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1.0 INTRODUCTION 

1.1 Project Overview 

Connacher Oil and Gas Limited (Connacher) is the owner of two Steam Assisted Gravity Drainage 
(“SAGD”) developments.  The first development is known as the Great Divide Pod One SAGD project 
(“Pod One”).  The second development is the Great Divide Algar SAGD project (“Algar”).   

The Pod One and Algar projects are located eight kilometres apart within Townships 81 – 83, 
Ranges 11 – 12, West of the 4th Meridian in the Divide region near Mariana Lake, Alberta, in the 
Regional Municipality of Wood Buffalo.  These projects are each designed to produce 10,000 barrels, 
or approximately 1,600 cubic metres (m3), of bitumen per day.  Connacher commissioned Pod One in 
September 2007.  It is currently operational and is in the process of ramping up to its design capacity 
of 10,000 bbl/d of bitumen having curtailed output for a short period at the end of 2008 to early 2009.  
The Algar project has been approved by the Energy Resources Conservation Board and Alberta 
Environment, and is scheduled for start-up in the spring of 2010.   

Connacher is proposing to expand the productive capacity of these facilities by an additional 3,700 m3 
of bitumen per day.  Combined, the overall lease production is anticipated to be approximately 7,000 
m3/day (44,000 bbl/d) of bitumen for 25 years based on currently identified reserves and resources in 
these project areas.  This expansion is collectively known as the Great Divide SAGD Expansion 
Project (“the Project”). 

1.2 Corporate Air Quality Management Commitments 

1.2.1 Project Initiatives 

Connacher has committed to the following management approaches for air emissions from the Great 
Divide SAGD Expansion Project:  

 sulphur recovery, if required, will meet ERCB requirements; 
 there will be no continuous flaring other than pilot and purge gas.  The emergency flare system 

will include liquid knockout facilities, pilot/purge gas, continuous monitoring and burner 
management; and 

 vapour recovery systems will be installed. 

Connacher will minimize NOx emissions, through the following measures:  

 the selection of low NOx 
emissions technology as required by the CCME National Emission 

Guideline for Commercial / Industrial Boilers and Heaters;  
 considering NOx emissions in future facility upgrades; and 
 energy conservation initiatives. 
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Connacher will manage volatile organic compound (VOC) emissions through the following measures:  

 the use of process designs that reduce VOC emissions;  
 plant-wide fugitive emissions identification and control using the protocol recommended by the 

CCME guideline “Environmental Code of Practice for the Measurement and Control of Fugitive 
Emissions from Equipment Leaks”;  

 a vapour recovery unit (VRU) to condense and recover emissions; and 
 floating roofs on storage tanks, where appropriate.  

While the fleet of tanker trucks is needed to move bitumen off the plant site, the following will be 
applied: 

 ultra-low sulphur diesel fuel will be used; 
 U.S. EPA Tier 4 standards will apply to haul trucks; and  
 watering of any unpaved portions of the haul truck route to prevent dust emissions. 

1.3 Air Quality Terms of Reference 

This section quotes the AENV project terms of reference that are specifically relevant to air quality. 

1.3.1 Air Emissions Management (Section 2.7, TOR) 

[A] Provide emission profiles (type, rate and source) for the Project’s operating and construction 
emissions including point and non-point sources and fugitive emissions.  Consider both normal 
and upset conditions.  Discuss: 

a) odorous or visible emissions from the proposed facilities; 
b) annual and total greenhouse gas emissions during all stages of the Project.  Identify the 

primary sources and provide examples of calculations; 
c) the intensity of greenhouse gas emissions per unit of bitumen produced and discuss how it 

compares with similar projects; 
d) the Project’s contribution to total provincial and national greenhouse gas emissions on an 

annual basis; 
e) Connacher’s overall greenhouse gas management plans; 
f) amount and nature of Criteria Air Contaminants emissions; 
g) the amount and nature of acidifying emissions, probable deposition patterns and rates; 
h) control technologies used to minimize air emissions such as sulphur dioxide (SO2), 

hydrogen sulphide (H2S), oxides of nitrogen (NOX), greenhouse gases, volatile organic 
compounds (VOC), polycyclic aromatic hydrocarbons (PAH), particulate matter (PMX),  
carbon monoxide (CO) and ammonia; 

i) emergency flaring scenarios (e.g., frequency and duration) and proposed measures to 
ensure flaring events are minimized; 
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j) upset condition scenarios (e.g., frequency and duration) and proposed measures to ensure 
upset conditions are minimized; 

k) gas collection and conservation, and the applicability of vapour recovery technology; 
l) applicability of sulphur recovery, acid gas re-injection, or flue gas desulphurization to 

reduce sulphur emissions; and 
m) fugitive emissions control technology to detect, measure and control emissions and odours 

from equipment leaks. 

1.3.2 Air Quality, Climate and Noise (Section 3.2, TOR) 

Baseline Information 

[B] Discuss the baseline climatic and air quality conditions including: 

a) the type and frequency of meteorological conditions that may result in poor air quality; and 
b) appropriate ambient air quality parameters such as SO2, H2S, total hydrocarbons (THC), 

NOX, VOC, PAHs, individual hydrocarbons of concern in the THC, VOC and PAH mixtures, 
ground-level ozone (O3), visibility, odours, representative heavy metals, and particulates 
(road dust, PM10 and PM2.5). 

[C] Provide representative baseline noise levels at receptor locations. 

Impact Assessment 

[D] Identify components of the Project that will affect air quality, and: 

a) describe the potential for reduced air quality (including odours and visibility) resulting from 
the Project and discuss any implications of the expected air quality for environmental 
protection and public health; 

b) estimate ground-level concentrations of appropriate air quality parameters; 
c) discuss any expected changes to particulate deposition, nitrogen deposition or acidic 

deposition patterns; 
d) identify areas that exceed Potential Acid Input (PAI) critical loading criteria; 
e) discuss interactive effects that may occur as a result of co-exposure of a receptor to all 

emissions; and 
f) describe air quality impacts resulting from the Project, and their implications for other 

environmental resources, including habitat diversity and quantity, soil resources, 
vegetation resources, and water quality. 

[E] Identify stages or elements of the Project that are sensitive to changes or variability in climate 
parameters, including frequency and severity of extreme weather events.  Discuss what impacts 
the change to climate parameters may have on elements of the Project that are sensitive to 
climate parameters. 

[F] Identify components of the Project that have the potential to increase noise levels and discuss 
the implications.  Present the results of a noise assessment.  Include: 

a) potentially-affected people and wildlife; 



 Connacher Oil and Gas Limited 
 Great Divide Expansion – Air Quality Assessment 
Millennium EMS Solutions Ltd. May 2010 

 Page 4 07-104 

b) an estimate of the potential for increased noise resulting from the development; and 
c) the implications of any increased noise levels. 

[G] Describe how air quality and noise impacts resulting from the Project will be mitigated. 

[H] Describe the residual air quality and noise effects of the Project and Connacher’s plans to 
manage those effects. 

Monitoring 

[I] Describe the monitoring programs proposed to assess any Project impacts to air quality and 
noise and to measure the effectiveness of mitigation. 

[J] Describe any monitoring programs proposed to monitor the effects of acid deposition. 
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2.0 ASSESSMENT APPROACH 

2.1 Component Description 

The following air quality section documents current air quality in the area of the Project as well as 
meteorological data relevant to atmospheric dispersion.  It also includes air quality predictions for 
chemicals of concern expected to be emitted by the Project, for baseline, application (project) and 
planned development (cumulative) scenarios.  Appendix A contains a description of the air quality 
modelling approach used on the Project.  Appendix B provides details of emission sources.  
Appendix C contains recent air quality and meteorological observations in the regional study area. 

The Project will result in emissions to the atmosphere from fossil fuel combustion sources.  At 
sufficiently high concentrations, these air emissions can have direct and indirect effects on humans, 
animals, vegetation, soil and water.  Therefore, the objectives of the air quality assessment are to 
address the EIA terms of reference by: 

 determining an appropriate study area based on the predicted Project emissions, existing 
emissions and dispersion characteristics; 

 reviewing the processes that determine air quality; these include terrain, existing sources, and 
climatology and provide a basis for an approach to dispersion modelling; 

 reviewing ambient air quality observations representative of the study area; 
 determining baseline, application and cumulative regional (planned development) emissions 

for those chemicals to which Project emissions are expected to contribute; 
 determining baseline application and cumulative spatial concentration and deposition patterns 

based on dispersion model predictions for appropriate emission scenarios; and 
 comparing model predictions to appropriate air quality objectives and guidelines. 

The assessment is conducted using three emission scenarios: 

 Baseline including all existing and approved emission sources 
 Application (Project) comprised of Baseline plus Project emissions 
 Planned Development Case (PDC) (cumulative) including application and all announced future 

projects at a level of detail that enables a reasonable estimation of emission information. 

In addition, a Project-only scenario was considered for criteria emissions to clarify the contribution of 
the Project in some circumstances.  The assessment typically compares the Application and Baseline 
predictions to determine the relative impact of the project, and compares PDC and Baseline 
predictions to estimate future impacts assuming all announced projects become operational. 
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2.2 Scoping Results 

2.2.1 Issue Scoping 

The scoping exercise conducted by Connacher, with input from stakeholder consultation, identified 
the following key issues for air quality: 

1. Impacts of the Project on air quality in the region. 
2. Impacts of air emissions on deposition of acid-forming compounds and nitrogen and 

appropriate mitigation/monitoring. 
3. Impacts of changes in air quality on human health. 
4. Production of greenhouse gases. 

2.2.2 Impacts on Air Quality  

The Project will consist of largely steam generation and power generation emission sources, as 
indicated below: 

 steam generation; 
 power generation; 
 heating and treating; and 
 bitumen/diluent haul fleet (existing operations only). 

The scoping exercise identified the following releases as of potential concern for the Project: SO2, 
NOx, hydrogen sulphide (H2S), VOC, PAH, PM2.5, and greenhouse gases.  The following sections 
examine the key issues. 

Sulphur Dioxide 

The main source of SO2 from Project operation is from combustion of produced gas in the steam 
boilers or cogen, and which may be emitted in a sulphur recovery unit if one is required.  Other 
potential sources of SO2 at the facility include upset flaring.  SO2 is a component of acid deposition 
and acid deposition is an issue.  SO2 emissions are also a regional issue, thus SO2 was considered to 
be a key indicator for air quality. 

Nitrogen Dioxide 

NOx sources include the steam boilers, which burn a combination of fuel gas and produced gas and 
the cogen units which burn fuel gas only.  Other sources include the heaters and treaters and, for the 
existing facility, the fleet of bitumen/diluent haul trucks.  NOx is a major emission at other regional 
industrial facilities and a key component of potential acid deposition and eutrophication.  Therefore, 
NOx and nitrogen deposition were considered to be key indicators for air quality.  
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Hydrogen Sulphide and TRS 

The Project is a very small source of H2S or total reduced sulphur (TRS), with small amounts of 
fugitive emissions from the plant area.  However, other neighbouring facilities may emit H2S and 
therefore H2S was considered to be a key indicator from a regional perspective.  

VOCs and PAHs 

Fugitive VOCs and PAHs (together considered as total hydrocarbons or THC) are emitted by the 
central facility including the tank farm.  Sources of VOCs and PAHs also include emissions from 
combustion sources.  These contaminants are also emitted by other regional facilities.  Although total 
VOCs and PAHs are not regulated, specific compounds are regulated and are important in 
determination of the potential impact on health and ozone formation.  VOC and PAH emissions from 
the Project were estimated and reviewed on the basis of combustion emission factors.  Emissions 
were input into dispersion models only if those chemicals were determined to be of potential risk for 
human or ecological health. 

Particulate Matter 

The Project is not expected to be a significant source of PM emissions.  Potential sources include 
natural gas combustion units (very low emissions, as gaseous fuel combustion does not normally 
result in soot or particulate) and the haul fleet.  Nonetheless, other regional facilities have combustion 
sources of PM2.5, which is regulated in Alberta and under Canada-Wide Standards (CWS).  For 
combustion sources, PM2.5 emissions are approximately equal to PM10 and TSP emissions.  Of these, 
PM2.5 emissions are more closely linked to potential health effects.  Therefore, PM2.5 was considered 
in the assessment. 

Metals 

Specific metals were not considered to be an air quality issue given that particulate emissions from 
the Project, which is composed of gas-fired emission sources only, are expected to be negligible.  

Ozone 

The Project will emit small amounts of VOCs and NOx, which are precursors of ozone formation.  The 
Project contribution to ozone formation is estimated and placed in context with larger sources of 
VOCs and NOx in the oil sands region. 

2.2.3 Impacts on Deposition of Acid-forming Compounds  

Potential acid input (PAI) was considered to be an issue for this project, as cumulative PAI predictions 
in recent environmental impact assessments have indicated future PAI may be above thresholds set 
by the Clean Air Strategic Alliance (CASA) for damage to soils and vegetation in small portions of the 
region.  The Project will emit SO2 and NOx, perhaps above the threshold required by AENV for its 
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investigation, and therefore, PAI was considered to be a primary indicator for air quality impact, 
largely as it relates to cumulative effects. 

2.2.4 Impacts of Nitrogen Deposition 

Nitrogen deposition was considered to be an issue, given the expected increase in regional emissions 
of nitrogen oxides, including the Project.  Nitrogen is a limiting nutrient for plant growth in some 
natural ecosystems.  Most of the plant species from these habitats are adapted to nutrient-poor 
conditions, and can only compete successfully on soils with low nitrogen levels.  The potential impacts 
of increased nitrogen deposition on biological systems are diverse, but the most important effects are 
(WHO 2000): direct toxicity of nitrogen gases and aerosols to individual species; soil-mediated effects 
on vegetation; increased susceptibility to secondary stress factors; and changes in competitive 
relationships between species. 

2.2.5 Production of Greenhouse Gases  

Greenhouse gases (GHG) will be produced largely by combustion of natural gas and produced gas in 
the steam generators and cogens.  GHG emissions are estimated and compared to provincial and 
national totals in Section 4.1 of this report. 

2.2.6 Selection of Valued Environmental Components (VECs) 

A number of potential VECs were identified during the issue scoping process and some have been 
removed from further consideration for reasons discussed above.  In particular, THC and metals were 
not retained.  PAHs and specific VOCs have been retained as they relate to potential human or 
ecosystem health effects.  Therefore the project VECs were: 

 NO2, SO2, H2S, CO, specific VOCs and PAHs; 
 Potential Acid Input (PAI) and eutrophication (nitrogen deposition); 
 GHG Emissions; and 
 O3. 

The VECs are either discussed or modelled as part of the assessment.  PM2.5 was also examined 
from a regional perspective. 

2.3 Temporal and Spatial Scope 

For the Project baseline, observations of air quality and meteorology were provided to illustrate 
current conditions in the region.  Data were taken primarily from 2002 to 2006, as these years are the 
ones required by AENV for dispersion modelling.  Where possible, more recent air quality 
observations are included from regional measurements.  Emission information from regional projects 
is effective the end of 2009. 
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2.3.1 Study Area Selection 

Factors that influence the size and location of the study area include: 

 source location and strength,  
 potentially sensitive receptor locations, and 
 terrain and distance scales associated with air quality processes.  

For the Project, maximum concentrations are expected to occur within 5 km of the main emission 
sources and decrease with increasing distance beyond this point.  This is because most emissions 
originate from mid level stack sources.  The exception is ozone, a secondary product of combustion 
that may have maximum concentrations tens of kilometres from the source. 

Local (LSA) and regional study (RSA) areas were chosen for this project and are shown in Figure 2.1.  
The size and location were based on several factors: 

 the location of major regional industrial emission sources; and 
 the expected spread of project concentration and deposition contours. 

The RSA (Figure 2.1) is about 220 km by 330 km and includes the mining areas in the northern 
oilsands, down to the Air Weapons Range in the south.  The LSA is a 30 km by 30 km square centred 
approximately on Connacher’s existing Algar and Great Divide operations: 

2.3.2 Topography 

Terrain features such as hills and valleys affect the path followed by air emissions released into the 
atmosphere and the turbulence levels that result in the dilution of these emissions.  These terrain 
effects depend on factors such as slope of the terrain feature, shape of the terrain feature, relative 
height of the emission plumes with respect to the terrain feature and associated meteorological 
conditions.  Step-like terrain features can cause complex recirculating flow patterns in their immediate 
vicinity, while a valley can generate its own airflow independent of the winds above the valley.  In 
some cases, depending on the meteorological conditions and terrain features, a plume will flow 
around the terrain feature, while in other cases the plume will flow over the terrain.  In extreme cases, 
the plume may impinge directly on the terrain feature in its path. 

Terrain elevation information is required by the dispersion models that are used to predict ambient air 
quality changes.  Terrain data for the region were obtained from digital elevation models obtained 
from the Shuttle Radar Topography Mission (SRTM – 3 Arc Second – 100 m), which is a joint project 
between the National Geo-spatial-Intelligence Agency (NGA) and the National Aeronautics and Space 
Administration (NASA).  The topography near the Project can be seen in Figure 2.1.  The terrain in the 
area is generally flat. 
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2.4 Air Quality Criteria 

2.4.1 Air Emissions Guidelines 

Regulatory agencies have developed criteria designed to provide guidelines on acceptable emissions.  
This section discusses some of the emission guidelines that may be applicable to the Project.  

Emissions from Commercial/Industrial Boilers and Heaters  

CCME has published National Emission Guidelines for Commercial/ Industrial Boiler and Heater 
Sources (CCME 1998).  The values set out in this document are frequently referenced by regulatory 
agencies as targets that need to be achieved for approval and permit compliance.  A summary of 
these guidelines is presented in Table 2.1.  

Table 2.1 Emission Guidelines for Industrial Boilers and Heaters 

Parameter Fuel Type 
Emission Limits on Energy Input [g/GJ

i
]

10.5 to 105 GJ/hr > 105 GJ/hr 

NO2 gaseous fuel  26 40 

distillate oil  40 50 

residual oil (<0.35% N)  90 90 

residual oil (> 0.35% N)  110 125 

CO  all fuels  125 125 

Sulphur Recovery 

EUB Interim Directive (ID) 2001-3 (AEUB 2001a) is based on EUB Information Letter (IL 88-13; AEUB 
1988), and includes the recovery of sulphur from sour gas processing plants and new emissions from 
other types of upstream petroleum operation.  Sulphur recovery is required for facilities emitting more 
than one tonne per day of sulphur. 

Fugitive VOC Emissions  

CCME issued the document Environmental Guidelines for Controlling Emissions of Volatile Organic 
Compounds from Aboveground Storage Tanks.  (CCME 1995) which is intended to provide 
consistency in controlling VOC emissions from tankage. 

Recovery of Flared Gases  

The EUB (now ERCB) Guide 60 provides regulatory requirements and guidelines for flaring, 
incinerating, and venting in Alberta, as well as procedural information for flare permit applications, 
dispersion modeling, and the measuring and reporting of flared, incinerated, and vented gas. 
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2.4.2 Ambient Air Quality Objectives and Guidelines 

Table 2.2 presents the Alberta Ambient Air Quality Objectives (AAAQO), Alberta Ambient Air quality 
Guideline (AAAQG – for hourly PM2.5 only) and the Canadian Wide Standards for regulated 
compounds.  The compounds relevant to the Project include SO2, NO2, CO, oxidants expressed as 
ozone (O3), benzene and PM2.5.  The objectives refer to averaging periods ranging from one hour to 
one year.  For modelling purposes, the hourly objectives are applied to 99.9th percentile predictions 
and daily objectives are applied to the 2nd highest annual prediction.  In this report, the nomenclature 
“99.9th percentile hourly” and “9th highest hourly” are used interchangeably, as are “99.7th percentile 
daily” and “2nd highest daily” for predictions within a year. 

Table 2.2 Alberta Ambient Air Quality Objectives and 
Canada Wide Standards 

 Period 

Alberta 
Objectives 

Canada Wide 
Standards 

(µg/m3) (µg/m3) 

SO2 

Annual 30 - 

24-hour 150 - 

1-hour 450 - 

H2S 
24-hour 4 - 

1-hour 14 - 

NO2 

Annual 60 - 

24-hour 200 - 

1-hour 400 - 

CO 
8-hour 6,000 - 

1-hour 15,000 - 

Oxidants 
8-hour - 130b 

1-hour 160 - 

Benzene 1-hour 30 - 

PM2.5 
24-hour 30 30a 

1-hour 80c - 
a 98th percentile 
b 4th highest annually 
c ambient air quality guideline, not objective 
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In Alberta, the maximum concentrations in ambient air are currently specified as objectives for SO2, 
H2S, NO2, CO, oxidants expressed as O3 and PM2.5 (AENV 2009).  Objectives are also in place for a 
number of VOCs and PAHs. 

Canada-Wide Standards (CWS) have been adopted and are included in Table 2.2.  In addition, 
CCME has adopted the Keeping Clean Areas Clean framework to manage ambient air quality in 
areas of Alberta that is below the numeric CWS.  A series of action triggers and actions are within the 
proposed management framework for PM2.5.  According to AENV (2002), the action triggers and 
actions are as follows: 

 where ambient concentrations are at the lowest levels, baseline monitoring, modeling and 
forecasting would occur.  Results of baseline monitoring would indicate if there is any 
exceedance of the various trigger levels; 

 at the “surveillance trigger” level of 15 μg/m3, affected stakeholders in areas of concern would 
undertake pre-planning activities (for example, monitoring, source apportionment modelling, 
and detailed forecasting); 

 between the “planning trigger” of 20 μg/m3 and the CWS, affected stakeholders will develop 
and implement a management plan.  If this is not done within a certain time frame or by a 
specified level, AENV will impose a plan;  and 

 when concentrations of PM2.5 exceed the CWS of 30 μg/m3, AENV will impose a mandatory 
plan to reduce ambient concentrations to below the CWS within a reasonable amount of time.  

Levels for surveillance and planning triggers would be set provincially, and development of regional 
management plans would take into account naturally occurring background levels. 

2.4.3 Acid Deposition Criteria 

Deposition includes both wet and dry processes and can result in the long-term accumulation of 
atmospheric emissions in aquatic and terrestrial ecosystems.  Wet processes involve the removal of 
these atmospheric emissions by precipitation.  Dry processes involve the removal by direct contact 
with surface features (e.g., vegetation, soils and surface water). 

Both wet and dry depositions are expressed as a flux in units of kg/ha/yr.  Where more than one 
acidifying chemical species is considered, the flux is often expressed in keq/ha/yr where ‘keq’ refers to 
hydrogen ion equivalents (1 keq = 1 kmol H+).  The deposition of sulphur and nitrogen compounds to 
these systems has been associated with changes in water and soil chemistry and with the 
acidification of water and soil. 

The Alberta Acid Deposition Assessment Group (ADAG) recommends that 25% of nitrogen up to 10 
kg N/ha/y, and 100% of nitrogen above 10 kg/ha/yr, should be considered acidifying in northeastern 
Alberta (AENV 2007).  The threshold of 10 kg N/ha/yr is equivalent to 0.714 keq H+/ha/yr). 
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The potential acid input (PAI) is used as a deposition measure of acidification and is defined by: 

 PAI =  (SO4
-2) + 0.25* (NO3

-) -  (base cations) for deposited nitrogen less than 10 kg.ha/yr 

where: 

 (SO4
-2) = total sulphur compound contribution (i.e., SO2 and SO4

-2) expressed in keq/ha/yr 
 (NO3

-)  = total nitrogen compound contribution (i.e., NO, NO2, HNO3 and NO3
-) expressed in 

keq/ha/yr 
 (base cations)  = primarily calcium (Ca+2) and magnesium (Mg+2) 

Critical, target and monitoring loads for management of acid deposition in Alberta were established on 
the basis of the work of the CASA Target Loading Subgroup (CASA 1999) as updated by AENV 
(2007a).  The loads were specifically based upon predictions of the RELAD model over 1° latitude by 
1° longitude grid cells, and based upon the specific definitions of receptor sensitivity.  The 
management levels adopted by CASA are: 

 A monitoring load of 0.17 keq/ha/yr that will trigger monitoring or research action. 
 A target load of 0.22 keq/ha/yr that is the maximum acceptable deposition that provides long-

term protection from adverse ecological consequences to the most sensitive ecosystem 
components, and is practically achievable. 

 A critical load of 0.25 keq/ha/yr that may result in chemical changes and long-term harmful 
effects to the most sensitive ecosystem components. 

Any use of the above critical, target and monitoring loads uncoupled from RELAD modeling, and the 
definitions of receptor sensitivity (including the 5% level of protection) in a regional or project-specific 
application is limited to the use of these values in the identification of areas potentially at risk of 
becoming acidified.  Upon identifying such areas, actions towards confirming the acidification 
sensitivity of these areas are to be taken, and this may involve the use of models such as CALPUFF 
(AENV 2008).  The provincial acid deposition management framework specifies that an exceedance 
of a target load at a local scale (e.g., project EIA) is not to be considered to be an exceedance of an 
environmental objective. 

The CASA approach is based on the European approach outlined in WHO (1994; 2002).  For less 
sensitive systems, WHO has identified critical loads of 0.5, 1.0 and 1.5 keq/ha/yr.  This report includes 
estimates of the areas above these thresholds, and the CASA monitoring, target and critical loads, 
based on CALPUFF modelling. 

According to modelling guidance in AENV (2009a), modelling of PAI is required when the combined 
emissions of SO2 and NOx result in 0.175 t/d of H+ equivalent.  Project emissions (from the expansion 
only) are expected to be 0.124 t/d.  When combined with the existing and approved operations at 
Great Divide and Algar, the emissions are 0.196 t/d.  Therefore, modelling of PAI was conducted. 



 Connacher Oil and Gas Limited 
 Great Divide Expansion – Air Quality Assessment 
Millennium EMS Solutions Ltd. May 2010 

 Page 14 07-104 

2.4.4 Nitrogen Deposition Criteria 

Nitrogen is the limiting nutrient for plant growth in many natural ecosystems and the addition of 
nitrogen through atmospheric deposition has the potential to imbalance existing natural systems.  The 
following paragraphs describe the method used to determine nitrogen deposition in assessment of the 
Project based on critical loads applicable in Europe (WHO 2000).  

Deposition of nitrogen includes both wet (removal in precipitation) and dry (direct contact with surface 
features) processes.  In the current approach, nitrate particulate was determined to be deposited by 
both wet and dry processes and was directly calculated by the dispersion model.  NO2 was assumed 
to be deposited by dry processes only, based on annual average predicted concentrations and a 
locally determined deposition velocity. 

The deposited nitrogen was scaled by the molecular weights of the deposited species as follows: 

N = 0.75*( (14/46 NO2 dry) +  (14/62 NO3
- dry) +  (14/62 NO3

- wet) +  (14/18 NH4
 dry)) for 

deposited nitrogen less than 10 kg.ha/yr 

2.5 Air Quality Analytical Approaches 

2.5.1 Overview 

AENV has periodically identified preferred dispersion modeling methods to be used for air quality 
impact assessments, most recently in AENV (2009a).  While the methods are generic, they have been 
used as the basis for the preparation of the air quality assessment for the proposed project. 

For the assessment, dispersion models were used to predict air quality changes for emissions from 
new project sources.  Air quality changes due to other emissions are also discussed.  Modeling 
occurred for additional parameters to provide information to other disciplines.  The baseline case was 
modelled with existing plus approved emissions as of late 2009. 

The measurable parameters used in the baseline air quality assessment and the criteria used for 
assessment are summarized in Table 2.4.  Key impacts are examined at the maximum point of 
impingement (MPOI) in the LSA and RSA.  In addition, predictions are made at several specific 
locations for the health risk assessment.  
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Table 2.3 Key Impact Summary 

Key Impact VEC Measurable Parameter 
Criteria for Evaluating  
Effects Significance 

Regional air 
quality 

NO2 
concentration 

Maximum hourly, daily and annual 
average concentration 

AENV NO2 objectives for 
vegetative health 

SO2 concentration Maximum hourly, daily and annual 
average concentration 

AENV SO2 objectives for human 
health 

CO concentration Maximum hourly, 8-hour and annual 
average concentration 

AENV CO objectives for human 
health 

PM2.5 
concentration 

98th percentile daily average 
concentration 

Canada Wide Standard 

VOC 
concentration 

Maximum concentration for a number 
of VOCs 

AENV ambient objectives, 
Ontario ambient air quality 
criteria 

PAH 
concentration 

Maximum 24-hour total PAH 
concentration 

Texas ESL 

Regional acid 
deposition 

PAI deposition Annual PAI deposition, area within 
0.17 keq/ha/yr contour, area within 
0.25 contour, area within 0.5 contour, 
area within 1.0 contour, area within 
contours greater than 1.0 

CASA deposition thresholds, 
WHO deposition thresholds for 
ecosystem health 

Regional 
nitrogen 
deposition 

N deposition Annual average N deposition WHO deposition thresholds for 
ecosystem health 
(eutrophication) 

Greenhouse gas 
emissions 

GHG emissions GHG emission expressed as CO2 
equivalent 

Relative change in Alberta and 
Canada GHG emissions 

Regional ground 
level 
concentration of 
ozone 

Ozone 
concentration 

Relative magnitude of precursor 
emissions (primarily NOx) compared 
to regional sources 

Relative change in predicted 
ozone 

2.5.2 Approach to Assessment  

Evaluating the ‘significance’ of effects on an indicator requires the clear identification of thresholds or 
management objectives.  For air quality, these thresholds are often ambient air quality objectives and 
guidelines referenced to particular averaging periods (hourly, daily, annual are typical).  Table 2.4 lists 
the descriptors of the assessment used for the current project.  Comments relative to the general 
descriptors are as follows: 
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 Direction: Direction addresses the expected change without regard to its magnitude.  The 
direction is interpreted as being adverse (i.e., negative) if there are any increases in air quality 
parameters. 

 Geographic Extent: Air quality changes typically decrease with increasing distance from the 
emission source.  If the expected measurable changes are limited to the LSA, the geographic 
extent is interpreted as being local.  If the expected measurable changes extend beyond the 
LSA and are within the RSA, they are considered regional.  If the expected changes could 
extend beyond the RSA, such as the impact of greenhouse gas emissions, they are 
interpreted as being global.  

 Magnitude: For this assessment, an increase in concentration of 5% or less is rated as low.  A 
change greater than 5% and less than or equal to 10% was rated as moderate.  A high 
magnitude rating is used when an air quality parameter exceeds a relevant regulatory 
parameter or when the predicted change is greater than 10%.  Note that magnitude refers to 
air quality during mitigated project operation, not after operations cease. 

 Duration and Frequency: While emissions will occur for the full duration of the Project, 
changes in air quality will have significant temporal variability due to the natural variability in 
meteorology (wind speed, wind direction, temperature etc.) and also short and long-term 
variability in emissions.  In addition, the highest concentrations typically occur for very short 
durations and there may be infrequent upset conditions.  

 Confidence: The level of confidence with predicting air quality changes depends on the 
representativeness of emission rates, the meteorological transport and dispersion, chemical 
transformation and on the model capability.  The confidence rating is based on the assumption 
that dispersion models provide reasonable predictions for air quality assessment purposes 
given representative input data. 

 Final Impact Rating or Significance: A final rating integrates the individual descriptor ratings 
and is based on professional judgment.  The final rating provided in this section refers to the 
change in concentration or deposition only and does not account for the receptor response. 
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Table 2.4 Impact Assessment Descriptors as Applied to Ambient Air Quality Changes 

Criteria Air Quality Criteria Definition 

Geographic 
Extent of 
Impact 

Local Effects occurring mainly within or close proximity to the air quality LSA. 
Regional Effects extending outside of the project boundary to regional surroundings 

(RSA). 
Global Effects extending outside of national boundary. 

Duration of 
Impact 

Short Predicted impact persists no longer than five years 
Medium Predicted impact persists to the end of the operational life of the Project 
Long Predicted impact is measurable for more than two years beyond the end of the 

operational life of the Project 

Frequency 

Continuous Effects occurring continually over the duration of the project. 
Isolated Effects confined to a specified period (e.g., construction) 
Periodic Effects occurring intermittently but repeatedly over assessment period (e.g., 

routine maintenance activities). 
Occasional Effects occurring intermittently and sporadically over assessment period 
Accidental Effects occurring rarely over assessment period. 
Seasonal Effects occurring seasonally. 

Ability for 
Recovery 

Reversible in short-term Effects which are reversible and diminish upon cessation of activities. 
Reversible in long-term Effects which remain after cessation of activities but diminish with time. 
Irreversible - Rare Effects which are not reversible and do not diminish upon cessation of 

activities and do not diminish with time. 

Magnitude 

Nil No change from background conditions anticipated after mitigation. 
Low The expected emission, ambient concentration, or deposition change is 

expected to be less than 5%. 
Moderate The expected emission, ambient concentration or deposition change is 

expected to be more than 5% but less than or equal to 10%. 
High The expected emission, ambient concentration or deposition change is greater 

than 10% or is expected to exceed relevant criteria. 

Project 
Contribution 

Neutral No net benefit or loss to the resource, communities, region or province. 
Positive Net benefit to the resource, community, region or province. 
Negative Net loss to the resource, sites; access roads, communities, region or province. 

Confidence 
Rating 

Low Based on incomplete understanding of cause-effect relationships and 
incomplete data pertinent to study area. 

Moderate Based on good understanding of cause-effect relationships using data from 
elsewhere or incomplete understood cause-effect relationship using data 
pertinent to study area. 

High Based on good understanding of cause-effect relationships and data pertinent 
to study. 

Probability of 
Occurrence 

Low Unlikely 
Medium Possible or probable 
High Certain 

Significance Significant Air quality impacts are major (above air quality objectives), widespread, long-
term/frequent, irreversible  

Not Significant Air quality impacts are minor or inconsequential, localized, short-term and 
reversible 
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2.6 Model Approach Development 

2.6.1 Dispersion Modeling Approach 

2.6.1.1 Choice of Dispersion Model – CALPUFF 

In accordance with recent modelling practice, the CALMET and CALPUFF models were used in the 
air quality assessment.  These models are described in Scire et al. (2000) and Scire and Escoffier-
Czaja (2004) and are recommended models by AENV (2009a).  The major reasons for the use of the 
CALMET/CALPUFF model set include: 

 it is applicable to spatial scales ranging from a few kilometres to more than 100 km; 
 it includes wet and dry removal processes (deposition); 
 it includes both SO2 and NOx chemistry that is required to predict Potential Acid Input (PAI); 
 wind speed and wind direction vary in three spatial dimensions and time providing for a more 

realistic simulation of plume movement.  To allow for this movement, the emissions are 
represented by a series of puffs; 

 it is accepted by Alberta Environment; 
 it is based on sound, openly documented physical principles that have undergone independent 

review; and 
 the most recent version of the program was used for this assessment and incorporates the 

PRIME downwash algorithms. 

Parameters associated with CALPUFF and CALMET modelling are presented in Appendix A. 

2.6.1.2 General Approach 

The model set applied in the current project is similar to those applied in recent and current 
assessments undertaken for the region.  Some features of the modeling approach included the 
following: 

 receptor grid spacing ranged from 50 m to 10 km and was most dense near the major 
emission sources.  The 5-km spacing was used in areas of the domain farther from the major 
sources.  When reporting maximum concentrations, predictions were ignored within the 
Project fenceline;  

 for the purpose of evaluating dry deposition, a non-uniform land use was assumed in the study 
area.  The model predictions were obtained for foliage (15 May to 15 October) and non-foliage 
periods;  

 3D meteorological data were provided in the form of Penn State Mesoscale Model version 5 
(MM5) model output for the years 2002-2006 as provided by Alberta Environment. 
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 surface data from one station (Fort McMurray) were used for meteorological data for 
modelling; and  

 background PAI was based on RELAD modelling runs (Cheng 2009), with partitioning of 
nitrogen and sulphur components and adjusting total nitrogen deposition as discussed in 
Section 2.4.3.  

The dispersion model was applied to the three assessment scenarios.  Predictions were made at a 
large number of specific locations in the community as listed in Table 2.5 and shown in Figure 2.1.  
Maximum points of impingement concentration in the LSA and RSA were based on modelling within 
the grid of receptors.  

Table 2.5 Location of Special Receptors 

  UTM-E 
(km) 

UTM-N 
(km) 

Distance to Project 

(km) 

R1 Connacher Algar Operators Camp 453.280 6219.360 2.4 

R2  Connacher Algar Construction Camp 453.995 6219.050 1.6 

R3  Connacher Great Divide Operators Camp 448.030 6219.230 7.6 

R4  Cabin 449.986 6219.240 5.6 

R5  Cabin 457.350 6233.375 15 

R6  Cabin 449.448 6220.145 6.3 

R7  Algar Fire Lookout (old)  449.182 6219.915 6.5 

R8 Algar Fire Lookout (new) 455.272 6224.245 5.3 

2.6.1.3 Approach for Nitrogen Oxides 

An ambient ratio approach was used to estimate NO2 concentrations from NOx emissions.  The 
method is described below.  

The ambient ratio method uses simultaneously observed NO2 and NOx values at monitoring sites in 
the region and is the preferred U.S. EPA approach.  Direction from the EPA (Wilson 1997) indicates 
that the ozone limiting method (OLM) is intended for application in the plume of a single source rather 
than in multiple source situations.  Therefore, to ensure the potential NO2 impacts are not 
underestimated in multiple source situations, the OLM should be applied to each individual plume in 
the modelling analysis.  This approach assumes the full ambient O3 concentration is available to each 
and every plume.  This plume-by-plume approach is different than the combined plume approach 
formerly advocated. 

The use of the ambient ratio method requires that monitoring locations are representative of the areas 
in which the model is applied.  NOx observations from six air quality monitoring stations for three years 
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were used to develop parameters for conversion to NO2 (following the approach of EnCana 2007): 
Fort MacKay, Patricia McInnes, Athabasca Valley, Fort Chipewyan, Albian Mine, and Millennium. 

For the purpose of estimating ambient NO2 concentrations, emissions were first modeled as NO2 and 
NOx and dispersed without chemical transformation using CALPUFF.  Predicted NO2 concentrations 
were calculated using the ambient ratio method.  

2.6.2 Representative Model Predictions 

The following comments are made with respect to representative predictions for this project: 

 modelling for the Project was performed on the basis of expected maximum emission rates.  
As such, predictions represent maximum expected concentration and deposition; 

 the assessment is based upon a conservative assumption that all approved projects will 
proceed;  

 dispersion model results are typically viewed as reasonably replicating dispersion processes if 
concentrations are predicted within a factor of two, and if maximum concentrations are 
predicted under the same meteorological conditions that monitoring maximums are observed.  
Confidence in model predictions is considered reasonable if the maximum predicted 
concentration that may occur at a given time somewhere within a given area is within the 10% 
to 40% of the measured maximum value (U.S. EPA, 2003); and 

 background concentrations were not added to model predictions, as all major source groups 
were captured (industrial, communities, transportation) with the exception of natural sources.  
Background values of PAI (Cheng 2009) were added to model predictions to ensure 
conservative estimates were presented. 

Finally, dispersion models are generally designed to accurately but conservatively predict 
concentration and deposition so that practitioners can apply model results with the understanding that 
effects are unlikely to be underestimated.  Appendix A provides switch settings of the CALMET and 
CALPUFF dispersion models. 

2.6.3 Model Limitations 

Dispersion models simplify the processes associated with atmospheric motions and turbulence.  This 
simplification limits the capability of a model to replicate individual events.  The predictive strength of 
the model lies in the capability to predict an ensemble average for a given set of meteorological 
conditions. 

Factors that limit the predictive capability of a model to replicate observations are limitations in the 
input data and information used by the modeller.  Model inputs are listed in Appendix A. 
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3.0 SUMMARY OF AIR QUALITY AND METEOROLOGICAL OBSERVATIONS 

3.1 Air Quality 

3.1.1 Criteria Air Contaminants 

Appendix C presents air quality observations near the study area.  These observations are 
summarized here to provide context for dispersion modelling results that form the basis of the 
baseline assessment. 

Table 3.1 summarizes observations of criteria air contaminants including SO2 at the WBEA air quality 
monitoring stations nearest the proposed project – Athabasca Valley, Patricia McInnes and Anzac – 
during the five-year period 2004 to 2008.  It indicates there were no exceedances of air quality 
objectives for SO2 and it is expected that observations near the Project would be at the low end of (or 
below) the measurements presented. 

The table also indicates that no exceedances of the NO2 objectives occurred at the stations, with the 
highest values in the urban centres. 

PM2.5 is measured at all three stations.  Exceedances were measured of the AAAQO but not the 
Canada Wide Standard.  This indicates high measurements occur very infrequently.  A likely source of 
the high particulate values is seasonal forest fires.  

Table 3.1 shows that maximum 1-h O3 concentrations exceed the Alberta objectives at all stations and 
that the CWS for ozone is not exceeded at any of the stations.  Annual averages are higher at Anzac 
because of the “scrubbing” effect of NO emissions in urban areas.  

CO measured in Fort McMurray is less than half of applicable ambient objectives.  It is expected 
concentrations on site will be substantially lower because there are fewer combustion sources.  

Table 3.2 summarizes H2S concentrations measured in the heart of the oil sands mining areas.  The 
maximum observations exceed AAAQOs and would be detected as odour.  Although no 
measurements are available near the Project, it is expected that Table 3.2 measurements 
substantially over-estimate concentrations in that area.  
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Table 3.1 Summary of Air Contaminant Concentrations Measured in the Region, 
2004-2008 

 
Athabasca Valley 

(μg/m3) 

Patricia McInnes 

(μg/m3) 

Anzac* 

(μg/m3) 
AAAQO (μg/m3) 

SO2 

1-h Maximum 202 396 97 450 

24-h Maximum 50 51 28 150 

Period Average 2.4 2.7 1.3 30 

NO2 

1-h Maximum 344 85 158 400 

24-h Maximum 78 44 36 200 

Period Average 18 11 5.8 60 

PM2.5 

24-h Maximum 73 79 77 30 

24-h 98th percentile 16 14 15 30+ 

Period Average 4.6 4.0 5.1 – 

O3 

1-h Maximum 171 161 171 160 

4th highest 8-h 
Average 85 84 91 128+ 

Period Average 38 41 48 – 

CO 

1-h Maximum 7100 – – 15,000 

8-h Maximum 1475 – – 6,000 

Period Average 254 – – – 

* 2006-2008 only 
+ Canada Wide Standard 
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Table 3.2 Summary of H2S Concentrations Measured in the Region, 2002-2008 

 
Buffalo 

Viewpoint 
Lower Camp Mannix 

AAAQO 
(μg/m3) 

H2S 

1-h Maximum 56 102 78 14 

24-h Maximum 8 14 20 4 

Period Average 0.3 1.0 1.0 - 

3.1.2 Other Air Quality Observations 

Potential acid input (PAI) deposition rates as inferred from regional measurements are listed in Table 
3.3.  Potential acid input (PAI) deposition rates are estimated from continuous WBEA measurements 
from 2001 to 2007 and passive measurements from 2002 to 2004.  Table 3.3 reflects data from both 
the continuous and passive measurements.  Total PAI is calculated as 0.25NO2 + SO2 + 0.25* 
nitrogen anions + other wet anions – wet cations – dry cations.  The PAI estimates show substantial 
spatial variability with the smallest values based on measurements at Anzac and the largest values in 
Fort McMurray. 

Table 3.3 PAI Estimates from Measurements in the Region, 2002-2004 

Location Meas. Type 

Nitrate Sulphate PAI Cations Total PAI 

Dry 
Deposition 
(keq/ha/yr) 

Dry 
Deposition 
(keq/ha/yr) 

Wet 
Deposition 
(keq/ha/yr) 

Dry 
Deposition 
(keq/ha/yr) 

Deposition 
(keq/ha/yr) 

Patricia McInnes Passive 0.051 0.27 -0.024 0.068 0.23 

Patricia McInnes Continuous 0.065 0.21 -0.024 0.068 0.18 

Athabasca Valley Continuous 0.12 0.18 -0.024 0.068 0.20 

Anzac Continuous 0.036 0.09 -0.024 0.068 0.037 

3.2 Key Meteorological Parameters 

Appendix C presents meteorological observations in the study area.  These observations are 
summarized here to provide context for dispersion modelling results that form the basis of the 
assessment. 
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Winds are a key factor for determining air quality.  Figure 3.1 shows wind roses for 2002-2006 near 
the Project, based on the CALMET interpolation of MM5 winds.  These winds were used in dispersion 
modelling and show the majority of winds blow from the southwest.  

Atmospheric stability controls dispersion of plumes.  Stable atmospheres, most common at night and 
in winter, limit dispersion and enhance the channelling effects of terrain.  Unstable conditions result in 
greater mixing and can result in elevated plumes impinging the surface.  Pasquill stability classes A 
(very unstable) to E (very stable) are shown in Figure 3.2 based on the output from the CALMET 
meteorological model.  Unstable conditions occur most often in spring and summer, and during 
midday, and stable conditions most often in winter. 

Mixing heights determine the extent to which emitted plumes are mixed in the vertical.  Figure 3.3 
shows seasonal mixing heights derived from CALMET model output data at the grid point nearest the 
upgrader site.  Median mixing heights range from near 200 to 300 m during winter to over 1000 m 
during spring and summer afternoons.  Mixing heights show substantial diurnal variation in spring and 
summer, with the largest values in the afternoon due to thermal effects and values near 200 m at 
night due to mechanical turbulence. 
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4.0 AIR QUALITY PREDICTIONS 

4.1 Emissions 

4.1.1 Connacher Baseline Case Emissions 

Connacher received EPEA Approval No. 240008-00-00 to operate the Algar SAGD Project in October 
2008.  A subsequent amendment to this EPEA approval to add a cogeneration unit requested and to 
increase the SO2 emission limits.  For the purposes of this assessment, it is assumed that the 
amendment has been approved and that Baseline Case emissions for Algar are based on the 
updated amendment design information.  As per the most recent amendment, the existing Algar 
facility operates 6-point sources with continuous emissions.  These sources include two steam boilers, 
one utility boiler, one glycol heater, one crystallizer stack, and one cogen unit.  The existing Algar 
facility is currently licensed to emit 1.98 t/d of SO2.  The Baseline Case emissions for this facility are 
summarized in Table 4.1, which contains the emission estimates for SO2, NOx, CO, VOC and PM2.5 for 
the Project, all in the units of tonnes/day. 

Connacher also holds EPEA Approval No. 223216-00-00 to operate the neighbouring Great Divide Oil 
Sands Project (Pod One) in July 2006.  Subsequent amendments were made to this EPEA approval 
in 2007 and 2009.  As per these approvals, Pod One operates five point sources with continuous 
emissions.  These sources include two steam boilers, one utility boiler, one glycol heater and one 
recycle treater.  The Pod One facility is currently licensed to emit 1.98 t/d of SO2.  Pod One Baseline 
Case emissions are also summarized in Table 4.1. 

4.1.2 Project Emissions 

Natural gas will be the prime fuel source for the Project.  Some produced gas from the reservoir will 
be recovered and burned with the natural gas.  Emissions for the Project were estimated based on an 
overall expanded production capacity of 34,000 barrels of bitumen per day at the Algar plant (24,000 
bpd from the Project, 10,000 bpd from the existing facility) and the conservative assumption that the 
steam-oil ratio for the Project will be 4.0 (compared to 3.0 for the existing Algar facility).  Continuous 
emission sources at the proposed facility include five steam boilers, a utility boiler, a glycol heater, 
and a cogeneration unit.  Flare stacks are used for emergency only.  Under normal conditions, the 
flare will emit negligible emissions from the use of natural gas by the pilot flame.  Upset flaring 
emissions are separately considered in Section 4.13. 

Table 4.2 contains the emission estimates for the Project.  As emissions from the existing Algar facility 
are modified because of the operation of the Project, the table also contains the updated emission 
estimates from the existing Algar and Pod One sources.  Appendix B provides a detailed listing of the 
trace speciated organic compounds emitted by Project sources. 

The licensed SO2 emission limit from the existing Algar facility (1.98 t/d) was based on worst-case 
reservoir characteristics.  The operation of the proposed Project will not change this emission limit and 
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both the existing and proposed Algar facilities will operated under the same licensed SO2 emissions 
limit.  As such, it can be seen in Table 4.2 that the 1.98 t/d of SO2 emissions will be distributed across 
both the existing and expanded portion of the Algar facility.  The SO2 will be emitted only by the steam 
boilers, as those are the only sources fuelled by produced gas.  The other heaters and the cogen 
units shown in the source inventory in Table 4.2 will use pipeline grade natural gas and thus will 
generate negligible quantities of SO2 emissions. 

NOx and CO emissions from the steam generators and heaters were estimated based upon the 
assumption that they meet the 1998 CCME guidelines for industrial boilers and heaters.  PM2.5 

emissions from the steam generators and heaters were estimated using US-EPA AP-42 emission 
factors. 

Emission rates for the cogeneration unit were provided by the equipment vendors.  Trucking 
emissions were based on an annual diesel fuel consumption rate of 383 kL/year and the assumption 
that the emissions will comply with the final U.S. Environmental Protection Agency (U.S. EPA) Non-
Road Diesel Tier 4 standards.   

Details of Project emissions of chemicals of potential concern (COPCs) such as speciated VOCs and 
PAHs are provided in Appendix B. 

4.1.3 Regional Emissions 

Emissions within the RSA from existing operating facilities, approved but not yet operating facilities, 
and proposed facilities including those under regulatory review, were collected from various public 
domain documents, including the Jackpine Mine Expansion & Pierre River Mine Project EIA (Shell 
Canada Ltd. 2007), Christina Lake Regional Project – Phase 3 EIA (MEG Energy Corp. 2008), Joslyn 
North Mine Project Additional Information (Total E&P Joslyn 2010), Taiga Project Application (Osum 
Oil Sands Corp. 2009) and Christina Lake Thermal Expansion Project, Phases 1E, 1F and 1G 
(EnCana FCCL Ltd. 2009).  The data collected from these documents were based on continuous 
emissions that would be representative of typical operating conditions at the various facilities at full 
production capacity.  Emissions were then tabulated and forwarded to facility operators for 
verification.   

Once the updated data was received, the data were then, in most cases, used as model input in the 
three emission scenarios.  For some regional projects, Connacher adjusted the emissions in order to 
reflect the following assumptions: 

 That all mining developments in the PDC Scenario will comply with the U.S.  Environmental 
Protection Agency (U.S. EPA) Non-Road Diesel Tier 4 standards (Canada Gazette 2005) 

 That all new gas-fired external combustion sources (e.g., boilers, heaters, furnaces) with a 
heat input capacity greater than 10.5 GJ/h will meet the compliance limit of the Alberta 
Environment Interim NOx Guidelines (Alberta Environment 2007b) in the PDC scenario. 
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Table 4.1 Summary of Connacher Baseline Case Emissions – Criteria Pollutants 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N 

(m) 
Elevation 

(masl) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 

NOX 

(t/d) 

CO 

(t/d) 

PM2.5 

(t/d) 

Existing  
Algar 
Sources 

Steam Boiler 1 455618 6218994 750 30.0 1.47 12.4 413 0.990 0.252 0.789 0.020 

Steam Boiler 2 455626 6218979 750 30.0 1.47 12.4 413 0.990 0.252 0.789 0.020 

Utility Boiler 445669 6218822 750 8.5 0.51 4.8 425 0.000 0.009 0.040 0.001 

Glycol Heater 455674 6218822 750 8.2 0.61 3.4 368 0.000 0.010 0.046 0.001 

Cogen Unit 455564 6219003 750 15.2 1.83 8.9 807 0.000 0.173 0.211 0.011 

Crystallizer 455787 6218952 750 13.7 0.46 0.1 422 0.000 0.003 0.003 0.000 

Existing 
Pod One 
Sources 

Steam Boiler 1 448529 6219128 710 30.5 1.83 14.3 561 0.990 0.228 0.191 0.017 

Steam Boiler 2 448557 6219145 710 30.3 1.68 14.3 561 0.990 0.228 0.191 0.017 

Utility Boiler 448609 6219097 710 10.1 0.51 8.9 495 0.000 0.011 0.009 0.001 

Glycol Heater 448638 6219007 710 8.5 0.61 5.2 438 0.000 0.010 0.008 0.001 

Recycle Treater 448579 6219017 710 12.2 0.25 4.0 588 0.000 0.005 0.004 0.000 

Area Sources 

Emission 
Source 

NW 
UTM E 

NW  
UTM N 

NE 
UTM E 

NE 
UTM N 

SE 
UTM E 

SE 
UTM N 

SW 
UTM E

SW 
UTM N 

Area 
(km2) 

Elevation
(m ASL) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

PM2.5 
(t/d) 

Trucking 
Route 

453943 6223603 453958 6223603 448626 6218403 448611 6218403 78000 729 0.000 0.004 0.033 0.000 

Air Emissions Total from Connacher Baseline Sources 3.96 1.18 2.31 0.09 
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Table 4.2 Summary of Connacher Application Case Emissions – Criteria Pollutants 

Point Sources 

Facility 
Emission 
Source 

UTM E  
(m) 

UTM N  
(m) 

Elevation 
(masl) 

Stack 
Height (m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp (K) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

PM2.5 

(t/d) 

Proposed 
Expanded 
Algar 
Sources 

Steam Boiler 1 455590 6218965 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 2 455572 6218955 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 3 455563 6218930 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 4 455581 6218940 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 5 455598 6218950 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Utility Boiler 455684 6218793 750 8.5 0.76 4.3 425 0.000 0.017 0.079 0.002 
Glycol Heater 455689 6218793 750 8.2 0.91 3.1 368 0.000 0.019 0.093 0.002 
Cogen Unit 455560 6219035 750 20.0 2.13 8.9 473 0.000 0.269 0.328 0.006 

Existing  
Algar 
Sources 

Steam Boiler 1 455618 6218994 750 30.0 1.47 12.4 413 0.213 0.252 0.789 0.020 
Steam Boiler 2 455626 6218979 750 30.0 1.47 12.4 413 0.213 0.252 0.789 0.020 
Utility Boiler 445669 6218822 750 8.5 0.51 4.8 425 0.000 0.009 0.040 0.001 
Glycol Heater 455674 6218822 750 8.2 0.61 3.4 368 0.000 0.010 0.046 0.001 
Cogen Unit 455573 6219011 750 20.0 1.83 8.9 473 0.000 0.156 0.190 0.003 

Existing 
Pod One 
Sources 

Steam Boiler 1 448529 6219128 710 30.5 1.83 14.3 561 0.990 0.228 0.191 0.017 
Steam Boiler 2 448557 6219145 710 30.3 1.68 14.3 561 0.990 0.228 0.191 0.017 
Utility Boiler 448609 6219097 710 10.1 0.51 8.9 495 0.000 0.011 0.009 0.001 
Glycol Heater 448638 6219007 710 8.5 0.61 5.2 438 0.000 0.010 0.008 0.001 
Recycle Treater 448579 6219017 710 12.2 0.25 4.0 588 0.000 0.005 0.004 0.000 

Area Sources 

Emission 
Source 

NW 
UTM E 

NW  
UTM N 

NE 
UTM E 

NE 
UTM N

SE 
UTM E

SE 
UTM N

SW 
UTM E

SW 
UTM N

Area 
(km2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

PM2.5 

(t/d) 

Trucking 
Route 453943 6223603 453958 6223603 448626 6218403 448611 6218403 78000 729 0.000 0.004 0.033 0.000 

Air Emissions Total from Connacher Application Sources 3.96 3.32 8.59 0.24

 



 Connacher Oil and Gas Limited 
 Great Divide Expansion – Air Quality Assessment 
Millennium EMS Solutions Ltd. May 2010 

 Page 29 07-104 

For the first assumption, emissions were adjusted by assuming all existing mining projects in the 
Baseline Case currently meet Tier 2 standards, and scaling down these existing mine fleet emissions 
in the PDC case on the basis of the ratio of Tier 4 to Tier 2 emissions standards.  Emissions from 
approved but unconstructed projects in the Baseline were assumed to already meet Tier 4 standards 
and thus were not adjusted.  Fleet emissions data for proposed projects in the PDC case were also 
not adjusted as it was assumed they too already meet Tier 4 standards. 

For the second assumption, adjustments to approved but unconstructed gas-fired external 
combustion sources greater than 10.5 GJ/h of heat input capacity were made only if they did not 
already meet the new Interim NOx targets (26 g/GJ for natural gas, 40 g/GJ for alternative gaseous 
fuels).  The first step was to collect the emission intensities for these approved but unconstructed 
sources from their respective applications and/or AENV approvals.  If these emission intensities did 
not meet the Interim NOx targets, the emissions rates of these sources were adjusted down to the 
targets for the PDC scenario.  For those sources for which emission intensities could not be found, it 
was assumed they are currently committed to meet only the CCME guidelines (40 g/GJ for all 
gaseous fuels; CCME 1998) and their emission rates were scaled down in the PDC scenario to meet 
the new Interim NOx targets.  No adjustments were made to emissions for proposed projects as it was 
assumed they would already meet the interim NOx guideline.  No adjustments were made to existing 
projects because the interim guideline applies to new sources only. 

Table 4.3 summarizes the RSA emission rates of criteria air contaminants (CACs) for the three 
emission scenarios. 

Table 4.3 Summary of RSA Emission Rates for the Three 
Emission Scenarios 

Emission Scenarios 

RSA Emission Rates 
[t/d] 

SO2 NOx CO PM2.5 

Baseline Emission Scenario 245.0 450.1 444.4 32.4 

Application Emission 
Scenario 245.0 452.2 450.8 32.5 

PDC Emission Scenario 280.6 541.0 598.0 40.5 

 

Table 4.4 lists the projects considered in each of the emissions scenarios.  Within the Baseline, 
Application and PDC scenarios, uncertainties exist about whether all facilities will proceed and 
whether or not all facilities would operate at full capacity concurrently.  Therefore, it is likely emission 
estimates in all three scenarios have been overestimated. 
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Table 4.4 Project Inclusion List for Air Quality Cumulative Effects Assessments 

Status Baseline Total Project Impact Assessment Cumulative Assessment

Existing and 
Approved 

- Albian Sands Muskeg River Mine & Expansion 
- CNRL Horizon 
- IOL Kearl 
- Shell Jackpine Phase 1 Mine 
- Suncor Base Plant and Millennium 
- Suncor Voyageur 
- Suncor Fort Hills (formerly Petro-Canada) 
- Syncrude Aurora North 
- Syncrude Aurora South 
- Syncrude Mildred Lake, with Emission Reduction 
 
- Cenovus Christina Lake 
- Connacher Algar Project 
- Connacher Great Divide Pod One Project 
- ConocoPhillips Surmont Pilot & Commercial Phases 
- Devon Jackfish SAGD Phases 1 & 2 
- EnCana Christina Lake 
- E-T Energy Poplar Creek In-Situ  
- Husky Sunrise Thermal Project 
- JACOS Hangingstone Pilot 
- KNOC Blackgold Initial Project 
- Laricina Saleski 
- MEG Energy Christina Lake Phases 1 & 2 
- OPTI/Nexen Long Lake 
- Petrobank White Sands In-Situ Pilot 
- Petro-Canada Dover In-Situ (formerly Petro-Canada) 
- Petro-Canada MacKay River Project & Expansion 
(formerly Petro-Canada) 
- Petro-Canada Meadow Creek (formerly Petro-
Canada) 
- StatOil Leismer Pilot 
- Suncor Firebag In Situ (Stages 1 to 3) 
 
- Birch Mountain Muskeg Valley Quarry & 
Hammerstone Project 
- Northlands Forest Products 
- Williams Energy Fort McMurray Plant 
- Gas Production Facilities 
- Communities and Highways 

- Albian Sands Muskeg River Mine & Expansion 
- CNRL Horizon 
- IOL Kearl 
- Shell Jackpine Phase 1 Mine 
- Suncor Base Plant and Millennium 
- Suncor Voyageur 
- Suncor Fort Hills (formerly Petro-Canada) 
- Syncrude Aurora North 
- Syncrude Aurora South 
- Syncrude Mildred Lake, with Emission Reduction 
 
- Cenovus Christina Lake 
- Connacher Algar Project 
- Connacher Great Divide Pod One Project 
- ConocoPhillips Surmont Pilot & Commercial Phases 
- Devon Jackfish SAGD Phases 1 & 2 
- EnCana Christina Lake 
- E-T Energy Poplar Creek In-Situ  
- Husky Sunrise Thermal Project 
- JACOS Hangingstone Pilot 
- KNOC Blackgold Initial Project 
- Laricina Saleski 
- MEG Energy Christina Lake Phases 1 & 2 
- OPTI/Nexen Long Lake 
- Petrobank White Sands In-Situ Pilot 
- Petro-Canada Dover In-Situ (formerly Petro-Canada) 
- Petro-Canada MacKay River Project & Expansion 
(formerly Petro-Canada) 
- Petro-Canada Meadow Creek (formerly Petro-
Canada) 
- StatOil Leismer Pilot 
- Suncor Firebag In Situ (Stages 1 to 3) 
 
- Birch Mountain Muskeg Valley Quarry & 
Hammerstone Project 
- Northlands Forest Products 
- Williams Energy Fort McMurray Plant 
- Gas Production Facilities 
- Communities and Highways 

- Albian Sands Muskeg River Mine & Expansion 
- CNRL Horizon 
- IOL Kearl 
- Shell Jackpine Phase 1 Mine 
- Suncor Base Plant and Millennium 
- Suncor Voyageur 
- Suncor Fort Hills (formerly Petro-Canada) 
- Syncrude Aurora North 
- Syncrude Aurora South 
- Syncrude Mildred Lake, with Emission Reduction 
 
- Cenovus Christina Lake 
- Connacher Algar Project 
- Connacher Great Divide Pod One Project 
- ConocoPhillips Surmont Pilot & Commercial Phases 
- Devon Jackfish SAGD Phases 1 & 2 
- EnCana Christina Lake 
- E-T Energy Poplar Creek In-Situ  
- Husky Sunrise Thermal Project 
- JACOS Hangingstone Pilot 
- KNOC Blackgold Initial Project 
- Laricina Saleski 
- MEG Energy Christina Lake Phases 1 & 2 
- OPTI/Nexen Long Lake 
- Petrobank White Sands In-Situ Pilot 
- Petro-Canada Dover In-Situ (formerly Petro-Canada) 
- Petro-Canada MacKay River Project & Expansion 
(formerly Petro-Canada) 
- Petro-Canada Meadow Creek (formerly Petro-
Canada) 
- StatOil Leismer Pilot 
- Suncor Firebag In Situ (Stages 1 to 3) 
 
- Birch Mountain Muskeg Valley Quarry & 
Hammerstone Project 
- Northlands Forest Products 
- Williams Energy Fort McMurray Plant 
- Gas Production Facilities 
- Communities and Highways 



 Connacher Oil and Gas Limited 
 Great Divide Expansion – Air Quality Assessment 
Millennium EMS Solutions Ltd. May 2010 

 Page 31 07-104 

Table 4.4 Project Inclusion List for Air Quality Cumulative Effects Assessments 

Status Baseline Total Project Impact Assessment Cumulative Assessment

Project  - Connacher Great Divide Expansion - Connacher Great Divide Expansion 

Proposed   - Shell Jackpine Expansion 
- Shell Pierre River Mine 
- Suncor Voyageur South 
- Syncrude Southwest Sand Storage Conversion 
- Total Joslyn North Mine Project 
- UTS/Teck Cominco Equinox Mine 
- UTS/Teck Cominco Frontier Mine 
 
- Alberta Oil Sands Pilot SAGD project 
- Athabasca Oil Sands Dover Pilot SAGD  
- Athabasca Oil Sands MacKay River Pilot SAGD 
- CNRL Horizon In Situ 
- Cenovus Borealis 
- Cenovus Christina Lake Expansion 
- Cenovus Narrows Lake 
- Enerplus Kirby 
- Excelsior Hangingstone Pilot 
- Grizzly Algar Lake 
- Horizon In-Situ 
- JACOS Hangingstone Commercial 
- MEG Energy Christina Lake Phases 3A & 3B 
- OPTI/Nexen Long Lake South 
- Petrobank May River 
- Serrano Blackrod 
- Southern Pacific MacKay River 
- StatOil Kai Kos Dehseh 
- Suncor Firebag Expansion (Stages 4 to 6) 
- Suncor Lewis (formerly Petro-Canada) 
- Sunshine Oilsands West Ells SAGD 
- Value Creation Terre de Grace 
 
- Parsons Creek Limestone Quarry  
- Forecasted growth of communities and increase in 
traffic 
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4.1.4 Background Concentration 

According to guidance (AENV 2009), background concentrations must be considered in the 
assessment.  In this assessment only PAI used background concentrations based on the modelling 
work of Cheng (2009), which includes estimates of base cation, sulphur and nitrogen components. 

For all other chemicals, all industrial, community and transportation sources were modelled and it was 
assumed that natural sources were negligible compared to these sources. 

4.1.5 Project Greenhouse Gas Emissions 

4.1.5.1 Expected Annual and Total Emissions 

Table 4.5 summarizes the annual greenhouse gas (GHG) emissions for the Project.  The emission 
estimates of CO2, CH4, and N2O are based on emission factors and the estimated fuel consumption 
rates.  The GHG emission estimates conservatively assume all fired equipment is operating 
continuously.  Greenhouse gas values have been separated into direct and indirect emissions to 
account for electricity purchases.  At this stage of design, Connacher does not expect to purchase any 
electricity from off-site sources.  At full operation, the entire Connacher operation will be generating 
1.27 MT/yr of CO2e, with the 24,000 bpd expansion contributing 0.72 Mt/yr. 

Table 4.6 summarizes the total greenhouse gas emissions for the Project, based on an estimated 
project life of 25 years, with the expansion alone contributing an estimated lifetime 17.9 Mt. 

Table 4.5 Summary of Annual Greenhouse Gas Emissions 

Emissions 

Direct Emission Rates1 
[t/year] 

Indirect Emission 
Rates2 [t/year] 

Overall Total 
[t/year] 

CO2 CH4 N2O CO2e
3 CO2e

3 CO2e
3 

 

Approved Algar Facility 331,815 0.66 14.9 336,458 0 336,458 

Existing Pod One 
Facility 216,853 0.40 9.6 219,833 0 219,833 

Total Existing and 
Approved 548,669 1.1 24.5 556,291 0 556,291 

 

Expanded Algar Facility 1,038,006 1.96 46.1 1,052,345 0 1,052,345 

Expansion Only 706,191 1 31 715,887 0 715,887 
       

Total with Expansion 1,254,859 2.4 55.7 1,272,178 0 1,272,178 
 1 – Annual direct GHG emission rates are based on 98% plant availability 
  2 – Emissions from purchased electricity 
 3 – CO2e = carbon dioxide equivalent 
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Table 4.6 Summary of Total Greenhouse Gas Emissions 

Emissions 

Total GHG Emissions1 
[kt] 

Overall Total 

[kt] 

CO2 CH4 N2O
 CO2e

2 

Approved Algar Facility 8,295 0.02 0.37 8,411 

Existing Pod One Facility 5,421 0.01 0.24 5,496 

Total Existing and 
Approved 13,717 0.03 0.61 13,907 

     

Expanded Algar Facility 25,950 0.05 1.15 26,309 

Expansion Only 17,655 0 1 17,898 
     

Total with Expansion 31,371 0.06 1.39 31,804 
  1 – Based on a average plant availability of 98% during life of Project 
  2 – CO2e = carbon dioxide equivalent 

Table 4.7 summarizes the emission factors used to estimate the GHG emissions.  Table 4.8 
summarizes the fuel consumption estimates for the Connacher Project and indicates: 

 No additional diesel consumption (product hauling) is planned for the Expansion; and 
 Much of the additional natural gas consumption is associated with produced gas consumption, 

resulting from an increase in the expected SOR from 3 to 4. 

Table 4.7 Summary of GHG Emission Factors  

GHG 
Component 

Emission 
Factor 

Units Source 

Natural Gas Combustion 

CO2 56 t/TJ IPCC Emission Factor Database (EFDB) (2006) 
CH4 1 x 10-4 t/TJ IPCC EFDB (2006) 
N2O 2.4 x 10-4 t/TJ IPCC EFDB (2006) 

Produced Gas Combustion 

CO2 54.2 t/TJ 

Based on IPCC EFDB (2006) for natural combustion and 
scaled down based on ratio of gross heating value of 
produced gas to natural gas.  Heating value of produced gas 
is based on measurements of gas samples taken at the 
existing Pod One facility. 

CH4 1 x 10-4 t/TJ IPCC EFDB (2006) for natural gas combustion 
N2O 2.4 x 10-4 t/TJ IPCC EFDB (2006) for natural gas combustion 
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Table 4.7 Summary of GHG Emission Factors  

GHG 
Component 

Emission 
Factor 

Units Source 

Diesel Fuel Combustion 

CO2 2663 g/L 
Environment Canada’s National Inventory Report (2009), 
Annex 12, Section A12.1.5 Mobile Combustion.  Emission 
factor for off-road diesel engines. 

CH4 0.15 g/L 
Environment Canada’s National Inventory Report (2009), 
Annex 12, Section A12.1.5 Mobile Combustion.  Emission 
factor for off-road diesel engines. 

N2O 1.1 g/L 
Environment Canada’s National Inventory Report (2009), 
Annex 12, Section A12.1.5 Mobile Combustion.  Emission 
factor for off-road diesel engines. 

 

Table 4.8 Summary of Fuel Consumption Estimates 

Activity 
Natural Gas 

Consumption [103 
Sm3/d] 

Produced Gas 
Consumption [103 

Sm3/d] 

Diesel Fuel Consumption 
[L/day] 

 

Approved Algar Facility 116 340 
1049 

Existing Pod One Facility 14 289 

Total Existing and Approved 130 629 1049 
 

Expanded Algar Facility 181 1260 1049 

Expansion Only 65 920 0 
    

Total including Expansion 195 1549 1049 

GHG emissions, as a result of construction activities, were also considered but were assumed to be 
negligible when compared to emissions during the operational phase of the Project.  A survey of 
previous EIAs for similar projects shows that construction emissions range from negligible (EnCana 
2009, Osum 2009) to 10% (CNRL 2007, MEG Energy 2007) of operations emissions.  Since 
Connacher is proposing to expand an already existing development and because the expanded 
portion will use the existing infrastructure and access roads, the GHG emissions with the construction 
activities for the Project were assumed to be negligible for assessment purposes. 

4.1.5.2 Contribution to Total Provincial and National Greenhouse Gas Emissions 

Table 4.9 shows the contribution of Connacher operations at the Great Divide and Algar sites to total 
2007 provincial and national GHG emissions on an annual basis.   
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Table 4.9 Contribution of Connacher Expansion to Provincial and 
National GHG Emission Inventory 

 

GHG Emissions 
GHG Emissions 
[Mt CO2e/year] 

% of Alberta 
Total % of Canada Total 

Connacher Expansion 0.72 0.29% 0.10% 

Alberta Total 2461  33% 

Canada Total 7471   
 1 – Taken from Environment Canada (2009) National Inventory Report of 2007 GHG Emissions 

4.1.5.3 Greenhouse Gas Emission Intensity 

The GHG emission intensity is defined as the amount of GHG emissions generated per barrel of 
bitumen produced, on an annual average basis.  Table 4.10 shows the GHG emission intensity for the 
project for both the Baseline (existing) and Application (expanded) scenarios, as well as a comparison 
of the GHG emission intensities between the Connacher Project and other similar in-situ projects.   

Table 4.10 Comparison of GHG Emission Intensities for In-Situ Bitumen Production Facilities 

Operator Facility Source 
GHG Emission Intensity 
(kg CO2e/bbl bitumen) 

Connacher 
Existing (Pod One) and 
Approved (Algar) (Baseline) 
Facilities 

N/A 78 

Connacher Expanded Facility (Application) N/A 81 

CNRL Kirby In-Situ Project EIA (CNRL 2007) 79 

EnCana Christina Lake Thermal 
Expansion Project EIA (EnCana 2009) 42 

MEG  Energy Christina Lake Phase 3 Project EIA (MEG Energy 2008) 83 

Osum Taiga Project EIA (Osum 2009) 91 

ConocoPhillips Surmont Commercial EPEA Approval 48263-00-00 70 to 110 1 

Devon Canada Jackfish SAGD Project EPEA Approval 183875-00-00 65 to 70 1 

EnCana Foster Creek Thermal Project 
Phases 1D/1E EPEA Approval 68492-00-09 70 to 110 1 

EnCana Christina Lake Thermal Project EPEA Approval 4822-00-08 70 to 80 1 

Husky Energy Tucker Thermal Project EPEA Approval 147753-00-00 70 to 75 1 

Imperial Oil Cold Lake Project EPEA Approval 73534-00-04 85 to 95 1 

Shell Canada Orion EOR Project EPEA Approval 141258-00-00 100 to 105 1 
 1 – Performance targets specified in EPEA Approval 
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4.2 Emission Assessment 

Table 4.11 summarizes estimated Project emissions and compares emission totals for the three 
assessment scenarios.  

Table 4.11 Changes in Key RSA Emissions 

Scenario SO2 (t/d) NOx (t/d) CO (t/d) PM2.5 (t/d) 

Connacher Expansion only (t/d) 0 2.1 6.3 0.15 
Baseline (t/d)  245 450.1 444.4 32.4 

Application (t/d)  245 452.2 450.8 32.5 

Expansion increase relative to Baseline (%) 0 0.4 1.4 0.5 

PDC (t/d) 281 541 598 40.5 

PDC increase relative to Baseline (%) 15 20 35 25 

Project emissions (which reflect the expansion only) range from negligible (SO2) to 1.4% of RSA 
Baseline emissions, which is a low magnitude rating.  

In addition to emissions from the Project and from other existing and approved developments, 
emissions from PDC sources in the RSA have also been identified and quantified.  The cumulative 
effects of these sources on ambient air quality have been evaluated.  Table 4.5 summarizes the RSA 
emissions for the PDC scenario and compares them to Baseline.  The assessment conservatively 
assumes that all PDC projects will proceed, and includes emission estimates for those projects that at 
this time may not be well defined but are expected to be conservative.  Emission increases of 15 to 
35% are anticipated from the Baseline to PDC cases in the RSA. 

4.3 Sulphur Dioxide 

The CALPUFF model was used to estimate the concentration of SO2 that would occur for the three 
assessment scenarios.  

Table 4.12 summarizes the results of SO2 modeling at the local and regional maximum points of 
impingement (MPOIs), as well as for the 8 local receptors.  No exceedances of the AENV Alberta 
ambient air quality objectives (AAAQOs) are predicted at any locations.  

Modelling predicts reductions in SO2 concentrations or no change at all locations from the Baseline to 
Application phases and both increases and decreases from the Baseline to the PDC phase.  
Concentration decreases near the Project in Application and PDC cases are the result of engineering 
changes in stack parameters (such as height) while keeping emissions constant.  Relative increases 
in concentration during the PDC case at some locations are the result of small increases in predicted 
concentration from additional industrial operations in the region. 
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Table 4.12 also shows predictions from the “Connacher” facilities that include the existing Great 
Divide operation, approved Algar operations and the expansion Project.  Connacher operations 
contribute to the bulk of predicted SO2 concentrations at the local MPOI and the nearest special 
receptors. 

Figures 4.1 to 4.9 (presented after the Reference Section) show the patterns of SO2 concentration for 
the 99.9th percentile 1-hour, 2nd highest 24-hour and annual averages for the three assessment 
scenarios.  The figures indicate that the highest SO2 concentration in the RSA for all averaging 
periods occur in the mining area north of Fort McMurray.  In the LSA, the maximum occurs near the 
expanded Project central facility.  In comparing maximum predictions in the RSA and LSA, consider 
that the receptor spacing is much denser near the Project than in the mining area. 

4.4 Nitrogen Oxides 

The model results in no exceedances of the AENV AAAQOs for any of the assessment scenarios 
(see Table 4.13). 

Increases over Baseline are small in an absolute sense at all locations, with percentage increases 
ranging up to 8% for hourly predictions, 3% for daily and 15% for annual at the Algar construction 
camp immediately adjacent to the Project.  The increase is zero at the local MPOI.  

In the PDC case, decreased concentrations are predicted at the regional MPOI because of the use of 
Tier 4 vehicle emissions.  In the LSA, concentrations increase as a result of increased SAGD 
development in the area.  Absolute increases are small. 

Figures 4.10 to 4.18 show the patterns of NO2 concentration for 99.9th percentile 1-hour, maximum 24-
hour and annual averages for the three development scenarios.  The figures indicate that the highest 
NO2 concentrations in the LSA occur adjacent to Highway 63 near the existing Great Divide plant site. 

4.5 Carbon Monoxide 

Table 4.14 lists the results of modeling and indicates there are no exceedances of the AENV 
AAAQOs at the MPOI or any of the receptors.  Predicted concentrations at cabins and camps are well 
below AAAQ objectives.  In particular, the predicted hourly concentration at the local MPOI is less 
than a quarter of the objectives in any scenario.  Daily predictions at the MPOI are up to 30% of 
objectives. 

The Project is expected to have negligible impact on CO values at the regional and local MPOIs and 
result in a small absolute increase at camp or cabin locations nearest the central plant.  At most 
locations, the Connacher contribution to predicted concentrations is small. 

The spatial patterns of CO concentration are shown in Figure 4.19 to 4.24 for 1-h and 8- predictions.  
All maximum values occur near High 63 adjacent to the existing Great Divide central plant. 
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Table 4.12 Predicted Sulphur Dioxide Concentrations  

 Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3)

Connacher Only 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase
Over 

Baseline (%)

99.9th Percentile 1-hour     
Overall Maximum (RSA-MPOI) 271 271 271 - 0 0
Local Area Maximum (LSA-MPOI)  130 102 102 101 -22 -21
R1 - Algar Operators Camp 71 59 61 58 -18 -14
R2 - Algar Construction Camp 90 79 81 78 -12 -10
R3 - Great Divide Operators Camp 44 44 48 42 0 9
R4 - Cabin 52 51 51 51 -3 -3
R5 - Cabin 41 41 48 9 0 15
R6 - Cabin 50 50 51 50 -1 1
R7 - Algar Fire Lookout (old) 40 40 41 34 0 3
R8 - Algar Fire Lookout (new)  49 38 46 37 -23 -6
AENV AAAQO 450 450 450 450  
99.7th Percentile 24-hour   

Overall Maximum (RSA-MPOI) 62 62 63 - 0 0
Local Area Maximum (LSA-MPOI)  35 27 28 27 -23 -22
R1 - Algar Operators Camp 21 18 20 17 -15 -7
R2 - Algar Construction Camp 22 16 17 15 -26 -23
R3 - Great Divide Operators Camp 12 12 14 9 0 14
R4 - Cabin 13 13 14 13 0 10
R5 - Cabin 12 12 14 3 0 13
R6 - Cabin 12 12 14 11 0 17
R7 - Algar Fire Lookout (old)     12 12 14 7 0 16
R8 - Algar Fire Lookout (new) 12 12 14 6 -2 12
AENV AAAQO 150 150 150 150  
Annual Average   

Overall Maximum (RSA-MPOI) 7.4 7.4 7.8 - 0 5
Local Area Maximum (LSA-MPOI)  3.3 2.7 3.1 2.6 -19 -7
R1 - Algar Operators Camp 2.8 2.6 3.0 1.6 -4 10
R2 - Algar Construction Camp 2.7 2.5 2.9 1.5 -7 7
R3 - Great Divide Operators Camp 1.3 1.3 1.7 0.4 -3 27
R4 - Cabin 2.7 2.6 3.1 1.5 -2 15
R5 - Cabin 1.6 1.6 2.2 0.2 -1 36
R6 - Cabin 2.1 2.1 2.5 1.1 -2 19
R7 - Algar Fire Lookout (old)      1.6 1.6 2.0 0.5 -3 23
R8 - Algar Fire Lookout (new)    1.9 1.8 2.4 0.7 -5 22
AENV AAAQO 30 30 30 30  
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Table 4.13 Predicted Nitrogen Dioxide Concentrations 

 
Baseline 
(µg/m3)

Application 
(µg/m3) 

PDC 
(µg/m3)

Connacher 
Only 

(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase
Over Baseline 

(%) 

99.9th Percentile 1-hour     
Overall Maximum NOx (RSA-MPOI) 2,577 2,577 1,763 - 0 -32
Local Area Maximum NOx (LSA-MPOI)  375 375 553 - 0 47
Overall Maximum NO2 (RSA-MPOI) 209 209 176 - 0 -16
Local Area Maximum NO2 (LSA-MPOI)  87 87 104 72 0 19
R1 - Algar Operators Camp 66 69 70 68 5 6
R2 - Algar Construction Camp 65 71 71 70 8 9
R3 - Great Divide Operators Camp 62 62 66 32 0 8
R4 - Cabin 74 74 77 45 0 4
R5 - Cabin 66 66 67 15 0 1
R6 - Cabin 73 73 76 42 0 3
R7 - Algar Fire Lookout (old)      66 66 67 37 1 2
R8 - Algar Fire Lookout (new)      62 68 67 66 8 8
AENV AAAQO 400 400 400 400  
99.7th Percentile 24-hour  
Overall Maximum NOx (RSA-MPOI) 962 962 657 - 0 -32
Local Area Maximum NOx (LSA-MPOI)  84 84 118 - 0 41
Overall Maximum NO2 (RSA-MPOI) 95 95 80 - 0 -16
Local Area Maximum NO2 (LSA-MPOI)  42 42 45 42 0 9
R1 - Algar Operators Camp 34 34 36 34 2 6
R2 - Algar Construction Camp 33 34 35 34 3 4
R3 - Great Divide Operators Camp 33 33 34 12 0 3
R4 - Cabin 36 37 40 17 1 10
R5 - Cabin 34 34 35 5 1 4
R6 - Cabin 35 35 38 15 0 7
R7 - Algar Fire Lookout (old)   33 33 34 15 0 3
R8 - Algar Fire Lookout (new)  33 33 35 20 1 6
AENV AAAQO 200 200 200 200  
Annual Average  
Overall Maximum NOx (RSA-MPOI) 144 144 104 - 0 -28
Local Area Maximum NOx (LSA-MPOI)  18 19 27 - 3 46
Overall Maximum NO2 (RSA-MPOI) 39 39 33 - 0 -14
Local Area Maximum NO2 (LSA-MPOI)  15 15 18 6.8 1 19
R1 - Algar Operators Camp 7.5 8.4 11 1.9 13 47
R2 - Algar Construction Camp 6.1 7.0 9 1.8 15 48
R3 - Great Divide Operators Camp 4.8 5.1 6.6 0.7 6 37
R4 - Cabin 13 13 16 1.4 1 18
R5 - Cabin 5.3 5.5 7.2 0.3 3 36
R6 - Cabin 7.7 8.1 11 1.5 5 39
R7 - Algar Fire Lookout (old)   5.3 5.7 7.5 1.1 8 40
R8 - Algar Fire Lookout (new)      5.0 5.6 7.3 1.1 12 47
AENV AAAQO 60 60 60 60  



 Connacher Oil and Gas Limited 
 Great Divide Expansion – Air Quality Assessment 
Millennium EMS Solutions Ltd. May 2010 

 Page 40 07-104 

 

Table 4.14 Predicted Carbon Monoxide Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Connacher 
Only (µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase

Over 
Baseline (%)

99.9th Percentile 1-hour   
Overall Maximum (RSA-MPOI) 2,624 2,624 3,951 - 0 51
Local Area Maximum (LSA-MPOI)  2,392 2,392 3,553 658 0 49
R1 - Algar Operators Camp 243 275 364 231 13 50
R2 - Algar Construction Camp 155 375 384 313 142 147
R3 - Great Divide Operators Camp 98 104 143 61 7 47
R4 - Cabin 1,012 1,012 1,500 90 0 48
R5 - Cabin 85 85 118 33 0 39
R6 - Cabin 1,002 1,002 1,485 80 0 48
R7 - Algar Fire Lookout (old)                  217 217 316 76 0 46
R8 - Algar Fire Lookout (new)                129 169 208 146 31 61
AENV AAAQO 15,000 15,000 15,000 15,000  
Maximum  8-hour Average   
Overall Maximum (RSA-MPOI) 1,527 1,528 2,147 - 0 41
Local Area Maximum (LSA-MPOI)  1,228 1,229 1,814 594 0 48
R1 - Algar Operators Camp 185 185 268 128 0 45
R2 - Algar Construction Camp 113 166 170 159 48 51
R3 - Great Divide Operators Camp 72 72 105 49 0 47
R4 - Cabin 858 858 1270 73 0 48
R5 - Cabin 71 71 97 21 0 37
R6 - Cabin 595 597 883 65 0 48
R7 - Algar Fire Lookout (old)                  197 199 292 48 1 48
R8 - Algar Fire Lookout (new)                68 77 98 75 13 44
AENV AAAQO 6,000 6,000 6,000 6,000  

4.6 Particulate Matter 

The CALPUFF model was used to estimate the concentration of PM2.5 that could occur for the three 
assessment scenarios.  The secondary production of nitrates and sulphates within the dispersion 
model is included in the predicted results along with direct emissions. 

Table 4.15 indicates that the Canada Wide Standard for predicted PM2.5 would be exceeded only at 
the regional MPOI in all emission scenarios, and at the local MPOI in no scenarios.  The AENV 
AAAQO is exceeded at the regional MPOI in all scenarios and at the local MPOI in the PDC scenario.  
The 1-h AAAQG is exceeded at the regional and local MPOIs, the latter due to assumed emissions 
from diesel highway traffic. 
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The AQRSA maximum is near a mine in the Baseline scenario and in Fort McMurray in the PDC case, 
based on a projected increase in population.  In the LSA, the exceedance in the PDC case is due to 
an assumed increase in future traffic on the highway. 

The Project contribution to PM2.5 concentrations is small in the Application scenario at all locations.  
The Connacher contribution at most locations is small.  In particular, at the local MPOI, the 
contribution is about 20%, with the remainder largely due to traffic sources. 

Figures 4.25 to 4.27 show the patterns of the 24-h PM2.5 concentration predicted by CALPUFF for 
each assessment scenario.  In the LSA, the highest values are associated with traffic emissions on 
Highway 63 and emissions from the existing Great Divide facility west of the highway.  

Because the Project contribution to PM2.5 predictions at nearby camps and communities is very small, 
and because the settling velocity of PM2.5 is very small, deposition of PM2.5 has not been calculated in 
this assessment.  

Table 4.15 Predicted PM2.5 Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Connacher 
Only (µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase

Over 
Baseline (%)

9th Maximum 1-hour Average   
Overall Maximum (RSA-MPOI) 141 141 206 - 0 46
Local Area Maximum (LSA-MPOI)  120 120 178 13 0 48
R1 - Algar Operators Camp 15 15 21 5.8 5 45
R2 - Algar Construction Camp 16 16 18 7.7 4 15
R3 - Great Divide Operators Camp 15 15 18 1.9 0 17
R4 - Cabin 53 53 79 2.6 0 47
R5 - Cabin 16 16 17 1.1 0 2
R6 - Cabin 51 51 75 2.6 0 47
R7 - Algar Fire Lookout (old)              17 17 24 2.4 0 44
R8 - Algar Fire Lookout (new)             14 14 16 4.0 0 15
AENV AAAQG 80 80 80 80  
99.7th Percentile 24-hour   
Overall Maximum (RSA-MPOI) 50 50 61 - 0 22
Local Area Maximum (LSA-MPOI)  25 25 35 5.7 0 41
R1 - Algar Operators Camp 6.5 6.5 10 1.9 0 61
R2 - Algar Construction Camp 6.2 6.2 9.0 1.9 0 47
R3 - Great Divide Operators Camp 5.8 5.8 7.9 0.6 0 36
R4 - Cabin 15 15 20 0.7 0 36
R5 - Cabin 6.9 6.9 8.8 0.3 0 28
R6 - Cabin 11 11 16 0.6 0 46
R7 - Algar Fire Lookout (old)              6.5 6.5 8.4 0.7 0 30
R8 - Algar Fire Lookout (new)             6.1 6.1 7.8 0.7 0 27
AENV AAAQO 30 30 30 30  
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Table 4.15 Predicted PM2.5 Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Connacher 
Only (µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase

Over 
Baseline (%)

98th Percentile 24-hour   
Overall Maximum (RSA-MPOI) 36 36 45 - 0 26
Local Area Maximum (LSA-MPOI)  15 15 22 3.6 0 45
R1 - Algar Operators Camp 4.6 4.6 7.3 0.9 1 60
R2 - Algar Construction Camp 4.3 4.3 7.0 1.0 0 62
R3 - Great Divide Operators Camp 3.7 4.0 5.5 0.5 8 47
R4 - Cabin 10 10 14 0.4 0 43
R5 - Cabin 4.3 4.3 5.3 0.2 1 24
R6 - Cabin 7.6 7.6 11 0.5 0 40
R7 - Algar Fire Lookout (old)              4.4 4.4 6.5 0.4 1 48
R8 - Algar Fire Lookout (new)             3.7 3.7 5.6 0.4 1 51
CWS 30 30 30 30  

4.7 Potential Acid Input 

CALPUFF was used to estimate the deposition of PAI that would occur for the assessment scenarios.  
Precursor emissions include NOx and SO2.  The PAI modeling assumed a regionally varying 
background based on Cheng (2009).  The background was based on predicted values in 1º latitude 
by 1º longitude grids, and the values were smoothed in the present report to facilitate the generation 
of contours.  

Use of CASA critical, target and monitoring loads uncoupled from RELAD modeling is limited to the 
use of these values in the identification of areas potentially at risk of becoming acidified.  The 
provincial acid deposition management framework specifies that an exceedance of a target load at a 
local scale (e.g., project EIA) is not to be considered to be an exceedance of an environmental 
objective.  

Table 4.16 lists the results of CALPUFF modeling in the RSA.  The maximum predicted PAI value in is 
1.5 keq/ha/yr in Baseline and Application cases, dropping to 1.1 keq/ha/yr in the PDC case as a result 
of NOx emission reductions from mine fleets.  In the Application case, the area within the CASA 
critical load (0.25 keq/ha/yr) in the RSA is 2800 km2.  The area within the CASA monitoring load (0.17 
keq/ha/yr) is 4900 km2.  These area estimates include the area of all disturbed lands within the PAI 
isopleths.  The results of CALPUFF modelling also indicate that the Project contributes no additional 
PAI to the local MPOI, nothing to the area above the monitoring load and nothing to the area above 
the critical load.  

The table also indicates that PDC emissions result in a decrease of 29% in the maximum predicted 
deposition at the regional (RSA) MPOI as well as increases of about 11 and 24% above Baseline in 
the area within the monitoring and critical load thresholds, respectively.  
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In the LSA, the maximum predicted PAI remains constant at 0.27 keq/ha/yr in the Application case 
and then increases to 0.29 ke/ha/yr in the PDC case, as a result of increased emissions from SAGD 
projects.  Also in the Application case, the area above the 0.17 keq/ha/yr threshold increases by a 
large relative amount, although the absolute increase due to the Project is 0.06 km2 (about 6 ha) – a 
very small value. 

PAI averaged over 1º latitude by 1º longitude grid cells (Table 4.17) indicates the Project contributes 
to small increases in grid-average deposition in two grid cells (increases of 1 and 3%).  Increases in 
the PDC scenario are predicted in all RSA grid cells but one. 

Figures 4.28 to 4.30 show the patterns of annual PAI deposition in the three assessment scenarios 
that show regional maxima in the mining area north of Fort McMurray and smaller local maxima 
associated with traffic on Highway 63 near the Great Divide central facility. 

Table 4.16 Average Potential Acid Input Predicted by CALPUFF, 2002-2006 

 Baseline Application PDC 
Application 

Increase Over 
Baseline (%) 

PDC Increase 
Over Baseline (%)

RSA 

Overall Maximum (RSA-MPOI) PAI deposition 
(keq/ha/yr) 

1.54 1.54 1.09 0 -29 

RSA PAI Deposition Load Areas (km2)  

Sensitive Soil Monitoring > 0.17 keq/ha/yr 4900 4900 6100 0 24 

Sensitive Soil Target Level > 0.22 keq/ha/yr 3,400 3,400 3,800 3 15 

Sensitive Soil Critical Level >0.25 keq/ha/yr 2800 2800 3100 0 11 

Moderately Sensitive Soil Critical Level > 0.5 
keq/ha/yr 1000 1000 1000 0 0 

Low Sensitivity  Soil Critical Level> 1.0 keq/ha/yr 27 27 20 0 -93 

LSA 

Overall Maximum (LSA-MPOI) PAI deposition 
(keq/ha/yr) 0.27 0.27 0.29 0 22 

LSA PAI Deposition Load Areas (km2) 

Sensitive Soil Monitoring > 0.17 keq/ha/yr 0.11 0.17 0.54 55 390 

Sensitive Soil Target Level > 0.22 keq/ha/yr 0.02 0.02 0.05 0 150 

Sensitive Soil Critical Level >0.25 keq/ha/yr 0 0 0.01 0 0 

Moderately Sensitive Soil Critical Level  
> 0.5 keq/ha/yr 0 0 0 0 0 

Low Sensitivity  Soil Critical Level 
> 1.0 keq/ha/yr 0 0 0 0 0 
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Table 4.17 Average Potential Acid Input Predicted by CALPUFF in 1º by 1º Grid 
Cells, 2002-2006 

Latitude 
(°) 

Longitude 

(°) 

Baseline 

(keq H+/ha/y) 

Application 

(keq H+/ha/y) 

PDC 

(keq H+/ha/y) 

Application 
Increase over 
Baseline (%) 

PDC Increase 
Over Baseline 

(%) 

57 113 0.089 0.089 0.097 0 9 

56 113 0.067 0.067 0.077 0 14 

55 113 0.048 0.048 0.056 0 16 

57 112 0.265 0.265 0.266 0 0 

56 112 0.091 0.093 0.110 3 21 

55 112 0.054 0.055 0.073 1 34 

57 111 0.104 0.104 0.118 0 13 

56 111 0.076 0.076 0.091 0 20 

55 111 0.042 0.042 0.061 0 47 

57 110 0.059 0.059 0.066 0 12 

56 110 0.041 0.041 0.050 0 23 

55 110 0.014 0.014 0.023 0 66 

4.8 Nitrogen Deposition Leading to Eutrophication 

Deposition of nitrogen can lead to eutrophication in water bodies or changes in growth rates of 
terrestrial vegetation and its calculation includes both wet (removal in precipitation) and dry (direct 
contact with surface features) processes.  In the current approach, nitrate particulate was determined 
to be deposited by both wet and dry processes and was directly calculated by the dispersion model.  
NO2 was assumed to be deposited by dry processes only, based on annual average predicted 
concentrations and a locally determined deposition velocity.  The CALPUFF model calculates nitrogen 
deposition from all these sources. 

Table 4.18 lists the results of CALPUFF modeling, indicating that the regional maximum predicted N 
deposition is 7.5 kg/ha/yr (this is a result of the nitrogen apportionment approach that directs all 
nitrogen above 10kg/ha/yr to acidification, and a portion of the deposition below that threshold to both 
eutrophication and acidification).  The most sensitive ecosystems in the regional may be affected by 
as little at 5 kg/ha/yr of deposited nitrogen (WHO 2000).  The Baseline area above this threshold is 
40,000 km2 in the RSA.  There is no deposition above this threshold in the LSA and the Project 
contribution is therefore negligible as well. 
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The table indicates that PDC emissions result in a decrease in the area subject to the highest rates of 
deposition (a large relative decrease in a small area).  The areas above the lowest deposition 
thresholds increase due to regional expansion in the oil sands industry. 

In the LSA, where the impacts of mine fleet NOx emission reductions are negligible, the increases in 
maximum deposition and area affected are due to regional growth of SAGD facilities and assumed 
highway traffic increases.  While the increases appear large in a relative sense, the actual Application-
case increase in area above 2 kg/ha/yr (which is a very low rate of deposition), is equivalent to a 10 
by 10 km area.  

Figures 4.31 to 4.33 show the contours for annual N deposition for the three assessment scenarios.  
The regional MPOI is in the mining area north of Fort McMurray.  The local maxima are south of the 
operating Great Divide facility and Highway 63.  

Table 4.18 Annual Nitrogen Deposition Predicted by CALPUFF 

 Baseline Application PDC 
Application 

Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline 
(%) 

RSA 

Overall Maximum (RSA-MPOI) Nitrogen 
Deposition (kg/ha/yr) 7.5 7.5 7.5 0 0 

RSA Nitrogen Deposition Load Areas (km2)  

N - Deposition > 2 kg/ha/yr 40,000 40,600 51,900 2 30 

N - Deposition > 5 kg/ha/yr 3,960 3,960 4,410 0 11 

N - Deposition > 7.5 kg/ha/yr 790 790 750 0 -5 

LSA 

Overall Maximum (LSA-MPOI) Nitrogen 
Deposition (kg/ha/yr) 6.27 6.29 6.4 0.3 2 

LSA Nitrogen Deposition Load Areas (km2) 

N - Deposition > 2 kg/ha/yr 610 710 900 16 48 

4.9 Volatile Organic Compounds and Polycyclic Aromatic Hydrocarbons 

The Project generates trace gaseous chemical compounds (e.g., PAHs, VOCs and reduced sulphur 
compounds) via the combustion of sales and produced gas, and from fugitive sources such as 
tankage and the central facility.  The chemical compounds assessed in the section have been 
identified as those emitted by the proposed facility that may potentially have a deleterious effect on 
human health if present in air in sufficient concentration, and whose concentrations are subject to 
AAAQOs.  
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Predictions of the impact of COPCs at MPOI, community and receptor locations near the Project are 
presented here.  Impacts from a longer list of COPCs are considered in the human health risk 
assessment.  The predictions (Tables 4.19 to 4.26) represent the year (from 2002 to 2006) with the 
highest predictions.  The key findings were: 

 there were no predicted exceedances of AAAQOs of any COPC at the local MPOIs or at any 
of the cabin/camp receptors; 

 there were predicted hourly exceedances at the regional MPOI for the following chemicals: 
benzene, H2S, toluene, and xylenes.  There was negligible Project influence at those locations; 
and 

 there were predicted daily exceedances at the regional MPOI for H2S, toluene, and xylenes. 

All regional MPOIs occur in the mining area north of Fort McMurray. 

For most COPCs, the contribution of the Project at any location was negligible.  At others, absolute 
contributions were small even though percentage increases may be larger.  The largest absolute and 
percentage increases were for formaldehyde and n-hexane at receptors nearest the expansion 
Project, although the predictions were much less than AAAQOs. 

Table 4.19 Predicted Acetaldehyde Concentrations 

  

Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3)

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline (%)

9th Maximum 1-hour           

Overall Maximum (RSA-MPOI) 39.1 39.1 39.2 0 0.3 
Local Area Maximum (LSA-MPOI)  0.54 0.54 0.62 0 15 
R1 - Algar Operators Camp 0.39 0.39 0.43 0 10 
R2 - Algar Construction Camp 0.37 0.37 0.41 0 11 
R3 - Great Divide Operators Camp 0.40 0.40 0.45 0 13 
R4 - Cabin 0.40 0.40 0.45 0 13 
R5 - Cabin 0.45 0.45 0.57 0 27 
R6 - Cabin 0.40 0.40 0.45 0 13 
R7 - Algar Fire Lookout (old)                           0.41 0.41 0.45 0 10 
R8 - Algar Fire Lookout (new)                         0.40 0.40 0.49 0 23 
AENV AAAQO 90 90 90   
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Table 4.20 Predicted Benzene Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline (%)

9th Maximum 1-hour           

Overall Maximum (RSA-MPOI) 187 187 254 0 36 
Local Area Maximum (LSA-MPOI)  0.29 0.29 0.38 0 31 
R1 - Algar Operators Camp 0.20 0.20 0.23 0 15 
R2 - Algar Construction Camp 0.22 0.22 0.24 0 9 
R3 - Great Divide Operators Camp 0.20 0.20 0.23 0 15 
R4 - Cabin 0.20 0.20 0.24 0 20 
R5 - Cabin 0.27 0.27 0.34 0 26 
R6 - Cabin 0.19 0.19 0.24 0 26 
R7 - Algar Fire Lookout (old)                           0.19 0.19 0.24 0 26 
R8 - Algar Fire Lookout (new)                         0.21 0.21 0.26 0 24 
AENV AAAQO 30 30 30   
 

 

Table 4.21 Predicted Benzo(a)Pyrene Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline (%)

Annual Average           

Overall Maximum (RSA-MPOI) 9.0E-05 9.0E-05 1.3E-04 0 44 

Local Area Maximum (LSA-MPOI)  5.2E-06 5.3E-06 5.4E-06 2 4 

R1 - Algar Operators Camp 6.6E-07 7.2E-07 9.2E-07 9 39 

R2 - Algar Construction Camp 6.4E-07 7.7E-07 9.5E-07 20 48 

R3 - Great Divide Operators Camp 7.8E-07 7.9E-07 9.6E-07 1 23 

R4 - Cabin 1.0E-06 1.1E-06 1.4E-06 10 40 

R5 - Cabin 6.7E-07 6.8E-07 9.6E-07 1 43 

R6 - Cabin 9.3E-07 9.4E-07 1.2E-06 1 29 

R7 - Algar Fire Lookout (old)                    8.6E-07 8.7E-07 1.1E-06 1 28 

R8 - Algar Fire Lookout (new)                  5.6E-07 5.9E-07 7.9E-07 5 41 

AENV AAAQO 3.0E-04 3.0E-04 3.0E-04   
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Table 4.22 Predicted Formaldehyde Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3)

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline (%)

9th Maximum 1-hour           

Overall Maximum (RSA-MPOI) 20.9 20.9 21.2 0 1 
Local Area Maximum (LSA-MPOI)  2.09 4.14 4.15 98 99 
R1 - Algar Operators Camp 0.39 0.78 0.83 100 113 
R2 - Algar Construction Camp 0.74 1.61 1.62 118 119 
R3 - Great Divide Operators Camp 1.00 1.01 1.01 1 1 
R4 - Cabin 0.75 0.75 0.76 0 1 
R5 - Cabin 0.33 0.33 0.43 0 30 
R6 - Cabin 1.29 1.29 1.29 0 0 
R7 - Algar Fire Lookout (old)                    0.98 0.98 0.99 0 1 
R8 - Algar Fire Lookout (new)                  0.28 0.35 0.38 25 36 
AENV AAAQO 65 65 65   

 

Table 4.23 Predicted n-Hexane Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase

Over Baseline 
(%) 

9th Maximum 1-hour           
Overall Maximum NOx (RSA-MPOI) 62 99 99 60 60 
Local Area Maximum NOx (LSA-MPOI)  50 99 99 98 98 
R1 - Algar Operators Camp 8.1 17 17 110 110 
R2 - Algar Construction Camp 18 38 39 111 117 
R3 - Great Divide Operators Camp 23 24 24 4 4 
R4 - Cabin 18 18 18 0 0 
R5 - Cabin 1.4 1.8 4.5 29 221 
R6 - Cabin 31 31 31 0 0 
R7 - Algar Fire Lookout (old)                    23 23 23 0 0 
R8 - Algar Fire Lookout (new)                  3.6 7.8 7.8 117 117 
AENV AAAQO 21,000 21,000 21,000   
2nd Maximum 24-hour         
Overall Maximum NOx (RSA-MPOI) 21 33 33 57 57 
Local Area Maximum NOx (LSA-MPOI)  21 33 33 57 57 
R1 - Algar Operators Camp 1.7 3.1 3.2 82 88 
R2 - Algar Construction Camp 2.6 5.6 5.6 115 115 
R3 - Great Divide Operators Camp 6.4 6.4 6.5 0 2 
R4 - Cabin 3.4 3.4 3.4 0 0 
R5 - Cabin 0.5 0.5 1.3 0 160 
R6 - Cabin 5.4 5.4 5.4 0 0 
R7 - Algar Fire Lookout (old)                    6.1 6.1 6.1 0 0 
R8 - Algar Fire Lookout (new)                  0.7 1.5 1.5 114 114 
AENV AAAQO 7,000 7,000 7,000   
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Table 4.24 Predicted Hydrogen Sulphide Concentrations 

 
Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline 
(%) 

9th Maximum 1-hour           

Overall Maximum (RSA-MPOI) 59 59 78 0 32 
Local Area Maximum (LSA-MPOI)  0.12 0.12 0.16 0 33 
R1 - Algar Operators Camp 0.08 0.08 0.11 0 38 
R2 - Algar Construction Camp 0.08 0.08 0.11 0 38 
R3 - Great Divide Operators Camp 0.08 0.08 0.12 0 50 
R4 - Cabin 0.09 0.09 0.12 0 33 
R5 - Cabin 0.11 0.11 0.14 0 27 
R6 - Cabin 0.09 0.09 0.12 0 33 
R7 - Algar Fire Lookout (old)                  0.09 0.09 0.12 0 33 
R8 - Algar Fire Lookout (new)                0.09 0.09 0.12 0 33 
AENV AAAQO 14 14 14   
2nd Maximum  24-hour          

Overall Maximum (RSA-MPOI) 13.1 13.1 17.5 0 34 
Local Area Maximum (LSA-MPOI)  0.05 0.05 0.06 0 20 
R1 - Algar Operators Camp 0.03 0.03 0.03 0 0 
R2 - Algar Construction Camp 0.03 0.03 0.03 0 0 
R3 - Great Divide Operators Camp 0.03 0.03 0.04 0 33 
R4 - Cabin 0.03 0.03 0.04 0 33 
R5 - Cabin 0.04 0.04 0.05 0 25 
R6 - Cabin 0.03 0.03 0.04 0 33 
R7 - Algar Fire Lookout (old)                  0.03 0.03 0.04 0 33 
R8 - Algar Fire Lookout (new)                0.03 0.03 0.04 0 33 
AENV AAAQO 4 4 4   

 

Table 4.25 Predicted Toluene Concentrations 

  

Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline 
(%) 

9th Maximum 1-hour           

Overall Maximum (RSA-MPOI) 2,570 2,570 3,513 0 37
Local Area Maximum (LSA-MPOI)  2.33 2.33 3.09 0 33
R1 - Algar Operators Camp 1.61 1.61 2.14 0 33
R2 - Algar Construction Camp 1.56 1.56 2.09 0 34
R3 - Great Divide Operators Camp 1.52 1.52 2.07 0 36
R4 - Cabin 1.65 1.65 2.19 0 33
R5 - Cabin 2.02 2.02 2.69 0 33
R6 - Cabin 1.65 1.65 2.25 0 36
R7 - Algar Fire Lookout (old)                  1.60 1.60 2.19 0 37
R8 - Algar Fire Lookout (new)                1.63 1.63 2.15 0 32
AENV AAAQO 1,880 1,880 1,880  
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Table 4.25 Predicted Toluene Concentrations 

  

Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC 
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase 

Over Baseline 
(%) 

2nd Maximum  24-hour   
Overall Maximum (RSA-MPOI) 588 588 805 0 37
Local Area Maximum (LSA-MPOI)  1.23 1.23 1.66 0 35
R1 - Algar Operators Camp 0.48 0.48 0.65 0 35
R2 - Algar Construction Camp 0.52 0.52 0.70 0 35
R3 - Great Divide Operators Camp 0.62 0.62 0.84 0 35
R4 - Cabin 0.62 0.62 0.84 0 35
R5 - Cabin 0.57 0.57 0.77 0 35
R6 - Cabin 0.62 0.62 0.84 0 35
R7 - Algar Fire Lookout (old)                  0.62 0.62 0.83 0 34
R8 - Algar Fire Lookout (new)                0.57 0.57 0.77 0 35
AENV AAAQO 400 400 400   

 

Table 4.26 Predicted Xylenes Concentrations 

  

Baseline 
(µg/m3) 

Application 
(µg/m3) 

PDC
(µg/m3) 

Application 
Increase Over 
Baseline (%) 

PDC Increase
Over Baseline (%)

9th Maximum 1-hour           

Overall Maximum (RSA-MPOI) 4,168 4,168 5,705 0 37 
Local Area Maximum (LSA-MPOI)  3.64 3.64 4.87 0 34 
R1 - Algar Operators Camp 2.47 2.47 3.33 0 35 
R2 - Algar Construction Camp 2.35 2.35 3.20 0 36 
R3 - Great Divide Operators Camp 2.33 2.33 3.23 0 39 
R4 - Cabin 2.37 2.37 3.22 0 36 
R5 - Cabin 3.07 3.07 4.14 0 35 
R6 - Cabin 2.44 2.44 3.32 0 36 
R7 - Algar Fire Lookout (old)                  2.47 2.47 3.39 0 37 
R8 - Algar Fire Lookout (new)                2.47 2.47 3.34 0 35 
AENV AAAQO 2,300 2,300 2,300   
2nd Maximum  24-hour          

Overall Maximum (RSA-MPOI) 956 956 1,310 0 37 
Local Area Maximum (LSA-MPOI)  1.92 1.92 2.61 0 36 
R1 - Algar Operators Camp 0.75 0.75 1.03 0 37 
R2 - Algar Construction Camp 0.81 0.81 1.11 0 37 
R3 - Great Divide Operators Camp 0.95 0.95 1.30 0 37 
R4 - Cabin 0.95 0.95 1.30 0 37 
R5 - Cabin 0.85 0.85 1.17 0 38 
R6 - Cabin 0.95 0.95 1.30 0 37 
R7 - Algar Fire Lookout (old)                  0.95 0.95 1.29 0 36 
R8 - Algar Fire Lookout (new)                0.87 0.87 1.19 0 37 
AENV AAAQO 700 700 700  
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4.10 Ozone 

There is a potential for the photochemical production of surface ozone (O3) from emissions of 
anthropogenic NOx, anthropogenic VOC, and biogenic VOC compounds.  The potential is greatest 
during summer periods characterized by high ambient temperatures and stagnant weather conditions 
(i.e., low wind speeds).  The potential is considered to be greatest when temperatures are above 20°C 
and ozone formation was observed in plumes downwind of the oilsands mining area during airborne 
ozone and ozone precursor flights in summer 2002-2003 (AMEC 2004).  The monitoring results 
suggested emissions from the key points sources in the area contributed up to an additional 30 ppb of 
ozone downwind.  The potential for high ozone production exists for a relatively small number of hours 
each year. 

Observations of ozone in the oilsands area have been summarized by AENV (2009c) for three-year 
periods from 2001 to 2007, in accordance with CWS protocol.  Measurements were typically in the 50-
57 µg/m3 range, with no evidence of regional trends. 

Photochemical models can be used to predict the secondary formation of ozone based on precursor 
emissions and meteorological conditions.  These models have been applied to the oil sands region to 
determine the potential for ozone formation due to the developments proposed for the region: 

 Previously conducted modelling using CALGRID (based on Davies and Fellin 1999) showed 
an increasing trend in O3 concentration with increasing emissions.  Specifically, CALGRID 
results indicated that a doubling of current regional NOx emissions results in a 7% increase in 
maximum predicted O3 concentration.  

 A more recent Community Multi-scale Air Quality modelling study currently in review (Environ 
and MEMS 2010) used an emission zero-out approach to show that eliminating local 
stationary point and area sources has only minor positive impacts (i.e., decreases) on 
predicted ozone concentration (daily maximum 8-hour and 1-hour) within the oil sands region.  
The largest contributions to the 4th highest daily maximum 8-hour ozone concentrations were 
from medium range transport of anthropogenic emission sources within Alberta (but outside of 
the oil sands region), with minor contributions from long-range transport from outside of 
Alberta.  The daily maximum 1-hour ozone concentrations within the region were also 
attributable primarily to medium range transport.  The results indicated that when all local oil 
sands point sources were removed from modelling, concentrations in the oil sands region 
changed by only +/- 3 ppb (6 µg/m3). 

Based on the application of CALGRID model results, the Project contributes to a 0.5% increase in 
regional NOx emissions and therefore the contribution to regional ozone would be approximately 
0.035%, which is a negligible increase.  In the PDC scenario, in which background emissions of NOx 
are expected to increase by 20% compared to Baseline, the predicted increase in ozone 
concentration would be less than 1.5%. 
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Based on CMAQ model results, the addition of NOx emissions from the Project would also result in a 
negligible change in O3 concentrations in the region. 

4.11 Odour 

In this section, the predicted maximum air concentrations for COPCs are compared with established 
odour thresholds or those AAAQOs that have been established based on odour perception.  As odour 
can be perceived within a short duration of time, the air concentration used in the comparison was 
based on a three-minute averaging period.  The 99.9th percentile hourly predictions for the COPCs 
were converted to a three-minute average using the following equation (OMOE 2004): 

C3 = C60 x (60 minutes / 3 minutes)a 

Where, 
C3 is the three-minute peak concentration derived from hourly predictions 
C60 is the predicted 99.9th percentile one-hour concentration 
a is a stability dependent exponent, which is 0.2 for neutral atmosphere 

The three-minute peak predictions were converted using an exponent value of 0.2 (neutral stability).   

Table 4.27 shows the results of comparing Application-case predictions at the local MPOI for each 
COPC to their respective established odour thresholds.  Only those COPCs with established odour 
thresholds were assessed.  Predicted concentrations were compared to lower and upper odour 
thresholds found in the literature.   

All predicted 3-minute, 9th highest concentrations at the MPOI in the LSA were well below odour 
thresholds; most predicted concentrations are fractions of a percent of the lower threshold.  Predicted 
concentrations of NO2 were about 40% of the AAAQO (and lower odour threshold).  Predicted 
concentrations at the nearest camps and cabins were lower than MPOI predictions. 
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Table 4.27 Comparison of predicted concentrations and odour thresholds, Application case 

 
LSA MPOI Odour Threshold 

Fraction of 
Threshold 

Reference 

Chemical of 
Potential Concern 

1-h 9th 
Highest 
Conc. 

3 min 9th 
Highest 
Conc. Lower Upper Lower Upper 

(µg/m3) (µg/m3) (µg/m3) (µg/m3) (%) (%) 

Aliphatic C5-C8 211 385 86000 2700000 0.45 0.01 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

n-hexane 99 181 457300 875000 0.04 0.02 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

Benzene 0.29 0.53 38400 1000000 0.00 0.00 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

Naphthalene 0.03 0.06 440 1600 0.01 0.00 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

2-MethylNaphthalene 0.001 0.002 58 291 0.00 0.00 Ruth (1986) 

Toluene 2.33 4.24 10900 1000000 0.04 0.00 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

Xylenes 3.64 6.62 4800 86000 0.14 0.01 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

Hydrogen Sulphide 0.12 0.23 14 2000 1.6 0.01 van Gemert (1999); 
AENV (2009b) 

Sulphur Dioxide 102 186 2900 21000 6.4 0.88 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

Carbon Monoxide 2392 4355 1.15E+08 1.15E+08 0.00 0.00 Amoore and Hautala 
(1983) 

Nitrogen Dioxide 87 158 400 1000 40 16 van Gemert (1999); 
AENV (2009b) 

1-3-Butadien 0.01 0.01 352 2860 0.00 0.00 Ruth (1986) 

Acenanphthene 0.00 0.00 5048 5048 0.00 0.00 Ruth (1986) 

Acrolein 0.05 0.08 90 4140 0.09 0.00 
Amoore and Hautala 
(1983); van Gemert 
(1999) 

Dichlorobenzene 0.07 0.12 1080 90000 0.01 0.00 
Amoore and Hautala 
(1983); van Gemert 
(1999) 
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4.12 Visibility 

Three types of visibility are considered in this section: 

 appearance of stacks; 
 flames at flare tip; and  
 presence of steam plumes. 

The tallest Project stacks are the flare stack (40 m), the steam boiler stacks (30 m) and the cogen 
stacks (20 m).  Their appearance will depend on the height of the tree canopy, the viewpoint of an 
observer and sky conditions. 

The flare pilot will burn continuously and small flames at the tip may be visible, especially at night.  
Larger flames several metres long will appear during upset flaring, and these conditions are expected 
to occur infrequently. 

The cogens and steam boilers will be the largest sources of water vapour emissions, and the plumes 
from these sources will be visible when the steam in the plumes condenses, most likely in winter or 
when the air is saturated.  Visibility is most likely to be associated with low temperatures and stable 
conditions.  The plumes may be visible from distances of several kilometres but are not expected to 
restrict visibility at ground level. 

The U.S. EPA SCREEN3 model (U.S. EPA 1995) was used to determine typical heights for the cogen 
and steam boiler plumes based on Project specifications (see Table 4.2).  Predicted cogen plume 
heights ranged from about 50 to 140 m in D stability, and these heights bracketed plume heights in E 
and F stability.  For the steam boilers, plume heights were 40 to 120 m.  During daylight hours in 
winter, these plumes are likely to be below typical mixing heights, which are somewhat less than 
200 m (Figure 3.3). 

4.13 Upset Conditions  

It is the design intent that the existing Connacher Algar flare stack be used as an emergency system 
for the expanded facility, with any normal process vents processed through the steam generators.  
Thus, under normal conditions at the facility, there will be negligible emissions from the combustion of 
natural gas by the pilot flame.  In case of a facility upset, emergency flaring will take place resulting in 
SO2 and NOx emissions to the atmosphere.  This section summarizes the air quality predictions from 
a worst-case upset flaring scenario at the expanded project. 

Emergency flaring will occur if the pressure exceeds the maximum allowable working pressure for any 
of the following reasons: 

 blocked flow; 
 fire; and 
 liquid expansion in blocked-in heat exchangers. 
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The maximum emergency flaring would occur in the scenario of multiple failures resulting in blocked 
flow on the fuel gas delivery system to the steam generators. 

Dispersion modelling of updated Project SO2 and NOx emissions from emergency flaring was 
performed using the CALMET and CALPUFF model.  The stack and emission parameters for the 
emergency flaring case are shown in Table 4.28.  The SO2 emission rate is based on the conservative 
assumption that 100% of the H2S in the flared gas is converted to SO2.  The NOx emission rate shown 
in the table was calculated using the emission factor from U.S. EPA AP-42 for industrial flares.  The 
maximum flaring rate of 14.6 mmscfd (413.6 103m3/d) would occur for at most 2 minutes, which is the 
time for the ESDV to close plus a small safety factor.  To provide a conservative assessment, the 
maximum duration of the flare was assumed to be one hour long.  Another conservative assumption 
used in this upset scenario assessment is that all the other existing and approved sources at the 
Connacher facilities (both at Pod One and at Algar) are assumed to be operating normally 

The predicted 99.9th percentile hourly average ground-level SO2 concentration at the MPOI for the 
Connacher-only case (modelled by itself without any other nearby or regional sources) under upset 
conditions is 101 g/m3, which is below the AAAQO for SO2.  Under normal operating conditions, the 
Connacher-only 99.9th percentile hourly prediction at the MPOI is also 101 g/m3.  This means that 
the operation of the flare under this upset scenario will have negligible impact on air quality.  The 
predicted 99.9th percentile hourly average SO2 concentration for the flare operating by itself under this 
upset scenario is only 0.6 g/m3.   

Similarly, the predicted 99.9th percentile hourly NO2 concentration at the MPOI for the Connacher-only 
sources is the same (72 g/m3) regardless of whether or not the upset flaring is occurring 
concurrently.  The predicted 99.9th percentile hourly average NO2 concentration for the flare operating 
by itself under this upset scenario is only 1.3 g/m3.  As such, exceedances of the AAAQO for NO2 as 
a result of this upset scenario would not be expected. 

Based on these predictions, the worst case upset scenario for the Project is not expected to contribute 
significantly to ground-level SO2 and NO2 concentrations. 
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Table 4.28 Stack and Emission Parameters for 
Project Emergency Flaring 

Parameter Emergency Flaring 

Stack Location (UTM E, UTM N) 455647, 6219075 

Flare stack Height (m) 39 

Exit Diameter (m) 0.356 

Max. Flaring Duration (min.) 60 

Flow Ratea (103m3/d) 413.6 

Flow Ratea (mmscfd) 14.6 

Net Heating Valuea (MJ/m3) 30.1 

Mole Fraction:  

H2 0.0000 

He 0.0000 

N2 0.0060 

CO2 0.0762 

H2S 0.0016 

H2O 0.0312 

C1 0.8844 

C2 0.0003 

C3 0.0001 

iC4 0.0001 

nC4 0.0001 

iC5 0.0000 

nC5 0.0000 

C6 0.0000 

C7+ 0.0000 

Total 1.0000 

Parameters used in dispersion Modeling 

Release Height b (m) 49.1 

Exit Velocity (m/s) 4.6 

Pseudo Diameter c (m) 10.3 

SO2 Emission Rate (g/s) 20.8 

NOx Emission Rate (g/s) 4.2 
(a)  At 15 C and 101.3 kPa. 
(b)  Effective release height of plume for CALPUFF modelling. 
(c)  Used in modelling to correspond to exit velocity and actual flow rate. 
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5.0 SUMMARY OF ASSESSMENT RESULTS 

5.1 Introduction 

The approach to assessment of air quality impacts consisted of first identifying key air quality 
concerns and parameters resulting from the SAGD operation (as well as the existing tanker haul fleet 
which is not expected to be operated after the expansion), which included: sulphur dioxide (SO2), 
oxides of nitrogen (NOx), carbon monoxide (CO), particulate matter (PM2.5), hydrogen sulphide (H2S), 
volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), as well as deposited 
PAI and nitrogen.  

Air quality was assessed considering three emission scenarios as follows:  

 the Baseline scenario includes an assessment of air quality from the existing and approved 
industrial emission sources in the region. The Baseline case represents the cumulative effects 
on the airshed that could occur without the need for additional regulatory approvals and 
typically represents higher emissions than are actually occurring; 

 the Application scenario provides an assessment of the emissions from the Project in 
combination with Baseline scenario emissions in the region (Application = Baseline + Project). 
The Application scenario represents the load on the airshed after the complete Project is 
operating, regardless of when that occurs; and  

 the Planned Development (PDC) scenario includes cumulative assessment of the existing and 
approved projects in the region, the Project and other publicly disclosed regional emission 
sources (PDC = Baseline + Project + Disclosed). PDC projects may not be built and emissions 
from PDC projects may be at a very preliminary level of confidence. The PDC scenario is 
therefore considered to be conservative and assessed emissions may be higher than those 
actually occurring in the future. 

Dispersion modeling for each of the scenarios was in accordance with AENV modeling guidelines 
(AENV 2009a). Predictions were made over a grid of receptors and presented in local and regional 
study areas, as well as at specific receptors as input to the human health risk assessment.  

The community and other receptors at which non-CACs predictions were made are listed in Table 2.6. 
A map showing the locations of these receptors can be seen in Figure 2.1. In addition, predictions of 
PAI deposition and N deposition were made at specific water bodies and other locations at the 
request of other EIA disciplines. These predictions are included where appropriate in other EIA 
sections. 

The assessment of air quality from development in the oil sands region requires the use of dispersion 
models to predict concentrations for Baseline, Application and PDC cases. All concentrations were 
predicted using the CALPUFF model run in the dynamic (3-D) mode, consistent with recent EIAs and 
as recommended by AENV (2009a).  
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Model results were compared to AAAQ objectives and other air quality criteria. In addition, air quality 
predictions were used as inputs to the human health assessment and other disciplines.  

5.2 Project Contribution to Regional Emission Sources 

The Project would be developed in an airshed that has other emission sources and the addition of the 
project will decrease air quality. Connacher plans to implement a series of mitigative measures to 
minimize its impact in the airshed, as documented in a subsequent section. Table 5.1 lists key 
emissions for each of the assessment cases and shows the contribution of the project to the Baseline 
scenario. The contribution to emissions in the RSA ranges from nil for SO2 to 1.4% for CO and all are 
considered negligible to small. 

Table 5.1 Comparison of Baseline, Application and PDC Scenario Emissions 

Scenario SO2 (t/d) NOx (t/d) CO (t/d) PM2.5 (t/d) 

Project Contribution only (t/d) 3.96 3.32 8.59 0.24 

Baseline (t/d) 245.0 450.1 444.4 32.4 

Application (t/d) 245.0 452.2 450.8 32.5 

Project increase relative to Baseline (%) 0 0.5 1.4 0.3 

PDC (t/d) 281 541 598 40.5 

PDC increase relative to Baseline (%) 15 20 35 25 

5.3 Air Quality Mitigation & Management 

Connacher has committed to the following management approaches for air emissions from the Great 
Divide SAGD Expansion Project:  

 sulphur recovery, if required, will meet ERCB requirements; 
 there will be no continuous flaring other than pilot and purge gas. The emergency flare system 

will include liquid knockout facilities, pilot/purge gas, continuous monitoring and burner 
management; and 

 vapour recovery systems will be installed. 

Connacher will minimize NOx emissions, through the following measures:  

 the selection of low NOx 
emissions technology as required by the CCME National Emission 

Guideline for Commercial / Industrial Boilers and Heaters;  
 considering NOx emissions in future facility upgrades; and 
 energy conservation initiatives. 
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Connacher will manage volatile organic compound (VOC) emissions through the following measures:  

 the use of process designs that reduce VOC emissions;  
 plant-wide fugitive emissions identification and control using the protocol recommended by the 

CCME guideline “Environmental Code of Practice for the Measurement and Control of Fugitive 
Emissions from Equipment Leaks” (CCME 1993);  

 a vapour recovery unit (VRU) to condense and recover emissions; and 
 floating roofs on storage tanks, where appropriate.  

While tanker trucks are needed to move bitumen off the plant site, the following will be applied: 

 ultra-low sulphur diesel fuel will be used; 
 U.S. EPA Tier 4 standards will apply to haul trucks; and 
 watering of any unpaved portions of the haul truck route to prevent dust emissions. 

5.4 Air Quality Predictions 

Table 5.2 summarizes air quality concentrations predicted by CALPUFF and indicates air quality, with 
one exception, meets AAAQO and Canada-Wide Standards at all locations in the study area.  In all 
but one case, AAAQO are met at the regional and local MPOIs.  

PM2.5 predicted concentrations are near the AAAQO at the local MPOI and above the AAAQO in the 
PDC case.  As indicated in Section 4.6, the Project is a small contributor to predicted concentrations, 
and all Connacher operations taken together contribute about 25% level of the concentration at the 
MPOI.  The remainder is largely due to traffic and in particular to a projected increase in Highway 63 
traffic in the PDC case. 

Table 5.3 summarizes changes in concentration from Baseline predictions due to the Project.  It is 
evident that the Project has no impact on predictions at the regional MPOI (typically near oil sands 
mines north of Fort McMurray.  The contribution is either negligible or results in improved air quality at 
the local MPOI.  The improvement in SO2 predictions is due to the fact that total SO2 emissions at all 
Connacher operations remain the same as a result of the Project, but are spread over a larger 
number of (boiler) sources with improved dispersion characteristics.  The local MPOI is typically near 
Highway 63 and the existing Great Divide plant, whose emissions are unchanged, so the effect of the 
Project at the local MPOI is small. 
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Table 5.2 Summary of Key Predicted Air Quality Concentrations 

 
NO2 99.9th 
Percentile 

1-h 

NO2 Max 
24-h 

NO2 
Annual

SO2 99.9th 
Percentile 

1-h 

SO2 2
nd 

Highest 
24-h 

SO2 
Annual

PM2.5 2
nd 

Highest 
24-h 

CO 99.9th 
Percentile 

1-h 

CO Max 
8-h 

Baseline 

RSA Maximum 
(µg/m3) 209 95 39 271 62 7.4 50 2,624 1,527 

LSA Maximum 
(µg/m3) 87 42 15 130 35 3.3 25 2,392 1,228 

Application          

RSA Maximum 
(µg/m3) 209 95 39 271 62 7.4 50 2,624 1,528 

LSA Maximum 
(µg/m3) 87 42 15 102 27 2.7 25 2,392 1,229 

PDC 

RSA Maximum 
(µg/m3) 176 80 33 271 63 7.8 61 3,951 2,147 

LSA Maximum 
(µg/m3) 104 45 18 102 28 3.1 35 3,553 1,814 

AENV AAAQO 400 200 60 450 150 30 30 15,000 6, 000 

 
 

Table 5.3 Application Increase over Baseline Predicted Air Quality Concentrations 

  

NO2 
99.9th 

Percentile 

1-h (%) 

NO2 Max 

24-h (%) 

NO2 

 Annual (%) 

SO2 
99.9th 

Percentile 

1-h (%) 

SO2 2
nd 

Highest 

24-h (%) 

SO2 

Annual (%) 

PM2.5 2
nd 

Highest 

24-h (%) 

CO 99.9th 
Percentile 

1-h (%) 

CO 
Max 8-

h (%) 

RSA Maximum 0 0 0 0 0 0 0 0 0 

LSA Maximum 0 0 3 -22 -23 -19 0 0 0 
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5.5 Impact Ratings 

Table 5.4 summarizes air quality impact ratings including project residual effects.  In the table, project 
residual effects are those associated with maximum project emissions, mitigated as appropriate.  
Project emissions cease after operations cease.  For most air quality VECs, effects are largest 
nearest the source and decrease with distance.  Impact ratings are based on effects at residences 
rather than the nearest industrial facilities. 

The following key points relate to Project impacts (Application case) in the table: 

 all Project air quality impacts were considered to be local in extent, continuously occurring 
(emissions are continuous), long lasting (for the life of the project) but reversible after project 
operations cease.  Impacts were neutral, positive and negative in direction depending on the 
parameter; 

 the magnitudes of all residual impacts were low, either in an absolute sense or in a relative 
sense.  Where relative impacts (% increases) were larger than 10%, absolute increases were 
low, sometimes orders of magnitude below AAAQOs; and 

 confidence ratings were generally high for project contribution predictions with the exception of 
deposition of PAI and nitrogen, which are considered to have higher modelling uncertainties, 
notwithstanding a tendency for CALPUFF to predict conservatively.  

Overall, residual air quality impacts relevant to the Project were considered to be insignificant for 
several reasons.  Project contributions to predicted concentrations at the regional MPOI and at the 
local receptors were typically very small.  The addition of the Project did not result in exceedances of 
the CWS and AAAQ objectives.  All Project air quality impacts are reversible and the ambient 
surroundings are expected to revert back to its original state once the Project ceases to operate.  

Table 5.4 also identifies cumulative regional effects assuming all projects considered in the 
assessment operate at full capacity.  In fact, not all will be operating at capacity and not all projects 
may be built.  The following comments refer to cumulative regional effects and the PDC case. 

 the magnitude of cumulative regional impacts was generally considered to be high as 
increases in concentration or deposition were typically greater than 10%.  Decreases in PDC 
SO2 concentrations in the LSA result from changes to Connacher emission sources.  PM2.5 
concentrations increase at the local MPOI as a result of projected traffic increases (2% per 
year for 20 years) on Highway 63, such that the AAAQO is exceeded at that location;   

 all effects were regional and lasted for the length of oil sands operations; 
 confidence was generally lower for cumulative effects due to uncertainties in emissions from 

approved (but not built) and planned facilities, as well as from projected background 
concentration increases as a result of growth in traffic and communities within the region; and 

 all effects will be reversible (emissions cease when operations cease). 
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Significance for the PDC case was assessed considering that predictions of air quality objective 
exceedances are very localized near specific industrial facilities / roadway segments and do not 
represent regional air quality.  Furthermore, emissions cease when Project operations cease.  In 
addition, the CALPUFF model predictions are considered to be conservative - comparisons of 
modelled and measured concentrations indicates that dispersion models tend to overestimate ground-
level concentrations of contaminants.  

Connacher is committed to taking an active role in the regional air quality management initiatives in 
the oil sands.  These initiatives will ensure that appropriate management strategies are developed 
and implemented to maintain good air quality in the region.  Connacher will contribute to appropriate 
regional monitoring programs or will maintain its own program and monitoring database, and will 
develop an emissions management strategy linked to the results of the monitoring program to 
minimize Project impacts.  
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Table 5.4 Summary of Impact on Air Quality VECs 

VEC 

Nature of 
Potential 
Impact or 

Effect 

Mitigation/ 

Protection 
Plan 

Type of 
Impact or 

Effect 

Geographical 
Extent of 
Impact or 

Effect1 

Duration 
of Impact 
or Effect2 

Frequency 
of Impact 
or Effect3 

Ability for 
Recovery 

from 
Impact or 

Effect4 

Magnitude of 
Impact or 

Effect5 

Project 
Contribution6

Confidence 
Rating7 

Probability 
of Impact or 

Effect 
Occurrence8

Significance9

1. NO2 Concentration 

 Potential 
human health 
effects 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Local Long Continuous Reversible 
in long term 

Nil to low 
(<5%) 
(1-h and 24-h 
concentrations)
High (>10%) 
(annual 
concentrations) 
but small 
absolute 
increases 

Negative High High Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

Moderate 
(<10%) 
(1-h and 24-h) 
High (>10%) 
(annual). All 
absolute 
increases low. 

Negative Moderate Medium  Insignificant 

2. SO2 Concentration 

 Potential 
human health 
and 
vegetation 
effects 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Local Long Continuous Reversible 
in long term 

Nil to High (at 
nearest 
receptors)w 

Neutral to 
Positive 

High High Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

Low to High in 
a relative 
sense. Low in 
an absolute 
sense.  

Negative and 
Positive 

Moderate Medium  Insignificant 



 Connacher Oil and Gas Limited 
 Great Divide Expansion – Air Quality Assessment 
Millennium EMS Solutions Ltd. May 2010 

 Page 65 07-104 

Table 5.4 Summary of Impact on Air Quality VECs 

VEC 

Nature of 
Potential 
Impact or 

Effect 

Mitigation/ 

Protection 
Plan 

Type of 
Impact or 

Effect 

Geographical 
Extent of 
Impact or 

Effect1 

Duration 
of Impact 
or Effect2 

Frequency 
of Impact 
or Effect3 

Ability for 
Recovery 

from 
Impact or 

Effect4 

Magnitude of 
Impact or 

Effect5 

Project 
Contribution6

Confidence 
Rating7 

Probability 
of Impact or 

Effect 
Occurrence8

Significance9

3. PM2.5 Concentration 

 Potential 
human health 
effects and 
visibility 
impairment 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Local Long Continuous Reversible 
in long term 

Nil to Low Negative Moderate 
(greater 
uncertainty 
in PM 
secondary 
formation) 

High Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

High (>10% 
increase) 

Negative Moderate Medium  Insignificant 

4. CO Concentration 

 Potential 
human health 
effects 

 Project 
Residual 

Local Long Continuous Reversible 
in long term 

Low in percent 
increase or 
small absolute 
increase 

Negative High High Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

High (>10% 
increase). 
Absolute 
increases 
<10% of 
AAQO. 

Negative Moderate Medium  Insignificant 

5. PAI Deposition 

 Potential 
acidification 
of sensitive 
soils, water 
bodies and 
vegetation 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Local Long Continuous Reversible 
in long term 

Nil to low in 
percentage or 
absolute sense 

Negative Moderate 
(more 
uncertainty 
in deposition 
estimates) 

Medium Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

High (>10% 
increase) in 
LSA. Variable 
in RSA. 

Negative. 
Positive in 
RSA for 
highest 
values 

Low Low Insignificant 
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Table 5.4 Summary of Impact on Air Quality VECs 

VEC 

Nature of 
Potential 
Impact or 

Effect 

Mitigation/ 

Protection 
Plan 

Type of 
Impact or 

Effect 

Geographical 
Extent of 
Impact or 

Effect1 

Duration 
of Impact 
or Effect2 

Frequency 
of Impact 
or Effect3 

Ability for 
Recovery 

from 
Impact or 

Effect4 

Magnitude of 
Impact or 

Effect5 

Project 
Contribution6

Confidence 
Rating7 

Probability 
of Impact or 

Effect 
Occurrence8

Significance9

6. N Deposition 

 Potential 
eutrophication 
of sensitive 
ecosystems 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Local Long Continuous Reversible 
in long term 

Nil to low in 
percentage or 
absolute sense 

Negative Moderate 
(more 
uncertainty 
in deposition 
estimates) 

Medium Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

High (>10% 
increase) in 
LSA. Variable 
in RSA. 

Negative. 
Positive in 
RSA for 
highest 
values 

Low Low Insignificant 

7. Ozone Concentration 

 Potential 
human health 
effects 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Regional Long Continuous Reversible 
in long term 

Nil to Low Negative High High Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

Low (<5% 
increase) 

Negative Low Medium Insignificant 

8. VOC, PAHs and non-CACs Concentration 

 Potential 
human health 
effects 

See 
Sections 
1.2 and 
5.3 

Project 
Residual 

Local Long Continuous Reversible 
in long term 

Nil to Low in 
percentage or 
absolute terms 

Negative Moderate Medium Insignificant 

Cumulative Regional Long Continuous Reversible 
in long term 

Low to High. 
Typically Low 
in an absolute 
sense. 

Negative Low future 
(regional 
emissions 
less certain) 

Medium Insignificant 

1. Local, Regional, Provincial, National, Global    6. Neutral, Positive, Negative 
2. Short, Long, Extended, Residual     7. Low, Moderate, High 
3. Continuous, Isolated, Periodic, Occasional, Accidental, Seasonal  8. Low, Medium, High 
4. Reversible in short term, Reversible in long term, Irreversible – rare  9. Insignificant, Significant 
5. Nil, Low, Moderate, High 
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5.6 Recommended Monitoring Programs 

Connacher will conduct the following source monitoring: 

 Produced gas will be tested for H2S content and SO2 emissions will be estimated from the 
produced gas flow rate; 

 Produced gas composition and fuel use will be monitored to determine GHG emissions; 
 NOx emissions from one of the Project steam boilers and the cogen will be tested within six 

months of project start-up, and thereafter surveyed annually.  

Connacher will continue to operate the existing air monitoring trailer at the Algar site for six months 
each year.  Monitored parameters will include wind speed and direction, SO2, NOx and H2S.  
Measurements of SO2 and NOx could be used to provide input to estimation of acid deposition. 
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Figure 2.1 Local and Regional Study Areas 
Figure 3.1 Wind Rose at the CALMET receptor nearest the Great Divide Expansion Project, 

2002-2006 
Figure 3.2 Diurnal and Seasonal Variation of Estimated PG Stability Class Based on 10 m 

CALMET Model Output at the Gridpoint Nearest the Project, 2002-2006 
Figure 3.3 Seasonal Median Hourly Mixing Heights Based on CALMET Model Output Near the 

Project, 2002-2006 
Figure 4.1 Predicted 9th Highest Hourly SO2 Concentration (μg/m3) – Baseline  
Figure 4.2 Predicted 9th Highest Hourly SO2 Concentration (μg/m3) – Application  
Figure 4.3 Predicted 9th Highest Hourly SO2 Concentration (μg/m3) – PDC 
Figure 4.4 Predicted 2nd Highest Daily SO2 Concentration (μg/m3) – Baseline  
Figure 4.5 Predicted 2nd Highest Daily SO2 Concentration (μg/m3) – Application  
Figure 4.6 Predicted 2nd Highest Daily SO2 Concentration (μg/m3) – PDC 
Figure 4.7 Predicted Annual SO2 Concentration (μg/m3) – Baseline  
Figure 4.8 Predicted Annual SO2 Concentration (μg/m3) – Application  
Figure 4.9 Predicted Annual SO2 Concentration (μg/m3) – PDC 
Figure 4.10 Predicted 9th Highest Hourly NO2 Concentration (μg/m3) – Baseline  
Figure 4.11 Predicted 9th Highest Hourly NO2 Concentration (μg/m3) – Application  
Figure 4.12 Predicted 9th Highest Hourly NO2 Concentration (μg/m3) – PDC 
Figure 4.13 Predicted 2nd Highest Daily NO2 Concentration (μg/m3) – Baseline  
Figure 4.14 Predicted 2nd Highest Daily NO2 Concentration (μg/m3) – Application  
Figure 4.15 Predicted 2nd Highest Daily NO2 Concentration (μg/m3) – PDC 
Figure 4.16 Predicted Annual NO2 Concentration (μg/m3) – Baseline  
Figure 4.17 Predicted Annual NO2 Concentration (μg/m3) – Application  
Figure 4.18 Predicted Annual NO2 Concentration (μg/m3) – PDC 
Figure 4.19 Predicted 9th Highest Hourly CO Concentration (μg/m3) – Baseline  
Figure 4.20 Predicted 9th Highest Hourly CO Concentration (μg/m3) – Application  
Figure 4.21 Predicted 9th Highest Hourly CO Concentration (μg/m3) – PDC 
Figure 4.22 Predicted Maximum 8-Hour Average CO Concentration (μg/m3) – Baseline  
Figure 4.23 Predicted Maximum 8-Hour Average CO Concentration (μg/m3) – Application  
Figure 4.24 Predicted Maximum 8-Hour Average CO Concentration (μg/m3) – PDC 
Figure 4.25 Predicted 2nd Highest Daily PM2.5 Concentration (μg/m3) – Baseline  
Figure 4.26 Predicted 2nd Highest Daily PM2.5 Concentration (μg/m3) – Application  
Figure 4.27 Predicted 2nd Highest Daily PM2.5 Concentration (μg/m3) – PDC 
Figure 4.28 Predicted Annual PAI Deposition (keq/ha/yr) – Baseline  
Figure 4.29 Predicted Annual PAI Deposition (keq/ha/yr) – Application  
Figure 4.30 Predicted Annual PAI Deposition (keq/ha/yr) – PDC 
Figure 4.31 Predicted Annual Nitrogen Deposition (kg/ha/yr) – Baseline  
Figure 4.32 Predicted Annual Nitrogen Deposition (kg/ha/yr) – Application  
Figure 4.33 Predicted Annual Nitrogen Deposition (kg/ha/yr) – PDC 
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Figure 3.1: Wind Rose at the CALMET receptor nearest the Great Divide Expansion Project, 
2002-2006
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Figure 3.2:  Diurnal and Seasonal Variation of Estimated PG Stability Class Based on 10 m CALMET Model Output at the 
Gridpoint Nearest the Project, 2002-2006 
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Figure 3.3:  Seasonal Median Hourly Mixing Heights Based on CALMET Model Output Near the 
Project, 2002-2006 
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Predicted 9th Highest Hourly NO2 
Concentration (µg/m3) – Baseline  
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R1 Connacher Algar Operators Camp R5 Don Huppie cabin
R2 Connacher Algar Construction Camp R6 Romeo Gauthier old cabin
R3 Connacher Great Divide Operators Camp R7 Algar Fire Lookout (old)

R4 Romeo Gauthier new cabin R8 Algar Fire Lookout (new)

A Syncrude Mildred Lake K Imperial Oil Kearl Lake
B Syncrude Aurora North L OPTI/Nexen Long Lake
C Syncrude Aurora South M ConocoPhillips Surmont

D Suncor Millennium/Steepbank N Husky Sunrise
E Suncor Voyageur O Suncor MacKay River

F Suncor Firebag P Devon Jackfish
G Shell Jackpine Q Cenovus Christina Lake

H Albian Sands Muskeg River R MEG Energy Christina Lake
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Predicted 9th Highest Hourly NO2 
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Label Name Label Name

R1 Connacher Algar Operators Camp R5 Don Huppie cabin

R2 Connacher Algar Construction Camp R6 Romeo Gauthier old cabin

R3 Connacher Great Divide Operators Camp R7 Algar Fire Lookout (old)

R4 Romeo Gauthier new cabin R8 Algar Fire Lookout (new)

A Syncrude Mildred Lake P Devon Jackfish
B Syncrude Aurora North Q Cenovus Christina Lake Expansion

C Syncrude Aurora South R MEG Energy Christina Lake

D Suncor Millennium/Steepbank S Connacher Great Divide

E Suncor Voyageur T Connacher Algar
F Suncor Firebag Expansion U Suncor Voyageur South

G Shell Jackpine Expansion V Shell Pierre River Mine

H Albian Sands Muskeg River W Total Joslyn North Mine

I Suncor Fort Hills X UTS-Teck Cominco Frontier Mine
J CNRL Horizon Y UTS-Teck Cominco Equinox Mine

K Imperial Oil Kearl Lake Z OPTI/Nexen Long Lake South

L OPTI/Nexen Long Lake AA Cenovus Borealis

M ConocoPhillips Surmont BB JACOS Hangingstone Commercial

N Husky Sunrise CC Statoil Kai Kos Dehseh
O Suncor MacKay River DD CNRL Kirby

Predicted 9th Highest Hourly NO2 
Concentration (µg/m3) – PDC 
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R1 Connacher Algar Operators Camp R5 Don Huppie cabin

R2 Connacher Algar Construction Camp R6 Romeo Gauthier old cabin

R3 Connacher Great Divide Operators Camp R7 Algar Fire Lookout (old)

R4 Romeo Gauthier new cabin R8 Algar Fire Lookout (new)

A Syncrude Mildred Lake K Imperial Oil Kearl Lake

B Syncrude Aurora North L OPTI/Nexen Long Lake
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Predicted 2nd Highest Daily NO2 
Concentration (µg/m3) – Baseline  
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R1 Connacher Algar Operators Camp R5 Don Huppie cabin

R2 Connacher Algar Construction Camp R6 Romeo Gauthier old cabin

R3 Connacher Great Divide Operators Camp R7 Algar Fire Lookout (old)

R4 Romeo Gauthier new cabin R8 Algar Fire Lookout (new)
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C Syncrude Aurora South R MEG Energy Christina Lake
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F Suncor Firebag Expansion U Suncor Voyageur South

G Shell Jackpine Expansion V Shell Pierre River Mine

H Albian Sands Muskeg River W Total Joslyn North Mine

I Suncor Fort Hills X UTS-Teck Cominco Frontier Mine
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A1.0 INTRODUCTION 

To ensure consistency with recent modelling in the oil sands region, CALMET and CALPUFF models 
were used for the Connacher Great Divide air quality assessment.  Both of the models are described 
in detail by Scire et al (2000) and Scire and Escoffier-Czaja (2004), and are recommended by Alberta 
Environment (AENV) for regulatory air quality assessments (AENV 2009). 

The purpose of this appendix is to present the technical information associated with the air dispersion 
modelling that was completed for the Connacher Great Divide Project (the Project).  

A2.0 CALMET 3-D METEOROLOGY 

Meteorological data are required by CALPUFF to provide information on the transport and dispersion 
characteristics for the study area.  The CALMET diagnostic meteorological model is used to provide 
representative temporally and spatially varying meteorological parameters for the CALPUFF model.  

A2.1 Description of CALMET 

The CALMET model is comprised of two main components, the:  

1. Wind field module; and 
2. Boundary layer meteorological module. 

The first step of the wind field module involves an initial guess field that is modified by the kinematic 
effects of terrain, slope flows and blocking effects.  Then in step 2, the observational data is 
introduced through an objective analysis procedure.  An inverse-distance squared interpolation 
scheme is used where observational data is weighted most heavily around the observation station. 

Furthermore, the overland boundary layer module computes gridded fields of surface friction velocity, 
convective velocity scale, Monin-Obukhov length, mixing height, Pasquill-Gifford stability class, air 
temperature, and precipitation rate using the energy balance method of Holtslag and van Ulden 
(1983). 

The CALMET modelling domain is 295 km long west to east and 400 km long north to south.  The 
UTM coordinates (NAD 83, Zone 12) for the modelling domain ranges from 336,600 m to 631,600 m 
easting, and 6,039,000 m to 6,439,000 m northing (latitude 54° 29’ to 58° 04’ and longitude 109° to 
114°).  Horizontal grid cells 5 km X 5 km were adopted for the modelling.  This combination of grid 
size and number of cells was chosen to minimize run time while still capturing major terrain feature 
influences on wind flow patterns.  

Within CALMET, the height of vertical layers is defined as the midpoint between two adjacent layers 
or interfaces (i.e., nine interfaces for eight layers, with the lowest layer always at the surface level).  
The vertical interfaces used for this project were 0, 20, 40, 80, 160, 320, 600, 1,400 and 3,000 m. 
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The 2002 to 2006 MM5 regional meteorological dataset provided by Environment Canada and 
measurements from Fort McMurray airport surface meteorological station were used to generate 
meteorological parameters fields in each cell, for each hour.  The 2002 to 2006 five years MM5 data 
were used for the initial guess wind field determination in CALMET runs and also for upper air data 
readings. 

A2.2 Wind Field Options (Input Group 5) 

Within the CALMET model, there are a number of options for calculating the modelling domain wind 
field.  Similarity theory is used to extrapolate surface winds to upper layers.  

The maximum overland radius of influence for the surface layer is 50 km.  The radius is 150 km at 
upper levels.  Additionally, the minimum radius of influence for the wind field interpolation is 0.1 km, 
and radius of influence is set to 15 km for terrain features.  The wind field options for the dispersion 
meteorological component of the model is describe in Table A2-1. 

A2.3 Meteorological Data Options (Input Group 4 and 6) 

Hourly surface heat fluxes, as well as the observed morning and afternoon temperature soundings 
were used to calculate mixing heights.  The minimum and maximum mixing heights that are allowed 
are 50 m and 3,000 m, respectively.  

The inverse distance-squared method, which was recommended by Dean and Snyder (1977) and Wei 
and McGuinness (1976), was used to interpolate air temperature, with a radius of influence of 500 km.  
For strong horizontal temperature gradients, smaller radii were tested between the surface stations.  
A larger radius of 500 km produces a more realistic temperature field, particularly at the surface.  

The meteorological data options, mixing height, precipitation and temperature parameters that were 
used in the Project assessment are outlined in Table A2-2, Table A2-3, Table A2-4, respectively. 

The following provides rationale for the use of non-default model parameters: 

• IPROG: MM5 data were used 
• FEXTR2: there is no extrapolation  – this option is used only when IEXTRP = 3 or -3, whereas 

IEXTRP = -4 was used in the project 
• ISURFT: the 2-D spatially varying surface temperature data is not available for this area 

.
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Table A2-1 Wind Field Options and Parameters (Input Group 5) 

Parameter Default Connacher Description 

Wind Field Model Options: 

IWFCOD 1 1 Model selection variable – Diagnostic wind module 
IFRADJ 1 1 Compute Froude number adjustment (Yes = 1) 
IKINE 0 0 Compute kinematic effects (Yes = 1) 
IOBR 0 0 Use O’Brien procedure for adjustment of the vertical velocity (No) 
ISLOPE 1 1 Compute slope flow effects (Yes) 
IEXTRP -4 -4 Extrapolate surface wind observations to upper layers (similarity theory used with 

layer 1 data at upper air stations ignored) 
ICALM 0 0 Extrapolate surface winds even if calm (No) 
BIAS  NZ*0 0,0,0,0,0,0,0,0 Layer-dependent biases modifying the weights of surface and upper air stations 
RMIN2 4.0 4.0 Minimum distance (km) from nearest upper air station to surface station for which 

extrapolation of surface winds at surface station will be allowed 
IPROG 0 14 Use gridded prognostic wind field model output fields as input to the diagnostic wind 

field model (14=use winds from MM5.DAT file as initial guess field) 
ISTEPPGS 3600 3600 Timestep (seconds) of the prognostic model input data 
IGFMET 0 0 Use coarse CALMET fields as initial guess fields (overwrites IGF based on 

prognostic wind fields if any) 
Radius of Influence Parameters: 
LVARY F F Use varying radius of influence (F - False) 
RMAX1 - 50 Maximum radius of influence over land in the surface layer (km) 
RMAX2 - 150 Maximum radius of influence over land aloft (km) 
RMAX3 - 300 Maximum radius of influence over water (km) 
Other Wind Field Input Parameters: 
RMIN 0.1 0.1 Minimum radius of influence used in the wind field interpolation (km) 
TERRAD - 15.0 Radius of influence of terrain features (km) 
R1 - 25.0 Relative weighting of the first guess field and observations in the surface layer (km) 
R2 - 75.0 Relative weighting of the first guess field and observations in the layers aloft (km) 
RPROG - 54.0 Relative weighting parameter of the prognostic wind field data (km) 
DIVLIM 5.0E-6 5.0E-6 Maximum acceptable divergence in the divergence minimization procedure 
NITER 50 50 Maximum number of iterations in the divergence minimization procedure 
NSMTH (NZ) 2,(mxnz-1)*4 2,4,4,4,4,4,4,4 Number of passes in the smoothing procedure 
NINTR2 99 99, 99, 99, 99, 

99, 99, 99, 99 
Maximum number of stations used in each layer for the interpolation of data to a grid 
point(number 12 is bigger than number of stations, then all stations are used) 

CRITFN 1.0 1.0 Critical Froude number 
ALPHA 0.1 0.1 Empirical factor controlling the influence of kinematic effects 
FEXTR2(NZ) nz*0.0 1,1.7,2.2,3,3.9,5.

1,6.3,7.2 
Multiplicative scaling factor for extrapolation of surface observations to upper layers 

NBAR 0 0 Number of barriers to interpolation of the wind fields 
KBAR NZ 8 Level (1 to NZ) up to which barriers apply 
Diagnostic Module Data Input Options: 

IDIOPTI 0 0 Surface temperature (0 = compute internally from hourly surface observation) 
ISURFT -1 1 Surface meteorological station to use for the surface temperature (parameter 

ISURFT= -1 is for 2-D spatially varying  surface temperatures) 
IDIOPT2 0 0 Domain-averaged temperature lapse (0 = compute internally from hourly surface 

observation) 
IUPT -1 -1 Upper air station to use for the domain-scale lapse rate (-1 to use 2-D spatially 

varying lapse rate) 
ZUPT 200 200 Depth through which the domain-scale lapse rate is computed (m) 
IDIOPT3 0 0 Domain-averaged wind components 
IUPWND -1 -1 Upper air station to use for the domain-scale winds 
ZUPWND 1.0, 1000 1.0, 1000 Bottom and top of layer through which domain-scale winds are computed (m) 
IDIOPT4 0 0 Observed surface wind components for wind field module 
IDIOPT5 0 0 Observed upper air wind components for wind field module 
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Table A2-2 Wind Field Options and Parameters (Input Group 4) 

Parameter Default Connacher Description 

NOOBS 0 1 Use surface and overwater stations (no upper air observations) 
Use MM4/MM5/M3D for upper air data 

Number of Surface & Precipitation Meteorological Stations: 

NSSTA - 1 Number of surface stations 

NPSTA - -1 use of MM5/M3D precip data 

Cloud Data Options: 

ICLOUD 0 0 Gridded cloud fields (not used) 

File Formats: 

IFORMS 2 2 Surface meteorological data file format (2 = formatted) 

IFORMP 2 2 Precipitation data file format (2 = formatted) 

IFORMC 2 2 Cloud data file format (unformatted – not used) 

 

Table A2-3 Mixing Height Parameters (Input Group 6) 

Parameter Default Connacher Description 

Empirical Mixing Height Constants: 

CONSTB 1.41 1.41 Neutral, mechanical equation 
CONSTE 0.15 0.15 Convective mixing height equation 
CONSTN 2400 2400 Stable mixing height equation 
CONSTW 0.16 0.16 Over water mixing height equation 
FCORIO 1.0E-4 1.2E-04 Absolute value of Coriolis (l/s) 

Spatial Averaging of Mixing Heights 

IAVEZI 1 1 Conduct spatial averaging (1 = yes) 
MNMDAV 1 1 Maximum search radius in averaging (1 grid cells) 
HAFANG 30 30 Half-angle of upwind looking cone for averaging (degrees) 
ILEVZI 1 1 Layer of winds used in upwind averaging (1 layers) 

Convective Mixing Height Options: 

IMIHXH 1 1 Method to compute the convective mixing height (Maul-Carson for land 
and water cells) 

THRESHL 0 0 Threshold buoyancy flux required to sustain convective mixing height 
growth overland (expressed as a heat flux per meter of boundary layer) 

THRESHW 0.05 0.05 Threshold buoyancy flux required to sustain convective mixing height 
growth overwater (expressed as a heat flux per meter boundary layer) 

ILUOC3D 16 16 Land use category ocean in 3D.DAT datasets (if 3D.DAT from MM5 
version 3.0  iluoc3d=16) 
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Table A2-3 Mixing Height Parameters (Input Group 6) 

Other Mixing Heights Variables: 

DPTMIN 0.001 0.001 Minimum potential temperature lapse rate in the stable layer above the 
current convective missing height (oK/m) 

Parameter Default Connacher Description 

DZZI 200 200 Depth of layer above current convective mixing height through which 
lapse rate is computed (m) 

ZIMIN 50 50 Minimum overland mixing height (m) 
ZIMAX 3000 3000 Maximum overland mixing height (m) 
ZIMINW 50 50 Minimum over-water mixing height (m) 
ZIMAXW 3000 3000 Maximum over-water mixing height (m) 

Overwater Surface Fluxes Method and Parameters 

ICOARE 10 10 COARE with no wave parameterization 
DSHELF 0 0 Coastal/Shallow water length scale 
IWARM 0 0 COARE warm layer computation (0=off) 
ICOOL 0 0 COARE cool skin layer computation (0=off) 

Relative Humidity Parameters 

IRHPROG 0 0 3D relative humidity from observations or from prognostic data (0= use 
RH NOOBS = 0,1) 

 

Table A2-4 Temperature Parameters 

Parameter Default Connacher Description 

Temperature Parameters 

ITPROG 0 1 Use Surface stations (no upper air observations),  
Use MM5/M3D for upper air data (only if NOOBS = 0,1) 

IRAD 1 1 Interpolation type (1 = 1/R) 
TRADKM 500 500 Radius of influence for temperature interpolation (km) 

NUMTS 5 4 Maximum number of stations to include in temperature 
interpolation 

IAVET 1 1 Conduct spatial averaging of temperatures (1 = yes) 

TGDEFB -0.0098 -0.0098 Default temperature gradient below the mixing height over water 
(oK/m) 

TGDEFA -0.0045 -0.0045 Default temperature gradient above the mixing height over water 
(oK/m) 

JWAT1 - 99 Beginning land use categories for temperature interpolation over 
water (disabled) 

JWAT2 - 99 Ending land use categories for temperature interpolation over 
water (disabled) 

Precipitation Interpolation Parameters 

NFLAGP 2 2 Method of interpolation (2=1/R**2) 
SIGMAP 100 100 Radius of influence 
CUTP 0.01 0.01 Minimum precipitation rate cut-off (Values < CUTP = 0.0 mm/hr) 
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A2.4 Surface Meteorology from WBEA Network 

Surface meteorology data were available for 16 WBEA stations (WBEA, 2005).  There is significant 
variability among the wind roses for these sites indicating the complexity of flow patterns in the near-
surface levels in the oil sands region.  Most of the existing stations are located within river valleys 
where winds near the surface are subject to channelling (especially for the stations at lower 
elevations).  Some stations (e.g. Anzac, Albian Muskeg River, CNRL Horizon) did not have data for 
full five years 2002-2006.  For these reasons only one station: Fort McMurray Airport (FMA) was 
chosen for modelling as it is located within the modelling domain and it is the most representative of a 
larger study area.  Table A2-5 presents its location. 

Table A2-5 Surface Meteorological Station Parameters 

Name ID 
UTM X 

Coordinate (km) 
UTM Y 

Coordinate (km) 
Time  
Zone 

Height Above 
Ground (m) 

FMA 71932 487.000 6278.500 7 10 

A2.5 Fifth Generation NCAR/Penn State Mesoscale Model (MM5) 

The fifth generation NCAR/Penn State Mesoscale Model (MM5) was developed jointly by the National 
Center for Atmospheric Research (NCAR) and Pennsylvania State University (PSU).  It is a 
prognostic model that computes horizontal and vertical velocity components, pressure, temperature, 
relative humidity and vapour, cloud, rain, snow, ice and graupel mixing ratios.  

Studies conducted by the University of Washington (2005) show that the MM5 model is an effective 
tool for characterizing winds in the Pacific Northwest.  It also suggested that CALMET should be run 
exclusively with MM5 data.  The MM5 data are important in dispersion modelling, providing 
information at the edge of the modelling domain and in regions where information is not readily 
accessible.  In other CALPUFF 3-D modelling studies completed in western Canada (BC Environment 
2000; SO2 2000 2001), MM5 data were used exclusively when generating CALMET 3-D data 

For the purposes of this assessment, MM5 model output for the 2002 to 2006 model years were used 
for the initial guess wind field determination in CALMET runs and also for upper air data readings.  
The 2002 to 2006 MM5 data are at 12 km resolution, with each grid containing 30 vertical layers 
reaching well above 10,000 m above the surface.  

A2.6 Geophysical Parameters 

To determine meteorological parameters in the boundary layer, the CALMET model requires a 
physical description of the ground surface.  The geophysical parameters for this assessment include 
land use category, terrain elevation, roughness length, albedo, Bowen ratio, surface heat flux 
parameter, anthropogenic heat flux and leaf area index (LAI).  Values for all land use parameters 
except land use category and elevation were determined for the following periods: 

• Winter –January 1 to March 31 and November 15 to December 31, 
• Spring – April 1 to June 14,  
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• Summer – June 15 to September 14, and 
• Fall – September 15 to November 14. 

The geophysical parameters for all periods are summarized in Table A2-6 below. 

Table A2-6 Surface Variables Associated with Land Use Characteristics 

LUC Description 
Roughness 

Length Z0 (m) 
Albedo 

Bowen 
Ratio 

Heat 
Flux 

Anthropogenic 
Heat Flux 

Leaf Area 
Index (LAI) 

     Winter   

16 Mixed Urban 1.00 0.35 1.50 0.25 30.0 0.20 
21 Cropland and Pasture 0.05* 0.70* 1.50 0.15* 0 0.5 
32 Shrub & Brush Rangeland 0.15 0.70* 0.50* 0.15* 0 0.20 
41 Deciduous Forest  0.50 0.50 1.50 0.15* 0 0.50 
42 Evergreen Forest (Coniferous) 0.90 0.35 1.50 0.15* 0 4.00 
43 Mixed Forest 0.70 0.43 1.50 0.15* 0 2.30 
52 Lakes 0.05* 0.70* 0.50* 1.00 0 0 
61 Forested Wetland 0.70 0.43 1.50 0.15* 0 1.0 
62 Bays & Estuaries 0.05* 0.70* 0.50* 0.15* 0 0.5 
75 Strip Mines, Quarries  0.05* 0.70* 0.50* 0.15* 5.0 0 

     Spring   
16 Mixed Urban 1.00 0.14 1.00 0.25 15.0 0.20 
21 Cropland and Pasture 0.10 0.14 0.30 0.15 0 1.00 
32 Shrub & Brush Rangeland 0.30 0.30 1.00 0.15 0 0.30 
41 Deciduous Forest  0.90 0.35 0.70 0.15 0 1.00 
42 Evergreen Forest (Coniferous) 0.90 0.25 0.70 0.15 0 4.00 
43 Mixed Forest 0.90 0.30 0.70 0.15 0 2.50 
52 Lakes 0.01 0.20 0.10 1.00 0 0 
61 Forested Wetland 0.80 0.15 0.50 0.15 0 1.2 
62 Bays & Estuaries 0.20 0.20 0.10 0.15 0 0.5 
75 Strip Mines, Quarries  0.15 0.30 0.50 0.15 5.0 0.0 

     Summer   
16 Mixed Urban 1.00 0.16 2.00 0.25 10.0 0.30 
21 Cropland and Pasture 0.20 0.20 0.50 0.15 0 3.00 
32 Shrub & Brush Rangeland 0.50 0.20 0.50 0.15 0 1.50 
41 Deciduous Forest  1.00 0.12 0.80 0.15 0 3.50 
42 Evergreen Forest (Coniferous) 1.00 0.12 1.20 0.15 0 4.00 
43 Mixed Forest 1.00 0.12 1.00 0.15 0 3.80 
52 Lakes 0.0001 0.10 0.05 1.00 0 0 
61 Forested Wetland 1.0 0.12 0.40 0.25 0 2.0 
62 Bays & Estuaries 0.20 0.14 0.10 0.25 0 1.0 
75 Strip Mines, Quarries  0.20 0.30 0.50 0.15 5.0 0 

     Fall   
16 Mixed Urban 1.00 0.18 1.50 0.25 15.0 0.20 
21 Cropland and Pasture 0.10 0.18 0.70 0.15 0 1.50 
32 Shrub & Brush Rangeland 0.30 0.20 0.50 0.15 0 1.00 
41 Deciduous Forest  0.80 0.12 0.80 0.15 0 2.00 
42 Evergreen Forest (Coniferous) 1.00 0.12 1.00 0.15 0 4.00 
43 Mixed Forest 0.90 0.12 0.90 0.15 0 3.00 
52 Lakes 0.0001 0.14 0.05 1.00 0 0 
61 Forested Wetland 0.90 0.12 0.40 0.25 0 1.5 
62 Bays & Estuaries 0.20 0.16 0.10 0.25 0 0.7 
75 Strip Mines, Quarries  0.20 0.30 0.50 0.15 5.0 0 
* Value recommended by TRC for perennial snow. 
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The CALMET modelling domain was described using ten land use categories.  A category was 
assigned to each 5 km x 5 km grid cell based on the most prevalent land use type according to those 
described by Cihlar and Beaubien (1998).  These descriptive categories were then grouped into 
broader classifications, which were provided by CALMET.  The Land Use Categories were taken from 
Syncrude MLUEP (1998) and supplemented by data from USGS Global Land Use and Land Cover 
data for areas outside of the Syncrude MLUEP (1998) domain.  That data was then refined, using the 
newest 1:50,000 maps of the area.  

Each land use category was assigned summer, fall, winter, and spring values of roughness length, 
albedo, Bowen Ratio, anthropogenic and soil flux parameters and leaf area index.  

The geotechnical parameters for the project, were selected mainly using the default values (as 
recommended by PCRAMMET; US EPA 1995a). 

A2.6.1 Terrain 

Topographic elevations for the terrain were obtained from the Shuttle Radar Topography Mission 
(SRTM – 3 Arc Second – 90 m), which is a joint project between the National Geo-spatial-Intelligence 
Agency (NGA) and the National Aeronautics and Space Administration (NASA) (SRTM, 2005).  The 
CALMET pre-processor program – TERREL was used to extract and format terrain data.  

A2.6.2 Anthropogenic Heat Flux Parameter 

The urban heat island effect is a result of the interaction of several factors, including the absorption of 
heat during the day by surfaces such as asphalt roads, concrete pavements, and roofs, which is then 
radiated out into the atmosphere at night, and the release of heat from the tailpipes of vehicles, and 
ventilation stacks from buildings.  The latter source of heat is especially significant in winter months.  
The study of the anthropogenic heat flux in Nagoya, Japan revealed an additional anthropogenic heat 
flux from the city centre of about 50 W/m2 during the winter months (Yamaguchi et al, 2004).  The 
anthropogenic heat flux in Tokyo exceeded 400 W/m2 in summer during the daytime, and the 
maximum value occurred in winter (1,590 W/m2).  In the suburbs of Tokyo, heat flux from houses 
reached about 30 W/m2 (CGER, 1997).  

For modelling purposes, the anthropogenic heat flux is usually considered to be zero due to lack of 
measurements in a given area.  However, PCRAMMET (US EPA 1995a) recognizes that in areas with 
high population densities or energy use, such as an industrial facility, anthropogenic flux may not 
always be negligible.  In the Connacher Great Divide assessment, an anthropogenic heat flux of about 
10 W/m2 in summer, 15 W/m2 in spring and fall and 30 W/m2 in winter was assumed for urban areas.  
It was also assumed that the anthropogenic heat flux from open mine surfaces was equal to 5 W/m2 
during the whole year.  The anthropogenic heat flux from all other places was assumed to be zero. 
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A3.0 DISPERSION MODELLING APPROACH 

A3.1 Dispersion Modelling Assessment Assumptions 

A number of assumptions for the scenarios, emission rates and dispersion modelling were included as 
part of the air quality assessment for the Connacher Great Divide Project.  To ensure model 
predictions were not underestimated, conservative assumptions were made where appropriate.  The 
main assumptions for the Project include: 

• All baseline cases were operating on a continual basis at maximum approved capacity. 
• The Connacher Great Divide Project was operating continuously at its maximum design 

capacity. 
• All developments were operating at maximum capacity simultaneously for all scenarios. 
• Mine fleet emissions were based on the existing US EPA emissions standards (US EPA 

2004a, 2004b) and did not account for other more stringent standards. 
• 2002 to 2006 meteorological data was used for the preparation of the 3-D meteorological data 

set.  
• No uptake of nitrogen by the soil or vegetation is occurring, and that all is available for 

contribution to the total PAI. 
• Modelling assumes transitional plume rise and stack tip downwash. 
• The recognition of CALPUFF’s tendency to overestimate the rate of nitrogen transformation to 

NO2.  This has been compensated for in the ground-level NO2 concentration calculations by 
using the Ambient Ratio Method.  However, no correction has been applied to acid deposition 
or secondary particulate concentration predictions. 

• All air borne sulphates and nitrates are secondary aerosols, resulting in potentially 
conservative estimates of PM2.5 concentrations. 

• SO2, NO, NO2 and HNO3 are gases, and SO4 and NO3 are particulates for the dry deposition 
calculations.  Assumed gas and particulate matter properties are: 

Table A3-1 Assumed Gas Properties 

 SO2 NO NO2 HNO3 

Diffusivity (cm2/s)  0.115 0.186 0.141 0.108 

Alpha Star (a*) 1000 1.0 1.0 1.0 

Reactivity 8 2 8 18 

Mesophyll Resistance (s/cm) 0 94 5 0 

Henry's Law Coefficient 0.0332 21.5 4.09 10x10-8 
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Table A3-2 Assumed Particulate Matter Properties 

 SO4 NO3 PM2.5 

Geometric mass mean diameter ((µm) 0.48 0.48 0.98 

Geometric standard deviation (µm) 2.0 2.0 1.8 

 

Table A3-3 Assumed Wet Deposition Parameters 

Scavenging  
Coefficient (s-1) 

SO2 SO4 NO NO2 HNO3 NO3 PM2.5 

Liquid 3.2 x 10-5 1 x 10-4 2.9 x 10-5 5.1 x 10-5 6 x 10-5 1 x 10-4 1 x 10-4 

Frozen 0 3 x 10-5 0 0 0 3 x 10-5 3 x 10-5 

A3.2 Modelling Domain, Regional and Local Study Areas 

The regions for the Project considered for the air quality assessment will be determined as follows: 

• The region over which the air quality predictions are applied is defined as the modelling 
domain.  Within the modelling domain, the emission sources will be quantified and used in the 
air quality predictions.  

• The region over which the graphical results of the air quality modelling will be presented and 
over which air effects will be evaluated is the regional study area (AQRSA).  Typically, the 
AQRSA is smaller in geographic scope than the modelling domain and can therefore, be 
adjusted to represent the modelling results as appropriate. 

• The local study area (AQLSA) is the area located in the immediate vicinity of the Project and 
within which the majority of the air quality effects are expected to occur.  The AQLSA is 
representative subset of the AQRSA and will provide a more focused assessment of the 
effects associated with the Project.  The AQLSA has been sized to meet the study area 
requirements of the Alberta Air Quality Guideline (AENV 2009). 

The south-western corner of the CALMET modelling domain is at: UTM 336.6 km E, 6039 km N and 
the north-eastern corner is at: 631.6 km E, 6439 km N.  The AQRSA is smaller and has a north-south 
extent of about 330 km and an east-west extent of 220 km (for a total area of about 72,600 km2).  Its 
south-western corner is at: UTM 382.5 km E, 6102.5 km N, and the north-eastern corner is at: 602.5 
km E, 6432.5 km N.  

The AQLSA is a 30 km by 30 km square centred on the midpoint between boilers of the Great Divide 
and boilers of the Algar projects with coordinates being UTM 452.083 km E and 6219.062 km N. It 
was sized to highlight air quality in the immediate area of the Project.  



 Connacher Oil and Gas Limited 
 EIA Great Divide SAGD Project  
 Consultant Report #1 Air Quality 
Millennium EMS Solutions Ltd. May 2010 
 

 Page A-11 07-104 

A3.3 Receptors 

At selected locations within the modelling domain, ground-level concentrations and deposition rates 
were modelled.  The selected locations, also referred to as receptors, were based on AENV (2009) 
modelling guidance.  The 20-m spaced fence-line receptors around Great Divide and Algar Projects 
were used.  Fine receptors around both facilities were also modelled.  Then, the coarse receptor grid 
(0.5 km, 1 km, 5 km and 10 km spaced) was centered at the center of AQLSA.  

A3.4 CALPUFF Model Options  

The CALPUFF dispersion model is a tool that uses a range of user specified options.  The CALPUFF 
control file defines 17 input groups as identified in Table A3-4.  

Table A3-4 Input Groups in the CALPUFF Control File 

Input  
Group 

Description 
Applicable to the Connacher 

Great Divide Project 

0 Input and output file names Yes 

1 General run control parameters Yes 

2 Technical options Yes 

3 Species list Yes 

4 Grid control parameters Yes 

5 Output options Yes 

6 Sub grid scale complex terrain inputs No 

7 Dry deposition parameters for gases Yes 

8 Dry deposition parameters for particles  Yes 

9 Miscellaneous dry deposition for 
parameters  Yes 

10 Wet deposition parameters Yes 

11 Chemistry parameters Yes 

12 Diffusion and computational parameters Yes 

13 Point source parameters Yes 

14 Area source parameters Yes 

15 Line source parameters No 

16 Volume source parameters Yes 

17 Discrete receptor information Yes 
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The chemistry option was invoked in CALPUFF since SO2 and NOx sources are involved in this 
assessment.  This option was switched on when dealing with the following eight species: SO2, SO4, 
NO, NO2, HNO3, NO3, CO, and primary PM2.5, but was switched off for the modelling runs, which 
assessed ambient VOC concentrations.  

The CALPUFF input parameters were, for the most part, selected according to the default values.  
However, some parameters were altered to better relate specifically to the modelling domain in north-
east Alberta.  For example, monthly ozone background concentrations were used on the basis of 
ozone concentrations measured in Fort Chipewyan from 2002 to 2004.  For the simulation of building 
downwash, the PRIME method was used for buildings within Connacher Great Divide boundary lines.  
Building downwash was not considered for non-Connacher Great Divide facilities. 

Tables A3-5 to A3-15 identify the input parameters, default options, and values used for the current 
project. 

Non-default parameters were used as follows: 

• MBDW: PRIME method used for plume downwash – PRIME method is considered as more 
advanced and it is recommended by modelling guidelines AENV(2009) 

• MCHEM: RIVAD/ARM3 chemistry used for chemical transformations.  In several tests 
conducted to date, the results have shown no significant differences between the modelling 
results obtained with MESOPUFF II and RIVAD/ARM3 chemistry 
(http://www.src.com/calpuff/FAQ-answers.htm#3.3.6).  

• MREG: unnecessary as this is not an U.S. application 
• Diffusivity: based on current literature (Seinfeld and Pandis, 2006; US Forest Service) since 

deposition was not reported in this project, deposition parameters have minimal impact on 
predictions 

• MOZ/BCKO3: monthly ozone background concentrations were based on ozone 
measurements in Fort Chipewyan from 2002 to 2004 

• BCKNH3: based on measurements in oil sands area (two stations: Fort Mac Kay and Fort 
McMurray Patricia McInnis started to measure ammonia in the middle of 2006, - average 
measured value was used as monthly concentration) 

• PLX0 values are based on measurements at Mannix Station - 20 m and 75 m towers (BOVAR 
Environmental, 1996a) 

• PPC values were based on values in the ADEPT2 model developed for dispersion modelling 
in Alberta and then used in the ISCBE version of ISC3 developed for the oil sands area 
(BOVAR Environmental, 1996b). 
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Table A3-5 General Run Control Parameters (Input Group 1) 

Parameter Default 
Connacher 

Great Divide 
Description 

METRUN 0 0 All model periods in met file(s) will be run 

IBYR - 2005 Starting year 

IBMO - 12 Starting month 

IBDY - 30 Starting day 

IBHR - 0 Starting hour 

IBMIN - 0 Starting minute 

IBSEC - 0 Starting second 

IEYR - 2007 Ending year 

IEMO - 1 Ending month 

IEDY - 1 Ending day 

IEMIN - 0 Ending minute 

IESEC - 0 Ending second 

XBTZ - 7.0 Base time zone (MST = 7.0) 

NSECDT - 3600 Length of run (seconds) 

NSPEC 5 8 Number of chemical species 

NSE 3 5 Number of chemical species to be emitted 

ITEST 2 2 Program is executed after SETUP phase 

MRESTART 0 0 Does not read or write a restart file 

NRESPD 0 0 Restart file written only at last period 

METFM 1 1 Meteorological data format 1= CALMET binary file 
(CALMET.MET) 

MPRFFM 1 1 Meteorological profile data format  

AVET 60 60 Averaging time (minutes) 

PGTIME 60 60 PG Averaging time (minutes) 
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Table A3-6 Technical Options (Input Group 2) 

Parameter Default 
Connacher 

Great Divide 
Description 

MGAUSS 1 1 Gaussian distribution used in near field 
MCTADJ 3 3 Terrain adjustment method (3 = Partial plume path adjustment) 
MCTSG 0 0 Subgrid-scale complex terrain (0 = not modelled) 
MSLUG 0 0 Near-field puffs not modelled as elongated 
MTRANS 1 1 Transitional plume rise modelled 
MTIP 1 1 Stack tip downwash used 
MRISE 1 1 Stack tip downwash used 
MBDW 1 2 Method used to simulate building downwash (2 = PRIME method) 
MSHEAR 0 0 Vertical wind shear not modelled 
MSPLIT 0 0 Puff splitting is not allowed  
MCHEM 1 3 Transformation rates computed internally using RIVID/ARM3 scheme 
MAQCHEM 0 0 Aqueous phase transformation not modelled 
MWET 1 1 Wet removal modelled 
MDRY 1 1 Dry deposition modelled  
MTILT 0 0 Gravitational settling (plume tilt) not modelled  

MDISP 3 3 
Method used to compute dispersion coefficients - PG dispersion 
coefficients for RURAL areas (computed using the ISCST multi-
segment approximation) and MP coefficients in urban areas 

MTURBVW 3 3 Use both σv and σw from PROFILE.DAT to compute σy and σz (n/a) 

MDISP2 3 3 
Back-up method used to compute dispersion when measured 
turbulence data are missing (used only if MDISP = 1 or 5) This 
parameter is not used because MDISP = 3 for Connacher Great Divide. 

MTAULY 0 0 Draxler default 617.284 (s) used for Lagrangian timescale for Sigma-y 
(used only if MDISP=1,2 or MDISP2=1,2) 

MTAUADV 0 0 Method used for Advective-Decay timescale for Turbulence (used only 
if MDISP=2 or MDISP2=2) 

MCTURB 1 1 
Standard CALPUFF subroutines used to compute turbulence sigma-v & 
sigma-w using micrometeorological variables(Used only if MDISP = 2 or 
MDISP2 = 2) 

MROUGH 0 0 PG σy and σz not adjusted for roughness 
MPARTL 1 1 partial plume penetration of elevated inversion 
MPARTLBA 1 1 partial plume penetration of elevated inversion (buoyant area sources) 
MTINV 0 0 Strength of temperature inversion computed from default gradients 
MPDF 0 0 PDF not used for dispersion under convective conditions 
MSGTIBL 0 0 Sub-grid TIBL module not used for shore line 
MBCON 0 0 Boundary conditions (concentration) not modelled 
MSOURCE 0 0 No Individual source contributions saved 
MFOG 0 0 Do not configure for FOG model output 
MREG 1 0 Do not test options specified to see if they conform to regulatory values 
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Table A3-7 Species List-Chemistry Options (Subgroup 3a) 

CSPEC 
Modelled 

(0=no, 1=yes) 

Emitted 

(0=no, 1=yes) 

Dry deposition 
(0=none, 

1=computed-gas, 
2=computed particle, 

3=user-specified) 

Output group Number 

SO2 1 1 1 0 

SO4
-2 1 0 2 0 

NO 1 1 1 0 

NO2 1 1 1 0 

HNO3 1 0 1 0 

NO3
- 1 0 2 0 

PM2.5 1 1 2 0 

CO 1 1 0 0 

 

Table A3-8 Map Projection Grid Control Parameters (Input Group 4) 

Parameter Default 
Connacher 

Great 
Divide 

Description 

PMAP UTM UTM Map projection: Universal Transverse Mercator 
IUTMZN - 12 UTM Zone (1 to 60) 
UTMHEM N N Northern hemisphere UTM projection 
DATUM WGS-84 NAR-B NIMA Datum Region - Canada 
NX - 59 Number of X grid cells in meteorological grid 
NY  80 Number of Y grid cells in meteorological grid 
NZ - 8 Number of vertical layers in meteorological grid 
DGRIDKM - 5 Grid spacing (km) 

ZFACE - 
0,20,40,80,

160,320,600,
1400,3000 

Cell face heights in meteorological grid (m) 

XORIGKM - 336.6 Reference X coordinate for SW corner of grid cell (1,1) of 
meteorological grid (km) 

YORIGKM - 6039.0 Reference Y coordinate for SW corner of grid cell (1,1) of 
meteorological grid (km) 

IBCOMP - 8 X index of lower left corner of the computational grid 
JBCOMP - 12 Y index of lower left corner of the computational grid 
IECOMP - 55 X index upper right corner of the computational grid 
JECOMP - 79 Y index upper right corner of the computational grid 
LSAMP T F Sampling grid is not used 
IBSAMP - 1 X index of lower left corner of the sampling grid 
JBSAMP - 1 Y index of lower left corner of the sampling grid 
IESAMP - 28 X index of upper right corner of the sampling grid 
JESAMP - 32 Y index of upper right corner of the sampling grid 
MESHDN 1 1 Nesting factor of the sampling grid 
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Table A3-9 Sub-Grid Scale Complex Terrain Inputs (Input Group 6a) 

Parameter Default 
Connacher 

Great 
Divide 

Description 

NHILL 0 0 Number of terrain features 
NCTREC 0 0 Number of special complex terrain receptors 
MHILL - 0 Input terrain and receptor data for CTSG hills input in CTDM format 
XHILL2M 1 1 Conversion factor for changing horizontal dimensions to metres 
ZHILL2M 1 1 Conversion factor for changing vertical dimensions to metres 

XCTDMKM - 0 X origin of CTDM system relative to CALPUFF coordinate system 
(km) 

YCTDMKM - 0 Y origin of CTDM system relative to CALPUFF coordinate system 
(km) 

 
 

Table A3-10 Dry Deposition Parameters for Gases (Input Group 7) 

Species Default 
Connacher 

Great 
Divide 

Description 

0.1509 0.115 Diffusivity (cm2/s) 
10000.0 1000. Alpha star 
8.0 8.0 Reactivity 
0.0 0.0 Mesophyll resistance (s/cm) 

SO2 

0.4 0.0332 Henry’s Law coefficient 
- 0.186 Diffusivity (cm2/s) 
- 1.0 Alpha star 
- 2. Reactivity 
- 94. Mesophyll resistance (s/cm) 

NO 

- 21.5 Henry’s Law coefficient 
0.1656 0.141 Diffusivity (cm2/s) 
1.0 1.0 Alpha star 
8.0 8. Reactivity 
5.0 5. Mesophyll resistance (s/cm) 

NO2 

3.5 4.09 Henry’s Law coefficient 
0.1628 0.108 Diffusivity (cm2/s) 
1.0 1.0 Alpha star 
18.0 18. Reactivity 
0.0 0. Mesophyll resistance (s/cm) 

HNO3 

0.00000008 0.00000008 Henry’s Law coefficient 
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Table A3-11 Size Parameters for Dry Deposition of Particles (Input Group 8) 

Species Default 
 Connacher 

Great 
Divide 

Description 

SO4 2 0.48 0.48 Geometric mass mean diameter of SO4 2[μm] 
SO4 2 2.0 2.0 Geometric standard deviation of SO4 2 [μm] 
NO3 

- 0.48 0.48 Geometric mass mean diameter of NO3 
-[μm] 

NO3 
- 2.0 2.0 Geometric standard deviation of NO3 

- [μm] 
PM2.5 0.48 0.98 Geometric mass mean diameter of PM2.5 [μm] 
PM2.5 2.0 1.8 Geometric standard deviation of PM2.5 [μm] 

 
Table A3-12 Miscellaneous Dry Deposition Parameters (Input Group 9) 

Parameters Default 
 Connacher 

Great 
Divide 

Description 

RCUTR 30 30 Reference cuticle resistance (s/cm) 

RGR 10 10 Reference ground resistance (s/cm) 

REACTR 8 8 Reference pollutant reactivity 

NINT 9 9 Number of particle size intervals for effective particle deposition 
velocity 

IVEG 1 1 Vegetation in non-irrigated areas is active and unstressed 

 
Table A3-13 Wet Deposition Parameters 

Species Default 
 Connacher Great 

Divide 
Description 

0.00003 0.00003 Scavenging coefficient for liquid precipitation [s-1] SO2 

0.0 0.0 Scavenging coefficient for frozen precipitation [s-1] 

0.0001 0.0001 Scavenging coefficient for liquid precipitation [s-1] SO4
-2 

0.00003 0.00003 Scavenging coefficient for frozen precipitation [s-1] 

0.000029 0.000029 Scavenging coefficient for liquid precipitation [s-1] NO 

0.0 0.0 Scavenging coefficient for frozen precipitation [s-1] 

0.000051 0.00051 Scavenging coefficient for liquid precipitation [s-1] NO2 

0.0 0.0 Scavenging coefficient for frozen precipitation [s-1] 

0.00006 0.00006 Scavenging coefficient for liquid precipitation [s-1] HNO3 

0.0 0.0 Scavenging coefficient for frozen precipitation [s-1] 

0.0001 0.0001 Scavenging coefficient for liquid precipitation [s-1] NO3
- 

0.00003 0.00003 Scavenging coefficient for frozen precipitation [s-1] 

0.0001 0.0001 Scavenging coefficient for liquid precipitation [s-1] PM2.5 

0.00003 0.00003 Scavenging coefficient for frozen precipitation [s-1] 
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Table A3-14 Chemistry Parameters (Input Group 11) 

Parameters Default 
 Connacher 
Great Divide 

Description 

MOZ 1 0 Monthly background ozone value 

BCKO3 12*80 

32.03;32.62;35.7
5;39.72;36.39;31.
45;24.56;20.58;1
9.97;23.57;28.08;

26.51 

Background monthly ozone concentration (ppb) 

BCKNH3 12*10 12*0.22 Background ammonia concentration (ppb) 

RNITE1 0.2 0.2 Nighttime NO2 loss rate in percent/hour 

RNITE2 2 2 Nighttime NOX loss rate in percent/hour 

RNITE3 2 2 Nighttime HNO3 loss rate in percent/hour 

MH202 1 1 Background H2O2 concentrations  

BCKH202 12*1 12*1 Background monthly H2O2 concentrations (Aqueous phase 
transformations not modelled) 

BCKPMF - - 
Fine particulate concentration for Secondary Organic Aerosol 
Option (used only if MCHEM=4 in Connacher Great Divide 
MCHEM =3) 

OFRAC - - Organic fraction of fine particulate for SOA Option (used only 
if MCHEM=4) 

VCNX - - VOC/NOx ratio for SOA Option (used only if MCHEM=4) 

 



 Connacher Oil and Gas Limited 
 EIA Great Divide SAGD Project  
 Consultant Report #1 Air Quality 
Millennium EMS Solutions Ltd. May 2010 
 

 Page A-19 07-104 

Table A3-15 Miscellaneous Dispersion and Computational Parameters (Input Group 12) 

Parameters Default 
 Connacher Great 

Divide 
Description 

SYDEP 550 550 Horizontal size of a puff in metres beyond which the 
time dependant dispersion equation of Heffter is used 

MHFTSZ 0 0 Do not use Heffter formulas for sigma z 

JSUP 5 5 Stability class used to determine dispersion rates for 
puffs above boundary layer 

CONK1 0.01 0.01 Vertical dispersion constant for stable conditions 

CONK2 0.1 0.1 Vertical dispersion constant for neutral/stable 
conditions 

TBD 0.5 0.5 
Use ISC transition point for determining the transition 
point between the Schulman-Scire to Huber-Snyder 
Building Downwash scheme 

IURB1 10 10 Lower range of land use categories for which urban 
dispersion is assumed 

IURB2 19 19 Upper range of land use categories for which urban 
dispersion is assumed 

ILANDUIN 20 20 Land use category for modelling domain 
ZOIN 0.25 0.25 Roughness length in metres for modelling domain 
XLAIIN 3.0 3.0 Leaf area index for modelling domain 
ELEVIN 0.0 334 Elevation above sea level 
XLATIN -999 57.0 North latitude of station in degrees 
XLONIN -999 111.0 South latitude of station in degrees 
ANEMHT 10 10 Anemometer height in metres 
ISIGMAV 1 1 Sigma-v is read for lateral turbulence data 
IMIXCTDM 0 0 Predicted mixing heights are used 

XMXLEN 1 1 Maximum length of emitted slug in meteorological grid 
units 

XSAMLEN 1 1 Maximum travel distance of slug or puff in 
meteorological grid units during one sampling unit 

MXNEW 99 99 Maximum number of puffs or slugs released from one 
source during one time step 

MXSAM 99 99 Maximum number of sampling steps during one time 
step for a puff or slug 

NCOUNT 2 2 
Number of iterations used when computing the 
transport wind for a sampling step that includes 
transitional plume rise 

SYMIN 1 1 Minimum sigma y in metres for a new puff or slug 
SZMIN 1 1 Minimum sigma z in metres for a new puff or slug 
CDIV 0.0, 0.0 0.0, 0.0 Divergence criteria for dw/dz in met cells 
NLUTIBL 4 4 Search radius for nearest land and water cells 

WSCALM 0.5 0.5 Minimum wind speed allowed for non-calm conditions 
(m/s) 

XMAXZI 3000 3000 Maximum mixing height in metres 
XMINZI 50 50 Minimum mixing height in metres 

1.54 1.54 wind speed category 1 [m/s] 
3.09 3.09 wind speed category 2 [m/s] 
5.14 5.14 wind speed category 3 [m/s] 
8.23 8.23 wind speed category 4 [m/s] 

WSCAT 

10.80 10.80 wind speed category 5 [m/s] 
Parameter 

SVMIN SWMIN Stability Class 
Minimum turbulence (σv) (m/s) Minimum turbulence (σw) (m/s) 

A 0.5 0.2 
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Table A3-15 Miscellaneous Dispersion and Computational Parameters (Input Group 12) 

B 0.5 0.12 
C 0.5 0.08 
D 0.5 0.06 
E 0.5 0.03 
F 0.5 0.016 

Parameter 
PLX0 SWMIN Stability Class 

Wind speed profile exponent Minimum turbulence (σw) (m/s) 
A 0.21 0.2 
B 0.21 0.12 
C 0.23 0.08 
D 0.40 0.06 
E 0.62 0.03 
F 0.50 0.016 

0.020 0.020 potential temperature gradient for E stability [K/m] PTG0 0.035 0.035 potential temperature gradient for F stability [K/m] 

SL2PF 10 10 Slug-to-puff transition criterion factor equal to sigma 
y/length of slug 

NSPLIT 3 3 Number of puffs that result every time a puff is split 

IRESPLIT Hour 17=1 Hour 17=1 Time(s) of day when split puffs are eligible to be split 
once again 

ZISPLIT 100 100 Minimum allowable last hour’s mixing height for puff 
splitting 

ROLDMAX 
0.25 0.25 Maximum allowable ratio of last hour’s mixing height 

and maximum mixing height experienced by the puff 
for puff splitting 

NSPLITH 5 5 Number of puff that result every time a puff is split 
(nsplith = 5 means that 1 puff splits into 5) 

SYSPLITH 1 1 Minimum sigma-y of puff before it may be horizontally 
split 

SHSPLITH 2 2 Minimum puff elongation rate due to wind shear before 
it may be horizontally split 

CNSPLITH 1.0E-7 1.0E-7 Minimum concentration of each species in puff before 
it may be horizontally split 

EPSSLUG 1.00E-04 1.00E-04 Fractional convergence criterion for numerical SLUG 
sampling iteration 

EPSAREA 1.00E-06 1.00E-06 Fractional convergence criterion for numerical AREA 
sampling iteration 

DRISE 1.0 1.0 Trajectory step length for numerical rise 

HTMINBC 
500 500 Minimum height (m) to which BC puffs are mixed as 

they are emitted at the release point if greater than this 
minimum 

RSAMPBC 10 10 Search radius (km) about a receptor for sampling 
nearest BC puff 

MDEPBC 
1 1 Near-surface depletion adjustment to concentration 

profile used when sampling BC puffs - Adjust 
concentration for depletion.  
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A4.0 MODELLING APPROACH TO EMISSIONS FROM MINES, PLANTS, TAILING PONDS, 
HIGHWAYS AND COMMUNITIES  

The purpose of this section is to provide additional information related to the parameterization of 
industrial sources such as stacks, mines, and fugitive emissions, as well non-industrial sources such 
as communities and highways, used in the CALPUFF model for the Project air quality assessment. 

A4.1 Configuration of Point Sources 

Emissions from stacks at industrial facilities were treated as point sources and the required 
parameters for these sources include location, base elevation, stack height, diameter, exit velocity, 
exit temperature and contaminant mass emission rate.  Emissions from small gas processing plants 
were also treated as point sources.  

A4.2 Configuration of Area Sources 

Emissions from sources that do not pass through a stack, including fugitive emissions and emissions 
that emit from tailpipes, such as vehicles and construction equipment, were treated as area sources 
(e.g., tailings ponds, highways, and mine pits).  For the modelling of area sources, data such as 
elevation, effective release height of the contaminant, initial vertical dispersion parameter (σz), and 
contaminant mass emission rates were required. 

A4.2.1 Open Mine Pits 

Mine pits were emulated as area sources that were sunken by up to 50 m below the surrounding 
terrain.  The elevation of the surrounding terrain was obtained from the SRTM data (2005).  Fleet 
emissions were assumed to be emitted from a height of 15 m above the pit floor, which could be 
considered the height of the centreline of the plume generated by the sizable trucks and equipments 
working in the mine.  Sigma Z values for mine fleet emissions were set at 16 m, as suggested by the 
report NOx Dispersion and Chemistry Assumptions in the CALPUFF Model (CEMA 2005).  
Additionally, an escape fraction parameter was incorporated into the CALPUFF modelling for open 
mine pits in order to account for the partial retention of particulate emissions within mines.  The 
escape fraction was derived according to ISC3 Model documentation and is based on wind velocity, 
and particle density and diameter (US EPA 1995b).  

A4.2.2 Oil Sands Facilities (Fugitive Emissions) 

For the modelling of fugitive emissions, oil sands facilities were emulated as flat area sources lying 
along the surrounding terrain with fugitive contaminants being emitted at a height of 5 m above the 
ground.  Five metres is considered a typical height for building vents and other structures that may be 
a source of fugitive emissions (e.g., pipe racks).  
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A4.2.3 Tailing Ponds 

Tailing ponds were emulated as flat area sources lying along the surrounding terrain with 
contaminants being emitted uniformly from the surface of the pond (height of 0 m).  The rate of 
fugitive VOC emissions from the tailings ponds were also assumed to vary from month to month 
throughout the year to account for the fact that weather conditions will have an effect on pond 
emissions. 

A4.2.4 Highways 

The highway emissions were modelled as area sources with the effective emission height equal to 
1.5 m, which was considered to be the average height of the centre-line of the plume from vehicle 
tailpipes).  Approximately 462 kilometres of highways, broken up into eight separate segments, were 
modelled in the air quality assessment. 

A4.3 Configuration of Volume Sources 

A4.3.1 Communities 

Emissions from towns and communities were treated as volume sources as in the previous oil sands 
EIAs (Deer Creek 2005, Birch Mountain 2006), for which the required parameters include elevation, 
effective release height, vertical and horizontal initial dispersion parameters, and contaminant mass 
emission rate. 

The effective height of the smaller communities such as Anzac, Fort McKay, Saprae Creek, Conklin, 
and Janvier/Chard was assumed to be 3 m in the Baseline scenario.  For Fort McMurray, which is a 
much larger city, the effective height of the volume source was set at 10 m.  In the Planned 
Development scenario, the effective height for Anzac, Saprae Creek, Conklin, Janvier/Chard and Fort 
McKay was increased to 5 m to account for the growth of those towns and the consequent increase in 
the heights of their buildings and the density of those buildings in relation to green spaces. 
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B1.0 INTRODUCTION 

In order to assess the effect on regional air quality of the Great Divide SAGD Expansion Project, an 
air quality regional study area (AQRSA) was defined.  All known industrial and non-industrial 
emissions sources within the AQRSA were collected or estimated and input to the CALPUFF 
dispersion model.  Details of these emission inputs are summarized in this Appendix. 

B2.0 PROJECT EMISSIONS OF CACS 

Emissions for the Project were estimated based on an overall expanded production capacity of 34,000 
barrels of bitumen per day at the Algar plant (24,000 bpd from the Project, 10,000 bpd from the 
existing facility) and the conservative assumption that the steam-oil ratio for the Project will be 4.0 
(compared to 3.0 for the existing Algar facility).  Continuous emission sources at the proposed facility 
include five steam boilers, a utility boiler, a glycol heater, and a cogeneration unit.  Flare stacks are 
used for emergency only.  Under normal conditions, the flare will emit negligible emissions from the 
use of natural gas by the pilot flame.   

Tables B2-1 and B2-2 contain the emission estimates for the Project.  As emissions from the existing 
Algar facility is modified because of the operation of the Project, the table also contains the updated 
emission estimates from the existing Algar and Pod One sources.   

The licensed SO2 emission limit from the existing Algar facility (1.98 t/d) was based on worst-case 
reservoir characteristics.  The operation of the proposed Project will not change this emission limit and 
both the existing and proposed Algar facilities will operated under the same licensed SO2 emission 
limit.  As such, the 1.98 t/d of SO2 emissions (Table B2-2) will be distributed across the existing and 
expanded portion of the Algar facility.  The SO2 will be emitted only by the steam boilers, as those are 
the only sources fuelled by produced gas.  The other heaters and the cogen units shown in the source 
inventory in Table B2-2 will use pipeline grade natural gas and thus, will generate negligible SO2 
emissions. 

NOx and CO emissions from the steam generators and heaters were estimated based upon the 
assumption that they meet the 1998 CCME guidelines for industrial boilers and heaters.  PM2.5 

emissions from the steam generators and heaters were estimated using US-EPA (2006) AP-42 
emission factors. 

Emission rates for the cogeneration unit were provided by the equipment vendors.  Trucking 
emissions were based on an annual diesel fuel consumption rate of 383 kL/year and the assumption 
that the emissions will comply with the final U.S. Environmental Protection Agency (U.S. EPA) Non-
Road Diesel Tier 4 standards.   
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Table B2-1 Summary of Connacher Baseline Case Emissions – Criteria Pollutants 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 

(masl) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 

NOX 

(t/d) 

CO 

(t/d) 

PM2.5 

(t/d) 

Steam Boiler 1 455618 6218994 750 30.0 1.47 12.4 413 0.990 0.252 0.789 0.020 
Steam Boiler 2 455626 6218979 750 30.0 1.47 12.4 413 0.990 0.252 0.789 0.020 
Utility Boiler 445669 6218822 750 8.5 0.51 4.8 425 0.000 0.009 0.040 0.001 
Glycol Heater 455674 6218822 750 8.2 0.61 3.4 368 0.000 0.010 0.046 0.001 
Cogen Unit 455564 6219003 750 15.2 1.83 8.9 807 0.000 0.173 0.211 0.011 

Existing  
Algar 
Sources 

Crystallizer 455787 6218952 750 13.7 0.46 0.1 422 0.000 0.003 0.003 0.000 
Steam Boiler 1 448529 6219128 710 30.5 1.83 14.3 561 0.990 0.228 0.191 0.017 
Steam Boiler 2 448557 6219145 710 30.3 1.68 14.3 561 0.990 0.228 0.191 0.017 
Utility Boiler 448609 6219097 710 10.1 0.51 8.9 495 0.000 0.011 0.009 0.001 
Glycol Heater 448638 6219007 710 8.5 0.61 5.2 438 0.000 0.010 0.008 0.001 

Existing Pod 
One Sources 

Recycle Treater 448579 6219017 710 12.2 0.25 4.0 588 0.000 0.005 0.004 0.000 

Area Sources 

Emission 
Source 

NW 
UTM E 

NW  
UTM N 

NE 
UTM E 

NE 
UTM N 

SE 
UTM E 

SE 
UTM N 

SW 
UTM E 

SW 
UTM N 

Area 
(km2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

PM2.5 

(t/d) 

Trucking Route 453943 6223603 453958 6223603 448626 6218403 448611 6218403 78000 729 0.000 0.004 0.033 0.000 
Air Emissions Total from Connacher Baseline Sources 3.96 1.18 2.31 0.09 
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Table B2-2 Summary of Connacher Application Case Emissions – Criteria Pollutants 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 

(masl) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

PM2.5 
(t/d) 

Steam Boiler 1 455590 6218965 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 2 455572 6218955 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 3 455563 6218930 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 4 455581 6218940 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Steam Boiler 5 455598 6218950 750 30.0 1.83 12.0 423 0.313 0.371 1.159 0.029 
Utility Boiler 455684 6218793 750 8.5 0.76 4.3 425 0.000 0.017 0.079 0.002 
Glycol Heater 455689 6218793 750 8.2 0.91 3.1 368 0.000 0.019 0.093 0.002 

Proposed 
Expanded 
Algar 
Sources 

Cogen Unit 455560 6219035 750 20.0 2.13 8.9 473 0.000 0.269 0.328 0.006 
Steam Boiler 1 455618 6218994 750 30.0 1.47 12.4 413 0.213 0.252 0.789 0.020 
Steam Boiler 2 455626 6218979 750 30.0 1.47 12.4 413 0.213 0.252 0.789 0.020 
Utility Boiler 445669 6218822 750 8.5 0.51 4.8 425 0.000 0.009 0.040 0.001 
Glycol Heater 455674 6218822 750 8.2 0.61 3.4 368 0.000 0.010 0.046 0.001 

Existing  
Algar 
Sources 

Cogen Unit 455573 6219011 750 20.0 1.83 8.9 473 0.000 0.156 0.190 0.003 
Steam Boiler 1 448529 6219128 710 30.5 1.83 14.3 561 0.990 0.228 0.191 0.017 
Steam Boiler 2 448557 6219145 710 30.3 1.68 14.3 561 0.990 0.228 0.191 0.017 
Utility Boiler 448609 6219097 710 10.1 0.51 8.9 495 0.000 0.011 0.009 0.001 
Glycol Heater 448638 6219007 710 8.5 0.61 5.2 438 0.000 0.010 0.008 0.001 

Existing Pod 
One Sources 

Recycle Treater 448579 6219017 710 12.2 0.25 4.0 588 0.000 0.005 0.004 0.000 

Area Sources 

Emission 
Source 

NW 
UTM E 

NW  
UTM N 

NE 
UTM E 

NE 
UTM N 

SE 
UTM E 

SE 
UTM N 

SW 
UTM E 

SW 
UTM N 

Area 
(km2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

PM2.5 

(t/d) 

Trucking Route 453943 6223603 453958 6223603 448626 6218403 448611 6218403 78000 729 0.000 0.004 0.033 0.000 
Air Emissions Total from Connacher Application Sources 3.96 3.32 8.59 0.24 
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B2.1 Project Emissions of COPCs 

Emissions of COPCs from Connacher sources were estimated based on fuel gas and diesel fuel 
consumption estimates and U.S. EPA AP-42 emission factors for VOCs and PAHs.  Table B2-3 lists 
the emission rates of COPCs from the Pod One (original Great Divide), Existing Algar and Expanded 
Algar facilities. 

Table B2-3 Summary of Air Emissions of COPCs from Connacher Sources 

Emission Source 

COPC 
Pod One 

Existing 
Algar 

Expanded 
Algar 

Truck Load-
Out 

1,3-Butadiene (kg/d) 0.00E+00 0.00E+00 0.00E+00 6.38E-04 

2-MethylNaphthalene (kg/d) 1.38E-04 1.38E-04 4.70E-04 0.00E+00 

3-Methylcholanthrene (kg/d) 1.04E-05 1.04E-05 3.52E-05 0.00E+00 

7,12-Dimethylbenz(a)anthracene (kg/d) 9.21E-05 9.21E-05 3.13E-04 0.00E+00 

Acenaphthene (kg/d) 1.04E-05 1.04E-05 3.52E-05 5.82E-05 

Acenaphthylene (kg/d) 1.04E-05 1.04E-05 3.52E-05 1.31E-04 

Acetaldehyde (kg/d) 0.00E+00 0.00E+00 0.00E+00 6.47E-03 

Acrolein (kg/d) 0.00E+00 0.00E+00 0.00E+00 8.20E-04 

Aliphatic& C5-C8 (kg/d) 25.3 25.3 86.1 0.00E+00 

Anthracene (kg/d) 1.38E-05 1.38E-05 4.70E-05 2.49E-05 

Benzene (kg/d) 1.21E-02 1.21E-02 4.11E-02 1.67E-02 

Benzo(a)anthracene (kg/d) 1.04E-05 1.04E-05 3.52E-05 1.45E-05 

Benzo(a)pyrene (kg/d) 6.91E-06 6.91E-06 2.35E-05 3.18E-06 

Benzo(b)fluoranthene (kg/d) 1.04E-05 1.04E-05 3.52E-05 1.29E-05 

Benzo(g,h,i)perylene (kg/d) 6.91E-06 6.91E-06 2.35E-05 7.33E-06 

Benzo(k)fluoranthene (kg/d) 1.04E-05 1.04E-05 3.52E-05 2.75E-06 

Chrysene (kg/d) 1.04E-05 1.04E-05 3.52E-05 1.56E-05 

Dibenzo(a,h)anthracene (kg/d) 6.91E-06 6.91E-06 2.35E-05 7.05E-06 

Dichlorobenzene (kg/d) 6.91E-03 6.91E-03 2.35E-02 0.00E+00 

Fluoranthene (kg/d) 1.73E-05 1.73E-05 5.87E-05 8.25E-05 

Fluorene (kg/d) 1.61E-05 1.61E-05 5.48E-05 3.02E-04 

Formaldehyde (kg/d) 0.432 0.432 1.47 1.03E-02 

Indeno(1,2,3-cd)pyrene (kg/d) 1.04E-05 1.04E-05 3.52E-05 5.50E-06 

Naphthalene (kg/d) 3.51E-03 3.51E-03 1.19E-02 1.92E-03 

n-hexane (kg/d) 10.4 10.4 35.2 0.00E+00 

n-pentane (kg/d) 15.0 15.0 50.9 0.00E+00 

Phenanthrene (kg/d) 9.78E-05 9.78E-05 3.33E-04 5.99E-04 

Pyrene (kg/d) 2.88E-05 2.88E-05 9.78E-05 6.18E-05 

Toluene (kg/d) 1.96E-02 1.96E-02 6.65E-02 5.64E-03 

Xylenes (kg/d) 0.00E+00 0.00E+00 0.00E+00 3.91E-03 
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There may be metal or metal oxides in the air used in the combustion process, bound to suspended 
particulate.  These metals are part of the natural background exposure as regards the health risk 
assessment and would not result in a net emission increase from the Project.  In addition, there are a 
number of documents (Chao et al. 1999, Lavery 2002, VCAPCD 2001, UK National Environmental 
Technology Centre 2002) that identify trace metal emission factors or trace metal inventories and they 
do not associate metal emissions with natural gas combustion.  Therefore, Connacher has not 
estimated emissions of metals from its combustion processes. 

B3.0 REGIONAL EMISSION SOURCES 

This section lists the emission source characteristics and emission rate details of the criteria air 
contaminants (CACs) of SO2, NOx, CO and PM2.5 within the AQRSA.   

Most of the documented emission sources fall into the following three general categories: 

• Fully integrated oil sands mining, bitumen extraction and bitumen upgrading facilities using 
predominantly processed natural gas fuel and desulphurized “refinery-type” fuel gas 
(containing negligible H2S) in gas turbine/heat recovery steam generators/electricity co-
generation facilities and additional steam boilers/generators and heaters.  The major SO2 
emission source for these types of facilities is the sulphur recovery facility, which is part of the 
processing plant facility; whereas SO2 emissions from the mining fleet equipment are 
considered minor since ultra-low sulphur diesel fuel is utilized in internal combustion engines.  
NOx, CO and PM2.5 emissions from steam boilers/generators and heaters (external combustion 
sources) and the mining fleet (internal combustion engines) are considered equally significant.   
The tailings ponds at these facilities tend to be large sources of volatile organic compounds 
(VOCs) such as the BTEX compounds (benzene, toluene ethyl benzene, and xylenes).  
Polycyclic aromatic hydrocarbons (PAHs) will also be emitted by both the mining fleet and 
external combustion sources.  Total reduced sulphur compounds (TRS) will be emitted from 
fugitive sources, such as the mine facings, the tailings ponds, and via valve/fittings leaks in the 
bitumen processing area. 

• SAGD operations using predominantly processed natural gas fuel (containing negligible H2S) 
and small quantities of produced gas (containing some H2S) in steam boilers / generators and 
heaters.  For this type of industrial development, the only significant sources of CACs 
emissions are the steam boilers/generators.  These facilities will emit significantly less CACs 
than the fully integrated mining / extraction / upgrading facilities. 
These facilities will also emit much less fugitive VOCs and TRS than fully integrated facilities, 
in some cases many orders of magnitude less.  Emissions of PAHs, on the other hand, will be 
more significant at SAGD operations, although total quantities will still tend to be less than fully 
integrated facilities. 

• Oil sands mining and bitumen extraction facilities using predominantly processed natural gas 
fuel (containing negligible H2S) in gas turbine/heat recovery steam generators/electricity co-
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generation facilities and “supplemental” steam boilers/generators and heaters.  In comparison 
to the other two types of facilities mentioned above, these facilities emit predominantly NOx, 
CO and PM2.5 with emissions apportioned more or less equally between those from the 
processing equipment (external combustion sources) and those from the mining fleet (internal 
combustion engines).  SO2 emissions from the mining fleet are considered minor since the 
mining fleet equipment uses ultra-low sulphur diesel fuel.  SO2 emissions from these facilities 
are also often less than those emitted by SAGD facilities. 

Like fully integrated facilities, mining and extraction facilities will also be large sources of fugitive 
VOCs (from tailings ponds), and fugitive TRS (mine facings, tailings ponds, and valve/fittings leaks in 
the bitumen extraction area.  PAHs will also be emitted by both the mining fleet and external 
combustion sources.   

B3.1 Regional Emissions of CACs 

Emissions of CACs within the AQRSA from existing operating facilities, approved but not yet 
operating facilities, and proposed facilities including those under regulatory review, were collected 
from various public domain documents, including the Jackpine Mine Expansion & Pierre River Mine 
Project EIA (Shell Canada Ltd. 2007), Christina Lake Regional Project – Phase 3 EIA (MEG Energy 
Corp. 2008), Joslyn North Mine Project Additional Information (Total E&P Joslyn 2010), Taiga Project 
Application (Osum Oil Sands Corp. 2009) and Christina Lake Thermal Expansion Project, Phases 1E, 
1F and 1G (EnCana FCCL Ltd. 2009).  The data collected from these documents were based on 
continuous emissions that would be representative of typical operating conditions at the various 
facilities at full production capacity.  Emissions were then tabulated and forwarded to facility operators 
for verification.   

Once the verification (either explicitly or implicitly), or, in some cases, corrected data, was received, 
the data was then, in most cases, used as model inputs in the prediction of air quality in the three 
emission scenarios.  In the case of some regional projects, Connacher adjusted the emissions in 
order to reflect the following assumptions: 

• That all mining developments in the CEA Scenario will comply with the U.S. Environmental 
Protection Agency (U.S. EPA) Non-Road Diesel Tier 4 standards 

• That all new gas-fired external combustion sources (e.g., boilers, heaters, furnaces) with a 
heat input capacity greater than 10.5 GJ/h will meet the compliance limit of the Alberta 
Environment Interim NOx Guidelines (Alberta Environment 2007) in the CEA scenario 

B3.2 Regional Emissions of COPCs 

Although total VOCs emissions were, on the most part, provided by facility operators and can be 
found in previous EIAs, the emission rates for individual COPCs are generally unavailable.  For this 
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assessment, the emissions of COPCs, for those facilities and sources whose emissions were not 
directly available, were estimated as follows. 

Tailings Ponds in the AQRSA 

Whenever speciated tailings pond emissions were directly available from other operations, they were 
used (e.g., Suncor Fort Hills, Suncor Millennium, Suncor South Tailings Pond, Suncor Voyageur, 
Suncor Voyageur South, Syncrude Mildred Lake).  Tailings pond emissions for all other facilities were 
based on the speciated VOCs emission profile from the Joslyn North Mine Tailings Pond (DCEL 
2007) and scaled to the respective bitumen production of each facility.  Emission rates of VOCs from 
tailings ponds were assumed to vary with temperature.  A monthly variable tailings pond emissions 
scheme similar to the ones employed in previous EIAs in the region (CNRL 2003, Suncor 2003, 
Imperial Oil 2005, DCEL 2007) was used to determine the monthly average emission rates for the 
tailing ponds.  A summary of the monthly variable tailings pond emissions is shown in Table B3-1. 

Table B3-1 Summary of Monthly 
Variable Tailings Pond 
Emissions 

Month 
Solvent Loss Emitted 

From Tailings Pond1 (%) 

January 2.7 

February 3.4 

March 6.9 

April 29.6 

May 65.3 

June 88.3 

July 100.0 

August 95.0 

September 57.5 

October 25.8 

November 3.8 

December 2.6 

Average 40 

1 Percentages were multiplied by peak VOC emissions to represent an emission 
rate for modelling during each month.  Peak emission rates are associated with 
the design bitumen production of each mining project. 
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Mine Area Sources within the AQRSA 

Whenever speciated mine face emissions were directly available from other operations, they were 
used (e.g., Suncor Millennium, Suncor Steepbank, Suncor Voyageur, Suncor Voyageur South, 
Syncrude Mildred Lake).  Mining area fugitive emission rates for COPCs at all other active faces were 
derived based on Clearstone (1998) data for the Syncrude Mildred Lake plant and mine facilities.  
These data represent the emission flux rates of VOCs and reduced sulphur compounds (RSCs) 
measured for a variety of mine surface areas.  These data were then applied to other mining projects 
by scaling on the basis of bitumen production.  

Fugitive Plant Emissions within the AQRSA 

Whenever speciated mine face emissions were directly available from other operations, they were 
used (e.g., Suncor Base Plant, Suncor Millennium, Suncor Voyageur, Suncor Voyageur South, 
Syncrude Mildred Lake).  Otherwise, fugitive emission rates for VOCs, PAHs and RSCs from 
upgrading facilities, as well as from mining and extraction facilities, were derived and applied in the 
same manner as described above.  Measurements of the Syncrude Mildred Lake processing plant 
(Clearstone 1998) which included plant fittings, the wastewater pond, the API separator, and storage 
tanks, were used for other mining and upgrading projects by scaling on the basis of the bitumen 
production or processing capacity.  

Mine Fleet Emissions within the AQRSA 

Whenever speciated mining area fleet exhaust emissions were directly available from other 
operations, they were used (e.g., Suncor Millennium, Suncor Steepbank, Suncor Voyageur, Suncor 
Voyageur South).  Otherwise, exhaust emission rates for VOCs and PAHs for all other projects were 
based on US EPA AP-42 derived diesel engine emission factors (Chapter 3.3).  The diesel fuel 
consumption rate for each development was obtained from the respective EIAs of the various mining 
projects.  For those few projects where fuel consumption data was unavailable, it was determined by 
scaling from the diesel fuel consumption rate reported for the Syncrude Mildred Lake mine using the 
reported bitumen production rate for each development. 

Fugitive Plant Emissions for In-Situ Projects within the AQRSA 

Processing plant emissions from SAGD plant combustion sources were estimated based on fuel gas 
consumption rates and US EPA AP-42 derived natural gas external combustion emission factors for 
the VOCs and PAHs (Chapter 1.4).  The fuel gas consumption rate for each in-situ development was 
obtained from the respective EIAs of the various projects.  For those few projects where fuel 
consumption data was unavailable, it was determined by scaling from the fuel gas consumption rate 
estimated for the ConocoPhillips SAGD facility (ConocoPhillips 2006) on the basis of the bitumen 
production rate. 
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Other Sources within the AQRSA 

Community emission rates of CACs for the Baseline scenario are based on the Golder and Conor 
Pacific Technical Reference Report for emissions in the Athabasca Oil Sands Region (Golder and 
Conor Pacific 1998) and on U.S. EPA AP-42 emission rates.  The documented emissions for Fort 
McMurray, which are based on 1998 population levels, were prorated up to 2008 population levels 
(Regional Municipality of Wood Buffalo 2009) and these emissions were then used to determine the 
emissions of all the other communities (Anzac, Conklin, Fort McKay, Janvier/Chard and Saprae 
Creek) by scaling on the basis of population.  CEA emissions for these communities were prorated up 
by assuming an annual population growth rate of 3% over a 20 year time span. 

Baseline fugitive emissions of COPCs for the communities were based on a fugitive benzene 
emission rate that was determined for Fort McMurray in 2001 (Martin Rawlings, pers. comm., as 
documented in True North Energy (2001)).  This fugitive benzene emission rate was scaled to current 
population figures, and the adjusted value was used to back-calculate new per capita natural gas and 
equivalent-diesel fuel consumption rates for Fort McMurray.  The other speciated VOCs were then 
calculated using the new fuel usage numbers and the AP-42 emission factors.  As with criteria 
emissions, community emission rates of COPCs for the CEA case were assumed to grow 3% per 
year for 20 years. 

Highway emission rates of criteria emissions were taken from Golder and Conor Pacific (1998), 
prorated by the estimated growth rate in traffic on Highways 63, 69 and 881 between 1998 and 2006.  
Baseline highway fugitive emission rates for VOCs and PAHs were derived by estimating the annual 
average daily traffic volume, the average number of kilometres each vehicle traveled, and the average 
equivalent diesel fuel consumption rate of each vehicle travelling on the highways, and then 
multiplying these figures by the US EPA AP-42 derived diesel fuel internal combustion emission 
factors.  CEA emission rates for highways were prorated up from Baseline values assuming that traffic 
volume grew at a rate of 3% per year for 20 years while technological improvements would decrease 
the emission rate of each vehicle by 1% per year for 20 years 

The emissions rates of CACs and benzene from communities and highways used in this assessment 
were compared to the ChemInfo (2007) forecasts for the region.  The ChemInfo report provides a set 
of forecasted inventories of common air contaminants in Alberta, apportioned by census divisions, for 
the current year as well as for 2015 and 2020.  The comparison showed that the emission rates used 
in this assessment are significantly higher than the emission rates (as much as an order of 
magnitude) found in the ChemInfo report.  However, for the purpose of providing a conservative 
assessment, the estimated emission rates described in this section were preferred over the ChemInfo 
rates. 
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B4.0 REGIONAL EMISSION SOURCE SUMMARY 

Table B4-1 provides a summary of overall CACs emissions in the RSA for each emissions scenario.  
Tables B4-2 to B4-4 summarizes the emissions of CACs emitted by each project within the AQRSA 
for the Baseline, Application, and CEA scenarios, respectively.  Tables B4-5 to B4-45 lists the detailed 
stack and emission parameters for each point and area source, organized by project and project 
owner.  Tables B4-46 and B-47 summarizes the emissions from all non-industrial sources such as 
communities and highways.  Finally, a summary of emissions for selected chemicals of potential 
concern (COPCs) for each project in the RSA is provided in Table B4-48 

Table B4-1 Summary of Emission Rates for the Three Emission Scenarios 

Emission Rates[t/d] 
Emission Scenarios 

SO2 NOx CO PM2.5 

Baseline Emission Scenario 245.0 450.1 444.4 32.4 

Application Emission 
Scenario 245.0 452.2 450.8 32.5 

CEA Emission Scenario 280.6 541.0 598.0 40.5 

 

Table B4-2 Summary of Air Emissions for each Baseline Project  

Emission Rates [t/d] 
Operation 

SO2 NOx CO PM2.5

Alberta Oil Sands Pilot 0.15 0.12 0.37 0.01 

Albian Sands Muskeg River Mine Phase 1 & 2 0.61 31.68 27.03 1.61 

Birch Mountain  Hammerstone 9.46 12.79 11.79 1.17 

CNRL Horizon & Horizon In-situ 16 46.64 33.42 2.31 

Cenovus Christina Lake Thermal Phase 1C-1G 2.62 3.33 3.02 0.27 

Connacher Algar & Great Divide & Expansion 3.96 1.18 2.31 0.09 

Surmont Pilot & Phases 1 & 2 0.87 3.26 5.15 0.37 

Devon Jackfish SAGD 8.4 2.27 4.64 0.18 

E-T Energy Poplar Creek In-Situ 0.00 0.006 0.006 0.00 

Husky Sunrise Stage 1-3 1.18 7.56 26.95 0 

Imperial Oil Kearl 0.67 42.68 28.6 1.97 

JACOS Hangingstone Phase 1-3 0.81 0.68 0.52 0.02 

KNOC Blackgold Project 0.53 0.53 0.39 0.06 

Laricina Saleski Pilot Project 0.17 0.24 0.45 0.009 
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Table B4-2 Summary of Air Emissions for each Baseline Project  

Emission Rates [t/d] 
Operation 

SO2 NOx CO PM2.5

MEG Christina Lake Pilot & Phase 2 1.53 6.48 4.33 0.37 

Northland Forest Products 0.02 0.19 25 0.19 

OPTI/Nexen Long Lake 18.41 10.98 8.94 0.74 

Petrobank Whitesands 3.58 0.33 9.22 0.13 

Shell Jackpine Phase 1 0.33 18.28 12.22 0.85 

StatOil Leismer Demo 0.36 2.02 1.21 0.15 

Suncor Fort Hills 0.4 22.22 13.93 0.88 

Suncor MacKay River & Expansion 1.93 7.03 12 0.26 

Suncor Meadow Creek 1.48 7.18 5.62 0.48 

Suncor Dover 0.5 0.34 0.13 0.02 

Suncor Base Plant and Millennium 55.95 67.8 31.53 6.28 

Suncor Firebag & Firebag ETS 3.131 10.649 6.357 0.94 

Suncor Voyageur & Voyageur South 9.23 22.9 23.02 1.32 

Syncrude Mildred Lake 100.52 55.72 80.85 6.32 

Syncrude Aurora (South & North Mine) 0.07 27.76 6.68 1.04 

Williams Energy Fort McMurray Chemical Plant 0 0.02 0.02 0 

Community and Highway Emissions 0.54 8.02 46.71 3.97 

Gas Plants and Compressors 1.58 29.21 12.07 0.39 

Total Baseline Emissions 245.0 450.1 444.4 32.4 
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Table B4-3 Summary of Air Emissions for each Application Project  

Emission Rates [t/d] 

Operation SO2 NOx CO PM2.5 

Alberta Oil Sands Pilot 0.15 0.12 0.37 0.01 
Albian Sands Muskeg River Mine Phase 1 & 2 0.61 31.68 27.03 1.61 
Birch Mountain  Hammerstone  9.46 12.79 11.79 1.17 
CNRL Horizon & Horizon In-situ 16 46.64 33.42 2.31 
Cenovus Christina Lake Thermal Phase 1C-1G 2.62 3.33 3.02 0.27 
Connacher Algar & Great Divide & Expansion  3.96 3.32 8.59 0.24 
Surmont Pilot & Phases 1 & 2 0.87 3.26 5.15 0.37 
Devon Jackfish SAGD  8.4 2.27 4.64 0.18 
E-T Energy Poplar Creek In-Situ  0.00 0.006 0.006 0.00 
Husky Sunrise Stage 1-3 1.18 7.56 26.95 0 
Imperial Oil Kearl  0.67 42.68 28.6 1.97 
JACOS Hangingstone Phase 1-3 0.81 0.68 0.52 0.02 
KNOC Blackgold Project 0.53 0.53 0.39 0.06 
Laricina Saleski Pilot Project 0.17 0.24 0.45 0.009 
MEG Christina Lake Pilot & Phase 2 1.53 6.48 4.33 0.37 
Northland Forest Products 0.02 0.19 25 0.19 
OPTI/Nexen Long Lake 18.41 10.98 8.94 0.74 
Petrobank Whitesands  3.58 0.33 9.22 0.13 
Shell Jackpine Phase 1  0.33 18.28 12.22 0.85 
StatOil Leismer Demo 0.36 2.02 1.21 0.15 
Suncor Fort Hills  0.4 22.22 13.93 0.88 
Suncor MacKay River & Expansion 1.93 7.03 12 0.26 
Suncor Meadow Creek 1.48 7.18 5.62 0.48 
Suncor Dover  0.50 0.34 0.13 0.02 
Suncor Base Plant and Millennium 55.95 67.8 31.53 6.28 
Suncor Firebag & Firebag ETS 3.131 10.649 6.357 0.94 
Suncor Voyageur & Voyageur South 9.23 22.9 23.02 1.32 
Syncrude Mildred Lake 100.52 55.72 80.85 6.32 
Syncrude Aurora (South & North Mine) 0.07 27.76 6.68 1.04 
Williams Energy Fort McMurray Chemical Plant 0 0.02 0.02 0 
Community and Highway Emissions 0.54 8.02 46.71 3.97 
Gas Plants and Compressors 1.58 29.21 12.07 0.39 
Total Application Emissions 245.0 452.2 450.8 32.5 
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Table B4-4 Summary of Air Emissions for each CEA Project  

Emission Rates [t/d] 

Operation SO2 NOx CO PM2.5 

Alberta Oil Sands Pilot 0.15 0.12 0.37 0.01 

Albian Sands Muskeg River Mine Phase 1 & 2 0.61 21.78 27.03 0.9 

Athabasca Oil Sands Mackay River and Dover 0.13 0.28 2.11 0.03 

Birch Mountain  Hammerstone  9.46 12.79 11.79 1.17 

CNRL Horizon & Horizon In-situ 16.40 34.50 35.47 1.54 

Cenovus Borealis 1.35 1.36 1.2 0.1 

Cenovus Christina Lake Thermal Phase 1C-1G 2.66 7.26 6.52 0.59 

Cenovus Narrows Lake 2.29 3.01 2.71 0.25 

Connacher Algar & Great Divide & Expansion  3.96 3.32 8.59 0.24 

Surmont Pilot & Phases 1 & 2 0.87 3.26 5.15 0.37 

Devon Jackfish SAGD  8.4 2.27 4.64 0.18 

Enerplus Kirby Oil Sands  0.08 0.69 0.04 0.54 

E-T Energy Poplar Creek In-Situ  0.00 0.006 0.006 0.00 

Excelsior Hangingstone Pilot 0.66 0.96 0.82 0.07 

Grizzly Algar Lake Project 1.9 0.42 0.74 0.048 

Husky Sunrise Stage 1-3 1.18 7.56 26.95 0 

Imperial Oil Kearl  0.67 41.04 28.6 1.97 

JACOS Hangingstone Phase 1-3 3.94 4.56 4.76 0.27 

KNOC Blackgold Project 0.53 0.53 0.39 0.06 

Laricina Saleski Pilot Project 0.17 0.24 0.45 0.009 

MEG Christina Lake Pilot & Phase 2 2.78 16.10 13.00 1.15 

Northland Forest Products 0.02 0.19 25 0.19 

OPTI/Nexen Long Lake 18.41 10.98 8.94 0.74 

OPTI/Nexen Long Lake South 3.46 13.27 10.79 0.87 

Parsons Creek North quarry 0 0.35 1.05 0.04 

Petrobank May River 1.83 0.54 0.45 0.04 

Petrobank Whitesands  3.58 0.33 9.22 0.13 

Serrano Blackrod Project 0.002 0.194 0.281 0.007 

Shell Jackpine Expansion  4.11 18.07 18.44 0.81 

Shell Pierre River Mine  4.09 12.45 13.32 0.51 
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Table B4-4 Summary of Air Emissions for each CEA Project  

Emission Rates [t/d] 

Operation SO2 NOx CO PM2.5 

Southern Pacific MacKay River  0 0.11 0 0.11 

StatOil Kai Kos Dehseh 1.08 18.99 15.74 1.49 

StatOil Leismer Demo 0.36 2.02 1.21 0.15 

Suncor Fort Hills  0.4 21.28 13.93 0.88 

Suncor MacKay River & Expansion 1.93 7.03 12 0.26 

Suncor Meadow Creek 1.48 7.18 5.62 0.48 

Suncor Dover  0.50 0.34 0.13 0.02 

Suncor Lewis 1.63 7.01 5.39 0.47 

Suncor Base Plant and Millennium 55.95 59.72 31.53 5.48 

Suncor Firebag & Firebag ETS 7.35 21.43 14.51 1.67 

Suncor Voyageur 9.35 36.54 31.98 1.93 

Sunshine Oilsands West Ells SAGD  0.70 0.77 1.89 0.08 

Syncrude Mildred Lake 100.52 47.37 80.85 5.87 

Syncrude Aurora (South & North Mine) 0.07 17.76 6.68 0.55 

Total Joslyn North Mine 0.01 7.51 6.91 0.26 

UTS Equinox Oil Sands Mine Project 0.17 5.97 3.66 0.23 

UTS Frontier Oil Sands Mine Project 0.40 19.08 11.73 0.75 

Value Creation Terre de Grace 2.54 0.51 0.08 0.04 

Williams Energy Fort McMurray Chemical Plant 0 0.02 0.02 0 

Community and Highway Emissions 0.91 12.71 73.24 6.56 

Gas Plants and Compressors 1.58 29.21 12.07 0.39 

Total CEA Emissions 280.6 541.0 598.0 40.5 
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* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 

 

Table B4-5 Summary of Albian Sands Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Co-generator 1 469,565 6,346,240 286 37.5 5.0 18.3 398 0.00 2.13 0.99 0.06 0.12 
Co-generator 2 469,580 6,346,240 286 37.5 5.0 18.3 398 0.00 2.13 0.99 0.06 0.12 
Fuel Heater 1 469,625 6,346,240 286 8.0 0.3 18.3 448 0.00 0.007 0.011 0.001 0.001 
Fuel Heater 2 469,640 6,346,240 286 8.0 0.3 18.3 448 0.00 0.007 0.011 0.001 0.001 
Boiler 1 469,600 6,346,125 286 37.5 2.4 18.3 448 0.00 0.95 0.62 0.06 0.08 

Muskeg River  
Phase 1 

Boiler 2 469,575 6,346,125 286 37.5 2.4 18.3 448 0.00 1.072 0.69 0.06 0.11 
Boiler 3 469,565 6,345,851 286 38.0 2.0 18.0 442 0.00 0.30 0.45 0.03 0.05 
Boiler 4 469,581 6,345,855 286 38.0 2.0 18.0 442 0.00 0.30 0.45 0.03 0.05 
Boiler 5 469,578 6,345,801 286 38.0 2.0 18.0 442 0.00 0.30 0.39 0.03 0.04 
Boiler 6 469,594 6,345,806 286 38.0 2.0 18.0 442 0.00 0.30 0.39 0.03 0.04 
Boiler 7 469,549 6,345,847 286 38.0 2.0 18.0 442 0.00 0.30 0.38 0.03 0.03 
Boiler 8 469,562 6,345,798 286 38.0 2.0 18.0 442 0.00 0.30 0.38 0.03 0.03 

Muskeg River  
Phase 2 

Fuel Heater 3 469,571 6,345,606 286 8.0 0.3 18.0 453 0.00 0.01 0.01 0.00 0.00 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Mine Fleet NW Pit 462,177 6,348,638 465,177 6,348,638 465,177 6,347,138 462,177 6,347,138 4,500,000 286* 0.56 20.60 19.45 2.78 0.88 
Mine Fleet Lease 90 467,009 6,339,217 469,266 6,339,217 469,266 6,337,208 467,009 6,337,208 4,534,313 295* 0.05 1.94 1.84 0.26 0.08 
Mine Fugitives NW Pit 462,177 6,348,638 465,177 6,348,638 465,177 6,347,138 462,177 6,347,138 4,500,000 286* 0.00 0.00 0.00 8.22 0.00 
Mine Fugitives Lease 90 467,009 6,339,217 469,266 6,339,217 469,266 6,337,208 467,009 6,337,208 4,534,313 295* 0.00 0.00 0.00 0.78 0.00 

Muskeg River 
Phase 1 & 2 

Tailings Pond 464,930 6,344,288 467,538 6,344,288 467,538 6,341,580 464,930 6,341,680 6,801,664 284 0.00 0.00 0.00 14.38 0.00 

Albian Sands Muskeg Phase 1 & 2 Air Emission Totals used for the Baseline & Application Scenarios 0.61 31.68 27.03 26.80 1.61 
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Table B4-6 Summary of Albian Sands Anticipated Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Co-generator 1 469,565 6,346,240 286 37.5 5.0 18.3 398 0.00 2.13 0.99 0.06 0.12 
Co-generator 2 469,580 6,346,240 286 37.5 5.0 18.3 398 0.00 2.13 0.99 0.06 0.12 
Fuel Heater 1 469,625 6,346,240 286 8.0 0.3 18.3 448 0.00 0.007 0.011 0.001 0.001 
Fuel Heater 2 469,640 6,346,240 286 8.0 0.3 18.3 448 0.00 0.007 0.011 0.001 0.001 
Boiler 1 469,600 6,346,125 286 37.5 2.4 18.3 448 0.00 0.95 0.62 0.06 0.08 

Muskeg River  
Phase 1 

Boiler 2 469,575 6,346,125 286 37.5 2.4 18.3 448 0.00 1.072 0.69 0.06 0.11 
Boiler 3 469,565 6,345,851 286 38.0 2.0 18.0 442 0.00 0.30 0.45 0.03 0.05 
Boiler 4 469,581 6,345,855 286 38.0 2.0 18.0 442 0.00 0.30 0.45 0.03 0.05 
Boiler 5 469,578 6,345,801 286 38.0 2.0 18.0 442 0.00 0.30 0.39 0.03 0.04 
Boiler 6 469,594 6,345,806 286 38.0 2.0 18.0 442 0.00 0.30 0.39 0.03 0.04 
Boiler 7 469,549 6,345,847 286 38.0 2.0 18.0 442 0.00 0.30 0.38 0.03 0.03 
Boiler 8 469,562 6,345,798 286 38.0 2.0 18.0 442 0.00 0.30 0.38 0.03 0.03 

Muskeg River  
Phase 2 

Fuel Heater 3 469,571 6,345,606 286 8.0 0.3 18.0 453 0.00 0.01 0.01 0.00 0.00 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Mine Fleet NW Pit 462,177 6,348,638 465,177 6,348,638 465,177 6,347,138 462,177 6,347,138 4,500,000 286* 0.56 11.74 19.45 0.67 0.17 
Mine Fleet Lease 90 467,009 6,339,217 469,266 6,339,217 469,266 6,337,208 467,009 6,337,208 4,534,313 295* 0.05 1.94 1.84 0.26 0.08 
Mine Fugitives NW Pit 462,177 6,348,638 465,177 6,348,638 465,177 6,347,138 462,177 6,347,138 4,500,000 286* 0.00 0.00 0.00 8.22 0.00 
Mine Fugitives Lease 90 467,009 6,339,217 469,266 6,339,217 469,266 6,337,208 467,009 6,337,208 4,534,313 295* 0.00 0.00 0.00 0.78 0.00 

Muskeg River 
Phase 1 & 2 

Tailings Pond 464,930 6,344,288 467,538 6,344,288 467,538 6,341,580 464,930 6,341,680 6,801,664 284 0.00 0.00 0.00 14.38 0.00 
Albian Sands Muskeg Phase 1 & 2 Air Emission Totals used for the CEA Scenario 0.61 21.78 27.03 24.69 0.90 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
 

Table B4-7 Summary of CNRL Horizon Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Dilutent Recovery Unit 1 455,002 6,355,298 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Dilutent Recovery Unit 2 455,007 6,355,298 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Dilutent Recovery Unit 3 455,155 6,355,364 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Dilutent Recovery Unit 4 455,160 6,355,364 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Vacuum Tower 1 455,166 6,355,410 277 30.5 1.90 6.2 474 0.02 0.12 0.10 0.01 0.01 
Vacuum Tower 2 455,171 6,355,410 277 30.5 1.40 6.2 474 0.01 0.04 0.05 0.00 0.01 
Delayed Coking Unit 1 454,965 6,355,355 277 70.0 2.70 9.1 523 0.06 0.40 0.35 0.02 0.03 
Delayed Coking Unit 2 455,015 6,355,355 277 70.0 2.70 9.1 523 0.06 0.40 0.35 0.02 0.03 
Delayed Coking Unit 3 455,065 6,355,355 277 70.0 2.70 9.1 523 0.06 0.40 0.35 0.02 0.03 
Hydrogen Plant 1 455,448 6,355,106 276 30.5 3.90 15.0 421 0.03 1.37 1.22 0.08 0.11 
Hydrogen Plant 2 455,573 6,355,106 276 30.5 4.40 15.0 421 0.03 1.37 1.54 0.10 0.14 
Naphtha Hydrotreater 1 455,166 6,355,014 278 30.5 0.90 12.4 555 0.01 0.04 0.05 0.00 0.01 
Distillate Hydrotreater 1 454,854 6,355,014 278 30.5 1.50 11.6 799 0.02 0.11 0.09 0.01 0.01 
Gas Oil Hydrotreater 1 455,052 6,355,014 278 30.5 1.50 13.7 799 0.02 0.12 0.11 0.01 0.01 
Gas Oil Hydrotreater 2 454,860 6,354,843 279 30.5 1.30 10.0 688 0.01 0.06 0.08 0.01 0.01 
Isomer Hydrotreater 1 455,154 6,354,852 278 30.5 1.50 12.9 799 0.02 0.12 0.10 0.01 0.01 
Isomer Hydrotreater 2 455,184 6,354,840 278 30.5 1.50 12.1 799 0.02 0.11 0.10 0.01 0.01 
Utility Boiler 455,924 6,354,887 277 30.0 4.00 11.7 393 0.01 1.25 1.07 0.07 0.10 
Cogeneration Unit1 455,922 6,354,992 278 38.0 5.50 21.7 405 0.01 2.16 1.69 0.06 0.14 
Cogeneration Unit2 455,922 6,354,948 277 38.0 5.50 21.7 405 0.01 2.16 1.69 0.06 0.14 

Horizon 

Sulphur Recovery Unit 455,573 6,355,395 277 106.7 3.40 17.0 811 14.99 0.28 0.12 0.01 0.01 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Mine Fleet 454,000 6,353,683 458,327 6,353,683 458,327 6,352,000 454,000 6,352,000 7,282,341 278* 0.43 33.12 20.89 4.59 1.20 
Space Heating (Bitu Production) 453,506 6,355,399 454,230 6,355,399 454,230 6,354,864 453,506 6,354,864 387,340 300 0.00 0.32 0.28 0.02 0.03 
Space Heating (Mine) 452,191 6,355,617 452,675 6,355,617 452,675 6,355,279 452,191 6,355,279 163,592 312 0.01 0.98 0.89 0.06 0.08 
Space Heating (Infrastructure) 452,777 6,355,391 453,495 6,355,391 453,495 6,354,867 452,777 6,354,867 376,232 306 0.01 0.82 0.78 0.05 0.07 
Space Heating (Infrastructure) 455,009 6,354,332 455,428 6,354,332 455,428 6,354,143 455,009 6,354,143 79,191 291 0.00 0.25 0.22 0.01 0.02 
Space Heating (Infrastructure) 455,621 6,354,536 456,080 6,354,536 456,080 6,354,205 455,621 6,354,205 151,929 283 0.00 0.25 0.22 0.01 0.02 
Plant Fugitives 454,754 6,355,510 456,024 6,355,510 456,024 6,354,740 454,754 6,354,740 977,900 286 0.00 0.00 0.00 4.13 0.00 
Mine Face 454,000 6,353,683 458,327 6,353,683 458,327 6,352,000 454,000 6,352,000 7,282,341 278* 0.00 0.00 0.00 8.46 0.00 

Horizon 

Tailings Pond 443,750 6,353,000 447,500 6,357,500 447,500 6,357,500 443,750 6,353,000 16,875,000 356 0.00 0.00 0.00 55.74 0.00 
CNRL Horizon Air Emission Totals for the Baseline and Application Scenarios 16.00 46.64 33.42 73.67 2.31 
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Table B4-8 Summary of CNRL Horizon Anticipated Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Dilutent Recovery Unit 1 455,002 6,355,298 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Dilutent Recovery Unit 2 455,007 6,355,298 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Dilutent Recovery Unit 3 455,155 6,355,364 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Dilutent Recovery Unit 4 455,160 6,355,364 277 30.5 3.00 6.2 474 0.04 0.30 0.25 0.02 0.02 
Vacuum Tower 1 455,166 6,355,410 277 30.5 1.90 6.2 474 0.02 0.12 0.10 0.01 0.01 
Vacuum Tower 2 455,171 6,355,410 277 30.5 1.40 6.2 474 0.01 0.04 0.05 0.00 0.01 
Delayed Coking Unit 1 454,965 6,355,355 277 70.0 2.70 9.1 523 0.06 0.40 0.35 0.02 0.03 
Delayed Coking Unit 2 455,015 6,355,355 277 70.0 2.70 9.1 523 0.06 0.40 0.35 0.02 0.03 
Delayed Coking Unit 3 455,065 6,355,355 277 70.0 2.70 9.1 523 0.06 0.40 0.35 0.02 0.03 
Hydrogen Plant 1 455,448 6,355,106 276 30.5 3.90 15.0 421 0.03 1.37 1.22 0.08 0.11 
Hydrogen Plant 2 455,573 6,355,106 276 30.5 4.40 15.0 421 0.03 1.37 1.54 0.10 0.14 
Naphtha Hydrotreater 1 455,166 6,355,014 278 30.5 0.90 12.4 555 0.01 0.04 0.05 0.00 0.01 
Distillate Hydrotreater 1 454,854 6,355,014 278 30.5 1.50 11.6 799 0.02 0.11 0.09 0.01 0.01 
Gas Oil Hydrotreater 1 455,052 6,355,014 278 30.5 1.50 13.7 799 0.02 0.12 0.11 0.01 0.01 
Gas Oil Hydrotreater 2 454,860 6,354,843 279 30.5 1.30 10.0 688 0.01 0.06 0.08 0.01 0.01 
Isomer Hydrotreater 1 455,154 6,354,852 278 30.5 1.50 12.9 799 0.02 0.12 0.10 0.01 0.01 
Isomer Hydrotreater 2 455,184 6,354,840 278 30.5 1.50 12.1 799 0.02 0.11 0.10 0.01 0.01 
Utility Boiler 455,924 6,354,887 277 30.0 4.00 11.7 393 0.01 1.25 1.07 0.07 0.10 
Cogeneration Unit1 455,922 6,354,992 278 38.0 5.50 21.7 405 0.01 2.16 1.69 0.06 0.14 
Cogeneration Unit2 455,922 6,354,948 277 38.0 5.50 21.7 405 0.01 2.16 1.69 0.06 0.14 

Horizon 

Sulphur Recovery Unit 455,573 6,355,395 277 106.7 3.40 17.0 811 14.99 0.28 0.12 0.01 0.01 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Mine Fleet 454,000 6,353,683 458,327 6,353,683 458,327 6,352,000 454,000 6,352,000 7,282,341 278* 0.43 18.88 20.89 1.10 0.23 
Space Heating (Bitu Production) 453,506 6,355,399 454,230 6,355,399 454,230 6,354,864 453,506 6,354,864 387,340 300 0.00 0.32 0.28 0.02 0.03 
Space Heating (Mine) 452,191 6,355,617 452,675 6,355,617 452,675 6,355,279 452,191 6,355,279 163,592 312 0.01 0.98 0.89 0.06 0.08 
Space Heating (Infrastructure) 452,777 6,355,391 453,495 6,355,391 453,495 6,354,867 452,777 6,354,867 376,232 306 0.01 0.82 0.78 0.05 0.07 
Space Heating (Infrastructure) 455,009 6,354,332 455,428 6,354,332 455,428 6,354,143 455,009 6,354,143 79,191 291 0.00 0.25 0.22 0.01 0.02 
Space Heating (Infrastructure) 455,621 6,354,536 456,080 6,354,536 456,080 6,354,205 455,621 6,354,205 151,929 283 0.00 0.25 0.22 0.01 0.02 
Plant Fugitives 454,754 6,355,510 456,024 6,355,510 456,024 6,354,740 454,754 6,354,740 977,900 286 0.00 0.00 0.00 4.13 0.00 
Mine Face 454,000 6,353,683 458,327 6,353,683 458,327 6,352,000 454,000 6,352,000 7,282,341 278* 0.00 0.00 0.00 8.46 0.00 

Horizon 

Tailings Pond 443,750 6,353,000 447,500 6,357,500 447,500 6,357,500 443,750 6,353,000 16,875,000 356 0.00 0.00 0.00 55.74 0.00 
CNRL Horizon Air Emission Totals for the CEA Scenario 16.00 32.40 33.42 70.18 1.34 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-9 Summary of Imperial Oil Kearl Approved Air Emissions used for the Baseline and Application Scenarios 
Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Cogeneration Unit 1 496,039 6,362,017 356 30 5.0 18.3 387 0.01 2.19 1.38 0.06 0.12 
Cogeneration Unit 2 496,039 6,362,117 356 30 5.0 18.3 387 0.01 2.19 1.38 0.06 0.12 
Cogeneration Unit 3 496,039 6,362,217 357 30 5.0 18.3 387 0.01 2.19 1.38 0.06 0.12 
Auxiliary Boiler 1 495,784 6,362,017 346 30 3.5 17.0 387 0.01 1.56 1.23 0.08 0.11 
Steam Generator 495,784 6,362,117 347 30 3.5 17.0 387 0.01 1.56 1.23 0.08 0.11 

Kearl 

Steam Generator 495,784 6,362,217 348 30 3.5 17.0 387 0.01 1.56 1.23 0.08 0.11 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Space Heating Plant 495,000 6,362,500 496,500 6,362,500 496,500 6,361,500 495,000 6,361,500 1,500,000 345 0.002 0.58 0.26 0.02 0.02 
Space Heating Mine 496,001 6,361,486 496,417 6,361,486 496,621 6,360,774 496,237 6,360,664 319,184 363 0.02 2.41 2.47 0.17 0.23 
Mine Fleet - Area North 1 489,088 6,365,143 490,112 6,365,143 490,042 6,361,857 489,229 6,361,839 3,027,544 248* 0.06 3.01 1.91 1.54 0.11 
Mine Fleet - Area North 2 490,130 6,363,871 492,409 6,363,942 492,356 6,360,885 490,165 6,360,903 6,732,296 252* 0.14 6.69 4.24 3.43 0.24 
Mine Fleet - Area North 3 492,692 6,362,546 494,388 6,362,440 494,582 6,360,726 492,710 6,360,762 3,113,700 269* 0.06 3.09 1.96 1.59 0.11 
Mine Fleet - Area North 4 490,606 6,360,560 495,509 6,360,629 495,578 6,359,006 490,698 6,358,925 7,974,591 270* 0.16 7.93 5.03 4.07 0.29 
Mine Fleet - Area North 5 491,423 6,358,775 495,509 6,358,833 494,059 6,356,496 491,492 6,356,404 7,779,471 281* 0.16 7.73 4.90 3.97 0.28 
Tailings Pond Fugitives 492,298 6,366,023 499,117 6,366,091 499,173 6,362,866 494,246 6,362,754 19,160,717 354 0.00 0.00 0.00 137.95 0.00 

Kearl 

Plant Fugitives  495,000 6,362,500 496,500 6,362,500 496,500 6,361,500 495,000 6,361,500 1,500,000 378 0.00 0.00 0.00 3.55 0.00 
Imperial Oil Kearl Air Emission Totals for the Baseline and Application Scenarios 0.67 42.68 28.60 156.69 1.97 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-10 Summary of Imperial Oil Kearl Anticipated Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Cogeneration Unit 1 496,039 6,362,017 356 30 5.0 18.3 387 0.01 2.19 1.38 0.06 0.12 
Cogeneration Unit 2 496,039 6,362,117 356 30 5.0 18.3 387 0.01 2.19 1.38 0.06 0.12 
Cogeneration Unit 3 496,039 6,362,217 357 30 5.0 18.3 387 0.01 2.19 1.38 0.06 0.12 
Auxiliary Boiler 1 495,784 6,362,017 346 30 3.5 17.0 387 0.01 1.01 1.23 0.08 0.11 
Steam Generator 495,784 6,362,117 347 30 3.5 17.0 387 0.01 1.01 1.23 0.08 0.11 

Kearl 

Steam Generator 495,784 6,362,217 348 30 3.5 17.0 387 0.01 1.01 1.23 0.08 0.11 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Space Heating Plant 495,000 6,362,500 496,500 6,362,500 496,500 6,361,500 495,000 6,361,500 1,500,000 345 0.002 0.58 0.26 0.02 0.02 
Space Heating Mine 496,001 6,361,486 496,417 6,361,486 496,621 6,360,774 496,237 6,360,664 319,184 363 0.02 2.41 2.47 0.17 0.23 
Mine Fleet - Area North 1 489,088 6,365,143 490,112 6,365,143 490,042 6,361,857 489,229 6,361,839 3,027,544 248* 0.06 3.01 1.91 1.54 0.11 
Mine Fleet - Area North 2 490,130 6,363,871 492,409 6,363,942 492,356 6,360,885 490,165 6,360,903 6,732,296 252* 0.14 6.69 4.24 3.43 0.24 
Mine Fleet - Area North 3 492,692 6,362,546 494,388 6,362,440 494,582 6,360,726 492,710 6,360,762 3,113,700 269* 0.06 3.09 1.96 1.59 0.11 
Mine Fleet - Area North 4 490,606 6,360,560 495,509 6,360,629 495,578 6,359,006 490,698 6,358,925 7,974,591 270* 0.16 7.93 5.03 4.07 0.29 
Mine Fleet - Area North 5 491,423 6,358,775 495,509 6,358,833 494,059 6,356,496 491,492 6,356,404 7,779,471 281* 0.16 7.73 4.90 3.97 0.28 
Tailings Pond Fugitives 492,298 6,366,023 499,117 6,366,091 499,173 6,362,866 494,246 6,362,754 19,160,717 354 0.00 0.00 0.00 137.95 0.00 

Kearl 

Plant Fugitives  495,000 6,362,500 496,500 6,362,500 496,500 6,361,500 495,000 6,361,500 1,500,000 378 0.00 0.00 0.00 3.55 0.00 
Imperial Oil Kearl Air Emission Totals for the CEA Scenario 0.67 41.04 28.60 156.69 1.97 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-11 Summary of Shell Jackpine Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Co-generator 1 477,158 6,344,508 324 30 5.5 15 393 0.02 3.38 1.96 0.08 0.16 
Boiler 1 477,174 6,344,545 324 25 4.5 15 453 0.01 1.73 1.47 0.10 0.13 Jackpine 

Phase 1 
Boiler 2 477,174 6,344,530 324 25 4.5 15 453 0.01 1.73 1.47 0.10 0.13 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Mine Fleet/Fugitives 1 477,783 6,348,249 480,595 6,348,249 480,595 6,343,561 477,783 6,343,561 13,182,656 263* 0.29 11.20 6.97 7.76 0.40 
Space Heating 476,515 6,344,675 476,737 6,344,675 476,737 6,344,435 476,515 6,344,435 53,280 318 0.003 0.23 0.36 0.02 0.03 Jackpine 

Phase 1 
Tailings Pond 477,783 6,343,187 480,595 6,343,187 480,595 6,340,749 477,783 6,340,749 6,855,656 323 0.00 0.00 0.00 9.92 0.00 

Shell Jackpine Phase 1 Air Emission Totals used for the Baseline and Application Scenarios 0.33 18.28 12.22 17.97 0.85 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-12 Summary of Shell Jackpine Expansion and Pierre River Mine Proposed Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Co-generator 1 476,180 6,344,235 311 40 4.3 23.0 360 0.01 2.24 1.42 0.05 0.12 
Co-generator 2 476,141 6,344,215 310 40 4.3 23.0 360 0.01 2.24 1.42 0.05 0.12 
Asphaltene Cogen 476,567 6,344,273 313 150 4.5 20.0 328 4.07 2.89 3.86 0.16 0.18 

Jackpine 
Expansion 

OTSG 476,376 6,343,975 311 13 0.9 14.3 392 0.00 0.05 0.07 0.00 0.01 
Co-generator 1 465,980 6,376,404 267 40 4.3 23.0 360 0.01 2.24 1.42 0.05 0.12 Pierre River 

Mine Asphaltene Cogen 465,946 6,376,782 270 150 4.5 20.0 328 4.07 2.89 3.86 0.16 0.18 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Mine Area 1 476,219 6,347,480 480,277 6,347,480 480,277 6,343,422 476,219 6,343,422 16,467,067 262* 0.008 5.76 6.32 5.82 0.205 
Mine Area 2 477,860 6,349,050 480,920 6,349,050 480,920 6,345,990 477,860 6,345,990 9,365,820 259* 0.005 3.29 3.60 3.31 0.118 
Mine Area 3 479,738 6,349,487 481,874 6,349,487 481,874 6,347,351 479,738 6,347,351 4,562,754 257* 0.002 1.60 1.75 1.61 0.057 
Tailings Pond 478,033 6,342,861 479,843 6,342,861 479,843 6,341,051 478,033 6,341,051 3,275,384 325 0.000 0.00 0.00 14.88 0.00 

Jackpine 
Expansion 

Plant/Tank Farm Fug. 475,913 6,344,370 477,007 6,344,370 477,007 6,343,276 475,913 6,343,276 1,196,490 312 0.000 0.00 0.00 0.26 0.00 
Mine Area 1 458,762 6,374,017 464,592 6,374,017 464,592 6,368,187 458,762 6,368,187 33,987,901 224* 0.01 5.27 5.79 5.10 0.15 
Mine Area 2 461,343 6,376,687 464,427 6,376,687 464,427 6,373,603 461,343 6,373,603 9,505,012 229* 0.00 1.48 1.63 1.43 0.04 
Mine Area 3 462,623 6,377,735 464,533 6,377,735 464,533 6,375,825 462,623 6,375,825 3,651,076 221* 0.00 0.57 0.62 0.55 0.02 
Tailings Pond 464,526 6,386,790 466,706 6,386,790 466,706 6,384,610 464,526 6,384,610 4,752,942 276 0.00 0.00 0.00 9.92 0.00 

Pierre River 
Mine 

Plant Fugitives 465,481 6,376,679 467,229 6,376,679 467,229 6,374,931 465,481 6,374,931 3,056,589 259 0.00 0.00 0.00 0.17 0.00 
 Shell Jackpine Expansion and Pierre River Mine Air Emission Totals for the CEA Scenario 8.20 30.51 31.75 43.52 1.32 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-13 Summary of Suncor (formerly Petro-Canada) Fort Hills Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Gas Turbine 465,597 6,361,155 360 40 4.3 23.0 360 0.00 1.61 0.85 0.00 0.09 
Gas Turbine 465,637 6,361,155 362 40 4.3 23.0 360 0.00 1.61 0.85 0.00 0.09 
Auxiliary Boiler  465,722 6,361,155 363 40 2.7 21.9 436 0.00 0.90 0.79 0.00 0.04 
Auxiliary Boiler  465,722 6,361,070 363 40 2.7 21.9 436 0.00 0.90 0.79 0.00 0.04 

Fort Hills 

Auxiliary Boiler 465,722 6,360,985 363 40 2.7 21.9 436 0.00 0.90 0.79 0.00 0.04 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

North Mine 461,050 6,360,450 463,050 6,360,450 463,050 6,358,450 461,050 6,358,450 4,000,000 247* 0.20 8.15 4.93 0.55 0.29 
South Mine 461,550 6,357,700 464,800 6,357,700 464,800 6,355,200 461,550 6,355,200 8,125,000 242* 0.20 8.15 4.93 0.55 0.29 Fort Hills 

Tailings Pond 466,550 6,362,000 467,550 6,362,000 467,550 6,361,000 466,550 6,361,000 1,000,000 347 0.00 0.00 0.00 25.50 0.00 
Suncor Fort Hills Air Emission Totals for the Baseline and Application Scenarios 0.40 22.22 13.93 26.60 0.88 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-14 Summary of Suncor (formerly Petro-Canada) Fort Hills Anticipated Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Gas Turbine 465,597 6,361,155 360 40 4.3 23.0 360 0.00 1.61 0.85 0.00 0.09 
Gas Turbine 465,637 6,361,155 362 40 4.3 23.0 360 0.00 1.61 0.85 0.00 0.09 
Auxiliary Boiler  465,722 6,361,155 363 40 2.7 21.9 436 0.00 0.59 0.79 0.00 0.04 
Auxiliary Boiler  465,722 6,361,070 363 40 2.7 21.9 436 0.00 0.59 0.79 0.00 0.04 

Fort Hills 

Auxiliary Boiler 465,722 6,360,985 363 40 2.7 21.9 436 0.00 0.59 0.79 0.00 0.04 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

North Mine 461,050 6,360,450 463,050 6,360,450 463,050 6,358,450 461,050 6,358,450 4,000,000 247* 0.20 8.15 4.93 0.55 0.29 
South Mine 461,550 6,357,700 464,800 6,357,700 464,800 6,355,200 461,550 6,355,200 8,125,000 242* 0.20 8.15 4.93 0.55 0.29 Fort Hills 

Tailings Pond 466,550 6,362,000 467,550 6,362,000 467,550 6,361,000 466,550 6,361,000 1,000,000 347 0.00 0.00 0.00 25.50 0.00 
Suncor Fort Hills Air Emission Totals used for the CEA Scenarios 0.40 21.28 13.93 26.60 0.88 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-15 Summary of Suncor Base Plant / Millennium Existing and Approved Air Emissions used for the Baseline and Application 
Scenarios  

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2
a 

(t/d) 
NOX  

(t/d) 
CO  
(t/d) 

VOC (t/d) PM2.5 (t/d) 

FGD Stack 471,043 6,317,825 251 137.2 7.01 13.1 322 18.749 31.971 0.781 0.172 4.053 
Powerhouse Stack 471,026 6,317,764 254 106.7 5.79 7.0 466 16.153 4.780 2.053 0.143 0.485 
Gas Turbine Generator 470,360 6,318,450 267 30.5 6.10 15.9 383 0.000 2.256 1.728 0.067 0.145 
Gas Turbine Generator 470,459 6,318,282 266 30.5 6.10 15.9 383 0.000 2.256 1.728 0.067 0.145 
Sulphur Plant Incinerator 471,003 6,318,016 248 106.7 1.98 22.0 673 12.417 0.113 0.027 0.002 0.002 
Plant 5 Diluent Tower Feed Heater 470,986 6,317,928 250 48.8 1.80 5.5 733 0.042 0.125 0.105 0.007 0.010 
Plant 5 Diluent Heater 470,989 6,317,924 250 48.8 1.80 5.5 733 0.042 0.125 0.105 0.007 0.010 
Plant 5 Coker Feed Heater 471,012 6,317,923 250 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 5 Coker Feed Heater 471,025 6,317,903 250 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 5 Coker Feed Heater 471,039 6,317,882 250 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 5 Diluent Tower Feed Heater 470,999 6,317,900 251 50.3 1.78 11.0 644 0.059 0.331 0.146 0.010 0.013 
Plant 5 Coker Feed Heater 471,050 6,317,865 249 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 6 Hydrogen Reforming Furnace 470,850 6,317,902 257 61.0 2.06 15.2 566 0.266 1.495 0.661 0.043 0.060 
Plant 6 Hydrogen Plant Waste Gas 470,874 6,317,926 255 15.2 1.37 6.1 561 0.014 0.041 0.034 0.002 0.003 
Plant 7 Naphtha Charge Heater 470,971 6,317,907 251 41.1 1.27 6.7 728 0.013 0.039 0.033 0.002 0.003 
Plant 7 Naphtha Depropanizer Reboiler 470,975 6,317,910 251 41.1 1.37 7.6 728 0.017 0.051 0.043 0.003 0.004 
Plant 7 Kerosene Charge Heater 470,975 6,317,899 251 41.1 1.26 7.6 728 0.014 0.041 0.034 0.002 0.003 
Plant 7 Kerosene Stripper Reboiler 470,993 6,317,878 251 45.7 1.50 6.7 728 0.017 0.051 0.043 0.003 0.004 
Plant 7 Gas Oil Charge Heater 470,998 6,317,862 251 41.1 1.27 9.1 733 0.025 0.073 0.061 0.004 0.006 
Plant 7 Gas Oil Charge Heater 471,002 6,317,865 251 41.1 1.27 9.1 733 0.025 0.073 0.061 0.004 0.006 
Plant 7 Gas Oil Charge Heater 471,007 6,317,868 251 41.1 1.27 9.1 733 0.025 0.073 0.061 0.004 0.006 
Plant 25 Charge Heater 470,750 6,318,076 256 67.0 1.49 9.1 486 0.043 0.127 0.106 0.007 0.010 
Plant 25 Vacuum Heater 470,737 6,318,091 256 80.7 2.21 9.1 489 0.092 0.519 0.229 0.015 0.021 

Suncor 
Base Plant 

Sulphur Plant Incinerator 470,933 6,318,211 247 106.1 3.35 8.6 673 5.959 0.332 0.108 0.007 0.010 
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Table B4-15 Summary of Suncor Base Plant / Millennium Existing and Approved Air Emissions used for the Baseline and Application 
Scenarios  

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2
a 

(t/d) 
NOX  

(t/d) 
CO  
(t/d) 

VOC (t/d) PM2.5 (t/d) 

Plant 52 Diluent Tower Fired Heater 470,804 6,318,588 245 54.9 2.97 7.6 489 0.042 0.074 0.105 0.007 0.010 
Plant 52 Diluent Tower Fired Heater 470,823 6,318,599 244 54.9 2.97 7.6 489 0.042 0.074 0.105 0.007 0.010 
Plant 52 Coker Charge Heaters 470,884 6,318,477 244 60.7 3.35 7.6 478 0.118 0.279 0.294 0.019 0.027 
Plant 52 Coker Charge Heaters 470,902 6,318,446 244 60.7 3.35 7.6 478 0.118 0.279 0.294 0.019 0.027 
Plant 54 Reformer 470,529 6,318,514 258 38.1 2.84 15.2 566 0.177 0.484 0.441 0.029 0.040 
Plant 55 Fired Heater, Reactor #2 Charge Heater 470,676 6,318,482 252 38.1 0.94 5.6 535 0.008 0.014 0.021 0.001 0.002 
Plant 55 Fired Heater Combined Feed Heater 470,637 6,318,600 252 38.1 1.22 7.6 533 0.018 0.027 0.044 0.003 0.004 
Plant 55 Fired Heater Stripper Reboiler 470,630 6,318,562 253 37.5 1.78 6.1 625 0.018 0.032 0.045 0.003 0.004 
Plant 55 Fired Heater Combined Feed Heater 470,710 6,318,421 252 38.1 1.16 6.1 535 0.016 0.025 0.040 0.003 0.004 
Plant 57 Diluent Tower Heater 470,733 6,318,662 247 49.1 1.73 10.1 483 0.116 0.126 0.111 0.007 0.010 
Plant 57 Diluent Tower Heater 470,748 6,318,761 245 49.1 1.73 10.1 483 0.116 0.126 0.111 0.007 0.010 
Plant 57 Vacuum Tower Heater 470,777 6,318,686 245 47.8 1.85 10.1 483 0.155 0.159 0.149 0.010 0.014 
Plant 57 Vacuum Tower Heater 470,789 6,318,691 244 47.8 1.85 10.1 483 0.155 0.159 0.149 0.010 0.014 
Plant 52 Coker Charge Heaters 470,912 6,318,381 245 60.7 3.28 7.6 487 0.317 0.340 0.305 0.020 0.028 
Naphtha Hydrotreater #3 Reactor Charge Heater 470,411 6,318,623 261 38.1 0.52 5.6 533 0.031 0.021 0.026 0.002 0.002 

Suncor 
Millennium 

Hydrogen Plant #3 470,465 6,318,577 260 42.7 3.50 13.7 422 0.159 0.422 0.324 0.021 0.029 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area  
(m2) 

Elevation
(m ASL) 

SO2
a 

(t/d) 
NOX  
(t/d) 

CO  
(t/d) 

VOC 
(t/d) PM2.5 (t/d) 

Mine Area 1 474,421 6,311,147 478,254 6,311,147 478,244 6,306,719 474,431 6,306,719 16,927,841 263* 0.030 5.330 5.719 2.260 0.280 
Mine Area 2 478,383 6,311,147 481,401 6,311,147 481,401 6,307,136 478,373 6,307,116 12,157,244 263* 0.022 3.828 4.107 1.623 0.201 
Mine Area 3 477,865 6,314,587 481,033 6,314,560 481,075 6,311,254 477,865 6,311,254 10,583,788 263* 0.019 3.332 3.576 1.413 0.175 
Mine Area 4 473,940 6,315,427 477,810 6,315,427 477,797 6,311,240 473,954 6,311,254 16,121,151 263* 0.029 5.076 5.447 2.152 0.266 
Mine Area 5 473,885 6,316,612 475,317 6,316,584 475,372 6,315,510 473,885 6,315,510 1,588,191 263* 0.003 0.500 0.537 0.212 0.026 
Mine Area 6 472,714 6,317,590 473,348 6,318,251 474,312 6,317,245 473,706 6,316,667 1,203,634 263* 0.002 0.379 0.407 0.161 0.020 
Mine Area 7 471,819 6,319,077 472,480 6,319,546 473,182 6,318,457 472,590 6,317,920 1,073,979 263* 0.002 0.338 0.363 0.143 0.018 
Tailings Ponds 468,233 6,317,061 469,459 6,317,061 469,459 6,315,759 468,233 6,315,759 1,595,400 312 0.000 0.000 0.000 157.214 0.000 
South Tailings Pond 478,109 6,305,130 481,783 6,305,130 481,783 6,301,456 478,109 6,301,456 13,499,746 357 0.000 0.000 0.000 4.536 0.000 
Plant Fugitives 470,238 6,318,402 470,728 6,318,693 471,443 6,317,492 470,953 6,317,203 795,855 256 0.000 0.000 0.000 16.889 0.000 

Suncor 
Millennium  

Gasoline Refueling Fug 470,728 6,318,693 471,443 6,317,492 470,953 6,317,203 470,238 6,318,402 795,855 256 0.000 0.000 0.000 0.092 0.000 
Suncor Base Plant / Millennium Air Emission Totals for the Baseline and Application Scenarios 55.95 67.80 31.53 187.48 6.28 

a Sulphur dioxide emission rates are based on calendar day values. 
* Estimated elevations of pit floors for all mines were approximated to be uniform at 263 m ASL in modelling 
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Table B4-16 Summary of Suncor Base Plant / Millennium Anticipated Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2
a 

(t/d) 
NOX  

(t/d) 
CO  
(t/d) 

VOC (t/d) PM2.5 (t/d) 

FGD Stack 471,043 6,317,825 251 137.2 7.01 13.1 322 18.749 31.971 0.781 0.172 4.053 
Powerhouse Stack 471,026 6,317,764 254 106.7 5.79 7.0 466 16.153 4.780 2.053 0.143 0.485 
Gas Turbine Generator 470,360 6,318,450 267 30.5 6.10 15.9 383 0.000 2.256 1.728 0.067 0.145 
Gas Turbine Generator 470,459 6,318,282 266 30.5 6.10 15.9 383 0.000 2.256 1.728 0.067 0.145 
Sulphur Plant Incinerator 471,003 6,318,016 248 106.7 1.98 22.0 673 12.417 0.113 0.027 0.002 0.002 
Plant 5 Diluent Tower Feed Heater 470,986 6,317,928 250 48.8 1.80 5.5 733 0.042 0.125 0.105 0.007 0.010 
Plant 5 Diluent Heater 470,989 6,317,924 250 48.8 1.80 5.5 733 0.042 0.125 0.105 0.007 0.010 
Plant 5 Coker Feed Heater 471,012 6,317,923 250 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 5 Coker Feed Heater 471,025 6,317,903 250 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 5 Coker Feed Heater 471,039 6,317,882 250 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 5 Diluent Tower Feed Heater 470,999 6,317,900 251 50.3 1.78 11.0 644 0.059 0.331 0.146 0.010 0.013 
Plant 5 Coker Feed Heater 471,050 6,317,865 249 41.1 2.18 7.6 728 0.067 0.376 0.166 0.011 0.015 
Plant 6 Hydrogen Reforming Furnace 470,850 6,317,902 257 61.0 2.06 15.2 566 0.266 1.495 0.661 0.043 0.060 
Plant 6 Hydrogen Plant Waste Gas 470,874 6,317,926 255 15.2 1.37 6.1 561 0.014 0.041 0.034 0.002 0.003 
Plant 7 Naphtha Charge Heater 470,971 6,317,907 251 41.1 1.27 6.7 728 0.013 0.039 0.033 0.002 0.003 
Plant 7 Naphtha Depropanizer Reboiler 470,975 6,317,910 251 41.1 1.37 7.6 728 0.017 0.051 0.043 0.003 0.004 
Plant 7 Kerosene Charge Heater 470,975 6,317,899 251 41.1 1.26 7.6 728 0.014 0.041 0.034 0.002 0.003 
Plant 7 Kerosene Stripper Reboiler 470,993 6,317,878 251 45.7 1.50 6.7 728 0.017 0.051 0.043 0.003 0.004 
Plant 7 Gas Oil Charge Heater 470,998 6,317,862 251 41.1 1.27 9.1 733 0.025 0.073 0.061 0.004 0.006 
Plant 7 Gas Oil Charge Heater 471,002 6,317,865 251 41.1 1.27 9.1 733 0.025 0.073 0.061 0.004 0.006 
Plant 7 Gas Oil Charge Heater 471,007 6,317,868 251 41.1 1.27 9.1 733 0.025 0.073 0.061 0.004 0.006 
Plant 25 Charge Heater 470,750 6,318,076 256 67.0 1.49 9.1 486 0.043 0.127 0.106 0.007 0.010 
Plant 25 Vacuum Heater 470,737 6,318,091 256 80.7 2.21 9.1 489 0.092 0.519 0.229 0.015 0.021 

Suncor 
Base Plant 

Sulphur Plant Incinerator 470,933 6,318,211 247 106.1 3.35 8.6 673 5.959 0.332 0.108 0.007 0.010 
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Table B4-16 Summary of Suncor Base Plant / Millennium Anticipated Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2
a 

(t/d) 
NOX  

(t/d) 
CO  
(t/d) 

VOC (t/d) PM2.5 (t/d) 

Plant 52 Diluent Tower Fired Heater 470,804 6,318,588 245 54.9 2.97 7.6 489 0.042 0.074 0.105 0.007 0.010 
Plant 52 Diluent Tower Fired Heater 470,823 6,318,599 244 54.9 2.97 7.6 489 0.042 0.074 0.105 0.007 0.010 
Plant 52 Coker Charge Heaters 470,884 6,318,477 244 60.7 3.35 7.6 478 0.118 0.279 0.294 0.019 0.027 
Plant 52 Coker Charge Heaters 470,902 6,318,446 244 60.7 3.35 7.6 478 0.118 0.279 0.294 0.019 0.027 
Plant 54 Reformer 470,529 6,318,514 258 38.1 2.84 15.2 566 0.177 0.484 0.441 0.029 0.040 
Plant 55 Fired Heater, Reactor #2 Charge Heater 470,676 6,318,482 252 38.1 0.94 5.6 535 0.008 0.014 0.021 0.001 0.002 
Plant 55 Fired Heater Combined Feed Heater 470,637 6,318,600 252 38.1 1.22 7.6 533 0.018 0.027 0.044 0.003 0.004 
Plant 55 Fired Heater Stripper Reboiler 470,630 6,318,562 253 37.5 1.78 6.1 625 0.018 0.032 0.045 0.003 0.004 
Plant 55 Fired Heater Combined Feed Heater 470,710 6,318,421 252 38.1 1.16 6.1 535 0.016 0.025 0.040 0.003 0.004 
Plant 57 Diluent Tower Heater 470,733 6,318,662 247 49.1 1.73 10.1 483 0.116 0.126 0.111 0.007 0.010 
Plant 57 Diluent Tower Heater 470,748 6,318,761 245 49.1 1.73 10.1 483 0.116 0.126 0.111 0.007 0.010 
Plant 57 Vacuum Tower Heater 470,777 6,318,686 245 47.8 1.85 10.1 483 0.155 0.159 0.149 0.010 0.014 
Plant 57 Vacuum Tower Heater 470,789 6,318,691 244 47.8 1.85 10.1 483 0.155 0.159 0.149 0.010 0.014 
Plant 52 Coker Charge Heaters 470,912 6,318,381 245 60.7 3.28 7.6 487 0.317 0.340 0.305 0.020 0.028 
Naphtha Hydrotreater #3 Reactor Charge Heater 470,411 6,318,623 261 38.1 0.52 5.6 533 0.031 0.021 0.026 0.002 0.002 

Suncor 
Millennium 

Hydrogen Plant #3 470,465 6,318,577 260 42.7 3.50 13.7 422 0.159 0.422 0.324 0.021 0.029 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area  
(m2) 

Elevation
(m ASL) 

SO2
a 

(t/d) 
NOX  
(t/d) 

CO  
(t/d) 

VOC 
(t/d) PM2.5 (t/d) 

Mine Area 1 474,421 6,311,147 478,254 6,311,147 478,244 6,306,719 474,431 6,306,719 16,927,841 263* 0.030 3.038 5.719 0.542 0.053 
Mine Area 2 478,383 6,311,147 481,401 6,311,147 481,401 6,307,136 478,373 6,307,116 12,157,244 263* 0.022 2.182 4.107 0.390 0.038 
Mine Area 3 477,865 6,314,587 481,033 6,314,560 481,075 6,311,254 477,865 6,311,254 10,583,788 263* 0.019 1.899 3.576 0.339 0.033 
Mine Area 4 473,940 6,315,427 477,810 6,315,427 477,797 6,311,240 473,954 6,311,254 16,121,151 263* 0.029 2.893 5.447 0.516 0.051 
Mine Area 5 473,885 6,316,612 475,317 6,316,584 475,372 6,315,510 473,885 6,315,510 1,588,191 263* 0.003 0.285 0.537 0.051 0.005 
Mine Area 6 472,714 6,317,590 473,348 6,318,251 474,312 6,317,245 473,706 6,316,667 1,203,634 263* 0.002 0.216 0.407 0.039 0.004 
Mine Area 7 471,819 6,319,077 472,480 6,319,546 473,182 6,318,457 472,590 6,317,920 1,073,979 263* 0.002 0.193 0.363 0.034 0.003 
Tailings Ponds 468,233 6,317,061 469,459 6,317,061 469,459 6,315,759 468,233 6,315,759 1,595,400 312 0.000 0.000 0.000 157.214 0.000 
South Tailings Pond 478,109 6,305,130 481,783 6,305,130 481,783 6,301,456 478,109 6,301,456 13,499,746 357 0.000 0.000 0.000 4.536 0.000 
Plant Fugitives 470,238 6,318,402 470,728 6,318,693 471,443 6,317,492 470,953 6,317,203 795,855 256 0.000 0.000 0.000 16.889 0.000 

Suncor 
Millennium  

Gasoline Refueling Fug 470,728 6,318,693 471,443 6,317,492 470,953 6,317,203 470,238 6,318,402 795,855 256 0.000 0.000 0.000 0.092 0.000 
Suncor Base Plant / Millennium Air Emission Totals for the CEA Scenario 55.95 59.72 31.53 187.43 5.48 

a Sulphur dioxide emission rates are based on calendar day values. 
* Estimated elevations of pit floors for all mines were approximated to be uniform at 263 m ASL in modelling 
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Table B4-17 Summary of Suncor Voyageur Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2
a 

(t/d) 
NOX  

(t/d) 
CO  
(t/d) 

VOC (t/d) PM2.5 (t/d) 

Sulphur Plant Incinerator 469,120 6,314,086 321 89.9 4.17 15.2 673 7.074 0.362 0.104 0.007 0.009 
Hydrogen Plant Train 1 469,248 6,314,274 322 42.7 4.04 13.7 422 0.013 1.407 1.200 0.079 0.109 
Hydrogen Plant Train 2 469,332 6,314,233 323 42.7 3.30 13.7 422 0.008 0.939 0.801 0.052 0.072 
Delayed Coker Unit 1 468,914 6,314,251 319 39.6 4.31 7.6 444 0.390 0.525 0.465 0.030 0.042 
Delayed Coker Unit 2 468,934 6,314,241 319 39.6 4.31 7.6 444 0.390 0.525 0.465 0.030 0.042 
Delayed Coker Unit 3  468,956 6,314,230 319 39.6 4.31 7.6 444 0.390 0.525 0.465 0.030 0.042 
Diesel Hydrotreater Unit 1  469,012 6,314,457 320 39.6 1.49 7.6 478 0.048 0.043 0.057 0.004 0.005 
Diesel Hydrotreater Unit 2 468,976 6,314,380 320 45.7 2.46 7.6 444 0.127 0.174 0.152 0.010 0.014 
Gas Oil Hydrotreater Unit 469,141 6,314,343 321 39.6 1.51 7.6 478 0.048 0.042 0.057 0.004 0.005 
Naphtha Hydrotreater Unit  468,869 6,314,459 318 38.1 1.09 5.6 533 0.030 0.026 0.036 0.002 0.003 
Boiler Package Heater 469,205 6,314,572 322 38.1 3.22 7.6 478 0.219 0.295 0.261 0.017 0.024 
Steam Superheater 469,257 6,314,546 322 45.7 0.65 7.6 478 0.010 0.009 0.012 0.001 0.001 
Fuel Gas Pipeline Heater 469,404 6,314,474 324 45.7 0.69 7.6 478 0.010 0.009 0.012 0.001 0.001 
Hot Bitumen Heating Furnace 468,904 6,314,127 319 45.7 0.61 7.6 478 0.010 0.008 0.011 0.001 0.001 
Vacuum Recovery Unit Combustion Unit 468,786 6,314,288 318 45.7 1.34 7.6 478 0.048 0.042 0.057 0.004 0.005 
Vacuum Tower Heater 1 468,804 6,314,324 318 47.8 2.06 10.1 483 0.146 0.197 0.175 0.011 0.016 
Vacuum Tower Heater 2 468,769 6,314,250 318 47.8 2.06 10.1 483 0.146 0.197 0.175 0.011 0.016 

Suncor 
Voyageur  

Gasifier, High Pressure Boiler Package Heater 469,230 6,314,560 322 38.1 0.76 7.6 478 0.017 0.014 0.020 0.001 0.002 

Area Source 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area  
(m2) 

Elevation
(m ASL) 

SO2
a 

(t/d) 
NOX  
(t/d) 

CO  
(t/d) 

VOC 
(t/d) PM2.5 (t/d) 

Coke Handling Fleet 468,667 6,313,491 469,044 6,314,095 470,775 6,312,095 469,325 6,311,351 2,696,581 318 0.009 0.771 0.478 0.107 0.027 
Plant Fugitives 468,970 6,314,830 469,922 6,314,350 469,599 6,313,701 468,647 6,314,184 772,176 322 0.000 0.000 0.000 0.609 0.000 Suncor 

Voyageur 
Tank Farm Fugitives 471,088 6,313,692 471,678 6,313,692 471,678 6,312,961 471,088 6,312,961 431,354 321 0.000 0.000 0.000 0.261 0.000 
Mine Area 1 474,503 6,320,144 475,436 6,321,077 477,273 6,319,240 476,341 6,318,310 3,423,903 291* 0.041 7.199 7.725 3.052 0.378 
Mine Area 2 477,771 6,318,332 479,603 6,318,332 479,603 6,316,809 477,635 6,316,955 2,759,239 309* 0.033 5.802 6.225 2.460 0.304 

North 
Steepbank 
Extension Mine Area 3 475,241 6,318,058 475,672 6,318,712 477,685 6,317,490 477,361 6,316,846 1,800,591 292* 0.022 3.786 4.062 1.605 0.199 
Suncor Voyageur Air Emission Totals Used for the Baseline and Application Scenarios 9.23 22.90 23.02 8.39 1.32 

a Sulphur dioxide emission rates are based on calendar day values. 
* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 



 Connacher Oil and Gas Limited 
 EIA Great Divide SAGD Project  
 Consultant Report #1 Air Quality 
Millennium EMS Solutions Ltd. May 2010 
 

 Page 1B-30 07-104 

Table B4-18 Summary of Suncor Voyageur and Voyageur South Approved and Proposed Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack Diameter 
(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2
a 

(t/d) 
NOX  

(t/d) 
CO  
(t/d) 

VOC (t/d) PM2.5 (t/d) 

Sulphur Plant Incinerator 469,120 6,314,086 321 89.9 4.17 15.2 673 7.074 0.362 0.104 0.007 0.009 
Hydrogen Plant Train 1 469,248 6,314,274 322 42.7 4.04 13.7 422 0.013 1.407 1.200 0.079 0.109 
Hydrogen Plant Train 2 469,332 6,314,233 323 42.7 3.30 13.7 422 0.008 0.939 0.801 0.052 0.072 
Delayed Coker Unit 1 468,914 6,314,251 319 39.6 4.31 7.6 444 0.390 0.525 0.465 0.030 0.042 
Delayed Coker Unit 2 468,934 6,314,241 319 39.6 4.31 7.6 444 0.390 0.525 0.465 0.030 0.042 
Delayed Coker Unit 3  468,956 6,314,230 319 39.6 4.31 7.6 444 0.390 0.525 0.465 0.030 0.042 
Diesel Hydrotreater Unit 1  469,012 6,314,457 320 39.6 1.49 7.6 478 0.048 0.043 0.057 0.004 0.005 
Diesel Hydrotreater Unit 2 468,976 6,314,380 320 45.7 2.46 7.6 444 0.127 0.174 0.152 0.010 0.014 
Gas Oil Hydrotreater Unit 469,141 6,314,343 321 39.6 1.51 7.6 478 0.048 0.042 0.057 0.004 0.005 
Naphtha Hydrotreater Unit  468,869 6,314,459 318 38.1 1.09 5.6 533 0.030 0.026 0.036 0.002 0.003 
Boiler Package Heater 469,205 6,314,572 322 38.1 3.22 7.6 478 0.219 0.295 0.261 0.017 0.024 
Steam Superheater 469,257 6,314,546 322 45.7 0.65 7.6 478 0.010 0.009 0.012 0.001 0.001 
Fuel Gas Pipeline Heater 469,404 6,314,474 324 45.7 0.69 7.6 478 0.010 0.009 0.012 0.001 0.001 
Hot Bitumen Heating Furnace 468,904 6,314,127 319 45.7 0.61 7.6 478 0.010 0.008 0.011 0.001 0.001 
Vacuum Recovery Unit Combustion Unit 468,786 6,314,288 318 45.7 1.34 7.6 478 0.048 0.042 0.057 0.004 0.005 
Vacuum Tower Heater 1 468,804 6,314,324 318 47.8 2.06 10.1 483 0.146 0.197 0.175 0.011 0.016 
Vacuum Tower Heater 2 468,769 6,314,250 318 47.8 2.06 10.1 483 0.146 0.197 0.175 0.011 0.016 

Suncor 
Voyageur  

Gasifier, High Pressure Boiler Package Heater 469,230 6,314,560 322 38.1 0.76 7.6 478 0.017 0.014 0.020 0.001 0.002 
Cogeneration Unit 1 468,452 6,314,717 316 30.5 5.18 18.9 366 0.041 1.846 1.199 0.046 0.100 
Cogeneration Unit 2 468,412 6,314,640 316 30.5 5.18 18.9 366 0.041 1.846 1.199 0.046 0.100 
Boiler 1 468,606 6,314,832 316 30.5 3.66 24.4 450 0.018 0.649 0.527 0.035 0.048 

Voyageur 
South 

Boiler 1 468,556 6,314,832 316 30.5 3.66 24.4 450 0.018 0.649 0.527 0.035 0.048 
Area Source 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area  
(m2) 

Elevation
(m ASL) 

SO2
a 

(t/d) 
NOX  
(t/d) 

CO  
(t/d) 

VOC 
(t/d) PM2.5 (t/d) 

Coke Handling Fleet 468,667 6,313,491 469,044 6,314,095 470,775 6,312,095 469,325 6,311,351 2,696,581 318 0.009 0.771 0.478 0.107 0.027 
Plant Fugitives 468,970 6,314,830 469,922 6,314,350 469,599 6,313,701 468,647 6,314,184 772,176 322 0.000 0.000 0.000 0.609 0.000 

Suncor 
Voyageur 

Tank Farm Fugitives 471,088 6,313,692 471,678 6,313,692 471,678 6,312,961 471,088 6,312,961 431,354 321 0.000 0.000 0.000 0.261 0.000 
Mine Area 1 474,503 6,320,144 475,436 6,321,077 477,273 6,319,240 476,341 6,318,310 3,423,903 291* 0.041 7.199 7.725 3.052 0.378 
Mine Area 2 477,771 6,318,332 479,603 6,318,332 479,603 6,316,809 477,635 6,316,955 2,759,239 309* 0.033 5.802 6.225 2.460 0.304 

North 
Steepbank 
Extension Mine Area 3 475,241 6,318,058 475,672 6,318,712 477,685 6,317,490 477,361 6,316,846 1,800,591 292* 0.022 3.786 4.062 1.605 0.199 

Mine Area 1 457,666 6,313,372 460,935 6,311,555 460,350 6,309,457 457,000 6,310,567 9,029,534 302* 0.002 3.345 2.131 0.463 0.122 
Mine Area 2 462,711 6,310,789 467,211 6,310,486 465,294 6,307,136 464,042 6,307,197 10,034,149 275* 0.002 3.717 2.368 0.515 0.135 
Mine Area 3 467,332 6,307,721 469,067 6,306,854 468,704 6,305,340 466,504 6,305,037 4,297,413 269* 0.001 1.592 1.014 0.220 0.058 
Tailings Pond (Primary) 456,627 6,308,921 461,836 6,307,609 462,094 6,301,868 457,151 6,306,149 20,508,453 376 0.000 0.000 0.000 1.680 0.000 
Mine Face 460,916 6,313,022 465,836 6,313,022 465,836 6,309,781 460,916 6,309,781 15,948,083 325 0.000 0.000 0.000 3.763 0.000 

Suncor 
Voyageur 
South 

Tailings Pond (Second) 468,233 6,317,061 469,459 6,317,061 469,459 6,315,759 468,233 6,315,759 1,595,400 312 0.000 0.000 0.000 58.227 0.000 
Suncor Voyageur and Voyageur South Air Emission Totals Used for the CEA Scenario 9.35 36.54 31.98 73.42 1.93 

a Sulphur dioxide emission rates are based on calendar day values. 
* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-19 Summary of Suncor Firebag Existing and Approved Emissions used in the Baseline and Application Scenario  

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter  

(m) 

Exit 
Velocity 

(m/s) 

Exit  
Temp 

(K) 

SO2 
(t/d) 

NOX  

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 (t/d)

Stage 1 - Steam Generator No. 1 508,932 6,343,662 582 30.0 1.70 22.4 432 0.187 0.359 0.291 0.019 0.026 
Stage 1 - Steam Generator No. 2 508,956 6,343,662 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
Stage 1 - Steam Generator No. 3 508,932 6,343,575 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
Stage 1 - Steam Generator No. 4 508,956 6,343,575 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
Stage 2 - Steam Generator No. 1 509,138 6,343,660 582 30.0 1.70 22.4 432 0.187 0.359 0.291 0.019 0.026 
Stage 2 - Steam Generator No. 2 509,162 6,343,660 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
Stage 2 - Steam Generator No. 3 509,162 6,343,574 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
Stage 2 - Steam Generator No. 4 509,138 6,343,573 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
Stage C & E - Cogeneration Unit 508,875 6,343,657 582 27.0 5.49 16.8 439 0.380 1.846 1.199 0.047 0.101 
Stage 3 - Cogeneration Unit No. 1 508,890 6,344,358 583 27.0 5.49 16.8 439 0.262 1.846 1.199 0.047 0.101 
Stage 3 - Cogeneration Unit No. 2 508,838 6,344,358 583 27.0 5.49 16.8 439 0.262 1.846 1.199 0.047 0.101 
Stage 3 - Steam Generator No. 1 508,799 6,344,506 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
Stage 3 - Steam Generator No. 2 508,888 6,344,506 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
Stage 3 - Steam Generator No. 3 508,888 6,344,494 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
Stage 3 - Steam Generator No. 4 508,800 6,344,518 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
Stage 3 - Steam Generator No. 5 508,800 6,344,494 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
Stage 3 - Diluent Stripper Unit 509,056 6,344,341 583 33.0 1.09 11.1 398 0.166 0.319 0.259 0.017 0.023 

Suncor Firebag 
SAGD 

Stage 3 - SRU Vent Gas Incinerator 509,052 6,344,840 583 5.0 0.24 5.1 750 0.000 0.001 0.001 0.000 0.000 
ETS Pilot - Steam Generator No. 1 509,627 6,341,492 579 3.8 0.15 79.5 813 0.022 0.096 0.022 0.009 0.003 
ETS Pilot - Steam Generator No. 2 509,622 6,341,479 579 3.8 0.15 79.5 813 0.022 0.096 0.022 0.009 0.003 
ETS Pilot - Heater No. 1 509,639 6,341,477 579 6.1 0.25 40.0 594 0.003 0.007 0.013 0.001 0.001 
ETS Pilot - Heater No. 2 509,637 6,341,463 579 6.1 0.10 40.0 589 0.001 0.003 0.002 0.000 0.000 

Suncor Firebag 
ETS 

ETS Flare 509,502 6,342,186 579 15.4 1.62 4.9 1273 0.116 0.009 0.000 0.013 0.000 
Area Source 

Facility 
Emission 
Source 

NW 
UTM E 

NW  
UTM N 

NE 
UTM E 

NE 
UTM N 

SE 
UTM E 

SE 
UTM N 

SW 
UTM E 

SW 
UTM N 

Area 
(m2) 

Elevation
(m ASL)

SO2

(t/d) 
NOX  
(t/d) 

CO 
(t/d) 

VOC 
(t/d) 

PM2.5 (t/d)

Suncor Firebag Plant Fugitives 508,630 6,344,914 509,611 6,344,910 509,260 6,343,024 508,630 6,343,016 1,523,598 582.4 0.0 0.0 0.0 0.058 0.0 
Suncor Firebag & Firebag ETS Air Emission Totals for the Baseline and Application Scenarios 3.131 10.649 6.357 0.391 0.940 
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Table B4-20 Summary of Suncor Firebag Existing, Approved and Proposed Emissions used in the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter  

(m) 

Exit 
Velocity 

(m/s) 

Exit  
Temp 

(K) 

SO2 
(t/d) 

NOX  

(t/d) 
CO  
(t/d) 

VOC 
(t/d) 

PM2.5 (t/d)

 Stage 1 - Steam Generator No. 1 508,932 6,343,662 582 30.0 1.70 22.4 432 0.187 0.359 0.291 0.019 0.026 
 Stage 1 - Steam Generator No. 2 508,956 6,343,662 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
 Stage 1 - Steam Generator No. 3 508,932 6,343,575 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
 Stage 1 - Steam Generator No. 4 508,956 6,343,575 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
 Stage 2 - Steam Generator No. 1 509,138 6,343,660 582 30.0 1.70 22.4 432 0.187 0.359 0.291 0.019 0.026 
 Stage 2 - Steam Generator No. 2 509,162 6,343,660 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
 Stage 2 - Steam Generator No. 3 509,162 6,343,574 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
 Stage 2 - Steam Generator No. 4 509,138 6,343,573 582 30.0 1.70 19.4 420 0.128 0.402 0.114 0.005 0.075 
 Stage C & E - Cogeneration Unit 508,875 6,343,657 582 27.0 5.49 16.8 439 0.380 1.846 1.199 0.047 0.101 
 Stage 3 - Cogeneration Unit No. 1 508,890 6,344,358 583 27.0 5.49 16.8 439 0.262 1.846 1.199 0.047 0.101 
 Stage 3 - Cogeneration Unit No. 2 508,838 6,344,358 583 27.0 5.49 16.8 439 0.262 1.846 1.199 0.047 0.101 
 Stage 3 - Steam Generator No. 1 508,799 6,344,506 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
 Stage 3 - Steam Generator No. 2 508,888 6,344,506 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
 Stage 3 - Steam Generator No. 3 508,888 6,344,494 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
 Stage 3 - Steam Generator No. 4 508,800 6,344,518 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
 Stage 3 - Steam Generator No. 5 508,800 6,344,494 583 33.0 1.66 22.2 398 0.151 0.290 0.235 0.015 0.021 
 Stage 3 - Diluent Stripper Unit 509,056 6,344,341 583 33.0 1.09 11.1 398 0.166 0.319 0.259 0.017 0.023 
 Stage 3 - SRU Vent Gas Incinerator 509,052 6,344,840 583 5.0 0.24 5.1 750 0.000 0.001 0.001 0.000 0.000 
 Stage 4 - Steam Generator No. 1 508,799 6,344,639 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 2 508,799 6,344,627 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 3 508,799 6,344,616 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 4 508,800 6,344,603 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 5 508,799 6,344,591 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 6 508,889 6,344,639 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 7 508,888 6,344,627 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 8 508,888 6,344,615 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 9 508,889 6,344,603 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 4 - Steam Generator No. 10 508,888 6,344,591 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 5 - Cogeneration Unit  508,756 6,344,358 583 27.0 5.49 16.8 439 0.262 1.846 1.199 0.047 0.101 
 Stage 5 - Steam Generator No. 1 508,672 6,344,530 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 

Suncor Firebag SAGD 

 Stage 5 - Steam Generator No. 2 508,671 6,344,518 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
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Table B4-20 Summary of Suncor Firebag Existing, Approved and Proposed Emissions used in the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter  

(m) 

Exit 
Velocity 

(m/s) 

Exit  
Temp 

(K) 

SO2 
(t/d) 

NOX  

(t/d) 
CO  
(t/d) 

VOC 
(t/d) 

PM2.5 (t/d)

 Stage 5 - Steam Generator No. 3 508,671 6,344,506 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 5 - Steam Generator No. 4 508,671 6,344,494 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 5 - Steam Generator No. 5 508,761 6,344,518 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 5 - Steam Generator No. 6 508,760 6,344,505 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 5 - Steam Generator No. 7 508,761 6,344,494 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 5 - Diluent Stripper Unit 509,213 6,344,342 583 33.0 1.09 11.1 398 0.166 0.319 0.259 0.017 0.023 
 Stage 6 - Cogeneration Unit  508,704 6,344,358 583 27.0 5.49 16.8 439 0.262 1.846 1.199 0.047 0.101 
 Stage 6 - Steam Generator No. 1 508,671 6,344,639 584 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 6 - Steam Generator No. 2 508,671 6,344,627 584 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 6 - Steam Generator No. 3 508,671 6,344,615 584 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 6 - Steam Generator No. 4 508,761 6,344,639 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 6 - Steam Generator No. 5 508,761 6,344,627 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
 Stage 6 - Steam Generator No. 6 508,761 6,344,615 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
Stage 6 - Steam Generator No. 7 508,761 6,344,603 583 33.0 1.66 22.2 398 0.147 0.282 0.229 0.015 0.021 
ETS Pilot - Steam Generator No. 1 509,627 6,341,492 579 3.8 0.15 79.5 813 0.022 0.096 0.022 0.009 0.003 
ETS Pilot - Steam Generator No. 2 509,622 6,341,479 579 3.8 0.15 79.5 813 0.022 0.096 0.022 0.009 0.003 
ETS Pilot - Heater No. 1 509,639 6,341,477 579 6.1 0.25 40.0 594 0.003 0.007 0.013 0.001 0.001 
ETS Pilot - Heater No. 2 509,637 6,341,463 579 6.1 0.10 40.0 589 0.001 0.003 0.002 0.000 0.000 

Suncor Firebag ETS  

ETS Flare 509,502 6,342,186 579 15.4 1.62 4.9 1273 0.116 0.009 0.000 0.013 0.000 
 

Facility 
Emission 
Source 

NW 
UTM E 

NW  
UTM N 

NE 
UTM E

NE 
UTM N 

SE 
UTM E

SE 
UTM N 

SW 
UTM E

SW 
UTM N 

Area 
(m2) 

Elevation
(m ASL) 

SO2 
(t/d) 

NOX 
(t/d) 

CO  
(t/d) 

VOC 
(t/d) 

PM2.5 (t/d)

Suncor Firebag Plant 508,630 6,344,914 509,611 6,344,910 509,260 6,343,024 508,630 6,343,016 1,523,598 582.4 0.0 0.0 0.0 0.058 0.0 
Suncor Firebag & Firebag ETS Air Emission Totals for the CEA Scenario 7.349 21.428 14.51 0.862 1.669 
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Table B4-21 Summary of Syncrude Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation (m 

ASL) 
Stack Height 

(m) 
Stack Diameter 

(m) 
Exit Velocity 

(m/s) 
Exit Temp 

(K) 
SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 
FGD stack 8-3  462,807 6,322,880 308 94.5 6.6 10.5 348 15.00 3.50 13.50 0.00 2.10 
Gas Turbine  201 462,693 6,322,003 305 45.7 3.3 15.8 423 0.00 2.28 0.36 0.01 0.14 
Gas Turbine  202 462,721 6,322,012 305 45.7 3.3 15.8 423 0.00 2.28 0.36 0.01 0.14 
Bitumen Column Feed Heater 71F1A 462,596 6,322,427 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 71F1B 462,617 6,322,434 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 72F1A 462,578 6,322,476 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 72F1B 462,605 6,322,485 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 73F1A 462,782 6,322,688 308 51.8 3.2 4.0 422 0.00 0.21 0.07 0.005 0.028 
Bitumen Column Feed Heater 73F1B 462,777 6,322,702 308 51.8 3.2 4.0 422 0.00 0.21 0.07 0.005 0.028 
Bitumen Column Feed Heater  74F1A 462,777 6,322,688 311 51.8 3.2 3.7 422 0.00 0.19 0.07 0.005 0.026 
Bitumen Column Feed Heater 74F1B 462,782 6,322,702 311 51.8 3.2 3.7 422 0.00 0.19 0.07 0.005 0.026 
Steam Super Heater 81F6A 462,662 6,322,261 308 39.6 2.1 5.2 616 0.00 0.08 0.03 0.002 0.011 
Steam Super Heater 81F6B 462,683 6,322,268 308 44.7 1.1 6.1 616 0.00 0.03 0.01 0.001 0.004 
Steam Super Heater 82F6A 462,570 6,322,231 308 39.6 2.1 5.2 616 0.00 0.08 0.03 0.002 0.011 
Steam Super Heater 82F6B 462,588 6,322,237 308 44.7 1.1 6.1 616 0.00 0.03 0.01 0.001 0.004 
Steam Super Heater 83F6A 462,970 6,322,749 308 39.6 2.1 5.2 616 0.00 0.07 0.03 0.002 0.011 
Steam Super Heater 83F6B 462,965 6,322,764 308 44.7 1.1 6.1 616 0.00 0.02 0.01 0.001 0.004 
Reformer Furnace 91F1 463,084 6,322,453 308 23.5 4.1 11.6 540 0.00 2.10 0.32 0.011 0.10 
Reformer Furnace 92F1 462,947 6,322,612 312 23.5 4.1 11.6 540 0.00 2.10 0.32 0.011 0.10 
Reformer Furnace 93F1 463,167 6,322,474 308 22.9 3.7 18.5 433 0.00 1.79 1.12 0.040 0.25 
Reformer Furnace 94F1 463,355 6,322,650 308 22.9 5.5 12.5 433 0.00 1.40 1.67 0.060 0.52 
Reformer Furnace 95F1 463,528 6,322,658 312 22.9 5.5 10.5 433 0.00 1.24 1.40 0.050 0.32 
Diluent Reboiler 14F1 462,647 6,322,475 308 30.5 1.1 7.8 618 0.00 0.15 0.01 0.001 0.004 
Hydrogen Heater 151F1 462,879 6,322,400 312 41.8 1.7 7.7 426 0.00 0.15 0.04 0.003 0.015 
Hydrogen Heater 152F1 462,904 6,322,408 312 41.8 1.7 7.7 426 0.00 0.15 0.04 0.003 0.015 
Hydrogen Heater 153F1 463,509 6,322,668 312 41.8 1.7 7.7 426 0.00 0.11 0.04 0.003 0.015 
Hydrogen Heater 181F1 463,221 6,322,485 308 42.7 1.8 3.8 433 0.00 0.04 0.02 0.002 0.008 
Hydrogen Heater 181F3 463,311 6,322,539 308 42.7 1.8 6.9 433 0.00 0.08 0.04 0.003 0.015 
Hydrogen Heater 182F1 463,393 6,322,630 308 42.7 1.8 3.8 433 0.00 0.04 0.02 0.002 0.008 
Hydrogen Heater 182F3 463,408 6,322,635 308 42.7 1.8 6.9 433 0.00 0.08 0.04 0.003 0.015 
Hydrogen Heater 221F2 463,028 6,322,657 312 45.7 1.7 7.2 569 0.00 0.09 0.03 0.002 0.011 
Fractionator Reboiler 151F2 462,820 6,322,545 312 45.7 1.9 8.0 653 0.00 0.13 0.03 0.003 0.013 
Fractionator Reboiler152F2 462,850 6,322,555 312 45.7 1.9 8.0 653 0.00 0.13 0.03 0.003 0.013 
Fractionator Reboiler 153F2 463,495 6,322,663 312 45.7 1.9 8.0 653 0.00 0.09 0.03 0.003 0.013 
Fractionator Reboiler 181F2 463,247 6,322,494 308 42.7 1.8 4.1 433 0.00 0.05 0.02 0.002 0.009 
Fractionator Reboiler 182F2 463,422 6,322,640 308 42.7 1.8 4.1 433 0.00 0.05 0.02 0.002 0.009 
Fractionator Reboiler 221F3 463,032 6,322,644 312 45.7 1.1 6.1 585 0.00 0.03 0.01 0.001 0.004 
Bitumen Feed 221F1 463,038 6,322,626 312 45.7 1.7 8.2 652 0.00 0.09 0.03 0.002 0.01 

Mildred 
Lake 

Bitumen Heater 21F7 462,865 6,323,038 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F8 462,898 6,323,049 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F9 462,933 6,322,830 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 

Mildred 
Lake 

Bitumen Heater21F10 462,966 6,322,841 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
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Table B4-21 Summary of Syncrude Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation (m 

ASL) 
Stack Height 

(m) 
Stack Diameter 

(m) 
Exit Velocity 

(m/s) 
Exit Temp 

(K) 
SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 
Bitumen Heater 21F50 463,964 6,322,778 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F51 464,025 6,322,590 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F52 464,062 6,322,477 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F53 463,997 6,322,675 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Sulfreen Regeneration 120F10 462,741 6,322,333 308 15.4 0.5 37.2 616 0.00 0.06 0.01 0.001 0.004 
VDU Bitumen Feed Heater 371F1A 462,578 6,322,525 308 54.3 3.3 4.0 435 0.00 0.20 0.10 0.003 0.02 
VDU Bitumen Feed Heater 371F1B 462,607 6,322,535 308 54.3 3.3 4.0 435 0.00 0.20 0.10 0.003 0.02 
Main stack  462,632 6,322,111 308 183.0 7.9 28.8 513 81.00 14.80 55.20 0.00 1.60 
Coker Diverter Stack 462,742 6,322,246 308 73.2 3.7 34.6 761 2.00 0.00 0.00 0.00 0.00 
Acid Gas Flare Stack 461,836 6,321,982 291 85.4 2.9 20.0 1273 2.00 0.00 0.00 0.00 0.00 
Steam Generator  469,402 6,350,746 302 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Steam Generator  469,402 6,350,779 302 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Boiler  469,370 6,350,733 302 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 

Aurora 
North 

Boiler  469,390 6,350,733 302 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 
Steam Generator  484,164 6,342,667 348 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Steam Generator  484,164 6,342,700 348 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Boiler  484,151 6,342,653 348 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 

Aurora 
South 

Boiler  484,131 6,342,653 348 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW 

UTM N 
NE 

UTM E
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 
North Mine face  455,832 6,323,363 459,532 6,323,363 459,532 6,321,163 455,832 6,321,163 8,100,000 328 0.00 0.00 0.00 6.18 0.00 
North Mine Fleet 455,832 6,323,363 459,532 6,323,363 459,532 6,321,163 455,832 6,321,163 8,100,000 328* 0.51 17.20 4.50 0.77 0.49 
Tailings Pond – Settling Basin Beach  459,340 6,327,610 463,640 6,327,610 463,640 6,323,310 459,340 6,323,310 18,490,000 302 0.00 0.00 0.00 0.31 0.00 
Tailings Pond – Settling Basin Water  460,470 6,327,060 463,870 6,327,060 463,870 6,323,660 460,470 6,323,660 11,560,000 302 0.00 0.00 0.00 33.20 0.00 
Tailings – East In-Pit  464,150 6,320,450 467,350 6,320,450 467,350 6,317,250 464,150 6,317,250 10,240,000 309 0.00 0.00 0.00 0.71 0.00 
Tailings – SW Sand Storage Beach  452,650 6,319,190 457,450 6,319,190 457,450 6,314,390 452,650 6,314,390 23,040,000 357 0.00 0.00 0.00 7.50 0.00 
Tailings – SW Sand Storage Water  452,780 6,316,480 454,180 6,316,480 454,180 6,315,080 452,780 6,315,080 1,960,000 357 0.00 0.00 0.00 0.65 0.00 
Tailings – West In-Pit 461,460 6,319,930 464,010 6,319,930 464,010 6,317,380 461,460 6,317,380 6,500,000 308 0.00 0.00 0.00 0.46 0.00 
West Mine face  458,794 6,318,621 460,394 6,318,621 460,394 6,316,321 458,794 6,316,321 3,700,000 326 0.00 0.00 0.00 0.80 0.00 

Mildred 
Lake 

West Mine Fleet  458,794 6,318,621 460,394 6,318,621 460,394 6,316,321 458,794 6,316,321 3,700,000 326* 0.01 2.00 0.50 0.09 0.06 
Mine Fugitives  466,965 6,354,537 468,965 6,354,537 468,965 6,351,537 466,965 6,351,537 6,000,000 304 0.00 0.00 0.00 6.21 0.00 
Mine Fleet  466,965 6,354,537 468,965 6,354,537 468,965 6,351,537 466,965 6,351,537 6,000,000 304* 0.04 13.10 3.20 0.54 0.34 Aurora 

North 
Tailings Pond  472,990 6,352,490 474,890 6,352,490 474,890 6,350,590 472,990 6,350,590 3,610,000 286 0.00 0.00 0.00 1.12 0.00 
Mine Fugitives  482,935 6,347,587 484,935 6,347,587 484,935 6,344,587 482,935 6,344,587 6,000,000 331 0.00 0.00 0.00 6.21 0.00 
Mine Fleet  482,935 6,347,587 484,935 6,347,587 484,935 6,344,587 482,935 6,344,587 6,000,000 331* 0.03 9.90 2.40 0.41 0.26 Aurora 

South 
Tailings Pond  486,630 6,340,330 488,530 6,340,330 488,530 6,338,430 486,630 6,338,430 3,610,000 381 0.00 0.00 0.00 1.12 0.00 

Syncrude Air Emission Totals for Baseline and Project Scenario 100.59 83.48 87.53 66.65 7.38 
* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-22 Summary of Syncrude Anticipated Emissions used for the CEA Scenario 
Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation (m 

ASL) 
Stack Height 

(m) 
Stack Diameter 

(m) 
Exit Velocity 

(m/s) 
Exit Temp 

(K) 
SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 
FGD stack 8-3  462,807 6,322,880 308 94.5 6.6 10.5 348 15.00 3.50 13.50 0.00 2.10 
Gas Turbine  201 462,693 6,322,003 305 45.7 3.3 15.8 423 0.00 2.28 0.36 0.01 0.14 
Gas Turbine  202 462,721 6,322,012 305 45.7 3.3 15.8 423 0.00 2.28 0.36 0.01 0.14 
Bitumen Column Feed Heater 71F1A 462,596 6,322,427 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 71F1B 462,617 6,322,434 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 72F1A 462,578 6,322,476 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 72F1B 462,605 6,322,485 308 51.8 3.2 5.7 422 0.00 0.43 0.12 0.004 0.037 
Bitumen Column Feed Heater 73F1A 462,782 6,322,688 308 51.8 3.2 4.0 422 0.00 0.21 0.07 0.005 0.028 
Bitumen Column Feed Heater 73F1B 462,777 6,322,702 308 51.8 3.2 4.0 422 0.00 0.21 0.07 0.005 0.028 
Bitumen Column Feed Heater  74F1A 462,777 6,322,688 311 51.8 3.2 3.7 422 0.00 0.19 0.07 0.005 0.026 
Bitumen Column Feed Heater 74F1B 462,782 6,322,702 311 51.8 3.2 3.7 422 0.00 0.19 0.07 0.005 0.026 
Steam Super Heater 81F6A 462,662 6,322,261 308 39.6 2.1 5.2 616 0.00 0.08 0.03 0.002 0.011 
Steam Super Heater 81F6B 462,683 6,322,268 308 44.7 1.1 6.1 616 0.00 0.03 0.01 0.001 0.004 
Steam Super Heater 82F6A 462,570 6,322,231 308 39.6 2.1 5.2 616 0.00 0.08 0.03 0.002 0.011 
Steam Super Heater 82F6B 462,588 6,322,237 308 44.7 1.1 6.1 616 0.00 0.03 0.01 0.001 0.004 
Steam Super Heater 83F6A 462,970 6,322,749 308 39.6 2.1 5.2 616 0.00 0.07 0.03 0.002 0.011 
Steam Super Heater 83F6B 462,965 6,322,764 308 44.7 1.1 6.1 616 0.00 0.02 0.01 0.001 0.004 
Reformer Furnace 91F1 463,084 6,322,453 308 23.5 4.1 11.6 540 0.00 2.10 0.32 0.011 0.10 
Reformer Furnace 92F1 462,947 6,322,612 312 23.5 4.1 11.6 540 0.00 2.10 0.32 0.011 0.10 
Reformer Furnace 93F1 463,167 6,322,474 308 22.9 3.7 18.5 433 0.00 1.79 1.12 0.040 0.25 
Reformer Furnace 94F1 463,355 6,322,650 308 22.9 5.5 12.5 433 0.00 1.40 1.67 0.060 0.52 
Reformer Furnace 95F1 463,528 6,322,658 312 22.9 5.5 10.5 433 0.00 1.24 1.40 0.050 0.32 
Diluent Reboiler 14F1 462,647 6,322,475 308 30.5 1.1 7.8 618 0.00 0.15 0.01 0.001 0.004 
Hydrogen Heater 151F1 462,879 6,322,400 312 41.8 1.7 7.7 426 0.00 0.15 0.04 0.003 0.015 
Hydrogen Heater 152F1 462,904 6,322,408 312 41.8 1.7 7.7 426 0.00 0.15 0.04 0.003 0.015 
Hydrogen Heater 153F1 463,509 6,322,668 312 41.8 1.7 7.7 426 0.00 0.11 0.04 0.003 0.015 
Hydrogen Heater 181F1 463,221 6,322,485 308 42.7 1.8 3.8 433 0.00 0.04 0.02 0.002 0.008 
Hydrogen Heater 181F3 463,311 6,322,539 308 42.7 1.8 6.9 433 0.00 0.08 0.04 0.003 0.015 
Hydrogen Heater 182F1 463,393 6,322,630 308 42.7 1.8 3.8 433 0.00 0.04 0.02 0.002 0.008 
Hydrogen Heater 182F3 463,408 6,322,635 308 42.7 1.8 6.9 433 0.00 0.08 0.04 0.003 0.015 
Hydrogen Heater 221F2 463,028 6,322,657 312 45.7 1.7 7.2 569 0.00 0.09 0.03 0.002 0.011 
Fractionator Reboiler 151F2 462,820 6,322,545 312 45.7 1.9 8.0 653 0.00 0.13 0.03 0.003 0.013 
Fractionator Reboiler152F2 462,850 6,322,555 312 45.7 1.9 8.0 653 0.00 0.13 0.03 0.003 0.013 
Fractionator Reboiler 153F2 463,495 6,322,663 312 45.7 1.9 8.0 653 0.00 0.09 0.03 0.003 0.013 
Fractionator Reboiler 181F2 463,247 6,322,494 308 42.7 1.8 4.1 433 0.00 0.05 0.02 0.002 0.009 
Fractionator Reboiler 182F2 463,422 6,322,640 308 42.7 1.8 4.1 433 0.00 0.05 0.02 0.002 0.009 
Fractionator Reboiler 221F3 463,032 6,322,644 312 45.7 1.1 6.1 585 0.00 0.03 0.01 0.001 0.004 
Bitumen Feed 221F1 463,038 6,322,626 312 45.7 1.7 8.2 652 0.00 0.09 0.03 0.002 0.01 

Mildred 
Lake 

Bitumen Heater 21F7 462,865 6,323,038 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
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Table B4-22 Summary of Syncrude Anticipated Emissions used for the CEA Scenario 
Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation (m 

ASL) 
Stack Height 

(m) 
Stack Diameter 

(m) 
Exit Velocity 

(m/s) 
Exit Temp 

(K) 
SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 
Bitumen Heater 21F8 462,898 6,323,049 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F9 462,933 6,322,830 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater21F10 462,966 6,322,841 308 6.1 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F50 463,964 6,322,778 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F51 464,025 6,322,590 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F52 464,062 6,322,477 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Bitumen Heater 21F53 463,997 6,322,675 312 7.6 0.3 29.0 839 0.00 0.03 0.007 0.001 0.003 
Sulfreen Regeneration 120F10 462,741 6,322,333 308 15.4 0.5 37.2 616 0.00 0.06 0.01 0.001 0.004 
VDU Bitumen Feed Heater 371F1A 462,578 6,322,525 308 54.3 3.3 4.0 435 0.00 0.20 0.10 0.003 0.02 
VDU Bitumen Feed Heater 371F1B 462,607 6,322,535 308 54.3 3.3 4.0 435 0.00 0.20 0.10 0.003 0.02 
Main stack  462,632 6,322,111 308 183.0 7.9 28.8 513 81.00 14.80 55.20 0.00 1.60 
Coker Diverter Stack 462,742 6,322,246 308 73.2 3.7 34.6 761 2.00 0.00 0.00 0.00 0.00 

Mildred 
Lake 

Acid Gas Flare Stack 461,836 6,321,982 291 85.4 2.9 20.0 1273 2.00 0.00 0.00 0.00 0.00 
Steam Generator  469,402 6,350,746 302 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Steam Generator  469,402 6,350,779 302 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Boiler  469,370 6,350,733 302 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 

Aurora 
North 

Boiler  469,390 6,350,733 302 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 
Steam Generator  484,164 6,342,667 348 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Steam Generator  484,164 6,342,700 348 25.0 3.3 33.9 460 0.00 0.62 0.14 0.01 0.06 
Boiler  484,151 6,342,653 348 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 

Aurora 
South 

Boiler  484,131 6,342,653 348 25.0 2.7 37.7 455 0.00 0.57 0.13 0.01 0.05 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW 

UTM N 
NE 

UTM E
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 
North Mine face  455,832 6,323,363 459,532 6,323,363 459,532 6,321,163 455,832 6,321,163 8,100,000 328 0.00 0.00 0.00 6.18 0.00 
North Mine Fleet 455,832 6,323,363 459,532 6,323,363 459,532 6,321,163 455,832 6,321,163 8,100,000 328* 0.51 9.72 4.50 0.59 0.09 
Tailings Pond – Settling Basin Beach  459,340 6,327,610 463,640 6,327,610 463,640 6,323,310 459,340 6,323,310 18,490,000 302 0.00 0.00 0.00 0.31 0.00 
Tailings Pond – Settling Basin Water  460,470 6,327,060 463,870 6,327,060 463,870 6,323,660 460,470 6,323,660 11,560,000 302 0.00 0.00 0.00 33.20 0.00 
Tailings – East In-Pit  464,150 6,320,450 467,350 6,320,450 467,350 6,317,250 464,150 6,317,250 10,240,000 309 0.00 0.00 0.00 0.71 0.00 
Tailings – SW Sand Storage Beach  452,650 6,319,190 457,450 6,319,190 457,450 6,314,390 452,650 6,314,390 23,040,000 357 0.00 0.00 0.00 7.50 0.00 
Tailings – SW Sand Storage Water  452,780 6,316,480 454,180 6,316,480 454,180 6,315,080 452,780 6,315,080 1,960,000 357 0.00 0.00 0.00 0.65 0.00 
Tailings – West In-Pit 461,460 6,319,930 464,010 6,319,930 464,010 6,317,380 461,460 6,317,380 6,500,000 308 0.00 0.00 0.00 0.46 0.00 
West Mine face  458,794 6,318,621 460,394 6,318,621 460,394 6,316,321 458,794 6,316,321 3,700,000 326 0.00 0.00 0.00 0.80 0.00 

Mildred 
Lake 

West Mine Fleet  458,794 6,318,621 460,394 6,318,621 460,394 6,316,321 458,794 6,316,321 3,700,000 326* 0.01 1.13 0.50 0.07 0.01 
Mine Fugitives  466,965 6,354,537 468,965 6,354,537 468,965 6,351,537 466,965 6,351,537 6,000,000 304 0.00 0.00 0.00 6.21 0.00 
Mine Fleet  466,965 6,354,537 468,965 6,354,537 468,965 6,351,537 466,965 6,351,537 6,000,000 304* 0.04 7.40 3.20 0.13 0.06 Aurora 

North 
Tailings Pond  472,990 6,352,490 474,890 6,352,490 474,890 6,350,590 472,990 6,350,590 3,610,000 286 0.00 0.00 0.00 1.12 0.00 
Mine Fugitives  482,935 6,347,587 484,935 6,347,587 484,935 6,344,587 482,935 6,344,587 6,000,000 331 0.00 0.00 0.00 6.21 0.00 
Mine Fleet  482,935 6,347,587 484,935 6,347,587 484,935 6,344,587 482,935 6,344,587 6,000,000 331* 0.03 5.59 2.40 0.10 0.05 Aurora 

South 
Tailings Pond  486,630 6,340,330 488,530 6,340,330 488,530 6,338,430 486,630 6,338,430 3,610,000 381 0.00 0.00 0.00 1.12 0.00 

Syncrude Air Emission Totals used for the CEA Scenario 100.59 65.13 87.53 65.19 6.42 
* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
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Table B4-23 Summary of Total E&P Joslyn North Mine Proposed Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Cogen Unit 1 454,239 6,346,825 300 36.6 5.3 21.3 400 0.001 1.09 0.40 0.03 0.09 
Cogen Unit 2 454,268 6,346,852 300 36.6 5.3 21.3 400 0.001 1.09 0.40 0.03 0.09 

Boiler 1 454,267 6,346,904 300 30.0 2.3 1.8 389 0.000 0.02 0.09 0.01 0.01 

Boiler 2 454,280 6,346,916 300 30.0 2.3 1.8 389 0.000 0.02 0.09 0.01 0.01 

Joslyn  
North Mine 

Flare Pilot 455,078 6,347,327 300 155.0 1.4 n/a n/a 0.00 0.00 0.00 0.00 0.00 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Mine Fleet/Fugitives 455,100 6,348,400 456,700 6,348,400 456,700 6,347,600 455,100 6,347,600 1,280,000 249* 0.008 5.29 5.93 2.77 0.06 Joslyn North 
Mine Tailings Pond 451,960 6,351,140 453,180 6,351,140 453,180 6,349,080 451,960 6,349,080 2,098,400 307 0.00 0.00 0.00 43.20 0.00 
Total E&P Joslyn North Mine Air Emission Totals for CEA Scenario 0.01 7.51 6.91 46.04 0.26 

* Estimated elevation reduced by 50 m in modelling to compensate for depth of mine pit 
n/a – Not applicable since pilot emits negligible emissions 
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Table B4-24 Summary of UTS Energy Corp./Teck Cominco Ltd. Proposed Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack Height 
(m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Equinox Mine 
Project 

Gas Turbine, Auxiliary 
Boiler and Space Heater 460,785 6,378,459 284 40 4.3 23 360 0.02 1.61 1.07 0.29 0.08 

Frontier Mine 
Project 

Gas Turbine, Auxiliary 
Boiler and Space Heater 458,100 6,395,365 321 40 4.3 23 360 0.06 5.14 3.43 0.91 0.27 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Equinox Mine Mine Fleet 459384 6378342 457934 6378342 457934 6376892 459384 6376892 2102500 295 0.15 4.36 2.59 0.29 0.15 

Frontier Mine Mine Fleet 457644 6400302 455044 6400302 455044 6397702 457644 6397702 6760000 338.1 0.34 13.94 8.30 0.91 0.48 
UTS Energy Corp/ Teck Cominco Ltd. Air Emission Totals for CEA Scenario 0.49 18.29 10.89 1.20 0.63 
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Table B4-25 Summary of Cenovus Christina Lake Thermal Project  Existing and Approved Air Emissions used for the Baseline, 
Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC (t/d) 
PM2.5 
(t/d) 

SteamGen.1 506,880 6,159,498 573 25.9 1.37 28.2 463 0.17 0.26 0.23 0.02 0.02 
SteamGen.2 506,874 6,159,489 573 15.2 0.91 22.0 463 0.06 0.06 0.08 0.01 0.01 
SteamGen.3 507,036 6,159,450 574 27 1.68 23.3 463 0.21 0.32 0.29 0.02 0.03 
SteamGen.4 507,036 6,159,450 574 27 1.68 23.3 463 0.00 0.32 0.29 0.02 0.03 
SteamGen.5 507,162 6,159,626 574 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
SteamGen.6 507,155 6,159,639 574 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
SteamGen.7 507,147 6,159,652 573 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
Glycol Heater 1 507,380 6,159,601 574 9.2 0.91 9.6 474 0.00 0.03 0.03 0.00 0.00 
SteamGen.8 507,130 6,159,682 573 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
SteamGen.9 507,123 6,159,691 573 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
SteamGen.10 507,116 6,159,709 573 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
SteamGen.11 507,109 6,159,722 573 32 1.68 24.5 488 0.21 0.32 0.29 0.02 0.03 
Glycol Heater 2 507,387 6,159,605 574 9.2 0.91 9.6 474 0.00 0.03 0.03 0.00 0.00 
Flash Heater 1 507,259 6,159,598 574 3.3 0.31 30.5 512 0.00 0.01 0.01 0.00 0.00 
Flash Heater 2 507,249 6,159,595 574 3.3 0.31 30.5 512 0.00 0.01 0.01 0.00 0.00 
Glycol Heater 3 507,440 6,159,072 576 8 0.71 7.7 483 0.00 0.01 0.02 0.00 0.00 
Glycol Heater 4 507,436 6,159,070 576 8 0.71 7.7 483 0.00 0.01 0.02 0.00 0.00 
Glycol Heater 5 507,433 6,159,068 576 8 0.55 5.0 483 0.00 0.01 0.01 0.00 0.00 
Preheater 1 507,483 6,159,057 576 6.1 0.2 8.6 873 0.00 0.00 0.00 0.00 0.00 
Preheater 2 507,485 6,159,053 576 6.1 0.2 8.6 873 0.00 0.00 0.00 0.00 0.00 

Christina 
Lake 

Thermal 
Project 
Phase 
1C/1D 

Incinerator 507,483 6,159,023 576 60 0.32 10.7 811 0.75 0.00 0.00 0.00 0.00 
Cenovus Christina Lake Air Emission Totals for the Baseline, Application and CEA Scenarios 2.62 3.33 3.02 0.20 0.27 
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Table B4-26 Summary of Cenovus Christina Lake Expansion Proposed Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC 
(t/d) 

PM2.5 
(t/d) 

Preheater 3 507,487 6,159,050 576 6.1 0.2 6.5 873 0.00 0.00 0.00 0.00 0.00 
Steam Generator 1 507,092 6,159,752 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 2 507,084 6,159,766 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 3 507,077 6,159,779 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 4 507,070 6,159,792 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 5 507,471 6,159,780 574 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 6 507,464 6,159,793 574 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 7 507,456 6,159,806 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 8 507,449 6,159,819 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 9 507,432 6,159,850 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 10 507,425 6,159,863 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 11 507,418 6,159,876 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 12 507,410 6,159,889 573 32 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Flash Heater 1 507,561 6,159,766 574 3.3 0.31 30.5 512 0.00 0.01 0.01 0.00 0.00 
Flash Heater 2 507,552 6,159,762 574 3.3 0.31 30.5 512 0.00 0.01 0.01 0.00 0.00 

Christina 
Lake 

Thermal 
Project 
Phase 

IE/1F/1G  

Glycol Heater 507,640 6,159,745 574 9.2 0.91 9.6 474 0.00 0.03 0.03 0.00 0.00 
Cenovus  Christina Lake Expansion Emission Totals for the CEA Scenario 0.04 3.93 3.50 0.23 0.32 
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Table B4-27 Summary of Cenovus Narrows Lake Proposed Air Emissions used for the CEA Scenario  

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC 
(t/d) 

PM2.5 
(t/d) 

Steam Generator 1 507,127 6,167,538 578 32 1.70 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 2 507,127 6,167,568 578 32.0 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 3 507,127 6,167,583 578 32.0 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 4 507,127 6,167,618 578 32.0 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 5 507,313 6,167,426 579 9.2 0.91 9.6 474 0.00 0.03 0.03 0.00 0.00 
Glycol Heater 507,127 6,167,633 578 32.0 1.68 24.5 488 0.00 0.32 0.29 0.02 0.03 
Air Preheater 507,129 6,166,896 579 6.1 0.20 8.6 873 0.00 0.32 0.29 0.02 0.03 
Air Preheater 507,129 6,166,892 579 6.1 0.20 8.6 873 0.00 0.32 0.29 0.02 0.03 
Glycol Heater 507,094 6,166,932 579 8.0 0.71 7.7 483 0.00 0.32 0.29 0.02 0.03 
Glycol Heater 507,098 6,166,932 579 8.0 0.71 7.7 483 0.00 0.32 0.29 0.02 0.03 
Glycol Heater 507,102 6,166,932 579 8.0 0.55 5.0 483 0.00 0.03 0.03 0.00 0.00 

Project 
Phase 1  

 

Incinerator 507,115 6,166,870 579 60.0 0.32 10.7 811 0.00 0.01 0.01 0.00 0.00 
Steam Generator 1 507,127 6,167,648 578 32.0 1.68 24.5 488 0.00 0.01 0.01 0.00 0.00 
Steam Generator 2 507,127 6,167,663 578 32.0 1.68 24.5 488 0.00 0.00 0.00 0.00 0.00 
Steam Generator 3 507,127 6,167,698 578 32.0 1.68 24.5 488 0.00 0.00 0.00 0.00 0.00 
Steam Generator 4 507,128 6,167,713 578 32.0 1.68 24.5 488 0.00 0.01 0.02 0.00 0.00 
Steam Generator 5 507,305 6,167,426 579 9.2 0.91 9.6 474 0.00 0.01 0.02 0.00 0.00 
Glycol Heater 507,198 6,167,483 578 3.3 0.31 30.5 512 0.00 0.01 0.01 0.00 0.00 

Project 
Phase 2  

 

Flash Treater 507,185 6,167,483 578 3.3 0.31 30.5 512 2.29 0.00 0.00 0.00 0.00 
Cenovus Narrows Lake Air Emission Totals for the CEA Scenario 2.29 3.01 2.71 0.18 0.25 
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Table B4-28 Summary of Cenovus Narrows Lake Proposed Air Emissions used for the CEA Scenario  

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit Temp 
(K) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC 
(t/d) 

PM2.5 
(t/d) 

Steam Generator 1 507,127 6,167,538 578 32.0 1.70 24.54 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 2 507,127 6,167,568 578 32.0 1.68 24.54 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 3 507,127 6,167,583 578 32.0 1.68 24.54 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 4 507,127 6,167,618 578 32.0 1.68 24.54 488 0.00 0.32 0.29 0.02 0.03 
Steam Generator 5 507,313 6,167,426 579 9.2 0.91 9.60 474 0.00 0.03 0.03 0.00 0.00 
Glycol Heater 507,127 6,167,633 578 32.0 1.68 24.54 488 0.00 0.32 0.29 0.02 0.03 
Air Preheater 507,129 6,166,896 579 6.1 0.20 8.56 873 0.00 0.32 0.29 0.02 0.03 
Air Preheater 507,129 6,166,892 579 6.1 0.20 8.56 873 0.00 0.32 0.29 0.02 0.03 
Glycol Heater 507,094 6,166,932 579 8.0 0.71 7.73 483 0.00 0.32 0.29 0.02 0.03 
Glycol Heater 507,098 6,166,932 579 8.0 0.71 7.73 483 0.00 0.32 0.29 0.02 0.03 
Glycol Heater 507,102 6,166,932 579 8.0 0.55 5.02 483 0.00 0.03 0.03 0.00 0.00 

Project 
Phase 1  

 

Incinerator 507,115 6,166,870 579 60.0 0.32 10.67 811 0.00 0.01 0.01 0.00 0.00 
Steam Generator 1 507,127 6,167,648 578 32.0 1.68 24.54 488 0.00 0.01 0.01 0.00 0.00 
Steam Generator 2 507,127 6,167,663 578 32.0 1.68 24.54 488 0.00 0.00 0.00 0.00 0.00 
Steam Generator 3 507,127 6,167,698 578 32.0 1.68 24.54 488 0.00 0.00 0.00 0.00 0.00 
Steam Generator 4 507,128 6,167,713 578 32.0 1.68 24.54 488 0.00 0.01 0.02 0.00 0.00 
Steam Generator 5 507,305 6,167,426 579 9.2 0.91 9.60 474 0.00 0.01 0.02 0.00 0.00 
Glycol Heater 507,198 6,167,483 578 3.3 0.31 30.50 512 0.00 0.01 0.01 0.00 0.00 

Project 
Phase 2  

 

Flash Treater 507,185 6,167,483 578 3.3 0.31 30.50 512 2.29 0.00 0.00 0.00 0.00 
Cenovus Narrows Lake Air Emission Totals for the CEA Scenario 2.29 3.01 2.71 0.18 0.25 



 Connacher Oil and Gas Limited 
 EIA Great Divide SAGD Project  
 Consultant Report #1 Air Quality 
Millennium EMS Solutions Ltd. May 2010 
 

 Page 1B-44 07-104 

 

Table B4-29 Summary of ConocoPhillips Existing and Approved Air Emissions used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter  

(m) 

Exit  
Velocity (m/s) 

Exit  
Temp (K)

SO2 

(t/d) 
NOX 

(t/d) 
CO
(t/d) 

PM2.5 

(t/d) 

Surmont Pilot Steam Generator 501,850 6,229,700 595 13.3 0.90 8.3 423 0.16 0.08 0.08 0.00 
Steam Generator 1 503,363 6,227,513 642 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 2 503,363 6,227,528 642 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 3 503,434 6,227,513 642 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 4 503,434 6,227,528 642 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Slop Treater X-240 503,448 6,227,575 641 10.2 0.39 3.7 811 0 0.0024 0.003 0.0003 
Glycol Trim Heater H-601 503,440 6,227,633 641 15.0 0.90 7.8 652 0.04 0.016 0.02 0.002 

Surmont Phase1 

Flare FS-701 503,418 6,227,513 643 48.8 0.76 20.0 1273 0.04 0.02 0.0011 0.0016 
Steam Generator 531A 504,118 6,227,777 620 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531C 504,118 6,227,792 618 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531E 504,118 6,227,807 618 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531G 504,118 6,227,822 618 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531I 504,118 6,227,837 618 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531K 504,118 6,227,852 618 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531M 504,118 6,227,867 618 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531B 504,200 6,227,777 617 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531D 504,200 6,227,792 617 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531F 504,200 6,227,807 617 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531H 504,200 6,227,822 617 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531J 504,200 6,227,837 610 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531L 504,200 6,227,852 610 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Steam Generator 531N 504,200 6,227,867 610 27.0 1.68 20.1 469 0.02 0.17 0.27 0.02 
Slop Treater 2X-240 504,144 6,227,407 629 10.2 0.39 3.7 811 0 0.0024 0.003 0.0003 
Glycol Trim Heater 2H-601A 504,058 6,227,733 620 15.0 0.90 7.8 652 0.04 0.016 0.02 0.002 
Glycol Trim Heater 2H-601B 504,058 6,227,741 620 15.0 0.90 7.8 652 0.04 0.016 0.02 0.002 
Glycol Trim Heater 2H-601C 504,058 6,227,749 620 15.0 0.90 7.8 652 0.04 0.016 0.02 0.002 
Flare 2FS-701 504,488 6,227,645 613 48.8 0.76 20.0 1273 0.04 0.02 0.0011 0.0016 

Surmont Phase2 

Sulphur Plant Incinerator 504,344 6,227,647 619 30.5 0.92 0.9 923 0.1 0.0002 0.12 0.00003 
ConocoPhillips Surmont Air Emission Totals used for the Baseline, Application and CEA Scenarios 0.87 3.26 5.15 0.37 
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Table B4-30 Summary of Devon Jackfish Existing and Approved Air Emissions used for the Baseline, Application and CEA 
Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack  
Height (m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp
 (K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Steam Generator 1 507,936 6,153,851 611 25.9 1.68 18.3 461 1.00 0.20 0.26 0.02 0.03 
Steam Generator 2 507,946 6,153,833 611 25.9 1.68 18.3 461 1.00 0.20 0.26 0.02 0.03 
Steam Generator 3 507,951 6,153,825 611 25.9 1.68 18.3 461 0.00 0.20 0.26 0.02 0.03 
Steam Generator 4 507,961 6,153,807 611 25.9 1.68 18.3 461 0.00 0.20 0.26 0.02 0.03 
Steam Generator 5 507,982 6,153,771 611 25.9 1.68 18.3 461 0.00 0.20 0.26 0.02 0.03 
Steam Generator 6 507,992 6,153,753 611 25.9 1.68 18.3 461 0.00 0.20 0.26 0.02 0.03 
Glycol Heaters 508,036 6,153,741 612 5.5 0.46 8.9 561 0.00 0.01 0.01 0.00 0.00 
Emergency Generator 508,020 6,153,443 613 6.1 0.3 72.6 747 0.00 0.07 0.07 0.08 0.00 

Devon Canada 
Corp Jackfish 

Emergency Flare 508,098 6,153,856 611 21.4 0.2 103 443 6.40 1.00 3.00 0.00 0.00 
Devon Jackfish Air Emission Totals used for the Baseline, Application and CEA Scenarios 8.40 2.27 4.64 0.20 0.18
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Table B4-31 Summary of Husky Sunrise Existing and Approved Air Emissions used for  the Baseline, Application and CEA 
Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack  
Height (m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp
 (K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Steam Generator 496,251 6,344,268 484 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,251 6,344,254 484 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,251 6,344,240 484 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Glycol Heater 496,234 6,344,291 484 15 1.16 7.1 473 0.02 0.06 0.12 0.00 0.00 
Glycol Heater 496,235 6,344,279 484 15 1.16 7.1 473 0.02 0.06 0.12 0.00 0.00 
HP Flare 495,935 6,344,467 486 40 0.25 1.0 1273 0.00 0.01 0.00 0.02 0.00 

Sunrise Stage 
1 

LP Flare 495,935 6,344,467 486 40 0.31 1.0 1273 0.00 0.01 0.00 0.02 0.00 
Steam Generator 496,482 6,344,247 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,482 6,344,233 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,482 6,344,219 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,482 6,344,205 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Glycol Heater 496,498 6,344,271 486 15 1.16 10.7 473 0.02 0.06 0.12 0.00 0.00 
Glycol Heater 496,498 6,344,258 486 15 1.16 10.7 473 0.02 0.06 0.12 0.00 0.00 
HP Flare 496,797 6,344,467 490 40 0.25 1.0 1273 0.00 0.01 0.00 0.04 0.00 

Sunrise Stage 
2 

LP Flare 496,797 6,344,467 490 40 0.31 1.0 1273 0.00 0.01 0.00 0.04 0.00 
Steam Generator 496,482 6,344,076 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,482 6,344,062 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,482 6,344,048 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
Steam Generator 496,482 6,344,034 486 27 1.65 24.0 458 0.10 0.66 2.406 0.00 0.00 
HP Flare 496,797 6,343,757 492 40 0.25 1.0 1273 0.00 0.01 0.00 0.04 0.00 

Sunrise Stage 
3 

LP Flare 496,797 6,343,757 492 40 0.31 1.0 1273 0.00 0.01 0.00 0.04 0.00 
Husky Sunrise Stage 1-3 Air Emission Totals for the Baseline, Application and CEA Scenarios 1.18 7.56 26.95 0.20 0.00 
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Table B4-32 Summary of JACOS Existing and Approved Air Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Glycol Heater H-701 460,340 6,241,771 563 9.0 0.5 4.5 416 0.00 0.01 0.01 0.00 0.00 
HP Flare FS-701N Continuous 460,367 6,241,846 563 27.4 2.0 0.6 1273 0.16 0.00 0.01 0.00 0.00 
LP Flare FS-702 Continuous 460,353 6,241,838 563 21.0 1.8 0.4 1273 0.03 0.00 0.00 0.00 0.00 
Line Heater H-702 460,401 6,241,713 563 12.0 0.5 2.6 416 0.00 0.01 0.00 0.00 0.00 
Steam Generator B-201A 460,379 6,241,764 563 12.0 0.9 9.3 416 0.00 0.10 0.05 0.00 0.00 

Hangingstone Phase 1 

Steam Generator B-201B 460,377 6,241,755 563 12.0 0.9 9.3 416 0.00 0.10 0.05 0.00 0.00 
Hangingstone Phase 2 Steam Generator B-510 460,798 6,241,556 567 30.0 1.4 20.8 475 0.00 0.22 0.16 0.01 0.01 

HP Flare 801 Continuous 460,787 6,241,403 567 21.4 2.0 3.1 1273 0.60 0.01 0.05 0.01 0.00 
LP Flare 804 Continuous 460,787 6,241,402 567 20.1 2.0 0.9 1273 0.02 0.00 0.02 0.00 0.00 Hangingstone Phase 2+3  
Glycol Heater H-755 460,765 6,241,530 567 9.0 0.4 17.6 578 0.00 0.01 0.01 0.00 0.00 

Hangingstone Phase 3 Steam Generator B-520 460,813 6,241,556 567 30.0 1.4 20.8 475 0.00 0.22 0.16 0.01 0.01 
 JACOS Hangingstone Phase 1-3 Emission Totals used for the Baseline and Application Scenarios 0.81 0.68 0.52 0.03 0.02 
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Table B4-33 Summary of JACOS Existing, Approved and Proposed Air Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Glycol Heater H-701 460,340 6,241,771 563 9.0 0.5 4.5 416 0.00 0.01 0.01 0.00 0.00 
HP Flare FS-701N Continuous 460,367 6,241,846 563 27.4 2.0 0.6 1273 0.16 0.00 0.01 0.00 0.00 
LP Flare FS-702 Continuous 460,353 6,241,838 563 21.0 1.8 0.4 1273 0.03 0.00 0.00 0.00 0.00 
Line Heater H-702 460,401 6,241,713 563 12.0 0.5 2.6 416 0.00 0.01 0.00 0.00 0.00 
Steam Generator B-201A 460,379 6,241,764 563 12.0 0.9 9.3 416 0.00 0.10 0.05 0.00 0.00 

Hangingstone Phase 1 

Steam Generator B-201B 460,377 6,241,755 563 12.0 0.9 9.3 416 0.00 0.10 0.05 0.00 0.00 
Hangingstone Phase 2 Steam Generator B-510 460,798 6,241,556 567 30.0 1.4 20.8 475 0.00 0.22 0.16 0.01 0.01 

HP Flare 801 Continuous 460,787 6,241,403 567 21.4 2.0 3.1 1273 0.60 0.01 0.05 0.01 0.00 
LP Flare 804 Continuous 460,787 6,241,402 567 20.1 2.0 0.9 1273 0.02 0.00 0.02 0.00 0.00 

Hangingstone 
Phase 2+3 

Glycol Heater H-755 460,765 6,241,530 567 9.0 0.4 17.6 578 0.00 0.01 0.01 0.00 0.00 
Hangingstone Phase 3 Steam Generator B-520 460,813 6,241,556 567 30.0 1.4 20.8 475 0.00 0.22 0.16 0.01 0.01 

Cogen/HRSG GT-500/B-505 459,789 6,239,133 580 24.5 5.2 20.5 419 0.85 1.59 0.83 0.46 0.11 
Cogen/HRSG GT-510/B-515 459,758 6,239,133 580 24.5 5.2 20.5 419 0.85 1.59 0.83 0.46 0.11 
Dehy. Incinerator I-270 459,555 6,239,059 580 10.7 1.2 7.9 1088 0.05 0.02 0.01 0.00 0.00 
HP Flare/FL800c Cont.purge & pilot 459,382 6,239,123 580 43.3 3.7 0.2 1273 0.00 0.00 0.01 0.00 0.00 
LP Flare/FL801 Cont.purge & pilot 459,382 6,239,123 580 42.7 2.0 0.2 1273 0.00 0.00 0.00 0.00 0.00 
Heat Medium Heater H902A 459,537 6,239,060 580 5.9 0.6 10.7 482 0.00 0.01 0.02 0.00 0.00 
Heat Medium Heater H902B 459,531 6,239,060 580 5.9 0.6 10.7 482 0.00 0.01 0.02 0.00 0.00 
OTSG B-520 459,735 6,239,089 580 29.7 1.5 18.2 475 0.46 0.22 0.84 0.01 0.01 
OTSG B-530 459,717 6,239,090 580 29.7 1.5 18.2 475 0.46 0.22 0.84 0.01 0.01 

Hangingstone 
Commercial 

OTSG B-540 459,701 6,239,089 580 29.7 1.5 18.2 475 0.46 0.22 0.84 0.01 0.01 
 JACOS Hangingstone Phase 1-3 Emission Totals for the CEA Scenario 3.94 4.56 4.76 0.98 0.27 
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Table B4-34 Summary of Laricina Saleski Pilot Project Existing, Approved and Proposed Air Emissions used for the Baseline, Application 
and CEA Scenario   

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height

 (m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

OTSG North Steam Generator 383,352 6,251,525 589 11.4 0.91 9.7 437 0.08 0.03 0.16 n/a 0.004 
OTSG South Steam Generator 383,351 6,251,517 589 11.4 0.91 9.7 437 0.08 0.03 0.16 n/a 0.004 
Electricity Generator Package 383,289 6,251,462 589 4.2 0.25 77.2 750 0.00 0.09 0.06 n/a 0.00 
Electricity Generator Package 383,298 6,251,462 589 4.2 0.25 77.2 750 0.00 0.09 0.06 n/a 0.00 
T7000 Tank Firetube 383,228 6,251,480 589 15.2 0.59 0.1 589 0.00 0.00 0.00 n/a 0.00 
T7010 Tank Firetube 383,229 6,251,493 589 15.2 0.59 0.1 589 0.00 0.00 0.00 n/a 0.00 
Line Heater 383,321 6,251,589 589 4.6 0.30 1.1 755 0.00 0.00 0.00 n/a 0.00 
HP Flare  383,265 6,251,403 589 18.3 0.26 0.0 1273 0.00 0.00 0.00 n/a 0.00 

Laricina Saleski Pilot 
Project 

LP Flare 383,265 6,251,403 589 18.3 0.15 0.4 1273 0.02 0.00 0.00 n/a 0.00 
Laricina Saleski Pilot Project Emission Totals for the Baseline, Application and CEA Scenarios 0.17 0.24 0.45 n/a 0.01 

n/a – Not available 
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Table B4-35 Summary of MEG Energy Christina Lake Pilot Plant Emissions used for the Baseline and Application Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack  
Height (m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
 (K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Steam Generator  517,796 6,168,843 579 30.0 1.38 20.7 445 0.002 0.20 0.18 0.01 0.02 
Glycol Heater 517,828 6,168,816 579 7.5 0.51 4.5 434 0.00 0.01 0.01 0.00 0.00 
Low Pressure Flare 517,870 6,168,764 579 13.2 2.40 0.2 1,273 0.00 0.001 0.01 0.001 0.00 

Christina Lake 
Pilot Project 

High Pressure Flare 517,850 6,168,732 579 31.5 2.88 0.1 1,273 0.00 0.001 0.01 0.001 0.00 
Steam Generator  517,772 6,168,836 579 30.0 1.68 19.7 445 0.002 0.28 0.25 0.02 0.02 
Cogeneration Unit 517,704 6,168,835 579 24.0 5.18 21.4 437 0.012 2.45 1.43 0.05 0.12 
Glycol Heater 517,818 6,168,886 579 5.0 1.02 5.8 434 0.00 0.02 0.03 0.002 0.003 
Slop Treater 1 517,867 6,168,901 579 9.0 0.61 5.3 533 0.00 0.004 0.01 0.00 0.00 
Slop Treater 2 517,867 6,168,900 579 9.0 0.61 5.3 533 0.00 0.004 0.01 0.00 0.00 

Christina Lake 
Phase 2 

Flare 517,874 6,169,058 579 55.2 5.75 0.0 1,273 0.00 0.001 0.01 0.002 0.00 
Steam Generator 1 517,373 6,169,140 579 30.0 1.96 17.0 444 0.003 0.33 0.29 0.02 0.03 
Steam Generator 2 517,378 6,169,122 579 30.0 1.96 17.0 444 0.003 0.33 0.29 0.02 0.03 
Steam Generator 3 517,383 6,169,105 579 30.0 1.96 17.0 444 0.003 0.33 0.29 0.02 0.03 
Cogeneration Unit 517,632 6,168,815 579 24.0 5.18 21.4 437 0.01 2.45 1.43 0.05 0.12 
Glycol Heater 517,639 6,169,235 579 15.0 1.52 9.5 618 0.001 0.05 0.07 0.01 0.01 
Amine Preheater 517,917 6,168,990 579 15.0 0.31 76.3 533 0.00 0.02 0.03 0.002 0.002 

Christina Lake 
Phase 2B 

Flare 517,860 6,169,109 579 55.2 7.19 0.0 1,273 0.00 0.001 0.01 0.002 0.00 
SRU Incinerator 1 517,929 6,168,916 579 45.7 0.61 6.9 873 0.00 0.001 0.001 0.00 0.00 Sulphur 

Recovery SRU Incinerator 2 517,950 6,168,923 579 80.0 0.41 18.3 873 1.50 0.00 0.00 0.00 0.00 
Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Phase 2B  Plant Fugitives 517,515 6,169,342 518,170 6,169,342 518,170 6,168,687 517,515 6,168,687 429,029 579 0.00 0.00 0.00 0.009 0.00 
MEG Christina Lake Pilot & Phase 2 Air Emission Totals for Baseline and Application Scenarios 1.53 6.48 4.33 0.98 0.37 

 

Table B4-36 Summary of MEG Energy Christina Lake Pilot Plant Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack  
Height (m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
 (K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Steam Generator  517,796 6,168,843 579 30.0 1.38 20.7 445 0.00 0.20 0.18 0.01 0.02 
Glycol Heater 517,828 6,168,816 579 7.5 0.51 4.5 434 0.00 0.01 0.01 0.00 0.00 

Christina Lake 
Pilot Project 

Low Pressure Flare 517,870 6,168,764 579 13.2 2.40 0.2 1,273 0.00 0.00 0.01 0.00 0.00 
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Table B4-36 Summary of MEG Energy Christina Lake Pilot Plant Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack  
Height (m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
 (K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

High Pressure Flare 517,850 6,168,732 579 31.5 2.88 0.1 1,273 0.00 0.00 0.01 0.00 0.00 
Steam Generator  517,772 6,168,836 579 30.0 1.68 19.7 445 0.00 0.28 0.25 0.02 0.02 
Cogeneration Unit 517,704 6,168,835 579 24.0 5.18 21.4 437 0.01 2.45 1.43 0.05 0.12 
Glycol Heater 517,818 6,168,886 579 5.0 1.02 5.8 434 0.00 0.02 0.03 0.00 0.00 
Slop Treater 1 517,867 6,168,901 579 9.0 0.61 5.3 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 2 517,867 6,168,900 579 9.0 0.61 5.3 533 0.00 0.00 0.01 0.00 0.00 

Christina Lake 
Phase 2 

Flare 517,874 6,169,058 579 55.2 5.75 0.0 1,273 0.00 0.00 0.01 0.00 0.00 
Steam Generator 1 517,373 6,169,140 579 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 2 517,378 6,169,122 579 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 3 517,383 6,169,105 579 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Cogeneration Unit 517,632 6,168,815 579 24.0 5.18 21.4 437 0.01 2.45 1.43 0.05 0.12 
Glycol Heater 517,639 6,169,235 579 15.0 1.52 9.5 618 0.00 0.05 0.07 0.01 0.01 
Amine Preheater 517,917 6,168,990 579 15.0 0.31 76.3 533 0.00 0.02 0.03 0.00 0.00 

Christina Lake 
Phase 2B 

Flare 517,860 6,169,109 579 55.2 7.19 0.0 1,273 0.00 0.00 0.01 0.00 0.00 
Steam Generator 1 525,543 6,162,802 607 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 2 525,543 6,162,785 607 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 3 525,543 6,162,767 607 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 4 525,543 6,162,750 607 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 5 525,543 6,162,732 608 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 6 525,543 6,162,714 608 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 7 525,543 6,162,696 608 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 8 525,542 6,162,595 609 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 9 525,543 6,162,578 609 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 10 525,543 6,162,560 609 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 11 525,543 6,162,542 609 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 12 525,543 6,162,525 609 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 13 525,542 6,162,507 610 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 14 525,542 6,162,489 610 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Glycol Heater 1 525,800 6,162,663 610 15.0 1.52 10.2 618 0.00 0.06 0.08 0.01 0.01 
Glycol Heater 2 525,801 6,162,627 610 15.0 1.52 10.2 618 0.00 0.06 0.08 0.01 0.01 
Slop Treater 1A 526,028 6,162,662 608 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 1B 526,028 6,162,661 608 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 2A 526,097 6,162,662 607 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 2B 526,097 6,162,661 607 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Amine Preheater 1 525,844 6,162,684 609 15.0 0.31 29.8 533 0.00 0.01 0.02 0.00 0.00 
Amine Preheater 2 525,843 6,162,609 610 15.0 0.31 29.8 533 0.00 0.01 0.02 0.00 0.00 
Flare 1 526,002 6,162,859 607 55.2 7.19 0.0 1,273 0.00 0.00 0.01 0.00 0.00 

Christina Lake 
Phase 3A 

Flare 2 526,002 6,162,432 609 55.2 7.19 0.0 1,273 0.00 0.00 0.01 0.00 0.00 
Steam Generator 1 506,443 6,174,903 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 Christina Lake 

Phase 3B Steam Generator 2 506,443 6,174,885 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 



 Connacher Oil and Gas Limited 
 EIA Great Divide SAGD Project  
 Consultant Report #1 Air Quality 
Millennium EMS Solutions Ltd. May 2010 
 

 Page 1B-52 07-104 

Table B4-36 Summary of MEG Energy Christina Lake Pilot Plant Emissions used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack  
Height (m) 

Stack Diameter 
(m) 

Exit Velocity 
(m/s) 

Exit Temp 
 (K) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC
(t/d) 

PM2.5 

(t/d) 

Steam Generator 3 506,443 6,174,867 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 4 506,443 6,174,850 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 5 506,443 6,174,832 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 6 506,443 6,174,814 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 7 506,443 6,174,796 602 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 8 506,442 6,174,695 601 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 9 506,442 6,174,678 601 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 10 506,442 6,174,660 601 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 11 506,443 6,174,642 601 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 12 506,443 6,174,625 601 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 13 506,443 6,174,607 601 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Steam Generator 14 506,442 6,174,589 600 30.0 1.96 17.0 444 0.00 0.33 0.29 0.02 0.03 
Glycol Heater 1 506,700 6,174,763 603 15.0 1.52 10.2 618 0.00 0.06 0.08 0.01 0.01 
Glycol Heater 2 506,701 6,174,727 603 15.0 1.52 10.2 618 0.00 0.06 0.08 0.01 0.01 
Slop Treater 1A 506,928 6,174,762 605 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 1B 506,928 6,174,761 605 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 2A 506,997 6,174,762 605 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Slop Treater 2B 506,997 6,174,761 605 15.0 0.61 5.7 533 0.00 0.00 0.01 0.00 0.00 
Amine Preheater 1 506,745 6,174,783 604 15.0 0.31 29.8 533 0.00 0.01 0.02 0.00 0.00 
Amine Preheater 2 506,745 6,174,708 603 15.0 0.31 29.8 533 0.00 0.01 0.02 0.00 0.00 
Flare 1 506,902 6,174,959 606 55.2 7.19 0.0 1,273 0.00 0.00 0.01 0.00 0.00 
Flare 2 506,902 6,174,532 602 55.2 7.19 0.0 1,273 0.00 0.00 0.01 0.00 0.00 
SRU Incinerator 1 517,929 6,168,916 579 45.7 0.61 6.9 873 1.00 0.00 0.00 0.00 0.00 
SRU Incinerator 2 517,950 6,168,923 579 80.0 0.41 18.3 873 0.84 0.00 0.00 0.00 0.00 Sulphur Recovery 
SRU Incinerator 3 517,967 6,168,927 579 80.0 0.41 18.3 873 0.84 0.00 0.00 0.00 0.00 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Phase 2B Plant Fugitives 517,515 6,169,342 518,170 6,169,342 518,170 6,168,687 517,515 6,168,687 429,029 579 0.00 0.00 0.00 0.01 0.00 
Phase 3A Plant Fugitives 525,559 6,162,911 526,165 6,162,911 526,165 6,162,305 525,559 6,162,305 367,587 579 0.00 0.00 0.00 0.01 0.00 
Phase 3B Plant Fugitives 506,457 6,175,012 507,063 6,175,012 507,063 6,174,406 506,457 6,174,406 367,891 579 0.00 0.00 0.00 0.01 0.00 

MEG Christina Lake Pilot & Phases 2 & 3 Air Emission Totals for the CEA Scenario 2.78 16.10 13.00 0.81 1.15 
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Table B4-37 Summary of OPTI/Nexen Long Lake Existing and Approved Air Emissions included in the Baseline, Application and 
CEA Scenarios 

Point Sources  

Facility Emissions Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 
(t/d) 

NOx 
(t/d) 

CO 
(t/d) 

VOC 
(t/d) 

PM2.5 
(t/d) 

Cogen Unit 1  503,159 6,251,532 504 30.0 5.18 18.2 433 0.59 2.42 1.83 0.08 0.13 
Cogen Unit 2  503,193 6,251,498 504 30.0 5.18 18.2 433 0.59 2.42 1.83 0.08 0.13 
Steam Generator 1  503,237 6,251,626 504 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 2  503,248 6,251,616 504 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 3  503,258 6,251,605 504 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 4  503,270 6,251,593 504 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 5  502,738 6,251,665 501 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 6  502,750 6,251,654 501 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 7  502,761 6,251,643 501 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Glycol Heater  503,164 6,251,722 495 30.0 1.8 6.0 422 0.00 0.12 0.10 0.01 0.01 
Glycol Reboiler  502,803 6,251,623 499 5.0 0.22 6.0 422 0.00 0.00 0.00 0.00 0.00 
Vacuum Tower Heater 1  503,468 6,251,604 501 40.6 2.84 6.0 628 0.06 0.19 0.17 0.01 0.02 
Vacuum Tower Heater 2  503,477 6,251,596 501 40.6 2.84 6.0 628 0.06 0.19 0.17 0.01 0.02 
Vacuum Tower Heater 3  503,871 6,251,113 497 40.6 2.84 6.0 628 0.06 0.19 0.17 0.01 0.02 
Vacuum Tower Heater 4  503,862 6,251,105 497 40.6 2.84 6.0 628 0.06 0.19 0.17 0.01 0.02 
Primary Thermal Cracker Heater 1  503,497 6,251,579 497 37.7 2.36 8.9 422 0.05 0.17 0.15 0.01 0.01 
Primary Thermal Cracker Heater 2  503,506 6,251,570 497 37.7 2.36 8.9 422 0.05 0.17 0.15 0.01 0.01 
Primary Thermal Cracker Heater 3  503,846 6,251,086 497 37.7 2.36 8.9 422 0.05 0.17 0.15 0.01 0.01 
Primary Thermal Cracker Heater 4  503,836 6,251,077 497 37.7 2.36 8.9 422 0.05 0.17 0.15 0.01 0.01 
Thermal Oil Heater 1  503,567 6,251,482 502 44.2 1.47 7.4 611 0.02 0.05 0.06 0.00 0.01 
Thermal Oil Heater 2  503,719 6,251,037 497 44.2 1.47 7.4 611 0.02 0.05 0.06 0.00 0.01 
Hydrocracker Heater 1  503,478 6,251,249 497 30.0 1.82 6.0 582 0.02 0.06 0.07 0.00 0.01 
Hydrocracker Heater 2  503,946 6,251,042 497 30.0 1.82 6.0 582 0.02 0.06 0.07 0.00 0.01 
Utility Boiler 1  503,307 6,251,379 505 30.0 1.51 29.5 416 0.12 0.45 0.36 0.02 0.03 
Utility Boiler 2  503,295 6,251,391 505 30.0 1.51 29.5 416 0.12 0.45 0.36 0.02 0.03 
Utility Boiler 3  504,012 6,250,876 494 30.0 1.51 29.5 416 0.12 0.45 0.36 0.02 0.03 
Utility Boiler 4  504,024 6,250,887 494 30.0 1.51 29.5 416 0.12 0.45 0.36 0.02 0.03 
Steam Superheater 1  503,336 6,251,343 505 51.4 1.89 6.5 578 0.03 0.06 0.07 0.00 0.01 
Steam Superheater 2  503,984 6,250,844 494 51.4 1.89 6.5 578 0.03 0.06 0.07 0.00 0.01 
Steam Superheater 3  503,578 6,251,492 502 34.7 1.02 6.2 523 0.01 0.02 0.02 0.00 0.00 
Steam Superheater 4  503,729 6,251,027 497 34.7 1.02 6.2 523 0.01 0.02 0.02 0.00 0.00 
Sulphur Recovery Unit Incinerator 1  503,410 6,251,145 499 115 1.52 30.0 811 7.76 0.04 0.03 0.00 0.00 
Sulphur Recovery Unit Incinerator 2  503,732 6,250,845 494 115 1.52 30.0 811 7.76 0.04 0.03 0.00 0.00 
HP Flare  503,801 6,251,754 500 28.7 3.85 0.02 1273 0.00 0.00 0.00 0.00 0.00 

Long Lake 
Project 

LP Flare  504,016 6,251,410 495 38 3.85 0.02 1273 0.00 0.00 0.00 0.00 0.00 
OPTI / Nexen Long Lake Air Emission Totals for the Baseline, Application and CEA Scenarios 18.41 10.98 8.94 0.47 0.74 
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Table B4-38 Summary of OPTI/Nexen Long Lake South Proposed Air Emissions for the CEA Scenario 

Point Sources  

Facility  Emissions Source  
UTM E  

(m)  
UTM N  

(m)  
Elevation 

(m)  
Stack 

Height (m) 

Stack 
Diameter 

(m)  

Exit 
Velocity 

(m/s)  

Exit  
Temp  

(K)  

SO2 
(t/d)  

NOx 
(t/d)  

CO  
(t/d)  

VOC 
(t/d)  

PM2.5  
(t/d)  

Steam Generator 1  500,521 6,239,541 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 2  500,539 6,239,530 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 3  500,557 6,239,520 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 4  500,575 6,239,509 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 5  500,593 6,239,499 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 6  500,554 6,239,619 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 7  500,572 6,239,608 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 8  500,590 6,239,598 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 9  500,606 6,239,588 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 10  500,624 6,239,578 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 11  500,642 6,239,568 522 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Cogen Unit  500,465 6,239,611 522 30.0 5.18 18.2 433 0.59 2.44 1.83 0.08 0.13 
Glycol Trim Heater  500,689 6,239,602 522 30.0 1.8 6.0 422 0.00 0.12 0.10 0.01 0.01 
Line Heater 1  500,941 6,240,033 517 7.4 0.51 1.4 477 0.00 0.00 0.00 0.00 0.00 
Line Heater 2  504,806 6,246,080 452 7.4 0.51 1.4 477 0.00 0.00 0.00 0.00 0.00 

Long Lake 
South Phase 1 

Continuous Flare  501,160 6,239,853 513 37.5 3.85 0.02 1273 0.00 0.00 0.00 0.00 0.00 
Steam Generator 1  501,084 6,240,393 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 2  501,102 6,240,383 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 3  501,120 6,240,372 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 4  501,117 6,240,471 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 5  501,134 6,240,462 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 6  501,152 6,240,451 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Steam Generator 7  501,170 6,240,441 519 30.0 1.68 18.8 464 0.09 0.32 0.28 0.02 0.03 
Cogen Unit 1  500,993 6,240,485 519 30.0 5.18 18.2 433 0.59 2.44 1.83 0.08 0.13 
Cogen Unit 2  501,033 6,240,460 519 30.0 5.18 18.2 433 0.59 2.44 1.83 0.08 0.13 
Glycol Trim Heater  501,217 6,240,475 519 30.0 1.8 6.0 422 0.00 0.12 0.10 0.01 0.01 
Line Heater  501,474 6,240,603 505 7.4 0.51 1.4 477 0.00 0.00 0.00 0.00 0.00 

Long Lake 
South Phase 2  

Continuous Flare 501,688 6,240,726 508 47.2 3.73 0.02 1273 0.00 0.00 0.00 0.00 0.00 
OPTI / Nexen Long Lake South Air Emission Totals for the CEA Scenario 3.46 13.27 10.79 0.56 0.87 
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Table B4-39 Summary of Petrobank Whitesands Air Emissions used for the Baseline, Application, and CEA Scenarios 

Point Sources 

Facility 
Emission Source 

UTM E  
(m) 

UTM N 
(m) 

Elevation 
(m asl) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 
(t/d)  

NOx 
(t/d)  

CO  
(t/d)  

VOC 
(t/d)  

PM2.5  
(t/d)  

Steam Generator 1 484,277 6,168,716 585 7.6 0.39 11.1 723 0.00 0.03 0.04 n/a 0.00 
Flare 484,102 6,168,731 590 13.8 1.17 2.1 1273 0.29 0.01 0.01 n/a 0.00 
Combustion Vent Stack 484,263 6,168,629 589 40.0 0.26 106.7 298 0.00 0.09 9.12 n/a 0.12 
Steam Generator 2 484,283 6,168,726 584 7.6 0.69 11.7 723 0.00 0.02 0.03 n/a 0.00 

Whitesands 
Pilot 
 

Temporary Incinerator 484,275 6,168,662 587 12.1 2.50 4.1 1209 1.71 0.05 0.02 n/a 0.00 
Steam Generator 484,222 6,168,733 609 7.6 0.70 11.7 723 0.00 0.08 0.00 n/a 0.00 
Incinerator 484,214 6,168,669 609 12.2 2.50 4.1 1209 1.58 0.04 0.00 n/a 0.00 

Whitesands 
Expansion 
 Glycol Boiler A 484,065 6,168,757 609 5.0 0.60 1.7 773 0.00 0.01 0.00 n/a 0.00 
Petrobank Whitesands Air Emission Totals for Baseline, Application and CEA Scenarios 3.58 0.33 9.22 n/a 0.13 
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Table B4-40 Summary of Air Emissions from Other Existing and Approved In-Situ Facilities used for the Baseline, 
Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Steam Boiler 488,079 6,277,554 375 30.0 0.70 15.6 289 0.15 0.12 0.37 n/a 0.01 Alberta Oil 
Sands 
 

Diluent Fractionator 
Heater 488,032 6,277,529 376 8.5 0.51 4.8 278 0.00 0.01 0.04 n/a 0.00 

Propane Heater 1 472,695 6,296,300 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 2 472,700 6,296,300 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 3 472,705 6,296,300 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 4 472,695 6,296,305 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 5 472,700 6,296,305 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 

E-T Energy 
Poplar Creek 

Propane Heater 6 472,705 6,296,305 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 

 Steam Generator 500,996 6,159,358 606 30.0 1.50 27.0 483 0.26 0.26 0.19 n/a 0.03 

 Steam Generator 501,006 6,159,358 606 30.0 1.50 27.0 483 0.26 0.26 0.19 n/a 0.03 

Glycol Heater 501,056 6,159,537 606 15.0 0.40 27.0 466 0.00 0.02 0.01 n/a 0.00 

KNOC - 
Blackgold 
SAGD Project 
 

Continuous Flare Pilot 500,830 6,159,314 606 36.6 0.40 0.4 813 0.01 0.00 0.00 n/a 0.00 

Other In-Situ Facilities Air Emission Totals for the Baseline and Application Scenarios 0.68 0.67 0.81 n/a 0.07   
n/a – Not available 
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Table B4-41 Summary of Other Air Emissions from Approved and Proposed In-Situ Facilities used for the CEA Scenario 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Steam Boiler 488,079 6,277,554 375 30.0 0.70 15.6 289 0.15 0.12 0.37 n/a 0.01 Alberta Oil 
Sands 
 Diluent Heater 488,032 6,277,529 376 8.5 0.51 4.8 278 0.00 0.01 0.04 n/a 0.00 

HP Steam Boiler 435,666 6,298,088 482 30.5 1.52 11.7 447 0.07 0.03 0.07 n/a 0.01 
G8010 Gas Generator 435,687 6,298,071 482 3.0 0.25 15.5 776 0.00 0.06 0.17 n/a 0.00 
G8020 Gas Generator 435,691 6,298,066 482 3.0 0.25 15.5 776 0.00 0.06 0.17 n/a 0.00 

Athabasca Oil 
Sands 
MacKay 

Flare Stack 435,675 6,297,942 482 29.9 7.05 0.0 2780 0.00 0.00 0.00 n/a 0.00 
HP Steam Boiler 394,950 6,331,420 530 30.5 1.52 11.7 447 0.07 0.03 0.07 n/a 0.01 
Z8000 Gas Generator 394,958 6,332,406 530 3.0 0.25 15.5 776 0.00 0.06 0.17 n/a 0.00 
Z8050 Gas Generator 394,960 6,332,406 530 3.0 0.25 15.5 776 0.00 0.06 0.17 n/a 0.00 
Glycol Heater 394,969 6,332,438 530 3.7 0.15 19.7 313 0.00 0.00 0.65 n/a 0.00 
Compressors (2) 394,972 6,332,436 530 3.7 0.15 18.8 298 0.00 0.00 0.65 n/a 0.00 
Flare Stack 395,036 6,332,259 530 30.8 2.08 0.0 1273 0.00 0.00 0.00 n/a 0.00 

Athabasca Oil 
Sands Dover 

Cogen GT 391,216 6,301,854 547 20.0 1.08 12.0 484 0.00 0.18 0.08 n/a 0.01 
Steam Generator 1 454,700 6,356,500 278 27.0 1.34 27.5 553 0.08 0.42 0.41 0.03 0.04 
Steam Generator 2 454,720 6,356,500 278 27.0 1.34 27.5 553 0.08 0.42 0.41 0.03 0.04 
Steam Generator 3 454,740 6,356,500 278 27.0 1.34 27.5 553 0.08 0.42 0.41 0.03 0.04 
Steam Generator 4 454,760 6,356,500 278 27.0 1.34 27.5 553 0.08 0.42 0.41 0.03 0.04 

CNRL Horizon 
In-Situ 
 

Steam Generator 5 454,780 6,356,500 278 27.0 1.34 27.5 553 0.08 0.42 0.41 0.03 0.04 
Glycol Heater 537,806 6,336,806 510 8.2 1.46 4.1 580 0.00 0.02 0.03 0.00 0.00 
Steam Generator 537,669 6,337,094 510 27.0 1.68 19.7 490 0.33 0.28 0.26 0.02 0.02 
Steam Generator 537,684 6,337,094 510 27.0 1.68 19.7 490 0.33 0.28 0.26 0.02 0.02 
Steam Generator 537,699 6,337,094 510 27.0 1.68 19.7 490 0.33 0.28 0.26 0.02 0.02 
Steam Generator 537,714 6,337,094 510 27.0 1.68 19.7 490 0.33 0.28 0.26 0.02 0.02 
Flash Treater 
Reheater 537,835 6,337,129 510 9.5 0.62 14.1 889 0.00 0.01 0.01 0.00 0.00 

Cenovus 
Borealis 
 

Air Compressor 536,771 6,339,494 520 6.2 0.30 35.8 720 0.03 0.21 0.12 0.01 0.01 
Propane Heater 1 472,695 6,296,300 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 2 472,700 6,296,300 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 3 472,705 6,296,300 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 4 472,695 6,296,305 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
Propane Heater 5 472,700 6,296,305 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 

E-T Energy 
Poplar Creek 

Propane Heater 6 472,705 6,296,305 338 10.7 0.15 9.7 450 0.00 0.00 0.00 n/a 0.00 
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Table B4-41 Summary of Other Air Emissions from Approved and Proposed In-Situ Facilities used for the CEA Scenario 

Point Sources 

Steam Generator 1 484,860 6,148,483 670 14.8 1.60 20.0 423 0.04 0.34 0.02 0.00 0.26 
Steam Generator 2 484,871 6,148,495 670 14.8 1.60 20.0 423 0.04 0.34 0.02 0.00 0.26 

Enerplus 
Resources 

Fund  - Kirby 
Oil Sands Glycol Heater 484,905 6,148,498 671 40.0 0.90 8.0 523 0.00 0.01 0.00 0.00 0.02 
Excelsior 

Energy Ltd.   
Hangingstone Pilot 
Plant Total 478,277 6,257,628 454 45.5 2.00 18.3 450 0.66 0.96 0.82 0.06 0.07 
Boiler Plant 1 450,756 6,246,276 534 28.0 1.80 18.4 444 0.95 0.13 0.34 n/a 0.01 
Boiler Plant 2 450,788 6,246,189 534 28.0 1.80 18.4 444 0.95 0.13 0.34 n/a 0.01 
Power Turbine Plant 1 450,769 6,246,242 534 18.0 1.00 11.0 453 0.00 0.08 0.03 n/a 0.01 

Grizzly Oil 
Sands - Algar 
Lake Project 

 
Power Turbine Plant 2 450,801 6,246,156 534 18.0 1.00 11.0 453 0.00 0.08 0.03 n/a 0.01 
Steam Generator 500,996 6,159,358 606 30.0 1.50 27.0 483 0.26 0.26 0.19 n/a 0.03 
Steam Generator 501,006 6,159,358 606 30.0 1.50 27.0 483 0.26 0.26 0.19 n/a 0.03 
Glycol Heater 501,056 6,159,537 606 15.0 0.40 27.0 466 0.00 0.02 0.01 n/a 0.00 

KNOC - 
Blackgold 

SAGD Project 
 

Continuous Flare Pilot 500,830 6,159,314 606 36.6 0.40 0.4 813 0.01 0.00 0.00 n/a 0.00 
Boiler 482,598 6,168,344 630 6.4 0.50 10.0 573 0.00 0.02 0.01 n/a 0.00 
Boiler 482,785 6,168,293 632 30.5 2.50 8.0 398 0.91 0.09 0.08 n/a 0.01 
Boiler 482,785 6,168,293 632 30.5 2.50 8.0 398 0.91 0.09 0.08 n/a 0.01 
Boiler 482,649 6,168,307 630 6.4 0.50 25.0 313 0.00 0.18 0.15 n/a 0.01 
Generator 483,221 6,169,974 580 9.1 1.25 10.0 573 0.00 0.08 0.07 n/a 0.01 

Petrobank 
May River 

 

Generator 483,241 6,169,974 580 9.1 1.25 10.0 573 0.00 0.08 0.07 n/a 0.01 
Serrano 
Energy 

Blackrod SAGD 
Plant Total 395,757 6,164,294 621 8.0 0.40 14.7 723 0.00 0.19 0.28 0.01 0.01 
Steam Boiler 424,249 6,304,792 464 30.3 1.68 9.1 450           
Steam Boiler 424,249 6,304,778 464 30.3 1.68 9.1 450 0.23 0.25 0.02 n/a 0.77 
Cogen Unit #1 424,206 6,304,809 464 15.2 1.52 18.0 484 0.23 0.25 0.02 n/a 0.77 

Southern 
Pacific SAGD 
Mackay River 

 
Cogen Unit #2 424,212 6,304,809 464 15.2 1.52 18.0 484 0.00 0.05 0.00 n/a 0.05 
HP Steam Boiler 395,777 6,341,089 547 30.0 1.54 15.6 450 0.00 0.05 0.00 n/a 0.05 
HP Steam Boiler 395,783 6,341,073 547 30.0 1.54 15.6 450 0.35 0.28 0.86 n/a 0.04 
Utility Boiler 395,665 6,341,283 547 8.5 0.51 4.8 494 0.35 0.28 0.86 n/a 0.04 
Glycol Heater 395,666 6,341,288 547 8.2 0.61 3.4 700 0.00 0.01 0.04 n/a 0.00 

Sunshine 
West Ells 

Cogen GT 395,716 6,341,054 547 20.0 1.08 12.0 484 0.00 0.02 0.05 n/a 0.00 
Steam Boiler 1 436,253 6,351,986 446 25.0 2.00 17.9 443 0.00 0.18 0.08 n/a 0.01 
Steam Boiler 2 436,282 6,352,046 446 25.0 2.00 17.9 443 0.44 0.06 0.03 n/a 0.01 

Value Creation 
Terre de 
Grace Main Stack 436,353 6,351,972 446 70.0 1.30 10.1 443 0.44 0.06 0.03 n/a 0.01 

Other In-Situ Facilities Air Emission Totals for the CEA Scenario 10.73 9.28 10.60 0.29 2.88   
n/a – Not available 
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Table B4-42 Summary of Air Emissions from Gas Processing Facilities used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Marianna Lake 1 435,831 6,205,215 681 10.0 0.5 25.0 673 0.00 0.02 0.002 n/a  0.00 
Marianna Lake 2 435,831 6,205,215 681 10.0 0.5 25.0 673 0.00 0.17 0.02 n/a  0.00 
Thornbury Burnt Pine 
Engine 1 455,870 6,228,868 659 10.0 0.5 25.0 673 0.00 0.04 0.005 n/a  0.00 
Thornbury Burnt Pine 
Engine 2 459,584 6,232,874 643 10.0 0.5 25.0 673 0.00 0.01 0.001 n/a  0.00 
Thornbury Hangingstone 1 449,399 6,216,374 745 10.0 0.5 25.0 673 0.00 0.05 0.007 n/a  0.00 
Thornbury Hangingstone 2 449,399 6,216,374 745 10.0 0.5 25.0 673 0.00 0.13 0.02 n/a  0.00 
Thornbury Engine 1 434,920 6,198,752 694 10.0 0.5 25.0 673 0.00 0.18 0.02 n/a  0.001 
Thornbury Engine 2 434,920 6,198,752 694 10.0 0.5 25.0 673 0.00 0.25 0.03 n/a  0.001 
Winfred N. Engine 1  529,516 6,179,016 573 10.0 0.5 2.9 773 0.00 0.03 0.007 n/a  0.00 
Winfred N. Engine 2 529,516 6,179,016 573 22.9 0.3 46.1 880 0.00 0.40 0.10 n/a  0.00 
Winfred S. Engine 1  518,602 6,165,939 566 22.9 0.3 46.1 880 0.00 0.48 0.04 n/a  0.001 
Winfred S. Engine 2 518,602 6,165,939 566 22.9 0.3 46.1 880 0.00 0.48 0.04 n/a  0.001 

Alta Gas 
Services Inc. 

Winfred S. Engine 3  518,602 6,165,939 566 15.3 0.3 43.2 874 0.00 0.40 0.03 n/a  0.001 
Leismer Engine 1  483,400 6,174,232 578 12.2 0.7 34.3 672 0.00 0.13 0.22 n/a  0.001 
Leismer Engine 2 483,400 6,174,232 578 12.2 0.7 34.3 672 0.00 0.11 0.19 n/a  0.001 
 Leismer Engine 3 483,400 6,174,232 578 14.8 0.6 40.2 672 0.00 0.27 0.46 n/a  0.001 
 Leismer Engine 4 483,400 6,174,232 578 12.2 0.5 43.5 691 0.00 0.25 0.26 n/a  0.00 
Kirby S. Engine 1 523,574 6,134,466 674 21.0 0.5 39.8 766 0.00 0.15 0.16 n/a  0.00 
Kirby S. Engine 2 523,574 6,134,466 674 21.0 0.5 39.8 766 0.00 0.15 0.15 n/a  0.00 
Kirby S. Engine 3 523,574 6,134,466 674 21.0 0.5 39.8 766 0.00 0.08 0.08 n/a  0.00 
Kirby S. Engine 4 523,574 6,134,466 674 8.5 0.4 36.9 899 0.00 0.51 0.04 n/a  0.00 
Kirby S. Engine 5 523,574 6,134,466 674 14.0 0.2 30.3 829 0.00 0.13 0.009 n/a  0.00 
Kirby S. Engine 6 523,574 6,134,466 674 14.0 0.2 30.3 829 0.00 0.09 0.006 n/a  0.00 
Kirby S. Engine 7 523,574 6,134,466 674 8.5 0.4 36.9 899 0.00 0.34 0.03 n/a  0.00 
Kirby S. Engine 8 523,574 6,134,466 674 8.5 0.4 36.9 899 0.00 0.51 0.044 n/a  0.00 
Leismer Engine 1 483,877 6,173,990 576 10.0 0.5 25.0 673 0.00 0.21 0.009 n/a  0.00 
Leismer Engine 2 526,532 6,136,791 640 10.0 0.5 25.0 673 0.00 0.02 0.04 n/a  0.00 
Leismer Engine 3 487,456 6,170,984 563 10.0 0.5 25.7 773 0.00 0.02 0.03 n/a  0.00 
Leismer Engine 4 485,484 6,171,547 570 10.0 0.5 25.0 673 0.00 0.001 0.001 n/a  0.00 
Leismer Engine 5 492,746 6,170,164 564 10.0 0.5 6.4 773 0.00 0.07 0.004 n/a  0.00 
Leismer Engine 6 478,121 6,175,059 591 10.0 0.5 12.8 773 0.00 0.29 0.008 n/a  0.00 
Leismer Engine 7 483,064 6,173,180 574 10.0 0.5 25.0 673 0.00 0.06 0.01 n/a  0.00 
Primrose/Kirby 1  516,021 6,139,028 640 8.6 0.3 43.9 644 0.00 0.007 0.01 n/a  0.00 
Primrose/Kirby 2 516,021 6,139,028 640 8.6 0.3 43.9 644 0.00 0.02 0.03 n/a  0.00 
Primrose/Kirby 3 516,021 6,139,028 640 20.8 0.5 39.7 773 0.00 0.12 0.13 n/a  0.001 

BP Canada 

BP Energy Engine 509,104 6,145,080 641 10.0 0.5 17.5 773 0.00 0.18 0.01 n/a  0.00 
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Table B4-42 Summary of Air Emissions from Gas Processing Facilities used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Chard South Engine 494,433 6,192,991 586 10.0 0.5 25.0 673 0.00 0.31 0.06 n/a  0.001 
Newby Sour Plant 510,363 6,243,820 481 9.0 0.5 25.0 673 0.00 0.07 0.04 n/a  0.001 
Algar Divide Engine 418,669 6,223,322 551 10.0 0.5 25.0 673 0.00 0.08 0.006 n/a  0.00 
Algar Lake Engine 1 419,323 6,240,371 529 10.0 0.5 19.3 773 0.00 0.20 0.05 n/a  0.001 
Algar Lake Engine 2 419,323 6,240,371 529 10.0 0.5 40.6 773 0.00 0.16 0.10 n/a  0.001 
Algar South Engine 405,535 6,216,353 535 10.0 0.5 51.3 773 0.00 0.43 0.12 n/a  0.00 
Chard Engine 1 511,175 6,195,915 478 10.0 0.5 23.6 773 0.00 0.07 0.06 n/a  0.001 
Chard Engine 2 511,175 6,195,915 478 10.0 0.5 23.7 773 0.00 0.02 0.06 n/a  0.00 
Chard Engine 3 511,175 6,195,915 478 10.0 0.5 39.6 773 0.00 0.16 0.10 n/a  0.00 
Clyde Comp. Stn. 483,109 6,132,567 661 10.0 0.5 38.8 773 0.00 0.04 0.09 n/a  0.001 
Hardy Engine 519,552 6,181,119 583 10.0 0.5 6.3 773 0.00 0.11 0.02 n/a  0.00 
Janvier/Chard Stn. 513,240 6,186,152 541 6.6 0.1 35.6 809 0.00 0.02 0.002 n/a  0.00 
Kettle River Plant 1 520,207 6,228,483 476 6.1 0.5 2.5 773 0.00 0.03 0.006 n/a  0.00 
Kettle River Plant 2 520,207 6,228,483 476 9.1 0.5 45.0 773 0.00 0.04 0.11 n/a  0.00 
S. Leige Comp. Stn. 1 398,327 6,306,367 504 7.5 0.3 50.5 733 0.00 0.00 0.00 n/a  0.00 
S. Leige Comp. Stn. 2 398,327 6,306,367 504 9.5 0.3 68.3 880 0.00 0.002 0.00 n/a  0.00 

CNRL 
Compressor 
Stations 
 

S. Leige Comp. Stn. 3 398,327 6,306,367 504 9.0 0.3 40.3 880 0.00 0.00 0.00 n/a  0.00 
Chard 510,967 6,195,656 489 18.3 0.3 60.6 863 0.00 0.14 0.01 n/a  0.00 
Cowpar 523,589 6,200,560 484 18.0 0.2 20.0 1,273 0.50 0.46 0.04 n/a  0.001 
Wiau Lake 486,375 6,137,409 675 18.3 0.3 31.3 863 0.00 0.04 0.003 n/a  0.00 

CNRL Gas 
Plants 

Kirby West 493,678 6,135,368 701 18.3 0.3 31.3 863 0.00 0.04 0.003 n/a  0.00 
Anderson Kirby Lake S. 1 517,473 6,147,380 642 11.0 0.3 57.5 679 0.00 0.05 0.15 n/a  0.00 
Anderson Kirby Lake S. 2 517,473 6,147,380 642 11.0 0.3 41.1 683 0.00 0.02 0.06 n/a  0.00 
Anderson Kirby Lake S. 3 517,473 6,147,380 642 11.0 0.3 34.5 878 0.00 0.24 0.06 n/a  0.00 
Anderson Leismer 1  494,777 6,167,326 567 13.8 0.6 35.8 644 0.00 0.45 0.17 n/a  0.001 
Anderson Leismer 2 494,777 6,167,326 567 13.8 0.6 33.5 644 0.00 0.10 0.21 n/a  0.001 
Chard 508,197 6,175,417 610 10.0 0.5 10.5 773 0.00 0.17 0.03 n/a  0.00 
Chard Booster 501,285 6,176,231 555 10.0 0.5 10.4 773 0.00 0.13 0.03 n/a  0.00 
Hangingstone Booster 1  462,278 6,237,500 620 10.0 0.5 7.1 773 0.00 0.07 0.02 n/a  0.00 
Hangingstone Booster 2 475,691 6,230,930 710 10.0 0.5 7.1 773 0.00 0.07 0.02 n/a  0.00 
Hangingstone Booster 3 474,109 6,239,435 669 10.0 0.5 7.1 773 0.00 0.07 0.02 n/a  0.00 
Hangingstone Sweet 1  469,198 6,236,234 658 6.9 0.2 73.0 772 0.00 0.02 0.05 n/a  0.00 
Hangingstone Sweet 2 469,198 6,236,234 658 11.6 0.31 37.4 862 0.00 0.39 0.09 n/a  0.00 
Kirby North 1  509,457 6,156,810 589 10.0 0.5 20.1 773 0.00 0.24 0.05 n/a  0.001 
Kirby North 2 505,784 6,157,210 597 10.0 0.5 43.8 773 0.00 0.03 0.11 n/a  0.001 
Kirby S. Booster 1  511,525 6,146,696 654 10.0 0.5 10.5 773 0.00 0.06 0.03 n/a  0.00 
Kirby S. Booster 2 518,064 6,148,339 628 10.0 0.5 19.0 773 0.00 0.19 0.05 n/a  0.001 

Devon Energy 
Corp. 
 

Kirby S. Booster 3 523,720 6,144,328 622 10.0 0.5 17.2 773 0.00 0.02 0.04 n/a  0.00 
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Table B4-42 Summary of Air Emissions from Gas Processing Facilities used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Leismer Stn 4 Boost  496,406 6,169,752 559 10.0 0.5 32.1 773 0.00 0.03 0.08 n/a  0.00 
Leismer Stn 8 Boost 501,693 6,174,206 560 10.0 0.5 32.1 773 0.00 0.03 0.08 n/a  0.00 
Pony Creek 491,392 6,198,887 645 10.0 0.5 34.9 773 0.00 0.03 0.08 n/a  0.00 
West Surmont 1  497,517 6,216,281 734 10.0 0.5 7.1 773 0.00 0.07 0.02 n/a  0.00 
West Surmont 2 486,562 6,218,730 741 10.0 0.5 39.6 773 0.00 0.22 0.10 n/a  0.00 
West Surmont 3 489,408 6,221,146 738 10.0 0.5 7.1 773 0.00 0.07 0.02 n/a  0.00 
Surmont 501,167 6,216,280 679 10.0 0.3 20.0 773 0.00 4.36 0.34 n/a  0.01 
Pony Creek Stn 1 491,500 6,198,700 648 8.5 0.3 60.6 863 0.00 0.06 0.00 n/a  0.00 
Kirby South 517,659 6,147,123 641 11.0 0.3 34.5 878 0.00 0.74 0.06 n/a  0.002 
Birch Mtn 426,927 6,378,238 818 10.0 0.5 25.0 673 0.00 0.83 0.06 n/a  0.002 
Leismer Comp. 1  483,700 6,188,700 627 10.0 0.5 25.0 673 0.00 0.10 0.06 n/a  0.00 
Leismer Comp. 2 479,500 6,192,500 678 10.0 0.5 25.0 673 0.00 0.19 0.32 n/a  0.001 
Encana 1  411,334 6,351,011 559 10.0 0.5 25.0 673 0.00 0.07 0.006 n/a  0.00 
Encana 2 410,004 6,346,193 562 10.0 0.5 25.0 673 0.00 0.48 0.81 n/a  0.002 
Encana 3 411,986 6,343,312 565 10.0 0.5 25.0 673 0.00 0.08 0.08 n/a  0.003 
Encana 4 402,620 6,345,137 566 10.0 0.5 25.0 673 0.00 0.15 0.09 n/a  0.00 
Encana 5 402,630 6,345,137 566 10.0 0.5 25.0 673 0.00 0.15 0.09 n/a  0.00 
Caribou 1 518,875 6,102,718 671 6.8 0.1 35.0 811 0.00 0.11 0.10 n/a  0.00 
Caribou 2 530,280 6,102,781 663 5.6 0.1 34.0 813 0.00 0.12 0.06 n/a  0.00 
Clyde Lake 479,940 6,118,916 677 6.9 0.3 21.5 886 0.00 0.19 0.21 n/a  0.00 
Primrose 1 509,428 6,107,140 641 6.8 0.1 35.0 811 0.00 0.22 0.11 n/a  0.001 
Primrose 2 519,220 6,120,525 690 6.7 0.3 31.0 886 0.00 0.12 0.20 n/a  0.00 
Primrose 3 502,641 6,117,758 667 8.3 0.4 37.0 649 0.00 0.05 0.06 n/a  0.00 
Primrose 4 494,264 6,111,184 667 3.7 0.1 35.0 811 0.00 0.11 0.06 n/a  0.00 
Primrose 5 521,641 6,127,425 690 3.7 0.1 23.6 830 0.00 0.09 0.06 n/a  0.00 
Primrose 6 533,059 6,129,110 718 6.7 0.3 31.0 886 0.00 0.15 0.20 n/a  0.00 
Primrose (Gas) 513,069 6,127,392 714 11.8 0.5 34.2 748 0.00 0.83 1.43 n/a  0.02 
No. 3 512,775 6,127,525 704 11.8 0.5 34.2 748 0.00 0.83 0.19 n/a  0.02 
 Field Comp.  #10 529,810 6,102,030 670 6.8 0.1 35.0 811 0.00 0.11 0.008 n/a  0.00 
 Field Comp. #12 & 13 518,847 6,102,780 671 6.8 0.1 35.0 811 0.00 0.11 0.008 n/a  0.00 
 Field Comp. #14 509,386 6,107,214 639 6.8 0.1 35.0 811 0.00 0.22 0.02 n/a  0.001 
 Field Comp. #15 502,836 6,117,762 671 8.3 0.4 37.0 649 0.00 0.05 0.004 n/a  0.00 
 Field Comp. #16 479,998 6,119,024 672 6.9 0.3 21.5 886 0.00 0.19 0.02 n/a  0.00 
 Field Comp. #22 528,995 6,102,432 667 5.6 0.1 34.0 813 0.00 0.24 0.02 n/a  0.001 
 Field Comp. #23 530,210 6,102,842 667 5.6 0.1 34.0 813 0.00 0.12 0.009 n/a  0.00 
 Field Comp. #24 531,405 6,106,092 662 10.0 0.3 47.1 738 0.00 0.12 0.009 n/a  0.00 
Field Comp. #25 494,256 6,111,289 652 3.7 0.1 35.0 811 0.00 0.11 0.008 n/a  0.00 

EnCana Oil & 
Gas Co Ltd 
 

Primrose North Field 512,775 6,127,525 704 11.8 0.5 34.2 748 0.00 0.83 0.19 n/a  0.02 
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Table B4-42 Summary of Air Emissions from Gas Processing Facilities used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N  

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Compressor  
Compressor Stn 433,820 6,220,022 586 10.0 0.5 19.5 773 0.00 0.09 0.05 n/a  0.001 
Thornbury North 448,802 6,217,386 735 10.0 0.5 37.9 773 0.00 0.04 0.09 n/a  0.001 Husky Energy 

 
Thornby Gas Plant 429,749 6,194,185 697 20.7 0.3 37.7 863 0.00 0.71 0.06 n/a  0.002 

Ish Energy Ltd. Engine 485,989 6,143,073 675 10.0 0.5 17.0 773 0.00 0.12 0.11 n/a  0.001 
Leismer Pilot  471,821 6,185,791 644 27.0 1.7 16.7 444 1.08 1.02 0.05 n/a  0.08 Kai Kos Dehseh 

 Hangingstone 473,613 6,224,868 719 30.0 1.7 18.8 464 0.00 1.28 1.12 n/a  0.10 
Compressor Stn 1 491,392 6,198,887 645 10.0 0.5 37.9 773 0.00 0.13 0.09 n/a  0.001 
Compressor Stn 2 486,562 6,218,730 741 10.0 0.5 37.9 773 0.00 0.12 0.09 n/a  0.001 
Compressor Stn 3 487,543 6,235,738 736 10.0 0.5 6.3 773 0.00 0.11 0.02 n/a  0.00 

Northstar Energy 
Corp. 
 

Compressor Stn 4 486,562 6,218,730 741 10.0 0.5 37.9 773 0.00 0.24 0.12 n/a  0.00 
Chard Comp. Stn 515,664 6,194,251 481 10.0 0.5 25.0 673 0.00 0.05 0.004 n/a  0.00 
Corner Comp. Stn. 1 477,974 6,205,816 699 10.0 0.5 61.7 773 0.00 0.28 0.15 n/a  0.00 
Corner Comp. Stn. 2 477,850 6,205,850 699 10.0 0.5 25.0 673 0.00 0.01 0.001 n/a  0.00 
Corner Comp. Stn. 3 477,850 6,205,850 699 15.4 0.4 31.3 683 0.00 0.20 0.18 n/a  0.09 
Kettle Comp. Stn. 1 511,146 6,205,572 478 8.0 0.4 26.8 672 0.00 0.14 0.03 n/a  0.00 
Kettle Comp. Stn. 2 511,146 6,205,572 478 8.0 0.4 26.8 672 0.00 0.10 0.02 n/a  0.00 
Kettle Comp. Stn. 3 511,146 6,205,572 478 8.0 0.4 26.8 672 0.00 0.14 0.03 n/a  0.00 
Kettle Comp. Stn. 4 511,146 6,205,572 478 8.0 0.4 26.8 672 0.00 0.09 0.02 n/a  0.00 
Kettle Comp. Stn. 5 511,146 6,205,572 478 8.0 0.4 26.8 672 0.00 0.01 0.002 n/a  0.00 
Leismer Comp.Stn 1 471,359 6,190,475 669 10.0 0.5 47.5 773 0.00 0.05 0.11 n/a  0.001 
Leismer Comp Stn 2 477,480 6,189,226 677 10.0 0.5 34.9 773 0.00 0.26 0.08 n/a  0.001 
Leismer Comp Stn 3 477,480 6,189,226 677 10.0 0.5 25.0 773 0.00 0.09 0.03 n/a  0.001 
Quigley Comp Stn 1 510,225 6,224,400 510 12.4 0.4 27.6 683 0.00 0.26 0.03 n/a  0.001 
Quigley Comp Stn 2 424,517 6,329,699 419 10.0 0.5 25.0 673 0.00 0.06 0.07 n/a  0.00 

Paramount 
Energy 
Operating Corp. 
 

Quigley Comp Stn 3 424,517 6,329,699 419 10.0 0.5 25.0 673 0.00 0.004 0.004 n/a  0.00 
Gas Processing Facilities Air Emission Totals for the Baseline, Application and CEA Scenarios 1.58 29.28 12.16 0.00 0.39 

n/a – Not available 
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Table B4-43 Summary of Birch Mountain Resources Approved Air Emissions used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E 

(m) 
UTM N 

(m) 
Elevation 

(m asl) 
Stack 

Height (m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp (K)

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC
(t/d) 

PM2.5 
(t/d) 

Flash Calcining Kiln 1 466,232 6,339,126 275 50 1.29 20 518 0.30 0.37 0.37 0.09 0.03 
Flash Calcining Kiln 2 466,217 6,339,126 275 50 1.58 20 518 0.45 0.55 0.56 0.13 0.04 
Coke Grinding Mill Filter 466,255 6,339,126 275 35 0.35 20 358 0.00 0.00 0.00 0.00 0.00 

Flash Calcining 
Plant 

Hydrator Vent 466,159 6,339,143 275 30 0.46 20 373 0.00 0.00 0.00 0.00 0.00 
Quicklime Kiln #1 (Dual Purpose Kiln) 466,034 6,338,924 279 65 3.26 20 538 1.23 0.92 2.28 0.52 0.17 
Limestone Grinding Mill #1 466,041 6,339,042 276 35 1.26 20 293 0.00 0.00 0.00 0.00 0.03 
Pet Coke Mill Filter #1 465,195 6,339,038 278 35 0.78 20 373 0.00 0.00 0.00 0.00 0.01 
Quicklime Kiln #2 466,034 6,338,974 276 65 2.14 20 539 1.13 0.88 0.99 0.23 0.07 
Quicklime Kiln #3 466,034 6,339,024 276 65 3.58 20 539 3.07 2.40 2.76 0.63 0.20 
Activated Lime Kiln #1 466,006 6,338,958 276 65 3.26 20 538 1.23 0.92 2.28 0.52 0.17 

Lime Processing 
Plant 

Pet Coke Mill Filter #2 465,915 6,339,038 278 35 1.30 20 373 0.00 0.00 0.00 0.00 0.03 
Cement Kiln 466,329 6,338,858 282 65 2.09 20 383 1.98 3.00 1.28 0.29 0.07 
Pet Coke Mill Filter #3 466,285 6,338,846 281 35 0.78 20 273 0.00 0.00 0.00 0.00 0.01 
Clinker Cooler Filter 466,223 6,338,849 281 40 2.26 20 503 0.00 0.00 0.00 0.00 0.05 
Clinker Dome Filter 466,238 6,338,734 282 30 0.78 20 293 0.00 0.00 0.00 0.00 0.01 
Air Separator Filter 466,195 6,338,830 282 35 1.63 20 353 0.00 0.00 0.00 0.00 0.04 

Cement Plant 

Mill Filter 466,182 6,338,830 282 35 0.78 20 293 0.00 0.00 0.00 0.00 0.01 
Area Sources 

Facility Emission Source 
NE 

UTM E 
NE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area 
(m2) 

Elevation 
(m asl) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC
(t/d) 

PM2.5 
(t/d) 

Aggregate Quarry #1 466,800 6,336,369 466,500 6,336,069 90,000 235* 0.01 0.42 0.14 0.02 0.04 
Aggregate Quarry #2 465,954 6,336,258 465,765 6,336,069 35,721 236* 0.00 0.17 0.06 0.01 0.01 
Aggregate Quarry #3 466,198 6,335,683 465,931 6,335,416 71,289 250* 0.01 0.34 0.11 0.02 0.03 

Hammerstone 
Quarry 

Aggregate Quarry #4 466,767 6,335,683 466,500 6,335,416 71,289 255* 0.01 0.34 0.11 0.02 0.03 
Volume Sources 

Facility Emission Source 
# of 

Volume 
Sources 

Start 
UTM E 

Start 
UTM N 

End 
UTM E 

End 
UTM N 

Elevation 
Range 
(m asl) 

Effective 
Height 

(m) 

SO2 
(t/d) 

NOX 
(t/d) 

CO 
(t/d) 

VOC
(t/d) 

PM2.5 
(t/d) 

Aggregate Transport Off-Site - Unpaved Section 1 4 466,198 6,335,550 466,708 6,336,916 277 - 281 5.00 0.01 0.29 0.10 0.02 0.02 
Aggregate Transport Off-Site – Paved Section 15 466,708 6,336,916 466,314 6,339,000 276 - 289 5.00 0.04 1.42 0.48 0.08 0.06 
Aggregate Transport Off-Site - Unpaved Section 2 2 466,314 6,339,000 466,903 6,339,239 279 - 282 5.00 0.00 0.01 0.00 0.00 0.00 
Overburden Transport/Unloading - Unpaved Section 1 8 466,225 6,334,842 466,912 6,336,916 277 - 281 5.00 0.01 0.58 0.19 0.03 0.01 
Overburden Transport/Unloading - Paved Section 1 7 466,708 6,336,916 466,825 6,338,310 280 - 289 5.00 0.00 0.18 0.06 0.01 0.00 

Hauling 

Conveyour Drop 1 466,825 6,338,310 467,029 6,338,310 279 - 280 5.00 0.00 0.03 0.01 0.00 0.00 
 Birch Mountain Resources Air Emission Totals for Baseline, Application, and CEA Scenarios 9.46 12.79 11.79 2.62 1.17 

* Estimated elevation decreased by 30 m in modelling to compensate for depth of quarry pit
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Table B4-44 Summary of Parsons Creek Emissions used for the CEA Scenario 

Area Sources 

Facility Emission Source 
NW 

UTM E 
NW  

UTM N 
NE 

UTM E 
NE 

UTM N 
SE 

UTM E 
SE 

UTM N 
SW 

UTM E 
SW 

UTM N 
Area
(m2) 

Elevation
(m ASL) 

SO2 

(t/d) 
NOX 

(t/d) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

North Quarry Quarry 473,033 6,301,001 473,821 6,301,001 473,821 6,300,213 473,033 6,300,213 0.62094 246 0.00 0.35 1.05 n/a 0.04 
Parsons Creek Air Emission Totals for the CEA Scenarios 0.00 0.35 1.05 n/a 0.04

n/a – Not available 
n/a – Not available 

 
 

Table B4-45 Summary of Air Emissions from Other Non-Oil Sands Facilities used for the Baseline, Application and CEA Scenarios 

Point Sources 

Facility Emission Source 
UTM E  

(m) 
UTM N 

(m) 
Elevation 
(m ASL) 

Stack 
Height 

(m) 

Stack 
Diameter 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 

(K) 

SO2 

(t/d) 
NOX 

(t/d)) 
CO 
(t/d) 

VOC 
(t/d) 

PM2.5 

(t/d) 

Northlands 
Forest 
Products 

Ft. McMurray Sawmill 
Beehive Burner 473110 6303164 249 24.0 11.0 3.0 773 0.020 0.190 25.00 1.71 0.190 

Williams 
Energy 

Fort McMurray 
Chemical Plant 471754 6314125 354 32.4 1.4 6.2 553 0.000 0.020 0.020 0.24 0.000 

Non-Oil Sands Air Emission Totals for the Baseline and Application Scenarios 0.020 0.21 25.02 1.95 0.19 
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Table B4-46 Summary of Community and Highway Emissions used for 
the Baseline and Application Scenarios 

Source SO2 

(t/d)
NOX 

(t/d)
CO 
(t/d) 

PM2.5 

(t/d) 

Anzac 0.00 0.03 0.13 0.02 

Fort McKay 0.00 0.03 0.14 0.02 

Fort McMurray 0.34 2.43 11.62 2.01 

Janvier/Chard 0.00 0.01 0.03 0.01 

Fort Chipewyan 0.00 0.03 0.16 0.03 

Conklin 0.00 0.01 0.06 0.01 

Saprae Creek 0.00 0.03 0.14 0.02 

Hwy 63, Segment 1 – Ft. McMurray to Suncor 0.05 1.65 10.78 0.54 

Hwy 63, Segment 2 – Suncor to Syncrude 0.02 0.80 5.24 0.26 

Hwy 63, Segment 3 – Ft. McMurray to Township 82 0.02 0.80 5.20 0.26 

Hwy 63, Segment 4 – Between Connacher Pod One and 0.00 0.13 0.84 0.04 

Hwy 63, Segment 5 – Connacher to South Edge of RSA 0.04 1.44 9.38 0.47 

Hwy 69 0.00 0.07 0.55 0.02 

Hwy 881, Southern Segment – South of Conklin 0.01 0.23 1.00 0.11 

Hwy 881, Northern Segment – North of Conklin 0.02 0.33 1.43 0.15 

Total 0.54 8.02 46.71 3.97 

 

Table B4-47 Summary of Community and Highway Emissions used for 
the CEA Scenario 

Source SO2 

(t/d)
NOX 

(t/d)
CO 
(t/d) 

PM2.5 

(t/d) 

Anzac 0.00 0.03 0.13 0.02 

Fort McKay 0.00 0.03 0.14 0.02 

Fort McMurray 0.34 2.43 11.62 2.01 

Janvier/Chard 0.00 0.01 0.03 0.01 

Fort Chipewyan 0.00 0.03 0.16 0.03 

Conklin 0.00 0.01 0.06 0.01 

Saprae Creek 0.00 0.03 0.14 0.02 

Hwy 63, Segment 1 – Ft. McMurray to Suncor 0.05 1.65 10.78 0.54 

Hwy 63, Segment 2 – Suncor to Syncrude 0.02 0.80 5.24 0.26 

Hwy 63, Segment 3 – Ft. McMurray to Township 82 0.02 0.80 5.20 0.26 

Hwy 63, Segment 4 – Between Connacher Pod One and 0.00 0.13 0.84 0.04 

Hwy 63, Segment 5 – Connacher to South Edge of RSA 0.04 1.44 9.38 0.47 

Hwy 69 0.00 0.07 0.55 0.02 

Hwy 881, Southern Segment – South of Conklin 0.01 0.23 1.00 0.11 

Hwy 881, Northern Segment – North of Conklin 0.02 0.33 1.43 0.15 

Total 0.91 12.71 73.24 6.56 
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Table B4-48 Summary of Air Emissions of Select COPCs in the AQRSA 

Operation 
Benzene

(t/d) 
Toluene 

(t/d) 
Ethyl Benzene

(t/d) 
Xylenes 

(t/d) 
B(a)P 
(t/d) 

TRS 
(t/d) 

Baseline 
Albian Sands Muskeg River 7.53E-021 1.48E-011 2.65E-021 1.25E-011 4.44E-07 2.07E-01 
Birch Mountain Muskeg Valley Quarry 1.89E-03 5.74E-04 3.83E-05 3.34E-04 2.77E-07 5.28E-05 
CNRL Horizon 7.16E-021 1.34E-011 2.39E-021 1.13E-011 1.15E-06 1.86E-01 
Cenovus Christina Lake 2.42E-05 3.91E-05 0.00E+00 0.00E+00 1.38E-08 0.00E+00
Connacher Great Divide 4.09E-05 4.48E-05 0.00E+00 3.91E-06 1.70E-08 0.00E+00
ConocoPhilips Surmont Pilot, I &II 1.21E-04 1.96E-04 0.00E+00 0.00E+00 6.91E-08 0.00E+00
Devon Jackfish 8.46E-05 1.37E-04 0.00E+00 0.00E+00 4.83E-08 0.00E+00
Husky Sunrise 2.42E-04 3.91E-04 0.00E+00 0.00E+00 1.38E-07 0.00E+00
Imperial Oil Kearl Lake 7.59E-021 1.48E-011 2.65E-021 1.25E-011 5.42E-07 2.07E-01 
MEG Energy Christina Lake 7.25E-05 1.17E-04 0.00E+00 0.00E+00 4.14E-08 0.00E+00
OPTINexen Long Lake 5.26E-03 1.48E-02 2.44E-03 5.77E-03 7.42E-08 9.64E-04 
Shell Jackpine Phase 1 5.37E-021 9.97E-021 1.77E-021 8.39E-021 9.76E-07 1.38E-01 
StatOil Kai Kos Dehseh 1.21E-05 1.96E-05 0.00E+00 0.00E+00 6.91E-09 0.00E+00
Suncor Base plant & Millennium 4.38E-011 6.18E+001 1.75E+001 9.60E+001 4.64E-06 2.10E-01 
Suncor Voyageur 1.88E-021 1.43E-011 6.92E-021 2.32E-011 6.59E-07 1.15E-02 
Suncor Firebag, Stages 1 to 3 1.19E-03 5.44E-03 9.67E-04 2.13E-03 1.99E-06 9.33E-03 
Suncor (formerly Petro-Can) SAGD Projects 1.79E-04 2.90E-04 0.00E+00 0.00E+00 1.02E-07 0.00E+00
Suncor (formerly Petro-Canada) Fort Hills 5.68E-021 1.13E-011 2.02E-021 9.41E-021 3.26E-07 1.62E-01 
Syncrude Mildred Lake 2.10E-011 1.77E-011 5.98E-021 1.91E-011 1.45E-06 4.72E-01 
Syncrude Aurora (South & North Mine) 1.12E-011 2.13E-011 3.80E-021 1.80E-011 1.45E-06 2.96E-01 
Other Industrial Facilities 3.96E-05 6.42E-05 0.00E+00 0.00E+00 2.26E-08 6.00E-04 
Community and Highway Emissions 1.59E-01 5.50E-02 0.00E+00 3.70E-02 3.07E-05 0.00E+00

Total Baseline 1.281 7.431 2.041 10.791 4.51E-05 1.90 

Application 
Connacher Great Divide Expansion 6.99E-05 9.17E-05 0.00E+00 3.91E-06 3.36E-08 0.00E+00

Project + Total Baseline 1.281 7.431 2.041 10.791 4.52E-05 1.90 

Planned Development 
Albian Sands Muskeg River 7.53E-021 1.48E-011 2.65E-021 1.25E-011 4.44E-07 2.07E-01 
Birch Mountain Hammerstone 1.89E-03 5.74E-04 3.83E-05 3.34E-04 2.77E-07 5.28E-05 
CNRL Horizon Mining + In Situ 6.75E-021 1.33E-011 2.39E-021 1.12E-011 3.90E-07 1.86E-01
Cenovus Borealis, Christina & Narrows Lake 3.43E-04 4.11E-04 0.00E+00 2.62E-05 1.53E-07 0.00E+00
Connacher Great Divide Expansion 6.99E-05 9.17E-05 0.00E+00 3.91E-06 3.36E-08 0.00E+00
ConocoPhilips Surmont Pilot, I &II 1.21E-04 1.96E-04 0.00E+00 0.00E+00 6.91E-08 0.00E+00
Devon Jackfish 8.46E-05 1.37E-04 0.00E+00 0.00E+00 4.83E-08 0.00E+00
EnCana Borealis 1.40E-04 8.28E-05 0.00E+00 2.62E-05 3.72E-08 0.00E+00
Husky Sunrise 2.42E-04 3.91E-04 0.00E+00 0.00E+00 1.38E-07 0.00E+00
Imperial Oil Kearl Lake 7.59E-021 1.48E-011 2.65E-021 1.25E-011 5.42E-07 2.07E-01 
MEG Energy Christina Lake 2.54E-04 4.11E-04 0.00E+00 0.00E+00 1.45E-07 0.00E+00
OPTI/Nexen Long Lake & Long Lake South 1.06E-02 2.98E-02 4.87E-03 1.15E-02 1.97E-07 1.93E-03 
Shell Jackpine Expansion and Pierre River 1.37E-011 2.50E-011 4.42E-021 2.10E-011 2.85E-06 3.44E-01 
StatOil Kai Kos Dehseh 1.93E-04 3.13E-04 0.00E+00 0.00E+00 1.10E-07 0.00E+00
Suncor Base plant & Millennium 4.38E-011 6.18E+001 1.75E+001 9.60E+001 4.64E-06 2.10E-01 
Suncor Voyageur and Voyageur South 1.76E-011 2.35E+001 7.43E-011 3.85E+001 1.33E-06 1.09E-01 
Suncor Firebag, Stages 1 to 6 2.62E-03 8.66E-03 1.74E-03 3.75E-03 2.22E-06 1.95E-02 
Suncor (formerly Petro-Can) SAGD Projects 1.54E-03 4.07E-04 0.00E+00 0.00E+00 1.44E-07 0.00E+00
Suncor (formerly Petro-Canada) Fort Hills 5.68E-021 1.13E-011 2.02E-021 9.41E-021 3.26E-07 1.62E-01 
Syncrude Mildred Lake 7.55E-021 1.74E-011 6.01E-021 1.90E-011 5.02E-07 5.75E-01 
Syncrude Aurora (South & North Mine) 1.07E-011 2.11E-011 3.80E-021 1.78E-011 4.45E-07 2.96E-01 
Total Joslyn North Mine 2.48E-021 4.82E-021 8.59E-031 4.02E-021 2.57E-07 6.89E-02 
UTS-Teck Cominco Frontier & Equinox 5.39E-021 1.04E-011 1.86E-021 8.75E-021 5.44E-07 1.45E-01 
Other Industrial Facilities 4.65E-04 3.97E-04 0.00E+00 6.50E-05 1.60E-07 6.00E-04 
Community and Highway Emissions 2.34E-01 8.10E-02 0.00E+00 5.45E-02 4.52E-05 0.00E+00

Total Planned  1.541 9.981 2.771 14.681 6.13E-05 2.53 
1 – Values represent peak summer emission rate
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C1.0 INTRODUCTION 

Connacher Oil and Gas Limited (Connacher) is the owner of two Steam Assisted Gravity Drainage 
(SAGD) developments.  The first development is known as the Great Divide Pod One SAGD project 
(“Pod One”).  The second development is the Great Divide Algar SAGD project (“Algar”).  The Pod 
One and Algar projects are located eight kilometres apart in the Divide region near Mariana Lake, 
Alberta, in the Municipality of Wood Buffalo.  These projects are each designed to produce 10,000 
barrels, or approximately 1,600 cubic metres (m3), of bitumen per day.  Connacher is proposing to 
expand the production capacity of these facilities so that the combined, overall lease production will 
be approximately 7,000 m3/day (43,000 barrels per day) of bitumen for 25 years.  Based upon 
currently identified resources with the project area, this production level will be sustainable for 25 
years.  This expansion project is collectively known as the Great Divide SAGD Expansion Project. 

The following section provides a summary of baseline information on air quality for the proposed 
Project.  It is the basis for the environmental impact assessment and cumulative environmental impact 
assessment to be completed as part of the project approval process.  The baseline information is 
derived from representative monitoring programs. 

The information presented in this section reflects the current understanding of baseline conditions 
near the Project and is based on information available as of the end of 2008.  The information 
presented is consistent with information presented for air quality and climate assessment of steam 
assisted gravity drainage extraction projects in Alberta.  

C2.0 BASELINE ASSESSMENT METHODS 

C2.1 Baseline Indicators 

The project will result in direct emissions to the atmosphere from fossil fuel combustion sources, as 
well as fugitive emissions (from a small amount of vehicle traffic and potential from equipment leaks).  
While primary combustion products are carbon dioxide (CO2) and water vapour (H2O), trace amounts 
of oxides of nitrogen (NOx), particulate matter with diameter less than 2.5 µm (PM2.5) and volatile 
organic compounds (VOC) are also produced.  In addition, if the fuel contains sulphur compounds 
(such as H2S), then trace amounts of SO2 emissions can occur.  As the current operation uses a fleet 
of tanker trucks to haul product, emissions from diesel combustion such as polycyclic aromatic 
hydrocarbons (PAHs) may also be produced.  

The report also considers secondary products of combustion including ozone (O3) and potential acid 
input (PAI), as well as the deposition of nitrogen compounds. 

The report does not consider PM10, as natural gas and diesel combustion emissions are well 
represented by the PM2.5 size range (most combustion emissions are near 1 µm).  In addition, road 
dust will be mitigated by the project and is not considered as an issue of regional concern.  Clean 
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burning natural gas produces negligible amounts of metals and the operation of a tanker haul fleet is 
not part of the Project description, so metals are not considered in the baseline. 

Finally, total hydrocarbon (THC) can be a poor indicator of regional air quality, as it is comprised 
largely of naturally occurring methane.  THC is not considered here, but is replaced by specific VOCs 
and PAHs. 

C2.2 Air Quality Objectives 

Table C2.1 presents the Alberta Ambient Air Quality Objectives (AAAQO) and the Canadian Wide 
Standards for regulated compounds.  The objectives refer to averaging periods ranging from one hour 
to one year.  For modelling purposes, the hourly objectives are applied to 99.9th percentile predictions 
and daily objectives are applied to the 2nd highest annual prediction. 

 

Table C2-1 Alberta Ambient Air Quality Objectives and Canada 
Wide Standards 

 Period 
Alberta Objectives Canada Wide Standards 

(µg/m3) (µg/m3) 

SO2 Annual 30 - 

 24-hour 150 - 

 1-hour 450 - 

H2S 24-hour 4 - 

 1-hour 14 - 

NO2 Annual 60 - 

 24-hour 200 - 

 1-hour 400 - 

CO 8-hour 6,000 - 

 1-hour 15,000 - 

Oxidants 8-hour - 130b 

 1-hour 160 - 

Benzene 1-hour 30 - 

PM2.5 24-hour 30 30a 
 a 98th percentile 
 b 4th highest annually 
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In Alberta, the maximum concentrations in ambient air are currently specified as objectives for SO2, 
H2S, NO2, CO, oxidants expressed as O3 and PM2.5 (AENV 2009).  Objectives are also in place for a 
number of VOCs and PAHs. 

C2.3 Spatial and Temporal Study Area Boundaries 

The Project will be located near Highway 63 approximately 70 km and 55 km southwest of Fort 
McMurray and Anzac, respectively, with an elevation of 750 m above sea level (ASL).  Ground 
elevations decrease to the northwest towards the Horse River valley.  The Project encompasses a 
portion of the Oil Sands Leases held by Connacher, specifically Townships 83, 82, 81, Ranges 11, 12 
west of the 4th meridian. 

Based on air emissions generated from other SAGD operations, the maximum concentrations of 
substances that could be emitted are expected to occur within a few kilometres of the emission 
sources and will decrease with distance from the source.  The exception may be O3, which, due to the 
atmospheric reactions involved, may reach maximum concentrations at distances of tens of 
kilometres from their precursor source. 

Rationale for determining the size and location of the study area for examining observed air quality is 
based on several factors: 

 air quality information derived from other oil sands emission sources in adjacent areas in 
Alberta; 

 the expected spread of air emission concentration and deposition contours from the Project; 
and 

 the location of potentially sensitive receptors in Alberta. 

The baseline data are temporally bounded by the end of the calendar year in which data are most 
recently available.  At time of writing, the last complete year of available data was 2008.  At least 5 
years of data are needed to provide an indication of recent trending.  

Figure C2-1 shows the region of the project and locations of monitoring stations in the region, 
including those whose data are used in this baseline.  
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Figure C2-1 Regional Meteorological and Air Quality Stations 
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C2.4 Air Quality, Meteorological and Climate Data Sources 

The following are the major sources of air quality information used in the preparation of this document:  

 Regional air quality and meteorological data at the three monitoring locations nearest the 
Project, which are operated by the Wood Buffalo Environmental Association (WBEA).  Two are 
in the urban area of Fort McMurray, the other at Anzac in an area more representative of the 
air quality in the region south of Fort McMurray (but still downwind of existing SAGD 
operations).  Table C2-2 identifies the type of measurements made at each station.  The 
information was obtained from the Clean Air Strategic Alliance Data Warehouse (CASA 2008), 
which is a central repository for ambient air quality data collected in Alberta. 

 Some measurements relevant to Project emissions are not made at the three continuous 
stations.  Measurements at other WBEA stations are references as required. 

 Climate normals and maximums for the thirty-year period from 1971 to 2000 collected at the 
Fort McMurray airport (Environment Canada 2008).  In addition, historical records based on 
observations at the airport were obtained from Environment Canada (1984) for relative 
humidity, limited visibility events and extreme weather such as thunderstorms, freezing rain, 
fog blowing snow and haze.  This information represents thirty, “one-year periods” between 
1953 and 1983.  Environment Canada ceased publishing recorded observations of extreme 
weather and limited visibility events after 1984. 

 Precipitation data collected from 2001 to 2007 at the Fort McMurray Airport (Environment 
Canada, 2008); 

 Intermittent VOC and PAH measurements at Athabasca Valley and Patricia McInnes stations 
from 2002 to 2004 were provided by operators of the WBEA air monitoring network. 

Air quality and meteorological data collection began at the Algar site in early 2010.  This data is 
currently under review and is not presented in this report. 
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Table C2-2 Summary of Wood Buffalo Environmental 
Association Continuous Ambient Air Quality 
Stations in the Study Area, 2001- 2007 

Parameter 
Athabasca

Valley 
Patricia 
McInnes 

Anzac* 

UTM E (m) 476129 470884 497654 

UTM N (m) 6287709 6289915 6256060 

Wind Speed √ √ √ 

Wind Direction √ √ √ 

Air Temperature √ √ √ 

Air Temperature at 10 m     

Relative Humidity    

Barometric Pressure    

Ammonia (NH3)  √  

Carbon Monoxide (CO) √   

Ground-level ozone (O3) √ √ √ 

Hydrogen Sulphide (H2S)    

Nitrogen Oxides (NOx) √ √ √ 

Nitrogen Oxide (NO) √ √ √ 

Nitrogen dioxide (NO2) √ √ √ 

Particulates (PM2.5) √ √ √ 

Sulphur dioxide (SO2) √ √ √ 

Total Reduced Sulphur 
(TRS) √ √ √ 

Total Hydrocarbons 
(THC) √ √ √ 

* Athabasca Valley and Patricia McInnes Stations presents data collected between 2004 and 2008.  Anzac 
Station presents data collected from 2006 to 2008.  
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C3.0 AIR QUALITY MONITORING RESULTS 

C3.1 Sulphur Dioxide 

Table C3-1 summarizes measured SO2 concentrations at three WBEA stations (Athabasca Valley, 
Patricia McInnes and Anzac) in the study area during the 2004 to 2008 observational period.  Diurnal 
fluctuations in SO2 concentration based on 1-h measurements are shown in Figure C3-1.  The results 
indicate the following: 

 maximum 1-h SO2 concentrations at three WBEA stations ranged from 97 µg/m3 (Anzac) to 
396 µg/m3 (Patricia McInnes) and were all below the AAAQO of 450 g/m3;  

 all the 24-h SO2 concentrations ranged from 28 µg/m3 (Anzac) to 51 µg/m3 (Patricia McInnes) 
and were well below the AAAQO of 150 µg/m3; 

  all the annual SO2 concentrations were less than 10% of the AAAQO of 30 µg/m3; 
 SO2 concentrations showed characteristic diurnal variations at all stations with peak 

concentrations in the afternoon and minimums after midnight. 

It is expected that SO2 measurements at Anzac would be most representative of those in the Project 
area because it is not in an urban area and the nearby industrial development is limited. 

Table C3-1 SO2 Concentrations (μg/m3) Measured at Wood Buffalo 
Environmental Association Stations, 2004 - 2008 

 
Athabasca 

Valley 
Patricia 
McInnes 

Anzac* AAAQO 

1-h Maximum 202 396 97 450 

1-h 99.9th percentile 86 88 52 – 

1-h 95th percentile 10 13 5 – 

24-h Maximum 50 51 28 150 

24-h 95th percentile 9.7 11 5.6 – 

Period Average 2.4 2.7 1.3 30 

*data at Anzac available for 2006 to 2008 
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Figure C3-1 Diurnal Variation in SO2 Concentration at Three Wood Buffalo Environmental 
Association Stations, 2004-2008
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C3.2 Nitrogen Oxides 

Table C3-2 summarizes measured NO2 concentrations at three WBEA stations in the study area 
during the 2004 to 2008 observational period.  Diurnal fluctuations in NO2 concentration based on 1-h 
measurements are shown in Figure C3-2, while seasonal trends are presented in Figure C3-3.  The 
results indicate the following: 

 maximum 1-h NO2 concentrations at three WBEA stations ranged from 85 µg/m3 (Patricia 
McInnes) to 344 µg/m3 (Athabasca Valley) and were all below the AAAQO of 400 g/m3;  

 all the 24-h NO2 concentrations ranged from 36 µg/m3 (Anzac) to 78 µg/m3 (Athabasca Valley) 
and were well below the AAAQO of 200 µg/m3; 

 all annual NO2 concentrations were less than 30% of the AAAQO of 60 µg/m3; 
 Diurnal variation of NO2 at all stations showed bimodal distributions typically with peaks in the 

mornings at around 07:00 hours and in the evenings around 19:00 hours. 
 NO2 concentrations at all stations were at their lowest during the summer months and highest 

in the winter.  

It is expected that NOx measurements at Anzac would be most representative of those in the Project 
area because it is not in an urban area and the nearby development is limited. 

Table C3-2 NO2 Concentrations (μg/m3) Measured at Wood Buffalo 
Environmental Association Stations, 2004 - 2008 

 
Athabasca

Valley 
Patricia 
McInnes 

Anzac* AAAQO 

1-h Maximum 344 85 158 400 

1-h 99.9th percentile 100 68 66 – 

1-h 95th percentile 51 36 21 – 

24-h Maximum 78 44 36 200 

24-h 95th percentile 40 27 18 – 

Period Average 18 11 5.8 60 

*data at Anzac available for 2006 to 2008
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Figure C3-2 Diurnal Variation in NO2 Concentration at Three Wood Buffalo Environmental 
Association Stations, 2004-2008
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Figure C3-3 Seasonal Variation of NO2 at Three Wood Buffalo Environmental Association 
Stations, 2004-2008
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C3.3 Particulate Matter Smaller than 2.5 µm – PM2.5  

Table C3-3 summarizes PM2.5 concentrations measured at Athabasca Valley, Patricia McInnes and 
Anzac stations.  Seasonal fluctuations in PM2.5 concentration based on 24-h measurements are 
shown in Figure C3-4.  The results indicate: 

 The maximum 24-h concentrations were above 73 µg/m3 and all stations exceeded the 
AAAQO of 30 µg/m3.  No more than 0.3% of 24-h PM2.5 were above 30 µg/m3.  The uniform 
nature of the maximum observations suggests a regional rather than a local source (E.g. forest 
fires) 

 the 98th percentile 24-h PM2.5 values measured at three stations were all below the CWS of 
30 µg/m3;  

 The 24-h 95th percentile values for three monitoring stations were less than 12 µg/m3.  
Averages for the 2004-2008 period were less than 5 µg/m3;  

 seasonal fluctuations in PM2.5 levels (Figure C3-4) showed a peak in concentrations from June 
to August for all WBEA stations.  This correlates well with seasonal increases in forest fire 
activity and dry unpaved road conditions. 

It is expected that PM2.5 measurements at Anzac are most representative because the station is not in 
an urban area and the nearby development is limited.  Even so, because of the community emissions 
in Anzac, concentrations there are expected to over-estimate concentrations near the Project. 

Table C3-3 PM2.5 Concentrations (μg/m3) Measured at Wood Buffalo 
Environmental Association Stations, 2004-2008 

 
Athabasca 

Valley 
Patricia 
McInnes 

Anzac* AAAQO/CWS 

24-h Maximum 73 79 77 30 

24-h 98th percentile 16 14 15 30 

24-h 95th percentile 11 10 12 – 

Period Average 4.6 4.0 5.1 – 

*data at Anzac available for 2006 to 2008
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Figure C3-4 Seasonal Variation of PM2.5 Concentrations for Three Wood Buffalo 
Environmental Association Stations, 2004-2008
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C3.4 Ozone 

Table C3-4 summarizes measured O3 concentrations at three WBEA stations in the study area during 
the 2004 to 2008 observational period.  Diurnal fluctuations in O3 concentration based on 1-h 
measurements are shown in Figure C3-5, while seasonal trends are presented in Figure C3-6.  The 
results indicate the following: 

 the 1-h maximum O3 values narrowly exceeded the AAAQO of 160 µg/m3 at all three stations.  
The values were 171 µg/m3 at Athabasca Valley and Anzac, and 161 µg/m3 at Patricia 
McInnes.  There were 2 exceedance hours at Athabasca Valley and one exceedance hour at 
both Patricia McInnes and Anzac; 

 the CWS (CCME 1999) value of 128 μg/m3 (65 ppb), based on the 4th highest 8-h average O3 
concentration, was not exceeded at any of the three stations.  

 seasonal fluctuations showed O3 concentrations have peaks in April at all stations, with 
monthly medians between 65 and 70 μg/m3.  Stratospheric intrusions are more frequent in 
spring (April to early June) (Singh et al. 1980, Davis and Schuebath 1994) and are likely to be 
the key source of elevated ozone levels in spring. 

 O3 concentrations at all stations peak in mid-afternoon (about 15:00).  The lowest 
concentrations occur in early morning (about 06:00).  These ground level ozone trends 
correlate well with the daily solar maximum, which is responsible for initiating the photo-
chemical reactions necessary to form ozone. 

It is expected that O3 measurements at Anzac would be most representative of those near the Project 
because it is not in an urban area and the nearby development is limited.  

Table C3-4 O3 Concentrations (μg/m3) Measured at Woof Buffalo 
Environmental Association Stations, 2004-2008 

 
Athabasca

Valley 
Patricia
McInnes 

Anzac* AAAQO/CWS 

1-h Maximum 171 161 171 160 

1-h 99.9th percentile 120 112 122 – 

1-h 95th percentile 84 82 88 – 
8-h Maximum 124 126 119 – 

4th highest 8-h Average 85 84 91 128 

Period Average 38 41 48 – 

*data at Anzac available for 2006 to 2008
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Figure C3-5 Diurnal Variation in O3 Concentrations for Wood Buffalo Environmental 
Association Stations, 2004-2008
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Figure C3-6 Seasonal Variation of O3 Concentrations for Wood Buffalo Environmental 
Association Stations, 2004-2008
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C3.5 Carbon Monoxide 

CO concentrations (Table C3.5) were only measured at the Athabasca Valley station.  Maximum 1-h 
and 8-h concentrations are well below AAAQOs.  It is expected that these measurements would over-
estimate concentrations near the Project because of the much greater human activity in the Fort 
McMurray area. 

Table C3-5 CO Concentrations (μg/m3) Measured at Wood Buffalo 
Environmental Association Stations, 2004-2008 

 
Athabasca 

Valley 
Patricia 
McInnes 

Anzac AAAQO 

1-h Maximum 7100 – – 15,000 

1-h 99.9th percentile 1603 – – – 

1-h 95th percentile 458 – – – 

8-h Maximum 1475 – – 6,000 

8-h 95th percentile 472 – – – 

Period Average 254 – – – 

C3.6 Hydrogen Sulphide  

H2S is not a combustion emission of the Project, but may be released as fugitive emissions from tanks 
and seals.  Ambient H2S is not measured at the Algar site, Anzac or in Fort McMurray but is measured 
at the following WBEA air quality stations - Buffalo Viewpoint, Lower Camp, Mannix, and Mildred Lake 
(Table C3-6) - which are in the mining area of the oil sands.  The results indicate: 

 maximum hourly measured values were above the AAAQO of 14 µg/m3 at all stations.  The 
highest maximum 1-h average H2S concentration of 114 µg/m3 was measured at Mildred Lake; 

 the maximum daily H2S concentrations ranged from 8 µg/m3 to 20 µg/m3 and all exceeded the 
AENV AAQO of 4 µg/m3; and 

 high ambient H2S may be influenced by fugitive and upset releases from oil sands operations 
within the region 

It is expected that H2S measurements at the WBEA station with the lowest measured values (Buffalo 
Viewpoint) would be conservative estimates of concentrations near the Project. 
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Table C3-6 H2S Concentrations (μg/m3) Measured at Wood Buffalo 
Environmental Association Stations, 2001-2007 

 
Buffalo 

Viewpoint 
Lower Camp Mannix 

Mildred 
Lake 

AAAQO

1-h Maximum 56 102 78 114 14 

1-h 99.9th percentile 13 22 28 29 – 

1-h 95th percentile 1.4 2.8 4 4.2 – 

24-h Maximum 8 14 20 20 4 

24-h 95th percentile 1.2 2.6 3.2 3.3 – 

Period Average 0.3 1.0 1.0 1.0 – 

C3.7 Acid Deposition 

Acid deposition is not directly monitored but is inferred from measurements in the study area.  

C3.7.1 Dry Deposition of Sulphate and Nitrate 

Sulphate and nitrate deposition were calculated as the product of a dry deposition velocity and 
average ground-level air concentrations. 

Table C3-7 summarizes SO2 and SO4
2- deposition during 2001 to 2007 as calculated from continuous 

measurements and from 2002 to 2004 for passive measurements at three WBEA stations in the study 
area.  Calculations assume a deposition velocity of 0.58 cm/s based on average regional estimates 
(EPCM 2002).  Co-located concentration measurements and deposition estimates using passive and 
continuous samples show good agreement overall.  

Table C3-7 Period Average Sulphur Dioxide Measurements and Sulphate Dry Deposition 
Estimates 

Location 
Measurement 

Type 

SO2 
Concentration 

(µg/m3) 

SO2 
Deposition 
(kg/ha/yr) 

SO4
2- 

Deposition 
(kg/ha/yr) 

SO4
2- Equiv. 

Deposition 
(keq/ha/yr) 

Patricia McInnes  Passive 3.8 7.1 11 0.22 

Patricia McInnes  Continuous 2.9 5.5 8 0.17 

Athabasca Valley Continuous 2.5 4.7 7 0.14 

Anzac Continuous 1.3 2.4 3.6 0.07 



 Connacher Oil and Gas Limited 
 Great Divide Expansion Project 
 Air Quality Baseline 
Millennium EMS Solutions Ltd. May 2010 
 

  07-104 Page 19

Table C3-8 summarizes NO2 and NO3
- deposition during 2001 to 2007 as calculated from continuous 

measurements and from 2002 to 2004 for passive measurements.  Calculations assume a deposition 
velocity of 0.19 cm/s based on estimated regional averages (EPCM 2002).  Average concentrations 
based on continuous measurements are typically higher than passive concentrations by about 20%. 

Table C3-8 Period Average Nitrogen Dioxide and Nitrate Dry Deposition Estimates 

Location 
Measurement 

Type 

NO2 
Concentration 

(µg/m3) 

NO2 
Deposition 
(kg/ha/yr) 

NO3
- 

Deposition 
(kg/ha/yr) 

NO3
- Equiv. 

Deposition 
(keq/ha/yr) 

Patricia McInnes Passive 7.8 1.2 1.6 0.03 

Patricia McInnes Continuous 10 1.6 2.1 0.03 

Athabasca Valley Continuous 18 2.8 3.8 0.06 

Anzac Continuous 5.6 0.9 1.2 0.02 

C3.7.2 Wet Deposition 

Precipitation chemistry measurements are made periodically throughout the year at Fort McMurray.  
Annual precipitation rates were used to calculate wet deposition.  Table C3-9 summarizes 
precipitation chemical composition from 2001 to 2004 at Fort McMurray, taken from the CASA data 
warehouse (CASA 2008). 

Table C3-9 Wet Deposition Rates (kg/ha/yr) in Precipitation at Fort McMurray, 2001-2004 

 
Sulphate 

SO4
2- 

Nitrate 
 NO3

- 
Ammonium

NH4
+ 

Sodium 
Na+ 

Potassium 
K+ 

Calcium 
 Ca2+ 

Magnesium
 Mg2+ 

2001 3.78 2.07 0.72 0.31 0.30 1.12 0.19 

2002 3.70 1.56 0.89 0.70 0.55 1.02 0.17 

2003 2.54 1.53 0.62 0.97 0.61 1.31 0.24 

2004 2.94 1.33 0.52 0.36 0.18 1.03 0.17 

Average 3.24 1.62 0.69 0.58 0.41 1.12 0.19 

Table C3-10 summarizes equivalent rates of wet deposition calculated from the precipitation 
chemistry measurements.  Although NH4+ is a cation, once in the soil it oxidizes with oxygen into 
nitrate that will acidify the soil (this is the so-called “nitrification process”).  Potential Acid Input (PAI) 
wet deposition is calculated by the following equation:  
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The average wet PAI deposition during 2001 to 2004 at Fort McMurray was -0.024 keq/ha/yr.  

Table C3-10 Wet Deposition Rates (keq/ha/yr) at Fort McMurray, 2001-2004 

 
Sulphate 

SO4
2- 

Nitrate 
 NO3

- 
Ammonium

NH4
+ 

Sodium 
Na+ 

Potassium 
K+ 

Calcium
 Ca2+ 

Magnesium
 Mg2+ 

PAI Wet 
Deposition 

2001 0.079 0.008 0.01 0.014 0.008 0.056 0.016 0.003 

2002 0.077 0.006 0.012 0.03 0.014 0.051 0.014 -0.014 

2003 0.053 0.006 0.009 0.042 0.016 0.065 0.02 -0.075 

2004 0.061 0.005 0.007 0.016 0.005 0.051 0.014 -0.013 

Average 0.067 0.007 0.01 0.025 0.011 0.056 0.016 -0.024 

C3.7.3 Dry Deposition of Cations 

Eder and Dennis (1990) developed a general linear regression method to estimate surface-level air 
concentrations of Na+, Ca2+, Mg2+, and K+ from precipitation concentrations.  Monthly measured air 
concentrations at Beaverlodge and Esther from 1991 to 1999 were then used to develop a regression 
to be used in western Canada by Chaikowsky (2001).  Table C3.11 lists the equations and their 
regression correlation values for the relationship between air concentrations (in μg/m3) of Na+, Ca2+, 
Mg2+, and K+ and precipitation concentrations (in mg/L). 

Table C3.11 Alberta (Beaverlodge and Esther) Linear Regression Equations 

* *Cation * Linear Regression Equations Correlation 

Sodium (Na+) Air conc. = 0.5414(Prec. conc.) + 0.0279 0.84 

Calcium (Ca2+) Air conc. = 0.1906(Prec. conc.) + 0.1166 0.32 

Magnesium (Mg2+) Air conc. = 0.3459(Prec. conc.) + 0.0147 0.86 

Potassium (K+) Air conc. = 0.2958(Prec. conc.) + 0.0285 0.35 

Table C3.12 lists the mean precipitation chemistry data for 2001 to 2004 at Fort McMurray station 
obtained from CASA.  Table C3.13 lists the air concentration of cations estimated by the Alberta 
regression equation (Table C3.11) and their dry deposition rates.  The dry deposition rates are 
estimated by multiplying the air concentration of cations with the dry deposition velocity, and the 
resulting deposition rate is expressed in units of keq/ha/yr.  Because of the large variation in 
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deposition velocities, a typical deposition velocity of 0.01 m/s, as suggested by Eder and Dennis 
(1990), was used for all cations.  The average dry cation deposition during 2001 to 2004 at the Fort 
McMurray station was 0.068 keq/ha/yr. 

Table C3-12 Mean Precipitation Cation Composition (mg/L) at Fort McMurray, 
2001-2004 

 Sodium Na+ Calcium Ca2+ Magnesium Mg2+ Potassium K+ 

2001 0.11 0.41 0.07 0.11 

2002 0.20 0.29 0.05 0.16 

2003 0.37 0.50 0.09 0.23 

2004 0.20 0.57 0.09 0.10 

Average 0.22 0.44 0.08 0.15 

 

Table C3-13 Dry Cation Concentration and Deposition Rates at Fort McMurray, 
2001-2004 

 Sodium Na+ Calcium Ca2+ Magnesium Mg2+ Potassium K+ 
Total Dry 

Cation 

Concentration (μg/m3) 

2001 0.090 0.195 0.039 0.062 0.386 

2002 0.135 0.171 0.032 0.075 0.413 

2003 0.227 0.211 0.047 0.097 0.582 

2004 0.136 0.225 0.047 0.058 0.466 

Dry deposition (keq/ha/yr) 

2001 0.0123 0.0308 0.0102 0.0050 0.058 

2002 0.0185 0.0270 0.0082 0.0060 0.060 

2003 0.0311 0.0333 0.0122 0.0078 0.084 

2004 0.0187 0.0354 0.0122 0.0047 0.071 

Average 0.0202 0.0316 0.0107 0.0059 0.068 
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C3.7.4 Potential Acid Input 

Potential acid input (PAI) deposition rates are estimated from continuous WBEA measurements from 
2001 to 2007 and passive measurements from 2002 to 2004.  Table C3-13 reflects data from both the 
continuous and passive measurements.  Data within this table is based on information provided in 
Tables C3-7 to C3-13, modified as follows: 

 Dry SO2 deposition increased by 25% to account for sulphate deposition 
(Kindzierski, et al. 2006) 

 Dry NO2 deposition doubled to account for nitric acid deposition (Kindzierski, et al. 2006) 
which is meant to be applicable near major emission sources but has been applied to all 
measurements. 

The PAI estimates in Table C3-14 show substantial spatial variability with the smallest values at 
Anzac and the largest values at the Athabasca Valley site in Fort McMurray.  It is expected that acid 
deposition near the Project will be less than the values observed in Anzac because the community is 
largely downwind of existing SAGD projects.  

Table C3-14 Average PAI Estimates from Measurements 

Location Meas. Type 

Nitrate Sulphate PAI Cations Total PAI 

Dry 
Deposition 
(keq/ha/yr) 

Dry 
Deposition 
(keq/ha/yr) 

Wet 
Deposition 
(keq/ha/yr) 

Dry 
Deposition 
(keq/ha/yr) 

Deposition 
(keq/ha/yr)

Patricia McInnes Passive 0.051 0.27 -0.024 0.068 0.230 

Patricia McInnes Continuous 0.065 0.21 -0.024 0.068 0.180 

Athabasca Valley Continuous 0.117 0.18 -0.024 0.068 0.203 

Anzac Continuous 0.036 0.09 -0.024 0.068 0.037 

C3.8 Volatile Organic Compounds (VOCs) and Polycyclicaromatic Hydrocarbons (PAHs) 

WBEA has an extensive VOC monitoring program that monitors 65 compounds at several sites.  
Tables C3-15 to C3-16 list 24-hour VOC concentration statistics at Athabasca Valley and Patricia 
McInnes stations for measurements in 2002 to 2004 (these compounds are also measured at Fort 
McKay which is nearer the heart of oil sands development).  The tables include 1-hour ambient air 
quality objectives for reference (Alberta does not have 24-h objectives for most VOCs).  All 
observations are well below objectives. 

Tables C3-17 to C3-18 list PAH concentrations at Athabasca Valley and Patricia McInnes stations.  
PAHs are analyzed in total suspended particulate (TSP) samples collected with a high-volume 



 Connacher Oil and Gas Limited 
 Great Divide Expansion Project 
 Air Quality Baseline 
Millennium EMS Solutions Ltd. May 2010 
 

  07-104 Page 23

sampler every sixth day in accordance with the NAPS monitoring schedule.  Data from 2004 were 
obtained from the WBEA air monitoring network. 

There are no AAAQOs for PAHs.  Concentrations near the Project are expected to be less than the 
lowest concentrations measured in Fort McMurray.  
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Table C3-15 24-hour VOC Concentrations at Athabasca Valley, 2002 to 2004 (μg/m3) 

# Name Min Median Average Max 
95 

Percentile 
98 

Percentile 
99 

Percentile 
99.9 

Percentile 
1-hour 

AAAQG

1 Formaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 65 

2 Isobutane 0.080 0.818 1.198 4.923 3.432 4.619 4.759 4.907  

3 1-Butene 0.050 0.200 0.258 1.078 0.724 0.881 0.966 1.067  

4 Acetaldehyde 1.110 1.110 1.110 1.110 1.110 1.110 1.110 1.110 90 

5 Butane 0.060 1.243 1.989 11.941 7.924 11.261 11.543 11.901  

6 Methanol 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2600 

7 trans-2-Butene 0.000 0.000 0.016 0.153 0.086 0.121 0.137 0.151  

8 cis-2-Butene 0.000 0.000 0.020 0.160 0.099 0.149 0.155 0.160  

9 3-Methyl-1-butene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

10 Isopentane 0.050 0.490 0.707 3.450 2.024 2.510 2.932 3.398  

11 1-Pentene 0.000 0.000 0.026 0.192 0.101 0.113 0.150 0.188  

12 Acetone 0.660 1.290 1.950 6.380 4.094 5.422 5.901 6.332 5,900 

13 Pentane 0.000 0.453 0.589 2.020 1.649 1.856 1.939 2.012  

14 Isoprene 0.000 0.050 0.279 2.179 1.575 1.782 1.971 2.158  

15 trans-2-Pentene 0.000 0.000 0.025 0.202 0.119 0.171 0.187 0.200  

16 cis-2-Pentene 0.000 0.000 0.014 0.124 0.078 0.100 0.112 0.123  

17 2-Methyl-2-butene 0.000 0.000 0.047 0.317 0.196 0.239 0.276 0.313  

18 2,2-Dimethylbutane 0.000 0.000 0.023 0.146 0.086 0.097 0.122 0.144  

19 Cyclopentene 0.000 0.000 0.000 0.020 0.000 0.001 0.011 0.019  

20 4-Methyl-1-pentene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

21 2,3-Dimethylbutane 0.000 0.060 0.077 0.350 0.262 0.333 0.346 0.350  

22 Cyclopentane 0.000 0.050 0.100 0.642 0.524 0.565 0.603 0.638  

23 2-Methylpentane 0.000 0.160 0.235 1.266 0.708 0.865 1.031 1.243  

24 3-Methylpentane 0.000 0.130 0.170 0.915 0.485 0.604 0.738 0.897  

25 2-Methyl-1-pentene 0.000 0.000 0.008 0.087 0.058 0.080 0.083 0.087  

26 Hexane 0.000 0.122 0.212 1.779 0.593 1.068 1.401 1.741  

27 Methyl ethyl ketone 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

28 cis-2-Hexene 0.000 0.000 0.001 0.060 0.000 0.006 0.033 0.057  

29 trans-2-Hexene 0.000 0.000 0.006 0.089 0.055 0.088 0.089 0.089  

31 2,4-Dimethylpentane 0.000 0.040 0.055 0.316 0.243 0.295 0.306 0.315  

32 Methylcyclopentane 0.000 0.090 0.128 0.743 0.409 0.533 0.614 0.730  

33 Cyclohexane 0.000 0.035 0.047 0.182 0.160 0.165 0.173 0.181  
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Table C3-15 24-hour VOC Concentrations at Athabasca Valley, 2002 to 2004 (μg/m3) 

# Name Min Median Average Max 
95 

Percentile 
98 

Percentile 
99 

Percentile 
99.9 

Percentile 
1-hour 

AAAQG

34 Benzene 0.000 0.270 0.326 1.113 0.780 1.072 1.096 1.111 30 

35 2-Methylhexane 0.000 0.000 0.065 0.364 0.221 0.259 0.306 0.358  

36 2,3-Dimethylpentane 0.000 0.078 0.142 1.085 0.556 0.701 0.893 1.066  

37 3-Methylhexane 0.000 0.070 0.101 0.487 0.310 0.337 0.397 0.478  

39 2,2,4-
Trimethylpentane 0.000 0.081 0.127 0.808 0.381 0.624 0.703 0.798  

40 Heptane 0.000 0.083 0.137 0.882 0.433 0.635 0.748 0.869  

41 Methylcyclohexane 0.000 0.040 0.066 0.532 0.225 0.270 0.368 0.516  

42 Methyl isobutyl 
ketone 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

43 2,3,4-
Trimethylpentane 0.000 0.000 0.029 0.255 0.120 0.195 0.223 0.252  

44 2-Methylheptane 0.000 0.050 0.063 0.465 0.198 0.299 0.376 0.456  

46 Toluene 0.050 0.309 0.629 8.488 1.686 3.674 5.335 8.173 1880 

47 3-Methylheptane 0.000 0.050 0.054 0.264 0.169 0.250 0.258 0.263  

48 Octane 0.000 0.070 0.089 0.481 0.327 0.433 0.453 0.478  

50 Ethyl benzene 0.000 0.050 0.074 0.360 0.246 0.263 0.294 0.353 2000 

51 m,p-Xylene 0.000 0.162 0.263 1.456 0.925 1.120 1.243 1.435 2300 

52 Styrene 0.000 0.000 0.029 0.879 0.077 0.087 0.358 0.827 215 

53 Nonane 0.000 0.056 0.060 0.319 0.136 0.166 0.220 0.309  

54 o-Xylene 0.000 0.074 0.108 0.633 0.379 0.443 0.513 0.621 2300 

55 Isopropylbenzene 0.000 0.000 0.003 0.040 0.020 0.030 0.035 0.040  

57 alpha Pinene 0.000 0.030 0.053 0.359 0.247 0.273 0.305 0.354  

58 n-Propylbenzene 0.000 0.000 0.012 0.097 0.060 0.069 0.083 0.096  

59 1,3,5-
Trimethylbenzene 0.000 0.000 0.019 0.199 0.090 0.125 0.161 0.195  

60 beta Pinene 0.000 0.040 0.087 1.250 0.310 0.809 1.034 1.228  

61 Decane 0.010 0.040 0.077 0.410 0.255 0.348 0.379 0.407  

62 1,2,4-
Trimethylbenzene 0.000 0.071 0.104 0.787 0.349 0.518 0.616 0.770  

63 Undecane 0.020 0.060 0.062 0.110 0.105 0.108 0.109 0.110  

64 Dodecane 0.030 0.030 0.047 0.080 0.075 0.078 0.079 0.080  

65 Naphthalene 0.070 0.070 0.070 0.070 0.070 0.070 0.070 0.070  
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Table C3-16 24-hour VOC Concentrations at Patricia McInnes, 2002 to 2004 (μg/m3) 

# Name Min Median Average Max 
95 

Percentile 
98 

Percentile 
99 

Percentile 
99.9 

Percentile 
1-hour 

AAAQG 

1 Formaldehyde 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 65 

2 Isobutane 0.060 0.740 0.924 4.030 1.785 2.805 3.387 3.966  

3 1-Butene 0.050 0.160 0.230 0.820 0.746 0.770 0.794 0.817  

4 Acetaldehyde 0.000 0.000 0.327 11.230 0.145 3.963 7.597 10.867 90 

5 Butane 0.000 0.685 0.948 4.270 2.318 3.342 3.874 4.230  

6 Methanol 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2600 

7 trans-2-Butene 0.000 0.000 0.008 0.150 0.072 0.141 0.146 0.150  

8 cis-2-Butene 0.000 0.000 0.008 0.270 0.030 0.063 0.167 0.260  

9 3-Methyl-1-butene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

10 Isopentane 0.000 0.315 0.427 2.350 0.981 1.265 1.673 2.282  

11 1-Pentene 0.000 0.000 0.007 0.090 0.040 0.062 0.076 0.089  

12 Acetone 0.000 1.225 1.893 5.340 4.600 5.029 5.185 5.324 5,900 

13 Pentane 0.000 0.305 0.470 3.050 1.630 1.972 2.462 2.991  

14 Isoprene 0.000 0.000 0.359 4.090 1.445 2.630 3.360 4.017  

15 trans-2-Pentene 0.000 0.000 0.007 0.050 0.048 0.050 0.050 0.050  

16 cis-2-Pentene 0.000 0.000 0.001 0.030 0.000 0.021 0.026 0.030  

17 2-Methyl-2-butene 0.000 0.000 0.009 0.060 0.050 0.051 0.056 0.060  

18 2,2-Dimethylbutane 0.000 0.000 0.012 0.150 0.074 0.115 0.132 0.148  

19 Cyclopentene 0.000 0.000 0.000 0.010 0.000 0.001 0.006 0.010  

20 4-Methyl-1-pentene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

21 2,3-Dimethylbutane 0.000 0.000 0.041 0.270 0.176 0.211 0.241 0.267  

22 Cyclopentane 0.000 0.000 0.067 0.650 0.310 0.383 0.517 0.637  

23 2-Methylpentane 0.000 0.115 0.142 0.590 0.480 0.507 0.538 0.585  

24 3-Methylpentane 0.000 0.088 0.105 0.360 0.278 0.345 0.360 0.360  

25 2-Methyl-1-pentene 0.000 0.000 0.008 0.130 0.040 0.113 0.121 0.129  

26 Hexane 0.000 0.110 0.148 1.020 0.394 0.600 0.762 0.994  

27 Methyl ethyl ketone 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

28 cis-2-Hexene 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

29 trans-2-Hexene 0.000 0.000 0.006 0.220 0.000 0.074 0.147 0.213  

31 2,4-Dimethylpentane 0.000 0.000 0.023 0.380 0.100 0.198 0.289 0.371  

32 Methylcyclopentane 0.000 0.050 0.107 0.610 0.498 0.557 0.578 0.607  

33 Cyclohexane 0.000 0.000 0.067 0.920 0.295 0.384 0.652 0.893  

34 Benzene 0.000 0.200 0.286 2.810 0.520 0.904 1.571 2.686 30 

35 2-Methylhexane 0.000 0.000 0.045 0.270 0.193 0.227 0.248 0.268  

36 2,3-Dimethylpentane 0.000 0.040 0.079 0.950 0.257 0.462 0.706 0.926  
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Table C3-16 24-hour VOC Concentrations at Patricia McInnes, 2002 to 2004 (μg/m3) 

# Name Min Median Average Max 
95 

Percentile 
98 

Percentile 
99 

Percentile 
99.9 

Percentile 
1-hour 

AAAQG 

37 3-Methylhexane 0.000 0.050 0.192 6.900 0.343 0.429 3.153 6.525  

39 2,2,4-
Trimethylpentane 0.000 0.040 0.284 11.420 0.285 0.709 6.064 10.884  

40 Heptane 0.000 0.090 0.194 2.530 0.811 1.154 1.724 2.449  

41 Methylcyclohexane 0.000 0.040 0.066 0.470 0.249 0.355 0.401 0.463  

42 Methyl isobutyl 
ketone 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  

43 2,3,4-
Trimethylpentane 0.010 0.020 0.034 0.100 0.090 0.096 0.098 0.100  

44 2-Methylheptane 0.000 0.005 0.057 0.650 0.319 0.387 0.502 0.635  

46 Toluene 0.050 0.230 0.296 1.310 0.700 0.816 0.995 1.279 1880 

47 3-Methylheptane 0.000 0.000 0.172 7.110 0.150 0.467 3.788 6.778  

48 Octane 0.000 0.050 0.097 0.920 0.385 0.708 0.826 0.911  

50 Ethyl benzene 0.000 0.040 0.046 0.190 0.136 0.169 0.183 0.189 5000 

51 m,p-Xylene 0.000 0.110 0.157 0.680 0.420 0.583 0.632 0.675 2300 

52 Styrene 0.000 0.000 0.026 0.830 0.080 0.096 0.385 0.785 215 

53 Nonane 0.000 0.000 0.034 0.260 0.126 0.229 0.249 0.259  

54 o-Xylene 0.000 0.050 0.066 0.260 0.188 0.242 0.260 0.260 2300 

55 Isopropylbenzene 0.000 0.000 0.003 0.080 0.016 0.036 0.058 0.078  

57 alpha Pinene 0.000 0.040 0.058 0.410 0.210 0.339 0.385 0.407  

58 n-Propylbenzene 0.000 0.000 0.008 0.070 0.040 0.041 0.055 0.069  

59 1,3,5-
Trimethylbenzene 0.000 0.000 0.013 0.100 0.070 0.070 0.084 0.098  

60 beta Pinene 0.000 0.000 0.101 1.470 0.525 0.710 1.090 1.432  

61 Decane 0.010 0.030 0.028 0.050 0.050 0.050 0.050 0.050  

62 1,2,4-
Trimethylbenzene 0.000 0.050 0.060 0.280 0.157 0.270 0.280 0.280  

63 Undecane 0.010 0.040 0.040 0.070 0.067 0.069 0.069 0.070  

64 Dodecane 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050  
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Table C3-17 24-hour PAH Concentration Statistics at Athabasca Valley, 2004 

 
Min 

(µg/m3) 
Median 
(µg/m3) 

Average 
(µg/m3) 

Max 
(µg/m3)

95 
Percentile 

(µg/m3) 

98 
Percentile 

(µg/m3) 

99 
Percentile 

(µg/m3) 

99.9 
Percentile 

(µg/m3) 

Naphthalene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Acenaphthylene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Acenaphthene 0.0000 0.0003 0.0003 0.0008 0.0007 0.0007 0.0008 0.0008 

Fluorene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Phenanthrene 0.0019 0.0028 0.0031 0.0081 0.0053 0.0070 0.0075 0.0080 

Anthracene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Acridine 0.0000 0.0028 0.0030 0.0057 0.0049 0.0054 0.0055 0.0057 

Fluoranthene 0.0002 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Pyrene 0.0003 0.0008 0.0007 0.0015 0.0012 0.0014 0.0014 0.0015 

Benzo[c]phenanthrene 0.0002 0.0004 0.0004 0.0006 0.0005 0.0005 0.0006 0.0006 

Benzo[a]anthracene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Chrysene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

7,12-Dimethylbenz[a] 
anthracene 0.0000 0.0028 0.0030 0.0057 0.0049 0.0054 0.0055 0.0057 

Benzo[b&j]fluoranthene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Benzo[k]fluoranthene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

3-Methylcholanthrene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Benzo[a]pyrene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Indeno[1,2,3-cd]pyrene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Dibenzo[a,h]anthracene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Benzo[g,h,i]perylene 0.0000 0.0003 0.0003 0.0006 0.0005 0.0005 0.0006 0.0006 

Dibenzo[a,h]pyrene 0.0000 0.0006 0.0006 0.0011 0.0010 0.0010 0.0011 0.0011 

Dibenzo[a,i]pyrene 0.0000 0.0006 0.0006 0.0011 0.0010 0.0010 0.0011 0.0011 

Dibenzo[a,l]pyrene 0.0000 0.0006 0.0006 0.0011 0.0010 0.0010 0.0011 0.0011 
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Table C3-18 24-hour PAH concentration statistics at Patricia McInnes, 2004 

 
Min 

(µg/m3) 
Median 
(µg/m3)

Average 
(µg/m3) 

Max 
(µg/m3)

95 
Percentile 

(µg/m3) 

98 
Percentile 

(µg/m3) 

99 
Percentile 

(µg/m3) 

99.9 
Percentile 

(µg/m3) 

3-Methylcholanthrene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

7,12-
Dimethylbenz[a]anthracene 0.0043 0.0075 0.0089 0.018 0.017 0.018 0.018 0.018 

Acenaphthene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Acenaphthylene 0.0004 0.0008 0.0011 0.004 0.003 0.003 0.003 0.003 

Acridine 0.0043 0.0075 0.0089 0.018 0.017 0.018 0.018 0.018 

Anthracene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Benzo[a]anthracene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Benzo[a]pyrene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Benzo[b&j]fluoranthene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Benzo[c]phenanthrene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Benzo[g,h,i]perylene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Benzo[k]fluoranthene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Chrysene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Dibenzo[a,h]anthracene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Dibenzo[a,h]pyrene 0.0009 0.0015 0.0018 0.004 0.003 0.004 0.004 0.004 

Dibenzo[a,i]pyrene 0.0009 0.0015 0.0018 0.004 0.003 0.004 0.004 0.004 

Dibenzo[a,l]pyrene 0.0009 0.0015 0.0018 0.004 0.003 0.004 0.004 0.004 

Fluoranthene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Fluorene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Indeno[1,2,3-cd]pyrene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Naphthalene 0.0004 0.0008 0.0009 0.002 0.002 0.002 0.002 0.002 

Phenanthrene 0.0040 0.0073 0.0071 0.012 0.011 0.012 0.012 0.012 

Pyrene 0.0019 0.0034 0.0035 0.007 0.006 0.006 0.006 0.007 
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C4.0 METEOROLOGY AND CLIMATOLOGY MEASUREMENTS 

C4.1 Winds 

Figure C4-1 is a wind rose showing the annual frequency of hourly average winds by direction at 
Athabasca Valley and Patricia McInnes for 2001 to 2007 and Anzac for 2006 to 2007.  The wind roses 
show: 

 winds were predominantly from southeast directions at Athabasca Valley, indicative of 
channelling effects from the Athabasca River valley; 

 there is no predominant wind direction at Patricia McInnes.  About 18% of winds were from the 
southwest, 16% from the southeast, 14% from the northwest and 11% from the northeast. 

 winds were generally light and predominantly from the southeast and northwest directions at 
Anzac; 

Calms are defined as less than about 0.3 m/s (~1 km/h), which is the threshold speed of the 
anemometer.  

Figure C4-2 shows the overall frequency distribution of wind speeds and Figure C4-3 shows diurnal 
variation of wind speeds at the stations.  The figures indicate the following: 

 84% and 78% of observed wind speeds were below 4 m/s at Athabasca Valley and Patricia 
McInnes, respectively; 

 Anzac winds are light: 99% of the observed wind speeds were below 4 m/s and 52% were 
below 2 m/s; 

 the median wind speed values are higher during the daytime hours, while maximum wind 
speed gusts can occur during the entire day. 
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Athabasca Valley, 2001-2007 Patricia McInnes, 2001-2007 

Anzac, 2006-2007 

 

Figure C4-1 Wind Roses at Three Wood Buffalo Environmental Association Stations 
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Figure C4-2 Frequency Distribution of Wind Speeds at Three Wood Buffalo Environmental 
Association Stations, 2001-2007 
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Figure C4-3 Diurnal Variation of Wind Speeds at Three Wood Buffalo Environmental 
Association Stations, 2001-2007  
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C4.2 Ambient Temperature 

Ambient air temperatures recorded at three WBEA stations are summarized in Table C4-1.  The 
minimum temperatures ranged from -34oC to -40oC and maximum temperature was about 35oC at 
three stations.  Average annual temperatures ranged from 2.3 to 4.0oC.  

Table C4-1 Ambient Temperatures Measured at Wood Buffalo 
Environmental Association Stations, 2001-2007  

Station 
Temperature (ºC) 

Average Median Minimum Maximum 

Athabasca Valley  2.6 4.0 -38.7 35.8 

Patricia McInnes 2.3 3.6 -40.0 34.5 

Anzac* 4.0 5.5 -34.4 34.7 

    *data at Anzac available for 2006 to 2007 

The diurnal and seasonal temperature variations are presented in Figures C4-4 and C4-5.  The 
results indicate the following: 

 median hourly temperatures were highest from 3:00 to 4:00 p.m. as a result of solar heating; 
and temperatures were lowest before sunrise (4:00 to 5:00 am);  

 daily median temperatures ranged from +2.5C to 10.9C at Anzac and from +0.3C  to +9C  
at Fort McMurray;  

 median temperatures ranged from about -14C in February to +19C in July at three stations. 

Table C4-2 summarizes the maximum, average, and minimum daily and extreme temperatures for 
each month from 1971 to 2000 at Fort McMurray Airport (the most recent climate normal data 
available).  The data indicate that: 

 daily average temperature ranges from about -19ºC in January to +17ºC in July at Fort 
McMurray; 

 temperature extremes can reach as high as +37ºC in August, and as low as -51ºC in February 
at Fort McMurray. 

Because Anzac is only a few tens of kilometres from Fort McMurray, it is expected that long-term 
temperature statistics will be similar in the two locations, and similar to temperatures in the vicinity of 
the Project, which is also near Fort McMurray.  
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Figure C4-4 Diurnal Variation of Hourly Temperature at Wood Buffalo Environmental 

Association Stations, 2001-2007 
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Figure C4-5 Seasonal Variation of Hourly Temperature at Wood Buffalo Environmental 

Association Stations, 2001-2007  
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Table C4-2 Summary of Daily and Extreme Temperatures at Fort McMurray by Month, 
1971-2000 

 
Daily Avg. 

Temperature  
ºC) 

Daily Max. 
Temperature 

(ºC) 

Daily Min. 
Temperature 

(ºC) 

Extreme Max. 
Temperature  

(ºC) 

Extreme Min.
Temperature 

(ºC) 

January -18.8 -13.6 -24.0 13.1 -50.0 

February -13.7 -7.6 -19.8 15.0 -50.6 

March -6.5 0.3 -13.2 18.9 -44.4 

April 3.4 10.0 -3.3 30.2 -34.4 

May 10.4 17.4 3.3 34.8 -13.3 

June 14.7 21.4 7.9 36.1 -4.4 

July 16.8 23.2 10.2 35.6 -3.3 

August 15.3 21.9 8.6 37 -2.9 

September 9.4 15.4 3.3 32.4 -15.6 

October 2.8 7.8 -2.2 28.6 -24.5 

November -8.5 -4.2 -12.8 18.9 -37.8 

December -16.5 -11.6 -21.4 10.7 -47.2 

C4.3 Atmospheric Stability 

Pasquill-Gifford (PG) stability classifications are useful to describe the amount of turbulence present in 
the atmosphere.  These classes range from unstable (classes A, B, C) through neutral (D) to stable 
(E, F).  Unstable conditions are primarily associated with daytime heating conditions that result in 
enhanced turbulence.  Stable conditions occur during night-time cooling and indicated suppressed 
turbulence.  Neutral conditions occur in cloudy or windy conditions. 

Stability class was derived following the approach of U.S. EPA where the final stability class changes 
are limited to one category per hour.  For this reason, the final PG stability classes can include a few 
hours with stable conditions occurring in daylight hours, and or unstable conditions in evening hours. 

Figure C4-6 presents PG stability classes as functions of time of day for the period 2002-2006 (the 
period that corresponds with the MM5 data used for dispersion modeling in the air quality 
assessment) for Fort McMurray Airport, which is expected to be broadly similar to conditions near the 
Project.  The information indicates: 

 neutral conditions (Stability Class D) can occur at any hour of the day and occur about one-
third of the time; 
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 unstable stability classes (A, B, and C) are limited to daytime hours and occur about one-third 
of the time, while stable classes (E and F) occur during night-time hours (except as indicated 
above) and occur about one-third of the time; and 

 spring and summer have the largest percentage of stability Class A (very unstable) that can 
occur up to 6% of daylight hours.  Winter and fall have the least stability Class A values as this 
class is associated with strong daytime heating. 

It is expected that the stability classification distribution in the vicinity of the Project would be broadly 
similar to the oil sands stabilities, given that temperature and wind speeds are also similar.  
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Figure C4-6 Diurnal and Seasonal Stability Class Distributions Based on Fort McMurray Airport Observations, 2002-2006 
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C4.4 Mixing Height 

A temperature increase with height is referred to as an inversion.  The base of the temperature 
inversion may be ground-based or elevated.  In the case of the latter, a two-layered atmosphere is 
created.  The lower layer tends to be well mixed and is characterized by neutral or unstable 
conditions.  The depth of this lower layer is referred to as the mixing height.  The upper layer tends to 
be characterized by stable conditions.  The vertical transfer of mass between these two layers is 
minimal.  Mixing heights are not explicitly used as inputs to the CALPUFF model.  However, an 
examination of them is useful from a climatological perspective. 

During the night, the mixing height is determined by the mechanical interaction of the wind with 
surface features.  Maximum mixing layer depths tend to be a few hundred metres.  

After sunrise, solar heating usually determines the depth of the mixing layer.  Typical depths increase 
from the mechanical mixing height at sunrise to heights of up to a few thousand metres by mid-
afternoon.  Median mixing depths for the study area were obtained from CALMET model out for the 
2002 to 2006 period at a grid cell near the Project (see Figure C4-7). 
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Figure C4-7 Seasonal Median Hourly Mixing Heights Based on CALMET Model Output near 

the Project, 2002-2006.  Box Values Range from 25th to 75th Percentile. 
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C4.5 Precipitation 

Table C4-3 and Figure C4-8 show average monthly rainfall, snowfall and total precipitation observed 
at the Fort McMurray Airport station from 2001 through 2007.  Most of annual rainfall occurs during 
the period May to September.  Most of annual snowfall occurs during the period November to March.  
The highest recent total precipitation of about 146 mm/month at Fort McMurray occurred in July 2002. 

Table C4-3 Total Precipitation (Rain and Snow) at the Fort McMurray Airport Station, 2001-
2007 

 
2001  
(mm) 

2002  
(mm) 

2003  
(mm) 

2004  
(mm) 

2005  
(mm) 

2006 
(mm) 

2007 
(mm) 

January 13 16 7 38 15 10 7 
February 13 10 22 17 11 16 8 
March 27 10 25 15 15 25 30 
April 23 9 10 23 17 24 19 
May 50 20 52 55 23 49 13 
June 51 59 85 16 61 54 35 
July 56 146 70 37 136 89 36 
August 50 58 49 17 65 37 70 
September 27 36 89 56 17 23 15 
October 20 30 57 12 6 9 3 
November 19 19 13 15 6 21 22 
December 11 11 18 27 6 8 10 

Total 359 422 496 327 376 362 267

 
Figure C4-8 Average Monthly Rainfall, Snowfall and Total Precipitation Values at Fort 

McMurray Airport, 2001-2007  
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Table C4-4 summarizes the average monthly rainfall, snowfall, and precipitation at Fort McMurray 
Airport from 1971 to 2000 (the most recent climate normal data available).  The table indicates that: 

 the average monthly snowfall ranges from 20 cm to 29 cm during winter; 
 the precipitation ranges from 73 mm to 81 mm at Fort McMurray during summer; and 
 the average annual precipitation is 456 mm, somewhat higher than precipitation in recent 

years (less than 400 mm). 

Table C4-4 Summary of Average Monthly Rainfall, Snowfall and 
Precipitation at Fort McMurray by Month, 1971-2000 

 
Rainfall  

(mm) 
Snowfall  

(cm) 
Precipitation  

(mm) 

January 0.5 27 19.3 

February 0.8 20.6 15 

March 1.6 20.4 16.1 

April 9.3 14.5 21.7 

May 34.2 2.9 36.9 

June 74.8 0 74.8 

July 81.3 0 81.3 

August 72.6 0 72.7 

September 45 2.4 46.8 

October 18.8 13.1 29.6 

November 2.4 29 22.2 

December 1.1 25.9 19.3 

Total 342 156 456 

Because the Project is near Fort McMurray and at a similar elevation, it is expected that precipitation 
in the Project area will be generally similar to measurements at Fort McMurray.  

C4.6 Other Meteorological Data 

Other meteorological variables of interest include relative humidity, extreme weather, and limited 
visibility events since they may have a potential impact on the design, construction, and operation of 
industrial developments.  Figures C4-9 through C4-11 present the climatological values, based on 
Fort McMurray airport observations, from 1953 to 1983 (Environment Canada 1984), the most recent 
periods during which these observations were routinely available.  
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Relative Humidity 

Figure C4-9 shows the monthly relative humidity for selected times during the day.  The highest 
relative humidity values tend to occur in the early morning hours in August and September.  The 
lowest values tend to occur in the afternoon in May.  Overall, the lower daytime relative humidity 
values are associated with the warmer temperatures that occur during the day. 

Visibility Reductions 

Figure C4-10 shows the average frequency of reduced visibility events.  While fog can occur during 
the winter (~ 15 to 20 h/month), it occurs more frequently during the late summer, early fall 
(~ 35 h/month).  Smoke haze occurs more frequently during the summer months (~ 10 h/month) and 
is likely correlated to forest fire events.  Periods with visibility less than 1 km are correlated to both fog 
and smoke haze events and to blowing snow during the winter. 

Severe Weather 

Figure C4-11 shows the frequency of thunderstorms, hail and freezing rain observed at Fort 
McMurray Airport.  These thunderstorms and hail events occur most frequently in the June to August 
period.  In contrast, the freezing rain events occur most frequently in the December to February 
period. 

 

Figure C4-9 Monthly Relative Humidity at Fort McMurray Airport, 1953-1983  
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Figure C4-10 Monthly Frequency of Reduced Visibility Events at Fort McMurray Airport, 1953-

1983 

 
Figure C4-11 Average Frequency of Thunderstorm, Hail and Freezing Rain Events at Fort 

McMurray Airport, 1953-1983 
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C4.7 Climate Summary 

The climate can be inferred from observations in the regional area (Fort McMurray and Anzac).  A 
review of observations expected to be relevant to the Project area indicates the following: 

 Wind speeds were generally lower at Anzac than at Athabasca Valley and Patricia McInnes 
stations, although this could be in part due the difference in the length of record.  Winds were 
predominantly from the southeast directions at Athabasca Valley due to channelling effects 
from the Athabasca River valley.  Anzac winds were predominantly from the southeast and 
northwest directions.  Median wind speeds are higher during daytime hours, while maximum 
wind speed gusts can occur during the entire day.  Wind speed and prevailing wind directions 
near the Project are expected to be similar to those measured in Anzac.  

 Median temperatures range from a low of about -14C in February to a high of about +19C in 
July; 

 Median afternoon mixing heights range from a few hundred metres in winter to about 1,450 m 
in summer.  Night-time mixing heights are typically in the 200 to 400 m range; 

 Most precipitation occurs during the May to September period and average annual 
precipitation is near 450 mm. Average monthly snowfall is expected to be at approximately 25 
cm during the winter. 

 Mean relative humidity varies from a minimum of about 45 percent during spring day-time 
periods to a maximum of about 90 percent during late summer/early fall night-time periods; 

 Visibility restrictions less than 1 km are most frequent during the summer period.  Fog is most 
frequent during the fall season (September); and 

 Thunderstorm activity is most frequent in July. 

Overall, climate parameters in the vicinity of the Project are expected to be similar to those measured 
at climate stations in the area. 
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