadowbank area was used because dust is introduced to the ambient
air by mechanical means regardless of wind occurrence.
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Precipitation (mm)

Year Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug| Sep | Total | Total/Avg.
97-98 76|00 |00 |00|00|00]|13[109(23.4(69.5/49.6| 34.6 | 196.9 1.32
98-99 65(01(00]00|00|00]|66|17.8| 8.7 |67.9]80.0| 33.6 | 221.2 1.48
99-00 39|00 |00 |00|00|09|58(159| 04 [11.9|44.7| 435 |127.0 0.85
00-01 1110000 |00|00|00|09|169|185[155|449| 52 |103.0 0.69
01-02 441000000 |00|00| 16|43 |352]40.7|51.3| 20.1 | 157.6 1.06
02-03 06 |0.0|00|00]|00]|00]0.0|3.0°|9.5°%|45.6%23.1% 23.2e | 105.0 0.70
Average 4000[00|00]|00|02]|27 |11.5(16.0(41.9|48.9| 242 | 1494

Fraction of Annual {0.03| 0.0 | 0.0 | 0.0 | 0.0 | 0.0 |0.02|0.08|0.11|0.28|0.33| 0.16 | 1.00

Notes: a. Manual rain gauge data. e. Estimated from Baker Lake data. i. Includes 9.3 mm for the 96-97 year.

Time of the Year — According to available meteorological data, the most favourable conditions for
fugitive dust generation exist in June, July, and August. This is based on observed highest
temperatures of the year (above freezing), low rainfall, and occurrence of wind speeds higher than
the threshold value of 5 m/s.

The long-term monthly air temperature statistics for Baker Lake, based on the available period of
record (1946 to 2003), are listed in Table 5.6.

Table 5.6: Monthly Air Temperature Statistics for Baker Lake — 1946 to 2003

Extreme Daily Temp. (°C)

Average Daily Temp. (°C)

Month Maximum Minimum Maximum Minimum Mean
January 0.0 -50.6 -28.1 -34.2 -30.4
February -4.1 -50.0 -28.7 -35.0 -31.5
March 1.5 -50.0 -22.9 -30.7 -26.6
April 19.2 411 -12.6 -21.7 -17.3
May 13.9 -27.8 -2.6 -9.5 -6.1
June 28.1 -13.9 8.0 0.2 4.0
July 33.6 -1.7 16.0 5.8 10.9
August 30.9 -3.4 13.6 5.1 9.4
September 22.6 -20.0 5.8 -0.5 2.6
October 9.7 -30.6 -4.1 -10.4 -7.2
November 2.2 -42.7 -16.1 -23.6 -19.6
December -1.1 -45.6 -24.2 -30.2 -27.3
Year 33.6 -50.6 16.0 -35.0 -11.4

Stockpile Fugitive Dust Estimation — Fugitive dust emission from the coarse-ore stockpile will

comprise emissions from conveyor ore drop at the top of the pile and wind erosion. Conveyor daily
emission of suspended particulates (<50 ym dia.) is calculated in Appendix C, Section B.6, and it is
9.84 kg (0.1139 g/s, included in dispersion modelling). The particle size composition was obtained

with aerodynamic particle size multiplier as per AP-42 emission factors (EPA, 1995), given in

Table 5.7.
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Table 5.7: Particle Size Multiplier (Dimensionless)

Particle Size, ym <50 <30 <15 <10 <5 <2.5
Multiplier 1.00 0.74 0.48 0.35 0.20 0.11

Source: EPA, 1995, Part 13.2.4.

Stockpile fugitive dust emission resulting from wind erosion was predicted by computer simulation
with the STOCKPIL Version 1.01 commercial computer model (Beer, 1989). This model was
developed by F.W. Parrett Limited (London, UK), a company specializing in dust measurement and
control. The STOCKPIL was written based on field observations and the wind tunnel measurements
carried out by the Warren Springs Laboratory at Cambridge University, UK. The EPA has adopted the
Warren Springs Laboratory findings in developing AP-42 fugitive dust emission factors (Parrett,
1992).

STOCKPIL model input parameters were as follows:

o stockpile diameter: 44.3 m; height: 17 m
1

average wind speed: 7.76 m s~
e roughness surface coefficient: 0.03 for open flat terrain with few obstacles

e maximum particle diameter: 30 um, which can be airborne and dispersed beyond the plant fence
line

e dust particle density: 3.0 g cm™
e threshold friction velocity of stockpile surface from references for similar material: 0.35 m/s
e K, constant, which depends on the surface and moisture content: typical value of 0.0002 was

used.

For the above input data, the model computed dust loss from the stockpile at the rate of 0.1116 kg/h
(0.031 g/s) for particulates <30 um; therefore, combined (conveyor and wind erosion) particulate
emissions of <30 um will be at the rate of 0.1449 g/s. The conveyor emission is 0.1139 g/s.

5.3.2 Tailings Wind Erosion

Exposed surface layers of tailings containing fine grain particles of wastes discarded from gold ore
processing are subject to regular erosion by wind and water. Prediction of fugitive dust emission
caused by wind erosion has been conducted for estimated areas of tailings beach that may be
exposed at specific times during the operations of the proposed Second Portage Lake tailings facility
at the Meadowbank project. The specific time periods considered are at the end of Years 3, 5, and 7.

The tailings area estimates are based on the following assumptions:

e detailed deposition plan has not been prepared

e basin storage volume curve was used to estimate the elevation of the tailings surface for each of
the specific times, assuming a horizontal tailings surface for each of Years 3, 5,and 7; a 1%
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grade was then applied, centred on the mid-point of the tailings surface, to estimate the elevation
of the tailings surface along the dike face, and to estimate the maximum length of exposed beach

e tailings will be spigotted evenly from the dike face along the entire length of the dike; there is
currently no information on the number of spigot points that will be utilized during operations, and
this will be likely determined during the detailed engineering design phase

e minimum pond volume of 900,000 m? for reclaim, and including ice

e progressive reclamation of the exposed tailings beach during operations was not considered.

A deposition plan will be developed during the detailed engineering design phase for the project.
Consequently, the estimates of exposed tailings beach may change as a result of the development of
the deposition plan. The actual exposed beach areas will be determined during mine operations, and
will likely be managed by progressive reclamation to decrease the area of exposed beach.

Based on the current understanding of the mine plan and tailings volumes, between Years 6 and 7
the surface of the main tailings basin will be approximately 1 m above the current lake level elevation
of 133 m, and will be fully exposed unless progressively reclaimed. After the main tailings basin has
been filled, tailings will be deposited into the northwest basin, behind the stormwater dike. Table 5.8
summarizes the estimates of exposed beach area for the specific times.

Table 5.8: Tailings Beach Data

Average Elevation Along Dike Length of Exposed Estimate of Exposed
Year Elevation (masl) Face (masl) Beach (m) Beach Area (mz)
3 122 126 160 92,000
5 129 134 260 144,000
7 134 135 960 537,000

Tailings grain sizing revealed that 90" percentile will be around 0.07 mm diameter for both Vault and
Third Portage Tailings as shown in Appendix D.

Rates of fugitive dust emission caused by wind erosion were predicted with STOCKPIL fugitive dust
model. All three cases were modeled separately, with the following common input parameters:

e average wind speed: 7.76 m/s measured at height of 10 m

e roughness surface coefficient: 0.03 (dimensionless)

e separate runs for 30 um, 10 uym, and 2.5 um diameter particulate

e material density of 3.1 g/cm® (Portage and Vault average as determined by Golder)

e threshold friction velocity of tailings surface equal to 0.5 m/s

¢ K, constant for the smooth surface and higher moisture content equal to 2 x 107,

Table 5.9 summarizes fugitive dust emissions computed by STOCKPIL model. The results indicate

that emissions increase with the area exposed, but emission rates decrease for the same fractions.
This can be contributed to re-deposition of airborne particulates as they drift over larger tailings area.
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Table 5.9: Fugitive Dust Emissions for Three Stages of Tailings Development

Exposed Beach Area SP Diameter Hourly Emission Emission Factor
Year (m?) (ug) (kg/h) (ug/m’Is)

30.0 5.585 16.86

3 92,000 10.0 3.328 10.05
25 1.670 5.04

30.0 6.495 12.30

5 144,000 10.0 3.863 7.45
25 1.939 3.74

30.0 9.318 4.82

7 537,000 10.0 5.513 2.85
25 2.764 1.43

5.3.3 Waste Rock Disposal Fugitive Emissions

Total dust emissions from disposal site operations result from three distinct source activities within the
disposal cycle:

e equipment traffic in storage area

e waste aggregate unloading (handling)

e wind erosion of pile surfaces and ground areas around open rubbles.
Dust emissions from an open flat surface depend on the following parameters:

e proportion of aggregate fines
e particle size distribution

e material moisture content

e wind speed

e quantity of material processed and equipment traffic (trucks, front-end loaders, dozers, etc.).

Because not all of the above information is available at this time for the Meadowbank project,
estimates of fugitive emission of suspended particulate were taken from relevant technical literature.
According to Parrett (1992), emission factor for open-cut mining operations for particulates <30 ym
overburden truck dumping is 0.02 kg/t of material. Estimated total overburden and waste rock
disposal rate for this project will be 5,400 t/d, which gives an SP emission rate of 108 kg/d. The
disposal facility area will be 707 m by 1,263 m (area = 892,941 m?).

An emission factor for aggregate waste dumping was calculated by the equation given in Section C.7
(Appendix C), using <30 pm particulate size multiplier k = 0.74, mean wind speed of 5.0 m/s, and
material moisture content of 5%. The calculated emission factor is 0.000954 kg/t, which gives SP
emissions of 5.15 kg/d.
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Traffic fugitive dust emission estimates were calculated with EPA empirical equation (EPA, 2001) for
90-tonne, four-wheel trucks on unpaved road with 9.2 % silt, making 60 trips a day with an average
speed of 30 km/h. A total of 106 days per year with precipitation was included in the equation. The
calculation result is 1,347 kg of SP per day, the highest value of the three main fugitive dust sources
considered for the waste rock disposal facility. In summary, SP emissions will be 1,347 kg/d.
Emission rates of each of the three main fractions are shown in Table 5.10.

Table 5.10: Fugitive Dust Emission Rates for Waste Disposal Facility

Particle Diameter (um) 30.0 10.0 2.5
Particle Size Multiplier (k) 1.0 0.5 0.2
Emission Rate (ug m2/s) 18.0 9.0 3.6
Mass fraction 0.59 0.29 0.12

5.3.4 Wheel Entrainment Emissions

Dust emissions from road travel result from dust entrainment by vehicle wheels and the wake created
by moving vehicles. Table 5.11 summarizes emissions on the haul road from Vault mine to the plant.
It was conservatively assumed that there are no dust control measures applied to this road. The only
mitigation is a 29% lower annual emission due to days with measurable precipitation.

Table 5.11: Emission Summary — Road Emissions

Emission Emission
VKT Factor SP SP SP Factor PM 2.5|PM 2.5|PM 2.5
Description (km/d) | (kg SP/VKT) | (t/a) |(kg/d)| (g9/s) |(kg PM2.5/VKT)| (t/a) | (kg/d) | (g/s)
Unpaved Road Truck
Emissions 903 5.96 1395 | 5382 | 62.3 0.27 63.2 244 2.82

Note: VKT = Vehicle kilometres traveled.

5.4 DRILLING & BLASTING

Dust emissions from blasting and drilling are summarized in Table 5.12. The average depth of the
blasted layer will be about 15 m and there will be one hole drilled per 10 m?.

Table 5.12: Emission Summary — Blasting & Drilling

Area Emission Factor SP Emission Factor (kg| PM2s

Description (mz) (kg SP/event) (kg/a) PM_ s/event) (kg/a)

Vault Mine ore blasting 1601 141 479 0.42 14.3
Vault Mine ore drilling 160 0.59 3210 0.018 97.9
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SECTION 6 « DISPERSION MODELLING

Note: To facilitate reading, all figures referenced in this section are included at the end of Section 6.

6.1 POWER PLANT & MOBILE SOURCES
6.1.1 Modelling Approach & Limitations

A dispersion model is composed of a series of equations that describe the relationship between the
concentration of a pollutant in the atmosphere at a chosen location and the pollutant release rate, and
various factors affecting dispersion and dilution in the atmosphere. The model requires information on
the emission characteristics and the local and regional meteorology. Modelling is used to predict air
quality associated with future development scenarios.

Dispersion modelling of power plant and vehicle emissions was performed with the AERMOD model.
The EPA’s Regulatory Model Improvement Committee (AERMIC) developed AERMOD specifically as
a replacement for a previous generation dispersion model ISCST3, although the latter is still used for
certain tasks such as particulate deposition modelling. AERMOD is intended to use hourly averaged
meteorological data sequentially through at least one year, although five-year meteorological data is
desired. AERMOD includes improved treatment of the atmospheric boundary layer and a more
complete understanding of diffusion processes. EPA refers to AERMOD as being state-of-the-
practice (Hoffnagle, 2003).

AERMOD can use measured values of horizontal and vertical turbulence directly in calculating
diffusion. This capability is a significant improvement over ISCST3 because it replaces the empirically
derived Pasquill-Gifford-Turner stability categories (A through F) with direct measurements. This
provides a much more accurate approach to diffusion estimation. The other features of AERMOD
include:

e ability to model dispersion of primary pollutants and toxic and hazardous waste pollutants

e ability to handle multiple sources including point, volume, and area source types; line sources,
such as moving trucks, may also be modeled as a string of volume sources or as elongated area
source (polygon area)

e optional treatment of source emission rates as constant or varied by month, season, hour-of-day,
or other periods, for a single source or for a group of sources

e ability to account for the effects of aerodynamic downwash on point source emissions due to
nearby buildings

e specification of receptors’ locations as gridded and/or discrete receptors in Cartesian or polar
coordinates

e use of real-time meteorological data to account for the atmospheric conditions that affect the
dispersion of air pollutants.
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Although the model is designed to consider area, volume, and line sources in addition to point
sources, the major advantage of using this model is for evaluating impacts of point sources affected
by building downwash.

The AERMOD model has the following limitations:

e model predictions are not valid at distances beyond 50 km from the source
¢ model cannot be used for non-steady-state conditions

e no particulate deposition can be modeled with AERMOD.

The first two limitations do not apply to this project. The last one was resolved by using the ISCST33
model for predicting particulate deposition.

6.1.2 Model Input Parameters
6.1.2.1 Emission Sources

Two types of emission sources were considered for modelling: point sources and elongated area
source. The point sources model input parameters are listed in Table 5.2 (Section 5.1.1). The vehicle
sources were modelled as an area source shaped as a polygon of four sites sitting on the Vault-to-
plant route (Appendix E). Area emission rates in g/s/m2 were calculated by dividing instantaneous
emission rates in g/s, given in Table 5.4 (Section 5.2), by the polygon area. The area source
approach provides a more realistic release scenario of moving trucks than the volume-source
approach, which considers a number of stationary trucks positioned at fixed locations.

6.1.2.2 Buildings

The presence of large buildings near point emission sources may influence ground level
concentrations of air pollutants because of the building downwash effect. Building downwash occurs
when the aerodynamic turbulence induced by nearby buildings cause a pollutant emitted from an
elevated source to be mixed rapidly toward the ground (downwash), resulting in higher ground level
concentrations. The main structure of the plant accommodating leaching tanks, mills, furnace, offices
and warehouse, primary crusher and pebble plant were included in dispersion modelling with the
Building Profile Input Program (BPIP). The BPIP output is required by AERMOD as an input file.

6.1.2.3 Meteorology

Regional screening meteorological data for the Baker Lake region was purchased from Environment
Canada (EC). This electronic data comprises five years (1998-2002) of meteorological records, which
assures that the data is representative of recent meteorological conditions in the region. The EPA
recommends five-year meteorology for dispersion modelling. To make the data project-specific,
Meadowbank site wind and temperature data recorded over six months of 2002 were used to replace
the values provided by EC. This data is adequate to make 1-, 8-, and 24-hour and annual screening
predictions. The meteorological data was pre-processed with the RAMMET computer program prior
to running AERMOD. RAMMET generates a surface meteorological file in CD-144 format and a
profile meteorological file in SCRAM format.
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6.1.3 Model Running Parameters

The AERMOD dispersion modelling options selected for this project included:

e regulatory default

e concentration output

e rural area

e simple terrain calculation algorithms

e single pollutant

e no exponential decay

e the 1-h, 8-h, 24-h, and annual averaging time, depending on AAQG for a particular contaminant
e building downwash effect

e all wind speed and stability classes

o first and fifth highest concentration values for all averaging periods except annual.

6.1.4 Receptors

The model requires user-specified receptor locations. The Cartesian grid receptor network with
uniform grid spacing was used in the model. After defining the plant boundaries the model was run
first time with the coarse grid of 500 m. After determining the areas of maximum impact it was run the
second time with the finer grids defined as fenceline receptors in the vicinity of the affected area to
obtain the maximums. Distances of 25 m, 50 m, and 100 m between three fenceline nodes were
selected. The near plant grid is shown in Appendix F. Maximum distance to receptors was
approximately 7,000 m from emission sources, justified by low concentrations observed at these
locations as compared to maximum values close to the sources.

6.1.5 Modelling Results

Modelling results consist of graphical and tabular maximum concentrations in micrograms per cubic
meter for each of the modeled substances that included criteria pollutants, such as SO,, NO,, CO,
PM;,, and PM, 5. The model was run for normal operating conditions. The concentration isopleths are
shown in Figures 6.1 to 6.14 at the end of Section 6.

The summary of dispersion modelling results for each of the selected substances is given in
Table 6.1. Location of the maximum concentration points and relevant AAQS are also given.

Graphical results show isopleths at indicated level of concentrations (ug/m?®), location of emission
sources, the plant boundary, and a topographical map of the area. It should be realized that ambient
air quality standards are applicable to the area beyond the plant boundary. The concentrations within
the plant boundary fall under the occupational health and safety (OH&S) regulations and not under
ambient air quality standards/objectives. Regardless, the model predicts that ground level substance
concentrations for SO,, NO,, and CO will meet the AAQS, both at the plant area and beyond.
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Analysis of emissions from the diesel plant and mobile sources indicates that most of the NO, is
released from the plant with a comparably little contribution from the mobile sources.

Table 6.1: Summary of Dispersion Modelling Results

Average | Max GLC | AAQs |Receptor Location m

Substance Sources Time uglm3 uglm3 UTME UTM N Reference
Plant & 1h 134 450 641000 | 7217500 Figure 6.1
Sulphur dioxide (SO3) Vehicles 24 h 24 150 639000 | 7215500 Figure 6.2
Annual 1.7 30 639000 | 7215500
Plant & 1h 362 400 641000 | 7217500 Figure 6.3
Nitrogen oxides (as NOy) Vehicles 24 h 114 200 638000 | 7214000 Figure 6.4
Annual 9.5 60 638000 | 7214000
Carbon monoxide (CO) Plant & 1h 2123 35,000 641000 | 7217500 Figure 6.5
Vehicles 8h 624 15,000 641500 | 7218000 Figure 6.6
Plant & 24 h 127 50 639000 | 7215500 Figure 6.7
Particulate matter Vehicles Annual 8.7 --- 639000 7215500 Figure 6.8
<10 pm dia. (PM1o) Plant 24 h 11 50 638000 | 7214000 Figure 6.9
Annual 0.9 -—- 638000 | 7214000 Figure 6.10
Plant & 24 h 59 30 639000 | 7215500 Figure 6.11
Particulate matter Vehicles | Annual 4.0 -—- 639000 | 7215500 Figure 6.12
<2.5 ym dia. (PMzs) Plant 24 h 1 50 638000 | 7214000 | Figure 6.13
Annual 0.9 - 638000 | 7214000 Figure 6.14

Note: GLC = Ground Level Concentration. AAQG = Ambient Air Quality Guideline.

Cumulative (the plant and mobile sources) emissions of PM4o and PM, 5 will result in exceedances of

AAQS for 24-hour averaging time. To find the source of excessive emissions, additional runs only for
the diesel plant alone were completed (Figures 6.9, 6.10, 6.13, and 6.14). The results clearly identify

mobile sources as being responsible for high particulate concentrations. Watering of the hauling route
during dry weather would decrease PM fugitive emissions to the levels of compliance.

Analysis of emissions from the diesel plant and mobile sources indicates that most of the NOy is
released from the diesel plant (no mitigation at the source is considered) while the mobile sources
significantly contribute to particulate matter emissions. Dispersion modelling has confirmed that the
least favourable wind direction will be south to north (S-N) because the mobile sources and the plant
will configure sources along the S-N line over the length of approximately 7 km. This will result in
accumulation of emissions with the S-N winds.

No dispersion modelling has been completed for mine pits. During stable atmospheric conditions and
a low-level inversion, equipment and fugitive emissions can be trapped in the pit and pollutant
concentrations increased to high values. There will be a need for in-pit monitoring of air quality so the
intensity of operation would be reduced by switching off high emission sources or even temporarily
suspending operation until it is safe to continue with pit work. Pollutants entrapment is very likely,
considering pits depth that ultimately will be 126 m at Goose, 144 m at Portage, and 196 m at Vault.
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6.2 FUGITIVE DUST SOURCES
6.2.1 Model Approach

The EPA Industrial Source Complex Short Term Version 3 model (ISCST3) was used in this project
for near-surface particulate dispersion estimation. The ISCST3 is a steady-state Gaussian plume
model, which assesses pollutant concentrations and/or deposition and fluxes from a wide variety of
sources associated with an industrial source complex. It uses real time meteorological data to
account for the atmospheric conditions that affect the distribution of air pollution impacts on the
modelling area. The model was designed to support the EPA's regulatory modelling options, as
specified in the EPA Guidelines on Air Quality Models (Revised). Alberta Environment, Environmental
Protection Service of Government of NWT, and Environment Canada consider this model a
supporting tool for the ambient air quality regulations.

The following dispersion modeling options and assumptions were selected for the assessment of
particle dispersion in air:

e no regulatory default

concentration and deposition output

e rural area

o flat simple terrain calculation algorithms

e single pollutant (particulate matter)

e no exponential decay

e 24-h, 30-day, and annual averaging times

e wind speeds higher than 5 m/s and atmospheric stability classes (A to F)

o first highest values for combined five-year meteorological data from 1998 to 2002, inclusive, for

the Baker Lake area.

As already discussed in Section 5.3.1, wind speed strongly influences the fugitive dust generation
rate. Wind speed frequency classes for the project area are illustrated in Figure 6.15.

Dispersion modelling was performed for three stages of tailings development for Years 3, 5, and 7 of
operation. All three fugitive dust sources (i.e., tailings, waste disposal facility, and the coarse ore
stockpile) were modelled. Separate runs were executed for each 30 pm, 10 ym, and 2.5 pm fraction,
which totals to 9 runs. Concentration isopleths have been presented in the graphical form for 30 ym
fraction only. Results for other fractions were produced by the model in a tabular form.

The following outputs were obtained from the model:

e contour plots of concentrations for predetermined average times within selected geographical
boundary at specified receptor locations
¢ maximum ground level concentrations and the deposition rate for the modelled time

¢ multiple plots with site maps as backdrops.
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Two categories of model output were acquired: (1) the maximum ground level concentration
(expressed in pg/m3) of suspended particulates in the atmosphere at the ground level, and (2)
particulate deposition rate (expressed in mg/m2 per 30 days). The results presented are the highest
values in the five years of modelling.

Furthermore, the model was set to select for modelling only those periods with wind speeds greater
than 5 m/s, which is the lower wind speed threshold necessary to lift dust particles from the surface.

6.2.2 Modeling Results

Modelling results for total suspended particulates (<30 um diameter) for three stages of tailings
development are shown in Figures 6.16 to 6.24 at the end of this section.

A summary of maximum ground level concentration (GLC) of fugitive dust originating at three sources
(tailings, waste disposal, and the ore stockpile) is presented in Table 6.2. The relevant ambient air
quality standards (AAQS) are also provided. For PM,,, the concentration value is the fourth highest,
in line with National AAQS.

Table 6.2: Fugitive Dust Dispersion Modelling Maximum Concentration Values

Particle Maximum Maximum
Tailings Diameter GLC Average GLC AAQS,
Area (m?) (um) (ng/m?®) Time (ng/m®) (ng/m?) Reference
30 24.3 24 h 24.3 1201 Figure 6.16
7.3 Annual 7.3 601 Figure 6.17
92,000 20.4 24 h 20.4 502 ISCST3
10 4.7 Annual 4.7 403 ISCST3
25 4.8 24 h 4.8 301 ISCST3
30 60.1 24 h 60.1 120 Figure 6.19
32.3 Annual 32.3 60 Figure 6.20
144,000 10 47.8 24 h 47.8 50 ISCST3
21.2 Annual 21.2 40 ISCST3
25 13.2 24 h 13.2 30 ISCST3
30 99.2 24 h 99.2 120 Figure 6.22
51.5 Annual 51.5 60 Figure 6.23
537,000 10 33.3 24 h 33.3 50 ISCST3
17.0 Annual 17.0 40 ISCST3
25 19.3 24 h 19.3 30 ISCST3

Notes: 1. NWT & CWS. 2. ON, NF, BC. 3. EPA Act 1992 (proposed).

As shown in the above table, the maximum GLC will meet ambient air quality objectives in all
modeled cases.

The highest concentrations of fugitive dust will be around ore stockpile and south of waste rock
storage facility. This can be explained by activities at these sources where dust is introduced to air
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continuously, regardless of wind speed, during conveyor discharge at stockpile and truck movement
and waste discharge at the dumping site. Tailings will be discharged by pipeline in a form of slurry.
Fugitive dust will be generated only when the tailing material dries up with winds above the threshold
value (>5 m/s).

The airborne dust will eventually be deposited on the ground at rates as shown in Figures 6.18, 6.21,
and 6.24. The highest particle deposition rate of 26.4 g/m2 per 30 days will be for the largest tailing
beach area. This can be compared with existing dustfall guidelines. For Alberta industrial areas, the
deposition rate guideline for 30 days averaging time is 15.8 g/m2 (Alberta Environment, 2000). The
deposition modelling results indicate that particles deposition may exceed Alberta guidelines;
however, no deposition objective exists for Nunavut or NWT.

6.3 CUMULATIVE EFFECT

The cumulative effects of gaseous and fine particulate (PM,o and PM; 5) emissions from the power
plant, hauling truck exhaust, and wheel entrainment were predicted using the AERMOD model. The
results are presented and discussed in Section 6.1.

The cumulative effect of fugitive dust sources, including the coarse ore stockpile, the tailings area,
and the waste rock disposal facility, were modelled with the ISCST3 model, which, in contrast to
AERMOD, is capable of predicting both particulate concentrations and particulate deposition rates.
The results are presented and discussed in Section 6.2.

The cumulative effect of all dust sources cannot be adequately modelled. As explained earlier in this
report, the fugitive dust from the tailings and waste disposal areas will be generated when the wind
speed is at least 5 m/s. The meteorological data for the ISCST3 model was therefore limited to winds
above this threshold value of 5 m/s; however, the modelling of power plant emissions, truck exhaust,
and wheel entrainment dust were performed for the whole range of wind data with the AERMOD
model.

January 2005 Dispersion Modelling 6-7



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

COMMENTS:

The first highest
concentrations of sulphur
dioxide, 1-hour averaging
time.

MODELING OPTIONS:

CLIENT NAME:
Cumberland Resources Ltd.
CONC, DFAULT, ELEV PROJECT NO: i
EC80864 U H
::T:;'r TYPE: :::EPTOR& . i . gt IMH R cHlLAL 'an
T UNITS: DATE:
13465071 | pgim? 04/02/2004 Fluree, |

POST View - Lakes Environmental Software

C:\Disp Gold Mine\SO2\01H1GALL.PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

,

T‘E’l / ' m

COMMENTS:

The first highest
concentrations of sulphur
dioxide, 24-hour averaging
time.

MODELING OPTIONS: CLIENT NAME:
Cumberland Resources Ltd.
CONC, DFAULT, ELEV PROJECT NO:
EC80864
PRI i N i o i . RESO IIBIEﬂLALTQ
CONC 829 0 i 3 KT
MAX;: UNITS: DATE:
24,6571 pg/m?® 04/03/2004 Figure 6.2

POST View - Lakes Environmental Software

C:\DISP GOLD MINE\SO2\24H1GALL.PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

630000
COMMENTS: MODELING OPTIONS: CLIENT NAME:
The first highest Cumberland Resources Ltd.
concentrations of nitrogen
oxideS. 1-hour averaging CONC, DFAULT, ELEV PROJECT NO:
e EC80864
| OUTPUTTYPE. | RECEPTORS: - U M B E HI.A D
RESOURCES LTD
CONC 829 | S N— L
MAX: UNITS: DATE:
362.52124 pg/m? 04/05/2004 Figure 6.3

POST View - Lakes Environmental Software

C:\Disp GoldiNOX\01H1GALL.PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

7210000

concentrations of nitrogen

630000 640000
COMMENTS: MODELING OPTIONS: . CLIENT NAME:
The first highest Cumberland Resources Ltd.

oxides, 24-hour averaging CONC, DFAULT, ELEV PROJECT NO
- EC80864
OUTPUTTYPE: | RECEPTORS: - . _'“.M uB£H A Du
CONC 829 L TE————
MAX: UNITS: DATE
114.42155 | pgim® 04/05/2004 Figure 6.4

POST View - Lakes Environmental Software

C:\Disp Gold\NOx\24H1GALL.PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

concentrations of carbon

o

o

(=]

o

o~

o~

P

o

S

8

B

630000 640000

COMMENTS: MODELING OPTIONS: | CLIENT NAME:
The first highest Cumberland Resources Ltd.

l"!'lonoxide. 1-hour averaging | CONC, DFAULT, ELEV PROJECT NO:
o EC80864
OUTPUTTYPE: | RECEPTORS: |
CONC 829 O e 3 KT
MAX: UNITS: DATE:
212333813 | pg/im’ 04/05/2004 Figure 6.5
POST View - Lakes Environmental Software C:\Disp Gold\CO0THIGALL PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

concentrations of carbon
monoxide, 8-hour averaging
time.

630000
COMMENTS: MODELING OPTIONS: CLIENT NAME:
The first highest Cumberland Resources Ltd.

CONC, DFAULT, ELEV PROJECT NO:
EC80864
OUTPUTTYPE: | RECEPTORS:
CONC 829 O e 3 KT
MAX: UNITS: DATE: -
624.23529 pg/m? 04/05/2004

Figure 6.6

POST View - Lakes Environmental Software

C:\Disp Gold\COV0BH1GALL PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

7220000

1]
630000

|
640000

COMMENTS: MODELING OPTIONS: CLIENT NAME:
The first highest Cumberiand Resources Ltd.
concentrations of SP, CONC, DFAULT, ELEV,
24-hour averaging time. MULTYR PROJECT NO:
EC80864
| OUTPUT TYPE: RECEPTORS: . U MB H A D
RESOURCES LTD
CONC 829 0 —— e 3 km
MAX: UNITS; DATE
127.0789 pg/m? 04/05/2004 Flg ure 6.7 n

POST View - Lakes Environmental Software

C!\Disp Gold\PM10B\24H1GALL PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling
3
s 1
=
(=]
ol
N
o T
il
o
=y 2
[ o SR |
o—
o 7
s |
o
3
—
=
(= |
o = |
& ]
;
.
= | |
Q |
(D—_ [
~ |
& |
E g
g i
2 ol |
. =
=+ = :"
(‘G - e
~ -
= *
o 4 : ; |
8 3 . |
o P | '
N iy AR ) .:‘ - L
o~ -3 4 2L ,I
B i Ly = S —
i1 B RN
A fr'-t_?‘ s & |
i""'”"i"""'"|""”"' T .||'[.|| ||||'||||] TTITTod ||||||Hrr-‘.|l[li‘-1'1||||=-|||!|| Illl':!“lli ITETTTITT
634000 635000 636000 637000 638000 639000 640000 641000 642000 643000 644000
COMMENTS MODELING OPTIONS: CLIENT NAME: - |
The first highest Cumberland Resources Ltd.
concentrations of SP, CONC, DFAULT, ELEV, - —
annual averaging time. MULTYR PROJECT NO:
EC80864
OUTPUT TYPE RECEPTORS: N . UMB LA D
RESOURCE LTD
CONC 829 0 —— 2 km
MAX: UNITS: DATE:
8.74504 pglm? 04/05/2004 Figure 6.8

POST View - Lakes Enviranmental Sofiware

C/\Disp Gold\PM10B\ANOOGALL PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

3 o
2 3
o -1 ws | =
0 — L3
~ i
B b -
o "
=g
g J
&
- | -
o 1
= = ! -
8- 4
& /
~ _ L
] |
& 3
L= 1
B |
S {
P~ 3 L]
= 4
a3 »
S N
8__ ] NS
ol - oM
-1 Lo
il -
=< i)
8 7
S
m—
~
~
g 7
8 a8
S b ‘
2] gt
S - i
& A
& .-
_|I[|||'[[II|I||||f|1[||\|1|.",|||—II||-.II||][T!|||||=||[|TIII||||1[[1T||[|||II'[lflllll'll[‘
635000 636000 637000 638000 639000 640000 641000 642000
| COMMENTS: MODELING OPTIONS: CLIENT NAME: i
The first highest Cumberland Resources Ltd.
concentrations of 'SP, CONC, DFAULT, ELEV, =
24-hour averaging time. MULTYR PROJECT NO:
Diesel plant emissions.
, plant emissions EC80864
OUTPUT TYPE: RECEPTORS: . UM R A D
RESOURCES LTD
CONC 1649 ob:-'_'_—d 1km
MAX: UNITS: DATE:
| 11.19553 pg/m? 04/05/2004 Figure 6.9

POST View - Lakes Environmental Software

C:\Disp Gold\PM10S24H1GALL PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling
j
o
2]
e
=
~
~ ]
o
o
==
27
o~
=~
e
<
2 3
o—
™~
M~
(=]
S
2
o
&
M~ _J -
o h e al 1
S - . :
o F
= % | |
A : ;- -
= mission Sou[ced L2
8_ }53‘ J‘. I
8 ;
bxls H ob]
~ 4 _.
(=] _ | -
8 - a8
o= g | "
o Sg - i
~ uE \
74 I
o : i
O = 4
2.3 ¥ b
N ] 'k .-
lIiIIIIIIIII|[T'T"T!|I| T |t[\lTll|||||||||]1‘.11||||||||||I'IIT|||||J: ||||[||'T|||||||a||
634000 635000 636000 637000 638000 639000 640000 641000 642000
COMMENTS: MODELING OPTIONS: CLIENT NAME:
The first highest Cumberland Resources Ltd.
concentrations of SP, CONC, DFAULT, ELEV, =0
annual averaging time. MULTYR PROJECT NO:
Diesel t emissions.
esel plan issions | EC80864
QUTPUT TYPE: RECEPTORS: . UM HLA D
RESOURCES LTD
CONC 1649 a ] 1km
MAX: UNITS: DATE:
0.91109 pg/m? 04/05/2004 Figure 6.10

POST View - Lakes Environmental Software

C:\Disp Gold\PM10SHANOOGALL.PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

7221000 7223000 7225000
|||i||r -I]Illll_lllgllll__llll

7219000

7217000

7215000

II_IIIIIr__IleLl lIIIJIIl-IIIII'I

7213000
Ll ] 11

7211000
s lagay

7209000
|||l]|||11|

645000

647000

631000 633000 635000 637000 639000 641000 643000
COMMENTS; MODELING OPTIONS: CLIENT NAME:
The first highest Cumberland Resources Ltd.
concentrations of PM2.5,
24-hour averaging time. CONC, DFAULT, ELEV PROJECT NO:
EC80864
OUTPUT TYPE: RECEPTORS; a
CONC 829 O s 3 KT
MAX: UNITS: DATE -
58.7977 pg/m?® 04/05/2004

Figure 6.11

POST View - Lakes Environmental Software

C\Disp Gold Mine\PM2_5124H1GALL.PLT



Meadowbank Gold Project EIA
Atmospheric Dispersion Modelling

7215000 7217000 7219000 7221000

'IIIIIIIII l!ll]!i:ll|l tli]l IIIIII[ 111 IIII]JJ lIIII||.IIIIIIII1 III||I11]I||J

7213000

IJJJIIIIIIJIIIli]llllllllt]]l]lilll’-

7211000

‘N
=

COMMENTS:

The first highest
concentrations of PM2.5,
annual averaging time.

R R LR R AR RN AR RN R AR R AR R AR R RN R AR
634000 635000 636000 637000 638000 639000 640000 641000 642000 643000 644000

:1'1'rr|'11'|rr|:nrr|mmu ERERRRRE)

[EEEEEEE R

MODELING OPTIONS:

CLIENT NAME:

Cumberland Resources Ltd.

CONC, DFAULT, ELEV PROJECT NO:
EC80864
OUTPUT TYPE: RECEPTORS: e - = . UMB H,.A D
RESOURCES LTD
CONC 829 [T E—
MAX: UNITS: DATE N
4.05725 pg/m? 04/05/2004 Figure 6.12

POST View - Lakes Environmental Software

C:\Disp Gold Mine\PM2_5\ANDOGALL.PLT
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concentrations of PM2.5,
24-hour averaging time.
Diesel plant emissions.
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