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Disclaimers: 
 
Joint Oil Sands Monitoring Program Emissions Inventory: 
 
Please be advised to use this information only at your own risk.  The Joint Canada-
Alberta Implementation Plan for Oil Sands Monitoring Air Emissions Inventory Working 
Group cannot guarantee the correctness of the data and information, or of the 
appropriateness of its use beyond that of its original purpose.  Any use, in whole or in 
part, or any reliance thereon or decisions made based on any data and information in 
this report is the sole responsibility of the reader and user. 
 
The content of this report and the associated inventory database, emissions processing 
and modelling files represent data and information collected by Environment and 
Climate Change Canada and Alberta Environment and Parks as of October 31, 2014.  
This report and the associated files do not contain any updates after that date, although 
work may be ongoing to maintain and improve the inventory information. 
 
Cumulative Environmental Management Association Lower Athabasca Emissions 
Inventory: 
 
This report and accompanying inventory database, emissions processing and modelling 
files contain data and information from the Lower Athabasca Region Source and 
Emission Inventory (Contract 2011-0038), which was originally commissioned by the 
Cumulative Environmental Management Association (CEMA).  The CEMA Inventory 
was compiled as of July, 2012 by ENVIRON Inc. through CEMA contract 2011-0038 
and was collected for use in CEMA contracts 2011-0038, 2012-0018, and 2012-0019. It 
therefore may not represent the most accurate or up-to-date information available.  The 
CEMA project was completed in accordance with the CEMA Air Working Group’s terms 
of reference.  The CEMA Air Working Group has closed that project and considers the 
report and associated inventory final.  The information, conclusions and 
recommendations contained within that work are those of the consultant, and have 
neither been accepted nor rejected by the CEMA Air Working Group. 
 
The CEMA Air Working Group cannot guarantee the correctness of the data and 
information or whether or not it is appropriate to use it beyond its original purpose.  Any 
use, in whole or in part, or any reliance thereon or decisions made based on any data 
and information is the sole responsibility of the reader and user.  CEMA accepts no 
responsibility whatsoever for damages or loss of any nature or kind suffered as a result 
of actions taken or not taken or decisions made in reliance on this information.  
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Executive Summary 
 
The Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (JOSM) 
identified air emissions inventories as critical to obtaining accurate information on what 
is being emitted to the atmosphere from all activities related to oil sands developments.  
Such information is necessary for understanding the impacts of oil sands operations on 
the surrounding environment.  Current and comprehensive air emissions inventories are 
also key inputs for air quality modelling. 
 
As part of JOSM, Environment and Climate Change Canada’s Global Environmental 
Multi-scale - Modelling Air quality and CHemistry (GEM-MACH) model is being run to 
provide high-resolution forecasts of air quality (AQ) in the oil sands region.  It is also 
being used to improve understanding of the underlying science related to oil sands 
emissions and their fate in the environment by helping to build a coherent picture of the 
processes underlying air quality in the region, connecting emissions to atmospheric 
concentrations and then to deposition in the environment. 
 
Over the past several years, the JOSM Air Emissions Inventory Working Group has 
endeavoured to gather, review and identify the most accurate existing oil sands region 
emissions data, and improve the accuracy of related information required for modelling.  
These activities were carried out in order to support the GEM-MACH modelling and to 
help guide specific monitoring activities attempting to address potential scientific 
knowledge gaps related to oil sands emissions.  This work has resulted in the 
development of a comprehensive oil sands emissions inventory, called the Joint Oil 
Sands Monitoring Program Emissions Inventory (JOSM Inventory).  The JOSM 
Inventory is based on a synthesis of the best available information from several existing 
emissions inventories and related sources, up to October 31, 2014. 
 
This report details the development and compilation of the JOSM Inventory, including 
identifying the data sources, compilation procedures, gap analysis, and how priority 
data gaps were addressed.  This report also provides summary information on the 
JOSM Inventory and accompanying database, details the associated emissions 
processing that was carried out to generate gridded input emissions files for modelling, 
and outlines the setup of the GEM-MACH modelling system. 
 
The JOSM Inventory was developed by first reviewing the existing 2006 Environment 
and Climate Change Canada National Pollutant Release and Air Pollutant Emissions 
Inventories, and ancillary data for the spatial and temporal allocations, against the 
stated objectives and requirements of the GEM-MACH modelling project for the oil 
sands region.  This review revealed that the existing 2006 modelling inventory was not 
sufficiently detailed or up-to-date for the oil sands study area, which is roughly 100 km 
by 100 km in size and is located in part of Athabasca oil sands region just north of Fort 
McMurray (see figure below).  Numerous specific data gaps and areas for improvement 
were identified to meet modelling needs.  These data gaps were then prioritized and 
those that were identified as “high” were further investigated. 
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JOSM Inventory Oil Sands Study Area (black outline region) 
 

Various available inventory datasets were then reviewed to attempt to fill these data 
gaps, and this included reviewing and utilizing data from Environment and Climate 
Change Canada, the Alberta Energy Regulator, Alberta Environment and Parks, as well 
as relevant Environment Impact Assessments for facilities in the region.  The main 
datasets used in the inventory were: stack-specific hourly emissions measured by 
Continuous Emissions Monitoring Systems, the Cumulative Environmental Management 
Association Inventory, the 2010 Air Pollutant Emissions Inventory and the preliminary 
2013 National Pollutant Release Inventory.  These inventories represented the most 
specific and recent information available for the primary study area in the Athabasca oil 
sands region. 
 
Although by necessity the JOSM Inventory was compiled by blending inventory datasets 
that cover several different calendar years, it is intended to represent average annual air 
emissions for the year 2013, and improvements were specifically focused to represent 
August and September 2013.  These improvements were done in order to use the 
inventory for air quality modelling in support of JOSM summer 2013 intensive air 
measurement campaign that took place during that period, and afterwards, for 
comparison with estimates of emissions and process-based analyses from the summer 
campaign. 
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The JOSM Inventory focuses on oil sands sources within the study area, but it also 
includes oil sands sources outside of the study area, non-oil sands sources within and 
outside of the study area, and industrial and non-industrial sources for the rest of the 
province of Alberta.  The JOSM Inventory also includes sources across North American, 
since the GEM-MACH modelling system also includes most of North America within its 
outermost modelling domain.  The JOSM Inventory includes emissions data for carbon 
monoxide (CO), oxides of nitrogen (NOX), sulphur dioxide (SO2), particulate matter less 
than 10 micrometres in diameter (PM10), particulate matter less than 2.5 micrometres in 
diameter (PM2.5), total and speciated volatile organic compounds (VOC) and ammonia 
(NH3). 
  
The JOSM Inventory represents the best information available to the JOSM Air 
Emissions Inventory Working Group for the study area.  However, the review was 
focused on the study area, and other areas of the oil sands development regions may 
require further review and improvement.  The table below presents the JOSM Inventory 
industrial emissions for the study area and the three oil sands development regions, as 
well as total Alberta emissions (excluding natural sources).  By species the study area 
represented between 1% and 20% of provincial anthropogenic criteria air contaminant 
emissions.  The three combined oil sands regions accounted for between 1% and 24% 
of provincial emissions, which highlights the significance of the large oil sands 
operations in the study area. 
 
Summary Table of Select Emissions for different regions of Alberta 

Region 
CO 

(tonnes) 
NH3 

(tonnes) 
NOX 

(tonnes) 
PM10 

(tonnes) 
PM2.5 

(tonnes) 
SO2 

(tonnes) 
VOC 

(tonnes) 
JOSM Study 
Area portion 
of Athabasca 
OS Region 

35,444 1,612 63,671 26,959 7,735 66,688 77,780 

Entire 
Athabasca 
OS Region 

69,637 1,612 99,691 28,137 8,362 71,683 95,459 

Cold Lake 
OS Region 21,568  28,224 632 590 3,393 41,280 

Peace River 
OS Region 9,900 119 4,419 457 345 3,137 6,480 

Alberta Total 
(excluding 
natural 
sources) 

1,469,456 117,732 735,865 2,386,663 403,289 332,464 617,650 

Note: Emissions data are for the year 2013 for the facilities in the Athabasca oil sands, and the year 2010 
for all other sources, see Chapter 2. 
 
The emissions data included within the JOSM Inventory consists of several dozen 
emissions processor and modelling files.  A Microsoft Access database, called the 
JOSM Emissions Inventory Database, was also developed to help make portions of the 
JOSM Inventory useable for stakeholders not familiar with emissions processor and 
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modelling files.  The Database includes all industrial sources in the three oil sands 
development regions that were included in the JOSM Inventory.  However, it does not 
include all of the data and information included in the entire JOSM Inventory.  The 
Database does not include industrial sources outside of the oil sands development 
regions, non-industrial area or mobile sources inside or outside of the regions. It also 
does not include temporal profiles, spatial surrogates, GIS shapefiles, or other related 
supporting input information needed for emissions processing.  These additional 
sources of information are available as part of the inventory, but are not part of the 
Access database itself. 
 
Air quality models such as GEM-MACH cannot directly use emissions inventories as 
inputs.  Instead, the inventories must first be converted to hourly emissions on a model 
grid using additional data, and software packages called emissions processing systems.  
Models require emissions inputs which are resolved on the temporal and spatial scales 
needed for modelling (the input emissions are required hourly and placed appropriately 
on the model grid).  These data, as well as the inventory, are used by an emissions 
processing system to create model-ready hourly gridded emissions files. 
 
The SMOKE (Sparse Matrix Operator Kernel Emissions) emissions processing system 
was used on the JOSM Inventory to generate the required modelling input files.  This 
involved temporal allocation, chemical speciation and spatial allocation of emissions.  
Temporal allocation was performed to convert the inventory annual emission rates into 
hourly values.  Chemical speciation was carried out to break down certain criteria air 
contaminants into individual model species, particularly for volatile organic compounds 
and particulate matter.  Spatial allocation was performed to distribute non-point source 
emissions to appropriate grid cells.   
 
Several methodological improvements were made to enhance the accuracy and 
representativeness of emissions processing for the largest emitting facilities in the study 
area.  To account for the large spatial extent of the six Athabasca oil sands mining 
facilities, a set of 18 facility-specific spatial surrogates was generated for allocating 
emissions within each of these mining facilities.  Facility-specific monthly temporal 
profiles and VOC speciation profiles were also developed for these six facilities.  After 
emissions processing was completed, the resulting gridded, speciated, hourly emissions 
were then used by the GEM-MACH model. 
 
Three levels of spatial nesting were used for the GEM-MACH simulations.  An outer grid 
with 10-km horizontal grid spacing was used to cover most of North America.  A middle 
10-km grid with a different orientation was used to cover most of north-western Canada 
and the north-western United States.  Lastly, a grid with 2.5-km grid spacing was used 
to cover the provinces of Alberta and Saskatchewan, including the study area.  The 
nested combination of these three successive grids was used to produce the best 
possible meteorological and air quality forecast from the final 2.5-km nest of the model.   
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Two types of simulations have been performed with GEM-MACH for the study area.  
The first type includes near-real-time forecasts of air pollution on the 2.5-km domain.  
These forecasts are being run continuously as an experimental forecast by Environment 
and Climate Change Canada, and were also used during the August to September 
2013 timeframe to guide instrumented aircraft flights for the JOSM summer 2013 
intensive air measurement campaign.  The second type includes retrospective 
simulations of the measurement campaign time period, to evaluate the model using 
observations, and use the model to help elucidate the processes which gave rise to the 
observations.  Both sets of simulations include outputs that allow the assessment of 
human health impacts (e.g., Air Quality Health Index) and ecosystem impacts (e.g., 
deposition of sulphur and nitrogen to ecosystems within the 2.5-km domain).  The 
model outputs are also being used to develop methodologies to evaluate the suitability 
and effectiveness of the spatial placement of monitoring site locations. 
 
Although the JOSM Inventory represents the best information available to the JOSM Air 
Emissions Inventory Working Group at the time it was compiled, there were several 
data gaps identified that are still being addressed by ongoing inventory development at 
Environment and Climate Change Canada.  This ongoing work includes further 
examination of the mine-fleet emissions, the investigation of the coverage of small non-
thermal bitumen extraction sites, the use of additional Continuous Emissions Monitoring 
System (CEMS) measurements and associated release parameters, improvements to 
biogenic emission rates, and the use of aircraft observations to infer emissions 
magnitudes and chemical speciation.  In addition to these ongoing improvements, as 
discussed near the end of this report, there are further areas where the JOSM Inventory 
could potentially be improved. 
 
Lastly, air emissions from the oil sands are changing constantly, as oil sands production 
increases together with the introduction of new technologies that are intended to 
improve environmental performance through reduced emissions.  In order to remain 
useful and representative for use in ongoing GEM-MACH modelling and oil sands 
environmental monitoring work, the JOSM Inventory will need to be maintained by 
updating it on a regular basis to reflect changes in sources and emission rates in the 
region.  Remaining priority data gaps will also need to be addressed through enhanced 
or additional monitoring and by continued dialogue with industry. 
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1 About the Inventory 
 
The Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring (JOSM) 
identified air emissions inventories as critical to obtaining accurate information on what 
is being emitted to the atmosphere from all activities related to oil sand developments.  
Such information is necessary for understanding the impacts of oil sands operations on 
the surrounding environment.  Current and comprehensive air emissions inventories are 
also key inputs into air models. 
 
The Global Environmental Multi-scale - Modelling Air quality and Chemistry (GEM-
MACH) model is a comprehensive in-line air quality model developed by Environment 
and Climate Change Canada that contains a full description of atmospheric chemistry 
and meteorological processes.  As part of JOSM, GEM-MACH is being run to provide 
high-resolution forecasts of air quality for Alberta and Saskatchewan (with a focus on 
the Athabasca oil sands), and to improve understanding of the underlying science 
related to oil sands emissions and their fate in the environment.  This modelling is being 
used to build a coherent picture of the processes underlying air quality in the region, 
connecting emissions to concentrations and then to deposition in the environment. 
 
Over the past several years, the JOSM Air Emissions Inventory Working Group has 
endeavoured to gather, review and improve emissions data for the oil sands region in 
order to support the GEM-MACH modelling and to help guide specific monitoring 
activities attempting to address potential scientific knowledge gaps.  This work has 
resulted in the development of a comprehensive oil sands emissions inventory, called 
the Joint Oil Sands Monitoring Program Emissions Inventory (JOSM Inventory). 
 
1.1 Objective of the Inventory 
 
The primary objective of the JOSM Inventory was to assemble high quality data 
describing the air emissions in the oil sands study area.  The JOSM Inventory was then 
used for the GEM-MACH air modelling that is being employed to assess air emissions 
and their effects on air quality in the Athabasca oil sands region. 
 
The JOSM Inventory helps to answer questions such as: 
 

• What are the major sources of air emissions from the oil sands? 
• What is the contribution of oil-sands-specific sources relative to other sources in 

the region? 
• What are the impacts of oil sands air emissions on the region? 
• What are the impacts of oil sands operations downwind of the oil sands region? 
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The state of the air emissions from the oil sands is changing constantly, as oil sands 
production increases together with the introduction of new technologies that are 
intended to improve environmental performance.  The JOSM Inventory will therefore 
need to be maintained by updating it on a regular basis to reflect changes in sources 
and emission rates in the region.  Priority data gaps will also need to be addressed 
through enhanced or additional monitoring and by continued dialogue with industry. 
 
1.2 Scope of the Inventory 
 
The JOSM Inventory development work focuses on oil sands sources within the study 
area, described in Section 1.2.1.  The inventory, however, also includes oil sands 
sources outside of the study area, non-oil sands sources within and outside of the study 
area, and industrial and non-industrial sources for the rest of the province of Alberta and 
across Canada.  However, outside of the study area no effort was made in this project 
to update and improve emissions inventory data beyond making use of the most current 
values reported to existing emissions inventories.  Use was also made of a projected 
2012 U.S. emissions inventory to supply emissions in the portions of the grids over the 
U.S. 
 
1.2.1 Geographic Area 
 
The JOSM Inventory focuses mainly on a specific study area located in part of 
Athabasca oil sands region, just north of Fort McMurray (see Figure 1-1).  The study 
area covers the large oil sands mining operations as well as some in-situ operations.  
The study area was determined in relation to the sources in the area that were to be 
covered by the 2013 JOSM summer measurement intensive. 
 
The JOSM Inventory also includes sources outside of the study area, covering most of 
Canada and North America.  Figure 1-2 presents the geographic scope used for the 
GEM-MACH modelling.  The JOSM Inventory Database, described in Chapter 6, 
contains the industrial sources falling within the three oil sands regions.  All other 
sources are stored in the emissions processing and modelling files.  The sources 
outside of the three oil sands regions were not included in the inventory database, in 
order to reduce the number of records and to make it more useable for non-modelling 
work focusing on just the oil sands regions. 

21 

 



  

  
 
Figure 1-1.  JOSM Inventory oil sands study area and oil sands development 
regions. 
 

 
Figure 1-2.  GEM-MACH modelling domains. 
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1.2.2 Time Period 
 
The JOSM Inventory is a modelling inventory rather than a standard regulatory 
emissions inventory, in that it is made up of a blending of inventory datasets that cover 
several different calendar years.  However, it is intended to represent average annual 
air emissions for the year 2013, and improvements were specifically focussed to 
represent August and September 2013.  This was done in order to use the inventory for 
AQ modelling in support of the JOSM summer measurement intensive that took place 
during that period, and afterwards, for comparison with estimates of emissions and 
process-based analyses from the summer campaign. 
 
The contents of this report and the associated inventory database, emissions 
processing, and modelling files represent information as of October 31, 2014.  This 
report and the associated files do not contain any updates after that date, although work 
may be ongoing to maintain and improve the inventory information.  Specific ongoing 
and planned future updates are discussed in Chapters 9 and 10. 
 
1.2.3 Air Pollutants Included 
 
The JOSM Inventory includes emissions data for carbon monoxide (CO), oxides of 
nitrogen (NOx), sulphur dioxide (SO2), particulate matter less than 10 micrometres in 
diameter (PM10), particulate matter less than 2.5 micrometres in diameter (PM2.5), total 
and speciated volatile organic compounds (VOCs), and ammonia (NH3). 
 
1.2.4 Sources Included 
 
The JOSM Inventory includes oil sands and non-oil sands sources in the study area.  
There are eight oil sands facilities included in the study area.  These facilities consist of 
six mining facilities and two in-situ extraction facilities.  Table 1-1 provides a list of the oil 
sands facilities included.  There are also several non-oil sands facilities in the study 
area.  Table 1-2 provides a list of these facilities (excluding small upstream oil & gas 
sources). 
 
Table 1-1.  List of oil sands facilities included in the study area. 
Company Facility 
Shell Canada Ltd. (Albian Sands) Muskeg River and Jackpine 
Canadian Natural Resources Ltd. Horizon Project 
Imperial Oil Resources Kearl 
Suncor Energy Inc. MacKay River 
Suncor Energy Inc. Firebag (several phases) 
Suncor Energy Inc. Suncor Upgrader Complex 
Syncrude Canada Ltd. Mildred Lake  
Syncrude Canada Ltd. Aurora North 
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Table 1-2.  List of non-oil sands facilities included in the study area. 
Company Facility 
Northlands Forest Products Ltd. Fort McMurray Sawmill 
Paramount Energy Operating 
Corp. 

Ells North Compressor Station 00/03-31-093-
14W4 

Williams Energy (Canada) Inc. Fort McMurray Chemical Plant 
TRANSCANADA ENERGY MacKay River Power Plant 
Paramount Energy Operating 
Corp. 

Paramount Ells South Gs 5-20-92-14w4 

 
Although the JOSM Inventory is primarily based around the study area, it does also 
include oil sands (in-situ) sources in the Cold Lake and Peace River oil sands regions, 
non-oil sands industrial sources across the province of Alberta and total non-industrial 
sources for Alberta.  The non-industrial sources include area and mobile sources such 
as agriculture, transportation, road dust, construction, residential and commercial fuel 
combustion, etc.  The sources outside of the study area are not provided at the same 
level of detail as the sources included in the study area, and they may not be as current 
as the updated sources included in the study area. 
 
1.2.5 Level of Detail and Types of Information Included 
 
As the JOSM Inventory was developed for GEM-MACH modelling, it required specific 
types of information in order to adequately conduct the emissions processing and to 
provide the model with all required emissions-related input fields.  The JOSM Inventory 
therefore includes source parameters and annual emissions for all major oil sands 
operations in the study area.  This includes point sources (e.g., smokestacks, flaring 
stacks, heaters, cogeneration units, turbines, reciprocating engines, and amalgamated 
facility totals) and non-point sources (e.g., mine fleets, mine fugitives, plant fugitives, 
tailing ponds, and road dust). 
 
Oil sands and non-oil sands sources outside of the study area are generally included as 
total facility emissions, although emissions from tall stacks (height > 50 m) are broken 
out for some facilities.  Non-industrial area and mobile sources are included as totals at 
the provincial/territorial level and are gridded prior to being used in the model.  Table 1-
3 provides a listing of the non-industrial source categories included in the Inventory. 
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Table 1-3.  Small industrial and non-industrial area and mobile sources included 
in the JOSM Inventory. 

Listing of Included Non-Point Class Categories 
Agriculture Iron and Steel Industries  
Aircraft Marine Transportation 
Asphalt Paving Industry Meat Cooking 
Bakeries Mine Tailings 
Cement and Concrete Industry Mining and Rock Quarrying 
Chemicals Industry Non-Ferrous Mining and Smelting Industry 
Cigarette Smoking Off-road Transportation 
Commercial Fuel Combustion On-road Transportation 
Construction Operations Other Industries 
Crematorium Other Miscellaneous Sources 
Downstream Petroleum Industry Printing 
Dry Cleaning Pulp and Paper Industry 
Dust from Paved Roads Rail 
Dust from Unpaved Roads Refined Petroleum Products Retail 
Electric Power Generation 
(Utilities) 

Residential Fuel Combustion 

Foundries Residential Fuelwood Combustion 
General Solvent Use Structural Fires 
Grain Industries Surface Coatings 
Human Waste 
Industrial & Commercial 
Incineration 

Wood Industry  

 
All area and mobile sources were assigned Source Classification Codes (SCC) to 
categorize them, in order to assign chemical speciation and temporal allocation profiles, 
and to allocate them in space.  Temporal and speciation profiles, as well as spatial 
surrogate parameters, are included in the inventory database and emissions processing 
input files. 
 
1.2.6 Intended Use and Users 
 
The primary intended use for the JOSM Inventory was to provide required input data for 
the GEM-MACH modelling.  It is also being used to support other JOSM air monitoring 
and assessment work and it may potentially be of use for other work in the region.  The 
primary intended users are Environment and Climate Change Canada, Alberta 
Environment and Parks, the Alberta Energy Regulator, the Alberta Environmental 
Monitoring Evaluation and Reporting Agency, and other JOSM stakeholders. 
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1.2.7 Outcomes of the Inventory 
 
The main outcomes of the JOSM Inventory are improved GEM-MACH model 
performance and air quality forecasts, which will help improve understanding of the 
impacts of the oil sands on the environment and help improve monitoring around the oil 
sands.  The key deliverables of the JOSM Inventory are improved GEM-MACH input 
emissions files, an inventory database, and this inventory compilation report. 
 

1.3 Data Sources Used 
 
The JOSM Inventory is primarily based on existing air emissions inventories, each of 
which was developed for different purposes, different inventory years, and different 
geographic regions.  There were several primary inventory datasets used in developing 
the JOSM Inventory, as shown in Figure 1-3.  General descriptions of these inventory 
data sources are given in the following Sections.  More specific discussions of how 
these inventory datasets were used in the inventory compilation are included in Chapter 
2. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

 
 
Figure 1-3.  Data sources used in the JOSM Inventory. 
 
1.3.1 CEMA Inventory 
 
The CEMA Air Working Group Emission Inventory (CEMA Inventory) was developed by 
consultants under contract from the Cumulative Environmental Management 
Association (CEMA).  The objective was to develop an updated emissions inventory for 
the Regional Municipality of Wood Buffalo that would support CEMA Air Working Group-
related frameworks and work plan recommendations (including: the Ozone 
Management Framework, the Acid Deposition Management Framework, the Interim 
Nitrogen Eutrophication Plan, etc.). 
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The CEMA Inventory contains emission estimates for industrial (oil sands and other) 
and non-industrial (transportation, community heating, aviation, etc.) sources in the 
Lower Athabasca Region of Alberta.  The CEMA Inventory covers five common 
pollutants for several different scenarios (historical, existing, and two future scenarios).  
Only the 2009/10 existing case scenario information was utilized for the JOSM 
Inventory. 
 
The CEMA Inventory was the primary data source for the industrial sources, due to the 
level of detail available for stack and process-specific information relative to other 
inventories.  For modelling, especially modelling at high resolution, the ability to resolve 
the smaller stack sources (i.e. including those less than 50 m in elevation), as well as 
differentiate emissions on a process level are key components of the CEMA inventory 
that resulted in its use as a starting point for the JOSM Inventory.  It was used for most 
of the point sources and area sources such as off-road mine fleet, tailings ponds, and 
fugitive sources, located in the study area.  The CEMA Inventory was also used for the 
speciation of fugitive VOC emissions from oil sands sources located in the study area. 
 
1.3.2 Environment and Climate Change Canada Modelling Inventory 
 
The Environment and Climate Change Canada Modelling Inventory was developed for 
use in photochemical modelling exercises carried out by Environment and Climate 
Change Canada.  It is based on the first release of Environment and Climate Change 
Canada’s Air Pollutant Emissions Inventory (APEI) for 2010, which is made up of data 
from several sources including the National Pollutant Release Inventory (for large point 
source data), facility-specific upstream oil & gas emissions data (projected from the 
2000 Clearstone Upstream Oil & Gas Inventory), estimates of emissions from area and 
mobile sources, and other information required for modelling. 
 
The JOSM Inventory used the Environment and Climate Change Canada Modelling 
Inventory to provide: the small and medium (conventional) oil and gas facility emissions 
data, non-industrial area and mobile source emissions, temporal and speciation profiles, 
and spatial allocations for the non-oil sands sources both within and outside of the study 
area. 
 
1.3.3 National Pollutant Release Inventory 
 
The National Pollutant Release Inventory (NPRI) is Canada's legislated, publicly 
accessible inventory of pollutant releases (to air, water and land), disposals and 
transfers for recycling.  It is mandated under the Canadian Environmental Protection Act 
(1999) and includes industrial, commercial and institutional facilities.  Reporting is 
mandatory for facilities that meet various reporting thresholds and rules (e.g., amount of 
emissions, number of employees, etc.).  
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The JOSM Inventory used 2010 NPRI data (obtained at the time of the JOSM Inventory 
construction) for the point sources located outside of the study area, as well as for the 
total VOC emissions for the oil sands sources within the study area.  In addition, 
preliminary 2013 NPRI data were used to estimate emissions from the new Imperial Oil 
Kearl mine, ammonia emissions from oil sands facilities, and fugitive dust emissions 
from the six study area oil sands mine facilities.  The priority order of these and 
additional sources of information in creating the JOSM Inventory is described in Chapter 
2. 
 
1.3.4 Alberta Energy Regulator Data 
 
The Alberta Energy Regulator (AER), formerly the Energy Resources Conservation 
Board, collects a variety of activity data from conventional and non-conventional oil and 
gas sources throughout Alberta.  For the JOSM Inventory work, monthly temporal 
profiles for oil sands operations in the study area were developed based on production 
data reported to the AER. 
 
1.3.5 AEP Data 
 
Stack-specific hourly SO2 and/or NOx emissions measurements were provided by AEP 
for 20 continuous emissions monitoring system (CEMS) monitored stacks at four oil 
sands mining operations for August and September 2013.  Oil sands shapefiles from 
AEP, with updates based on 2013 satellite images, were used to spatially allocate the 
emissions from non-point sources at the major oil sands mining operations.   
 
1.3.6 Other Data Sources 
 
Environmental Impact Assessment (EIA) studies were used to provide source lists and 
stack parameters for the Imperial Kearl Mine, which began production in spring 2013.  
EIA studies were also used for monthly VOC temporal profile allocations and for 
reviewing mine fleet emission estimates.   
 
Biogenic emissions were calculated on-line in the GEM-MACH model – the details of 
this calculation are discussed in Chapter 8, and efforts to improve these emissions are 
discussed in Chapter 9.  Note that biogenic emissions were not considered to be part of 
the JOSM Inventory. 
 
1.3.7 Summary of Data Sources 
 
Table 1-4 provides a summary of the data sources used for each category of data 
contained or used in the JOSM Inventory. 
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Table 1-4.  Summary of data sources used in the JOSM Inventory and for 
emissions processing. 
Data Category Data Sources 

Point Sources • 2009/10 CEMA Inventory for study area. 
• 2010 NPRI for rest of the domain. 
• Hourly CEMS data for select NOx and SO2 stack emissions. 
• 2013 NPRI for OS ammonia and emissions Imperial Kearl emissions. 
• Kearl EIA for Kearl stack parameters. 
• SMOKE defaults for missing stack parameters. 
• Flaring SO2 emissions for CNRL abnormal conditions period from daily 
reports. 

Off-road Fleet • 2009/10 CEMA Inventory and APEI outside of the study area 
Fugitive Dust 
(including road 
dust) 

• 2010 APEI and 2013 NPRI for the 6 mining facilities 

Tailings Ponds, 
Mines and Plant 
Fugitives 

• 2010 study area total VOC emissions from APEI. 
• Tailings, mines and plant fugitive VOC emissions splitting based on 
2009/10 CEMA Inventory. 
• 2013 preliminary NPRI for Kearl tailings pond and fugitive emissions. 
 

Small & Medium 
Upstream Oil & 
Gas 

• 2010 ECCC Modelling Inventory (grown from the 2000 Clearstone 
Upstream Inventory). 

Non-Industrial 
Area Sources 

• 2010 ECCC Modelling Inventory (or 2010 APEI). 

Mobile Sources • 2010 ECCC Modelling Inventory (or 2010 APEI). 
Biogenics • Current ECCC vegetation database and emission factors for vegetation 

types (these are used to generate biogenic emissions “on-line” within the 
air quality model). 

The following data are used for emissions processing in conjunction with the 
inventory: 
Temporal 
Profiles 

• Study area OS point sources - temporal profiles based on ERCB (AER) 
activity information. 
• Monthly profile based on production, but weekly and hourly profiles are 
assumed constant, based on a selection of CEMS data for 2010. 
• Tailings ponds - monthly temporal profile allocations based on EIA data 
(week and hours assumed constant). 
• 2010 ECCC emissions processing setup for all other sources. 

Speciation 
Profiles 

• VOC: 2009/10 CEMA Inventory for study area. 
• 2010 ECCC emissions processing setup for other sources. 

Spatial 
Allocations 

• Some study area non-point sources (tailing ponds, mine faces, plants, 
off-road fleet, and fugitive dust) allocated based on AEP shapefiles and 
satellite data. 
• All other spatial surrogates from 2010 ECCC emissions processing 
setup. 
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2 Inventory Compilation Procedures and Quality 
Assurance for Data Completeness 

 
As described in Chapter 1, the air emissions inventory compiled for JOSM was based 
on a synthesis of the best available information from several existing emissions 
inventories and related sources.  The basic rule for the inventory compilation was to 
use, where possible, the most specific and most recent information available for the 
primary study area (part of the Athabasca oil sands region shown as the black box in 
Figure 1-1).  Thus, stack-specific hourly emissions measured by Continuous Emission 
Monitoring Systems (CEMS) were given the highest priority, followed by the CEMA 
Inventory, the 2010 APEI, and the preliminary 2013 NPRI in descending order of 
preference. 
 
The 2010 NPRI was used to scale CEMA VOC emissions, as described elsewhere in 
this report.  The 2010 APEI was mainly used outside the study area where the coverage 
of the CEMA Inventory ends.  The preliminary 2013 NPRI was used to fill any gaps that 
were not covered by CEMS and CEMA Inventory within the study area, such as 
emissions from the new Imperial Kearl oil sands facility, NH3 emissions, and fugitive 
dust emissions.  SO2 emissions from flaring stacks of the CNRL facility during one week 
period in August 2013 (August 19 - August 25) were also taken into consideration.  We 
note here that the 2013 preliminary NPRI data were the only 2013 data available at the 
time of the JOSM inventory construction; the values in the preliminary inventory may 
change in the future following further NPRI quality control. 

2.1 Emissions Based on CEMS Measurements  
2.1.1 CEMS Data Summary and Matching Between CEMS and CEMA Stacks 
 
Stack-specific hourly SO2 and/or NOx emissions measured by 20 CEMS for August and 
September, 2013 were made available through AEP for four Athabasca oil sands 
facilities: Suncor Millennium, Syncrude Mildred Lake, Syncrude Aurora North, and 
CNRL Horizon.  (Note that CNRL Horizon CEMS emissions for September 2013 were 
not used because this latter inventory dataset was made available after the cut-off date 
for the current version of inventory.  However, this inventory dataset will be included in 
future JOSM Inventory versions).   
 
For the stacks for which CEMS data were available, the SO2 and/or NOx emissions 
were removed from the same stacks from the CEMA Inventory in order to avoid double 
counting.  To do this, CEMS stacks were matched with stacks in the CEMA Inventory 
based on stack names and stack locations.  Table 2-1 lists all of the CEMS stacks 
together with the corresponding CEMA stack information, including stack IDs.  For those 
stack pollutants not measured by CEMS (CO, VOC, PM2.5), the CEMA emissions were 
used in the JOSM Inventory. 
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Table 2-1.  Summary of CEMS stacks and corresponding CEMA stacks. 
Facility Stack Name1 Stack 

ID 
Latitude Longitude Pollutants 

Measured 
CEMA Stack Name 

Suncor 
Millennium 
 
 
 
 
 
 
 

Old Main Powerhouse Stack (31F-7) 13214 57.002 -111.477 SO2
2, NOx Powerhouse 

Thermal Oxidation Unit 1 (8F-5) 13215 57.005 -111.477 SO2 Sulphur Plant 
Incinerator(TOU1) 

New Main Powerhouse stack (37F-01) 13216 57.003 -111.477 SO2
2, NOx FGD Stack 

Thermal Oxidation Stack Unit 2 (53F-0611) 13217 57.006 -111.479 SO2 Millennium TOU2 
Gas Turbines GTG-5 Main Stack 16829 57.009 -111.488 NOx Gas Turbine Generator3 
Gas Turbines GTG-6 Main Stack 16830 57.007 -111.486 NOx Gas Turbine Generator3 
Millennium Coker Charger Heater Stack (52F-
302) 

17737 57.009 -111.479 NOx (Plant 52) Diluent Recovery, 
Coker Charge Heater4 

Millenium Hydrogen Reformer Furnace Stack 20976 57.010 -111.486 NOx H2 Plant #3 
Syncrude 
Mildred Lake 
 
 
 

Main Stack 12908 57.041 -111.616 SO2 Main Stack 
(existing/operating) 

FGD Stack 12909 57.048 -111.613 SO2 FGD Stack 
7-3 Fractionater Feed Heater Stack 16914 57.0465 -111.6025 NOx Fractionator Reboiler 35 
9-4 Reformer Furnace Stack 
 

16915 57.0466 -111.6046 NOx Reformer Furnace 46 

Syncrude  
Aurora North 
 
 
 

Aurora North Train 1 GTG/HRHWG (80 MW 
CO-GEN unit- Gas turbine Generator, 
TURBINES >25MW CEM) 

13219 57.296 -111.506 NOx GTG/HRHWG Train 1 

Aurora North OTHWG-A (BOILERS & 
HEATERS WITH >264 GJ/HR) 

13220 57.298 -111.506 NOx Missing CEMS data. No 
matching to CEMA stack7 

Aurora North Train 2 GTG/HRHWG (80 MW 
CO-GEN gas turbine generator, TRAIN 2 
TURBINES >25 MW) 

16916 57.297 -111.507 NOx GTG/HRHWG Train 2 

Aurora North OTHWG-B (BOILERS & 
HEATERS WITH >264 GJ/HR) 

16917 57.298 -111.507 NOx Missing CEMS data. No 
matching to CEMA stack7 

CNRL Horizon 
 
 
 

SRU INC Stack CEM 17042 57.339 -111.738 SO2 Sulphur Recovery Unit 
Incinerator 

Utility Boiler CEM 6001 17044 N/A8 N/A8 NOx one of the CEMA “Utility 
Boilers (three units)”8 

Hydrogen Plant Furnace CEM 17045 57.337 -111.74 NOx One of the two CEMA 
“Hydrogen Plant Furnace”9 

Gas Turbine HRSG Unit 1 CEM 17046 57.336 111.732 NOx Cogeneration Unit 110 
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Notes to Table 2-1: 
1. To better match the CEMA stacks, each CEMS stack is given a “Stack Name” which may include all 

or part of “Device”, “Process”, and “Station” information from the CEMS reports. 
 

2. The CEMS data that were received for stack 37F-01 did not include hourly SO2 emissions.  However, 
they do include 24-hour SO2 emissions for both August and September.  Hourly averaged SO2 
concentration (ppm) and air flow (m3s-1) were also available.  Therefore, hourly SO2 emissions were 
calculated from the hourly SO2 concentration and air flow using the following formula (assuming 
concentration is at 1 atm and 25 oC): 

 
𝑆𝑆𝑆𝑆2(𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ℎ𝑟𝑟−1)

=
𝐴𝐴𝐴𝐴𝑟𝑟𝐴𝐴𝐴𝐴𝑡𝑡𝐴𝐴(𝑚𝑚3𝑡𝑡−1) ∗ 3600(𝑡𝑡 ℎ𝑟𝑟−1) ∗ (𝑆𝑆𝑆𝑆2 𝑐𝑐𝑡𝑡𝑡𝑡𝑐𝑐𝑡𝑡𝑡𝑡𝑡𝑡𝑟𝑟𝑐𝑐𝑡𝑡𝐴𝐴𝑡𝑡𝑡𝑡, 𝑝𝑝𝑝𝑝𝑚𝑚) ∗ 64(𝑔𝑔 𝑚𝑚𝑡𝑡𝐴𝐴𝑡𝑡 𝑆𝑆𝑆𝑆2

−1)
106�𝑝𝑝𝑝𝑝𝑚𝑚 𝑆𝑆𝑆𝑆2 𝑚𝑚𝑡𝑡𝐴𝐴𝑡𝑡 𝑆𝑆𝑆𝑆2

−1 � ∗ 10−3 (𝐿𝐿−1 𝑚𝑚3) ∗ 24.465(𝐿𝐿 𝑚𝑚𝑡𝑡𝐴𝐴𝑡𝑡 𝑐𝑐𝐴𝐴𝑟𝑟−1) ∗ 106(𝑔𝑔 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡−1)
 

 
For quality control purposes, 24-hour average SO2 emissions were also calculated from the 
calculated hourly SO2 emissions, for comparison with the corresponding 24-hour SO2 emissions in 
the CEMS data.  It was found that the calculated 24-hour SO2 emissions were exactly 3 orders of 
magnitude smaller than the ones in the CEMS 24-hour data.  Figure 2-1 shows the comparison 
between the 24-hour total SO2 emissions obtained from the CEMS data and the calculated 24-hour 
emissions multiplied by 1000 for the month of August.  Subsequent to the scaling, the values 
compare well.  The SO2 emission value in the CEMA Inventory for this stack was 16.328 tonnes/day, 
which was comparable with the 24-hour SO2 in the CEMS data.  These in turn imply that either the 
units of SO2 concentration, or of the air flow in the CEMS data were incorrect.  Therefore, the 
calculated hourly SO2 emissions for this stack were multiplied by 1000 for use in the inventory. 

 

 
Figure 2-1.  Comparison of reported CEMS 24-hour SO2 emissions for Suncor 
Millenium stack 37F-01 with calculated 24-hour SO2 emissions multiplied by 1000. 
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Hourly and 24-hour SO2/NOx emissions were also calculated from hourly concentrations and air flows 
for other stacks, and were compared with the 24-hour emissions in the CEMS data.  It appears that 
the Suncor Old Main Powerhouse Stack (31F-7) also had this unit issue, but the other stacks did not 
seem to have this problem.  
 

3. There are emissions from two sources labelled “Gas Turbine Generator” in the CEMA Inventory for 
this facility.  No information is available to distinguish them from each other.  Therefore, the two 
CEMS stacks were arbitrarily matched to the two CEMA stacks (GTG-5 and GTG-6).  This, however, 
will not affect the emissions processing. 

 
4. There are two “(Plant 52) Diluent Recovery, Coker Charge Heater” stacks in the CEMA Inventory with 

exactly the same emissions values.  Therefore, the CEMS stack was matched to one of these two 
CEMA stacks. 
 

5. The Syncrude CEMS data that were received for this stack did not include latitude and longitude.  As 
well, there are 6 “Fractionator Reboilers” in the CEMA Inventory, as shown below in Table 2-2.  
Based on the CEMS Stack Name and the amount of NOx emissions in the CEMA Inventory, CEMA 
“Fractionator Reboiler 3” was matched to this CEMS stack on the assumption that CEMS are installed 
to measure relatively large emission sources.  The latitude and longitude of the selected CEMA stack 
were then used for this CEMS stack. 

 
Table 2-2.  Syncrude Mildred Lake “Fractionator Reboiler” stacks in the CEMA 
Inventory. 
Facility Emission Source LAT LON NOx (g/s) SO2 (g/s) 
Mildred 
Lake 
 
 
 
 
 

Fractionator Reboiler 1 57.0448 -111.6127 0.9518 0 
Fractionator Reboiler 2 57.0449 -111.6122 0.9518 0 
Fractionator Reboiler 3 57.0459 -111.6016 0.9518 0 
Fractionator Reboiler 4 57.0444 -111.6057 0.3663 0 
Fractionator Reboiler 5 57.0457 -111.6028 0.3663 0 
Fractionator Reboiler 6 57.0457 -111.6093 0.2196 0 

 
6. Similar to Note 5, the CEMS data that were received for this stack also did not include latitude and 

longitude.  As well, there are 5 “Reformer Furnaces” in the CEMA Inventory for this facility as shown 
in Table 2-3.  Again, based on the CEMS Stack Name and the amount of NOx emissions in the 
CEMA Inventory, CEMA “Reformer Furnace 4” was assigned to this CEMS stack, on the assumption 
that CEMS are installed to measure relatively large emission sources.  The latitude and longitude of 
the selected CEMA stack were then used for this CEMS stack.  

 
Table 2-3.  Syncrude Mildred Lake “Reformer Furnace” stacks in the CEMA 
Inventory. 
Facility Emission Source LAT LON NOx (g/s) SO2 (g/s) 
Mildred 
Lake 
 
 
 
 

Reformer Furnace 1 57.0440 -111.6084 15.3753 0.0000 
Reformer Furnace 2 57.0454 -111.6106 15.3753 0.0000 
Reformer Furnace 3 57.0442 -111.6070 13.1056 0.0000 
Reformer Furnace 4 57.0458 -111.6039 31.4098 0.0000 
Reformer Furnace 5 57.0459 -111.6011 24.6740 0.0000 

 
7. The CEMS data that were received for this stack did not include emissions values.  Therefore, no 

corresponding CEMA stack was removed from the CEMA Inventory. 
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8. The CEMS data that were received for this stack did not include latitude and longitude information 

and this stack only included data from Aug1 through Aug 17.  The CEMS report indicates that the 
CEMS instrument for this stack was off-line starting from 8/18/2013, 9:00:00 A.M.  In the CEMA 
Inventory, there is only one record for “Utility Boiler” emissions with the name “Utility Boilers (three 
units)”, which implies that the emissions are from three Utility Boilers.  Because the CEMS data only 
span half of the month and the emissions from the 3 Utility Boilers are not separated in the CEMA 
Inventory, the CEMS emissions for this stack were not used and the CEMA stack was not removed 
from the CEMA Inventory. 

 
9. Similar to Note 4, there are two “Hydrogen Plant Furnace” stacks with identical emissions at this 

facility.  Therefore, the CEMS stack was matched to one of these two CEMA stacks. 
 

10.  This CEMS stack was matched to CEMA “Cogeneration Unit 1” stack because it was stated in 
Volume 4 of the CNRL Horizon EIA (CNRL, 2002) that there are “two gas fired cogeneration units, 
each consisting of a turbine and a heat recovery steam generator (HRSG)”. 

 
2.1.2 Creation of SMOKE-Ready Hour-Specific CEMS Inventory 
 
For processing hour-specific CEMS emissions (see Chapter 8), a SMOKE-ready, hour-
specific inventory file must be built in one of the SMOKE hour-specific inventory 
formats.  The EMS-95 hour-specific format was chosen for the JOSM Inventory, which 
also requires a corresponding annual inventory file in IDA format with stack parameters 
(SCC, latitude, longitude, stack height, stack diameter, exit temperature, and exit 
velocity).   
 
The hour-specific inventory also requires state code (STID), county code (CYID), facility 
ID (called FCID in an EMS-95 file and PLANTID in an IDA file), and stack ID (called 
SKID in an EMS-95 file and POINTID in an IDA file) to be provided for each CEMS 
stack.  For this purpose, Alberta’s FIPS code (48) was used as the state code, and a 
“special” county code, 900, was used to represent the oil sands area.  The following 18 
ad hoc facility IDs were specified for the stacks in the three facilities for which CEMS 
data were available: “Suncor1”- “Suncor8”, “Syncrude1”- “Syncrude6”, and “CNRL1”- 
“CNRL4”.  This was done because different facility IDs must be used for different stacks 
even when they are in the same facility for the purposes of emissions processing with 
SMOKE. 
 
In the absence of specific IDs, SMOKE will sum up emissions from all of the stacks with 
the same facility ID as one source even when the stack IDs are different.  Note also that 
CEMS emissions were only available for 3 CNRL stacks; the fourth one is used for the 
emissions from the flaring stack, which will be discussed later in Section 2.5.  Lastly, the 
CEMS Stack ID was used for the stack ID.  (As noted in Section 2.5, it was necessary to 
assign a “special” stack ID (“17047”) to the CNRL flaring stack).  Table 2-4 summarizes 
the various facilities and stack IDs that were assigned to the CEMS stacks. 
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Table 2-4.  Summary of the IDs assigned to the CEMS stacks 
STID CYID FCID SKID 
48 900 Suncor1 13214 
48 900 Suncor2 13215 
48 900 Suncor3 13216 
48 900 Suncor4 13217 
48 900 Suncor5 16829 
48 900 Suncor6 16830 
48 900 Suncor7 17737 
48 900 Suncor8 20976 
48 900 Syncrude1 12908 
48 900 Syncrude2 12909 
48 900 Syncrude3 13219 
48 900 Syncrude4 16914 
48 900 Syncrude5 16915 
48 900 Syncrude6 16916 
48 900 CNRL1 17042 
48 900 CNRL2 17045 
48 900 CNRL3 17046 
48 900 CNRL4 17047 

 
The other required stack parameters, such as stack height (STKHGT), stack diameter 
(STKDIAM), exit temperature (STKTEMP), and exit velocity (STKVEL), were adopted 
from the matched stacks in CEMA Inventory1.  Although SCC is not important here 
because the chemical speciation of NOx and SO2 is simple, it is a required parameter.  
Therefore, SCC 2310000000, which stands for “Industrial Processes; Oil and Gas 
Production: SIC 13; All Processes; Total: All Processes”, was used for all CEMS stacks 
in the JOSM Inventory. Time zone (TZONNAM) is also needed for the EMS-95 
inventory file; this parameter was set to “MDT” (Mountain Daylight Time, UTC-6h). 
  

1  Comparison of modelled and aircraft-observed SO2 concentrations indicates that the elevation 
of the simulated plumes was too high, due at least in part to the static CEMA stack parameters 
used for Oil Sands stacks in the inventory.  This issue will be discussed further in the section on 
future work (Chapter 10). 
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2.2 2009/2010 CEMA Emissions Inventory 

 
2.2.1 CEMA Point Source Emissions 
 
As discussed in Chapter 1, the main purpose of the JOSM Inventory was to provide 
emissions for air quality modelling in support of the JOSM 2013 summer field study, 
which focused on an area within the Athabasca oil sands region with large oil sands 
mining and in-situ operations.  For emissions processing, the study area is defined by 
the latitude range 56.5N to 57.5N and the longitude range 110.6W to 112.4W, and is 
indicated by the red box in Figure 2-2.  The 2009/2010 CEMA Inventory was mainly 
developed for this study area.  Also plotted in Figure 2-2 are the CEMA stack locations 
for oil sands facilities (dots) and gas plants and other industrial facilities (triangles).  Five 
large oil sands mines (Syncrude Mildred Lake, Syncrude Aurora North, Suncor 
Millennium, Shell Albian Sands Muskeg River and Jackpine, and CNRL Horizon) and 
some in-situ operations are within the red box.  The Imperial Kearl mine is also located 
in the study area, but it is not shown in Figure 3-2 because it started operation in early 
2013 and hence was not included in the CEMA Inventory. 
 
All CEMA point emissions within this study area, including major oil sands stacks and 
gas plants and other facilities, were extracted from the CEMA Inventory to form part of 
the JOSM Inventory (note that, as discussed in Section 2.1.1, stacks with available 
CEMS data were given priority over the CEMA values – for those stacks, CEMS data 
were used in the generation of emissions).  Each dot in Figure 2-2 is comprised of a 
cluster of stacks for each facility, such as the two clusters shown in Figure 2-3 located 
on the Suncor Millennium and Syncrude Mildred Lake facilities.  Note that all of the 
NPRI point source emissions contained in the APEI that were located within this area 
were also excluded to avoid double counting. 
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Figure 2-2.  CEMA point source locations, dot: major stacks from oil sands 
facilities, triangle: gas plants and other industrial facilities. 
 

 
Figure 2-3.  Locations of individual point source stacks of the Suncor Millennium 
and Syncrude Mildred Lake facilities. 
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2.2.2 CEMA Area Source Emissions 
 
CEMA area source emissions include mine fleet emissions and fugitive VOC emissions 
from tailings ponds, plants, and mine faces.  Area source emissions for the 
aforementioned five oil sands facilities were also extracted from the CEMA Inventory 
and included in the JOSM Inventory.  VOC emissions from tailings ponds, plants, and 
mine faces are also part of the NPRI, but these emissions were already excluded from 
the APEI when the NPRI Athabasca oil sands point sources were excluded from the 
study area as discussed in Section 2.2.1.  Note that the NPRI does not include off-road 
facility emissions, but the corresponding off-road emissions for the five facilities were 
excluded from the off-road emissions in the APEI.  
  
2.2.3 Modifications and Updates to CEMA Emissions 
 
Due to the temporal and spatial specificity of the CEMA emissions data for the sources 
described above, much of that data was used in the JOSM Inventory.  However, there 
were a few areas in the CEMA Inventory that needed to be updated.  
  
 (1) VOC emissions  

When CEMA emissions from the oil sands facilities within the study area were 
compared with the 2010 NPRI, it was found that the CEMA VOC emissions were 
2.62 times lower than those in the 2010 NPRI, as shown in Table 2-5.  
Comparison of total VOC emissions over the Athabasca oil sands area among 5 
existing oil sands inventories (three AAEI [years 2006, 2007, and 2008], the 
2009/2010 CEMA, and the 2010 NPRI) also showed that CEMA VOC emissions 
estimates are the lowest of all of these inventories (Marson, 2013).  Therefore, the 
decision was made to scale the magnitude of the CEMA VOC emissions up to the 
levels of the 2010 NPRI for the study area, but to keep the CEMA facility and 
source splitting, so that the CEMA VOC inventory for each facility and each source 
(stacks, tailing ponds, mine faces, and plants) was scaled up by a factor of 2.62 
(=72,224/27,538). 
 

Table 2-5.  Comparison of total VOC emissions between 2010 CEMA and 2010 
NPRI for the oil sands facilities within the study area. 

Annual VOC Emissions (tonnes) 
FACILITY_NAME APEI/NPRI CEMA 
CNRL Horizon Plant and Mine 27,853  2,623  
Shell Albian Sands Muskeg River & Jackpine Mine 1,460  2,813  
Suncor Firebag  In-Situ Oil Sands Plant 158  219  
Suncor MacKay River  In-Situ Oil Sands Plant 40  92  
Suncor Millenium Mine & Upgraders 28,940  10,808  
Syncrude Aurora North Mine 5,182  3,319  
Syncrude Mildred Lake Plant Site 8,591 7,663  
Total  72,224  27,538  
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(2) NH3 emissions  

The CEMA Inventory does not include NH3 emissions.  However, three oil sands 
facilities (CNRL Horizon, Suncor Millennium, and Syncrude Mildred Lake) 
reported a total of 1,612 tonnes/year of NH3 emissions (preliminary un-reviewed 
number) to NPRI for the 2013 reporting year; most of these emissions (1,436 
tonnes/year) were from the FGD stack of the Syncrude Mildred Lake facility.  
Since the JOSM Inventory was developed in support of the 2013 field study, the 
preliminary 2013 NPRI NH3 emissions for the three facilities were added to the 
JOSM Inventory. 
 

(3) PM10 emissions 
The CEMA Inventory does not include PM10 emissions, but they are needed for 
air quality modelling.  Here, it was assumed that the CEMA PM2.5 emissions were 
correct, and that the ratio of PM10 to PM2.5 emissions within the 2010 NPRI was 
also correct:  the JOSM inventory emissions were calculated by scaling the 
CEMA 2010 PM2.5 emissions by the 2010 NPRI ratio of PM10 to PM2.5. 
 

(4) Fugitive dust emissions from unpaved roads 
Fugitive dust emissions kicked up by the operation of the oil sand fleet can be 
substantial.  However, these emissions were not included in the CEMA Inventory.  
Road dust emissions have been included in reporting to the NPRI since 2007.  
Therefore, fugitive dust emissions from the preliminary 2013 NPRI were included 
for the oil sands facilities.  
 

(5) Emissions from Imperial Oil Kearl mine 
The Imperial Oil Kearl mine started operation in the spring of 2013.  Emissions 
from this facility were thus not part of the CEMA Inventory, whose base year was 
2010.  Therefore, preliminary 2013 NPRI point-source emissions for this facility 
were included in the JOSM Inventory.  However, no stack information was 
available in the 2013 preliminary NPRI when the JOSM Inventory was compiled.  
Therefore, a pseudo-stack was created in the JOSM Inventory for Kearl 
emissions, based on the average stack parameters of the proposed stacks in the 
Kearl EIA (Imperial Oil, 2005).  
Off-road emissions from this facility were estimated based on AER actual “mined 
oil sands” monthly statistics in 2013 using averaged emission factors calculated 
from the other five existing facilities in the 2010 CEMA Inventory2. 

  

2 Note: for the ECCC greenhouse gas inventory, facilities must report CO2 emissions for their 
“captive fleets”. It therefore should be possible to obtain fleet information from greenhouse gas 
reports submitted to EC, in order to estimate off-road emissions in the future. However, at the 
time of writing, fleet information was not included in the link to the ECCC greenhouse gas 
inventory: http://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=83A34A7A-1) 
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2.3 2010 APEI 
 
The 2010 Canadian CAC emissions inventory (also referred to as the Air Pollutant 
Emissions Inventory [APEI]) is a comprehensive national anthropogenic emissions 
inventory that includes emissions from point, area, on-road mobile and off-road mobile 
sources.  It was compiled by the Pollutant Inventories and Reporting Division (PIRD) of 
Environment and Climate Change Canada using both top-down and bottom-up 
approaches (https://www.ec.gc.ca/inrp-npri/default.asp?lang=En&n=B85A1846-1).  For 
example, major point source emissions were compiled using a bottom-up approach 
based on facility-specific emissions at the facility level reported to NPRI, whereas area 
source emissions were mainly compiled using a top-down approach based on activity 
levels and emission factors. 
 
The 2010 inventory database compiled by PIRD was further processed by the Air 
Quality Modelling Applications Section (AQMAS) of Environment and Climate Change 
Canada for the 2010 Canadian air quality modelling platform [Sassi et al., 2014].  The 
2010 APEI includes emissions from the following main sectors: 
 

1) NPRI “point” sources (where some “points” correspond to entire industrial, 
commercial, municipal, or educational facilities, while others correspond to major 
individual smoke stacks) 

2) Projected 2010 Upstream Oil and Gas (UOG) point sources (CAPP, 2004a,b) 
3) Fugitive dust emissions from paved and unpaved roads, construction (including 

residential, industrial/commercial, and road construction), and dust emissions 
from agricultural activities (land breaking, tilling, farm animals, etc.)  

4) Projected 2010 monthly NAESI (National Agri-Environmental Standards Initiative) 
agriculture NH3 emissions inventory ( Makar et al., 2009) 

5) Off-road emissions, including off-road vehicles (e.g., mine fleets), aircraft, marine 
vessels, and trains  

6) On-road motor vehicle emissions 
7) Emissions from all other area sources, such as residential wood combustion, 

meat cooking, small industrial stationary sources that do not meet NPRI reporting 
criteria, etc. 

 
This inventory was mainly used to provide emissions outside of the oil sands study 
area.  However, emissions from some sources, such as on-road vehicle emissions, 
were also used within the study area.  As mentioned earlier, point source emissions 
within the study area and off-road mine-fleet emissions for the five oil sands facilities 
have been removed from the APEI to avoid double counting within the study area.  
Note that there were four NPRI facilities with large emissions that closed during 2010 
(none of them located in Alberta).  Emissions from these facilities were still present in 
the 2010 APEI, although the annual emissions are smaller than for the years with 
normal operations.  Again because JOSM Inventory was primarily developed for air 
quality modelling in support of the 2013 field campaign, these four facilities in Manitoba, 
Ontario, and Quebec have been removed from the inventory. 

40 

 

https://www.ec.gc.ca/inrp-npri/default.asp?lang=En&n=B85A1846-1


  

 
2.4 2013 NPRI 
 
The reviewed 2013 NPRI emissions data were published on December 11, 2014 
(https://www.ec.gc.ca/inrp-npri/default.asp?lang=En&n=386BAB5A-1).  It contains 
information on releases of 346 substances from 7,582 reporting facilities to air, water, 
land, as well as disposals and transfers for recycling.  A very large portion of the 
facilities in Alberta belong to the oil and gas industry as shown in Figure 2-4 (Figure 2.1 
in the summary report of the reviewed 2013 NPRI facility reported data  
https://www.ec.gc.ca/inrp-npri/default.asp?lang=En&n=386BAB5A-
1&offset=2&toc=show#fig2.1). 
 
Although the reviewed 2013 NPRI was not published when the current version of JOSM 
Inventory was compiled, a preliminary 2013 NPRI was available online and was used to 
fill the gaps in the current inventory as mentioned earlier.  The final NPRI-reviewed 
facility-reported 2013 data will be included to replace the 2010 data in future JOSM 
Inventory versions. 

 

Figure 2-4.  Location of Alberta conventional oil and gas facilities reporting to the 
NPRI for 2013. 
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2.5 SO2 Emissions from Flaring During Abnormal Operating Conditions   
 
Flaring systems are used to dispose of the unmarketable gases during normal 
operations and also to provide emergency relief by burning off flammable gas during 
upset/abnormal operating conditions.  An example of an abnormal operating condition 
that would require flaring is the shutdown of a sulphur recovery unit (SRU).  Flaring 
during upset/abnormal operating conditions usually occurs for limited periods of time, 
but substantial SO2 emissions can be released during these events. 
 
Based on the CEMA report (Davies and Person, 2012), in 2009 and 2010, the Suncor 
flare stacks accounted for 11% and 15% of the respective Suncor total SO2 emissions, 
and for the period 2006 to 2010, the Syncrude flare stack accounted for 2.3% of total 
Syncrude SO2 emission.  Therefore, the CEMA Inventory assumed that the existing 
Suncor flare stacks contribute 13% of total Suncor upgrader SO2 emissions and the 
existing Syncrude flare stacks contribute 2.2% of total Syncrude upgrader SO2 
emissions.  It was also assumed that SO2 emissions from flaring operations in other 
facilities were very low and therefore no SO2 emissions were considered from flare 
stacks of other facilities.  Flaring from smaller operations may contribute substantially to 
emissions in the region – this issue is examined in detail in Section 9.2 of this report. 
 
However, during the 2013 JOSM field study, daily reports of SO2 emissions made to the 
Fort McKay First Nation by the CNRL Horizon facility during a one-week period 
indicated that a large amount of SO2 emissions were released from the facility’s two 
flaring stacks.  Figure 2-5 compares the reported SO2 emissions and those measured 
by the SRU CEM instrument.  It shows that SO2 emissions from the flaring stack can be 
more than one order of magnitude larger than the SO2 emitted under normal operation 
conditions. 
 

 
Figure 2-5.  Comparison of reported SO2 emissions and those measured by CEMS 
for the CNRL Horizon site.  Note difference in scales between the two vertical 
axes. 
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The large magnitude of these emissions underscores the importance of including these 
events in the JOSM Inventory, and of reporting of these events in emissions inventories 
in general.  The daily report only contains daily total SO2 emissions, but it does include 
information regarding when flaring started and how long it lasted.  Based on this 
information, hour-specific SO2 emissions were calculated and were treated in the same 
way in the inventory as CEMS emissions.  Note that zero SO2 emissions from flaring 
stacks were assumed for the days for which no daily report was available.  Note also 
that it is not technically feasible to install CEMS on flaring stacks so it is difficult to 
obtain direct observation-based routine hour- or day-specific emissions values for such 
sources. 
 
Stack parameters and locations of the flaring stacks were also needed by the emissions 
processing system (SMOKE: see Chapter 7) to process flaring emissions.  There are 
two flaring stacks in the 2010 NPRI point source inventory for this facility as shown in 
Table 2-6, below.  They have the same stack parameters and the same location, which 
is right at the center of the CNRL plant.  Because the NPRI only has one set of latitude 
and longitude values for each facility, the latitude and longitude shown in Table 2-6 are 
unlikely to be the true locations of the flaring stacks.  However, assuming that the flaring 
stacks are situated close to the SRU stack, then the latitude and longitude of the SRU 
stack (57.33928046N, -111.7380723W) can also be used for the flaring stacks.  Since 
the two flaring stacks in the NPRI have the same location and stack parameters, a 
single flaring stack at this location was created for the JOSM Inventory for the CNRL 
Horizon facility, and flaring SO2 emissions during the one-week period for which daily 
reports were available were assigned to this stack.   
 
Table 2-6.  Stack parameters of the two CNRL Horizon flaring stacks in the 2010 
APEI. 

Stack 
Name 

Stack 
Diameter 

(m) 

Stack 
Height 

(m) 

Exit 
Velocity 

(m/s) 

Exit 
Temp 
(oC) 

Data 
Source 

Latitude 
(NAD 83, 

Dec) 

Longitude 
(NAD 83, 

Dec) 
West 
Flare 

1.4 109 6.19 1000 NPRI 57.3354 -111.7556 

East 
Flare 

1.4 109 6.19 1000 NPRI 57.3354 -111.7556 
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3 Analyzing and Addressing Data Gaps 
 
3.1 Starting Inventory Dataset 
 
The starting inventory dataset for the JOSM Inventory was the 2006 SMOKE-ready 
Environment and Climate Change Canada Modelling Inventory3, which included 
emissions data for the following sectors: 
 

1) Upstream oil and gas point sources. 
2) NPRI “point” sources (where some “points” correspond to entire industrial, 

commercial, municipal, or educational facilities while others correspond to major 
individual smokestacks). 

3) Fugitive dust emissions from paved and unpaved roads, construction (including 
residential, industrial/commercial, and road construction), and dust emissions 
from agricultural activities (land breaking, tilling, farm animals, etc.). 

4) Agriculture ammonia emissions. 
5) Off-road emissions, including off-road vehicles (e.g., mine fleets), aircraft, marine 

vessels, and trains. 
6) On-road vehicle emissions. 
7) Emissions from all other area sources, such as residential wood combustion, 

meat cooking, small industrial stationary sources that do not meet NPRI reporting 
criteria, etc. 

 
3.2 Data Gap Analysis Methods 
 
The starting inventory dataset was then reviewed against the objectives and 
requirements for the GEM-MACH modelling project within JOSM, and it was determined 
that the 2006 ECCC Modelling Inventory was not sufficiently detailed for the oil sands 
study area.  Numerous specific data gaps in terms of modelling needs were also 
identified.  The data gaps were then prioritized and those that were identified as “high” 
were then assigned to be assessed and potentially addressed. 
 
Various available inventory datasets were then reviewed to attempt to fill these gaps, 
and this included reviewing and utilizing data from Environment and Climate Change 
Canada, the AER and AEP, as well as relevant EIAs for facilities in the region.  Section 
3.3 describes the data gaps that were identified and addressed, while Chapter 9 
outlines areas of continuing work.  Data gaps that have not been addressed, as well as 
recommended areas for further study, are discussed in Chapter 10 of this report. 
  

3 US sources have not been included in the JOSM Inventory Database, though the modelling domain extends 
slightly into the United States. The NPRI and APEI are the primary sources of data in the 2006 SMOKE-ready 
Environment and Climate Change Canada Inventory. 
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3.3 Data Gaps Identified 
 
 
Data Gap #1: 2006 ECCC Modelling Inventory Not Current for Alberta 
The 2006 ECCC Modelling Inventory was reviewed and deemed not to be the most 
current data available for Alberta.  Most of the 2006 data contained in the inventory was 
instead replaced with the 2010 ECCC Modelling Inventory 
 
Data Gap #2: Oil Sands Emissions for Stacks Less than 50 Metres Tall 
The 2010 ECCC Modelling Inventory utilizes the NPRI for its point source data.  
However, the NPRI only requires separate stack-level reporting for stacks greater than 
50 metres tall.  Emissions from stacks less than 50 metres in height are included in 
overall facility emissions but information about stack locations and release parameters 
is not required to be reported, even though smaller stacks can contribute significantly to 
the point source emission totals of some substances in the study area.   
 
The CEMA Inventory does have stack parameters and emissions for sources less than 
50-m height for a region encompassing the study area. An example of the cumulative 
amount of emissions of NOx and SO2 from the CEMA inventory, sorted according to 
stack height, is shown in Figure 3-1, below.  As can be seen from the figure, a large 
proportion of the stack emissions of NOx (reported as NO2) are from stacks less than 50 
m in height. This gap related to smaller stacks was therefore addressed by using the 
CEMA Inventory point sources for the large industrial facilities located in the study area.  
The CEMA Inventory was sometimes updated based on NPRI data when necessary 
and appropriate.  2010 NPRI data were used for the remainder of the modelling domain. 
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Figure 3-1.  Cumulative emissions from point sources, for SO2 and NOx, CEMA 
2010 Inventory. 
 
Data Gap #3: Small Upstream Stack Parameters 
According to the 2010 ECCC Modelling Inventory, there are more than 90,000 upstream 
oil and gas point source facilities in Alberta, with most located outside of the study area.  
None of these upstream sources in the 2010 ECCC Modelling Inventory had stack 
parameters. To address this gap, all of the emissions from these sources were assigned 
default stack parameters using the SMOKE emissions processor, based on their source 
classification codes. 
 
Data Gap #4: Facility and Stack Locations 
The locations of facilities and stacks in the 2010 ECCC Modelling Inventory were 
compared against other oil sands inventories and it was determined that the locations 
used in the CEMA Inventory were the most comprehensive.  The facility and stack 
locations from the CEMA Inventory were thus used for the JOSM Inventory. 
 
Data Gap #5:  Mine Fleet Emissions 
The 2010 ECCC APEI available at the time of the JOSM Inventory construction included 
off-road emissions for each oil sands mining facility.  However, the estimates in the 
2010 ECCC APEI for these sources were still being revised when the JOSM Inventory 
was constructed.  Consequently, CEMA 2010 Inventory values for the mine fleet 
emissions were used for the JOSM Inventory.  Continued improvements to the mine 
fleet emissions and their estimation methods are recommended in Chapter 9 of this 
report.   
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Data Gap #6: Mine Fleet SO2 Emissions  
SO2 emissions from mine fleets in the 2010 ECCC Modelling Inventory were very low.  
This was the result of the methodology used for estimating the emissions, which 
assumed low sulphur fuel.  Summary tables from the CEMA Inventory were compared 
to APEI off-road diesel SO2 emission totals.  SO2 numbers were comparable but 
deemed on the low side.  It was determined that SO2 emissions from the CEMA 
Inventory were likely more accurate.  The CEMA mine fleet SO2 emissions were 
therefore used here.  
 
Data Gap #7:  Mine Fleet Fugitive Dust Emissions 
The CEMA Inventory used for the study area did not include fugitive dust emissions 
(road dust) from mine fleets.  However, the 2010 APEI and 2013 NPRI both contained 
fugitive dust emissions from off-road sources.  The 2013 NPRI values for fugitive dust 
emissions were used for oil sands sources, while the 2010 APEI was used for fugitive 
dust emissions for non-oil sands sources, to address this gap. 
 
Data Gap #8: Tailings Pond VOC Emissions 
A review of the available tailings pond emission values showed that there are a range of 
VOC emission values for these sources.  The fugitive VOC totals from the 2010 ECCC 
Modelling Inventory, based on the values reported to the NPRI, were approximately 
three times higher than the tailings pond VOC emissions total from the CEMA Inventory.  
Although the 2010 ECCC inventory does include other fugitive sources, the tailings 
ponds are the largest source of fugitive VOC emissions at the mining operations.  
Based on this, it is likely that the CEMA Inventory may have underestimated VOC 
emissions from these sources.  Part of the reason the CEMA Inventory tailing pond 
VOC total may be lower is that CEMA Inventory VOC totals may be based on summed 
observations of specific VOCs as opposed to an estimation of all VOCs.  This issue was 
addressed by using the higher VOC totals from the 2010 ECCC Modelling Inventory, as 
it contains total VOCs and is based on information reported by the facilities to the NPRI.  
The CEMA Inventory was used to split the fugitive VOC totals from the 2010 ECCC 
Modelling Inventory into individual sources at the oil sands mining operations. 
 
VOC emissions from the tailings ponds are an area that will likely require additional 
research and assessment, as air emissions from fugitive sources are difficult to 
estimate. There are emerging monitoring technologies and methods being developed 
for these sources (such as the use of aircraft observations to estimate emissions 
fluxes), which may provide more representative estimates in the future.  
 
Data Gap #9:  VOC Speciation for Oil Sands Sources 
During the inventory compilation, it was noted that the NPRI VOC speciation was 
available only at a facility level, whereas the CEMA VOC speciation was available at a 
sub-facility level.  This greater degree of VOC speciation allows for segregation of 
facility totals by activity within the facility, and hence the CEMA VOC speciation was 
used for the JOSM Inventory. Outside of the study area, the default 2010 ECCC VOC 
speciation profiles were used.  
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Data Gap #10: Temporal Profiles for Oil Sands Sources 
For air quality modelling, it is important to know not only the magnitude of the 
emissions, but also when the pollutants were emitted (i.e., temporal allocation).  
Temporal allocation is performed in the SMOKE emissions processor by applying 
monthly, weekly, and diurnal profiles to the inventory emission totals.  Based on an 
assessment of the available temporal profiles for the different types of oil sands sources 
within the study area, it appeared that some of the temporal profiles might not be 
accurate and representative of how several of the sources are actually operating or 
emitting. 
 
To address this gap, available continuous emissions monitoring data for select oil sands 
operations was obtained from AEP and reviewed to assess temporal variation in 
emission rates at major stacks.  Other available activity and operational information 
from the Alberta Energy Regulator and recent Environmental Impact Assessments were 
also reviewed with the aim of improving the temporal profiles used for select oil sands 
sources, including mining, off-road fleet and tailings ponds.  Improvements of this nature 
are still to be carried out (recommendation for future work) for in-situ point sources). 
 
Although some temporal profiles were improved as part of the JOSM Inventory 
development work, further research and improvements are likely still required to ensure 
that appropriately representative temporal profiles are being assigned to major oil sands 
sources.  These profiles should also be reviewed by the applicable oil sands facilities to 
help validate them and improve the representativeness of the temporal profiles used in 
the JOSM Inventory. 
 
Data Gap #11: Spatial Surrogates for Mining Operations 
It was determined that neither the CEMA Inventory nor the 2010 ECCC Modelling 
Inventory adequately characterized the locations of major non-point sources at the oil 
sands mining operations.  To perform spatial allocations for these sources, shapefiles 
were developed based on the geophysical locations and areas of the mine areas to 
generate individual facility-specific spatial surrogates for the mines.  These were 
developed based on AEP shapefiles and satellite imagery for facilities commencing 
operations after 2010.  The surrogates were then used to assign fugitive emissions to 
the correct locations at each facility.  
 
Data Gap #12: Transportable Fractions for Oil Sands Mine Areas 
Particulate matter emissions are mostly from area sources, of which the vast majority 
comes from fugitive dust sources.  However, in terms of modelling the emissions from 
these sources, much of the volume emitted to the atmosphere stays close to the area 
where it is emitted, due to it being released near ground level, gravitational settling and 
impaction of particles on building and vegetative surfaces.  Only a fraction of the fugitive 
dust emissions will actually be transported to neighbouring grid cells for the AQ 
modelling. 
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This issue is addressed by applying Transportable Fractions (TF) to adjust the emission 
values as a post-processing step.  The TF value can range from near zero in some 
areas, such as forests, to one in others, such as bare land.  For the JOSM Inventory, TF 
were calculated for each grid cell based on land-use for that grid cell.  In the study area, 
the mean TF is about 0.01.  This means that only 1% of the fugitive dust emissions in 
the inventory would actually be emitted in the AQ model. 
 
However, the land-use for the study area was reviewed and it was discovered that the 
land-use database being used was outdated.  Many of the oil sands mines did not 
appear in the land-use database (and had instead been treated as vegetated surfaces).  
This resulted in the use of transportable fraction values lower than are recommended 
for less vegetated surfaces, hence an underestimate in the primary particulate 
emissions from fugitive dust.  Therefore, the land-use database needed to be updated 
for the study area. 
 
This gap was addressed by using a TF of unity for cleared land within facility boundaries 
(that is, all of the fugitive dust in the inventory was assumed to be emitted, in accord 
with the cleared land category of land-use evident from the satellite imagery). 
 
Data Gap #13: Biogenics 
The vegetation database used for the JOSM model simulations is BELD3 
(http://www.epa.gov/ttn/chief/emch/biogenic/beld3/index.html).  A new vegetation 
database was obtained and the vegetation datasets were further improved using 
satellite data but have yet to be included in the JOSM Inventory.  However, satellite data 
was used to define the non-forested portion of the study area in the JOSM Inventory.   
 
Data Gap #14: Higher 2010 PM2.5 Emissions 
Primary PM2.5 emissions in the 2006 and 2010 ECCC modelling inventory made use of 
a transportable fraction that reduced emissions.  However, within the oil sands facilities, 
the use of satellite data showed minimal vegetation cover.  The transportable fraction is 
a function of vegetation type and therefore the revised transportable fraction correction 
factor within  the oil sands facilities was set to unity (i.e. no reduction in PM2.5 
associated with uptake on a sub-grid-scale basis to vegetation; see Gap #12, above).  
Despite this change (earlier ECCC modelling assumed more vegetation within the 
facility boundaries), the primary 2010 PM2.5 emissions in the inventory are smaller than 
initial estimates of primary PM2.5 made from aircraft data obtained during the JOSM 
monitoring intensive.  Accurate emissions estimates of primary PM2.5 are therefore 
actively being pursued under ongoing and future work (see Chapters 9 and 10).  
 
Data Gap #15: Missing PM10 
PM10 was not one of the pollutants covered by the CEMA Inventory.  In order to include 
this pollutant in the JOSM Inventory, estimates of PM10 for sources within the study area 
were created by applying PM2.5 to PM10 ratios from NPRI/APEI to the CEMA Inventory 
PM2.5 estimates. 
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Data Gap #16: Data for Cases of Abnormal Operating Conditions  
As shown in Figure 2-5, and in the associated discussion, times of abnormal operating 
conditions may have emissions an order of magnitude or more different from annual 
averages.  The incorporation of these data to the model inputs had a substantial impact 
on model results; records of these conditions are therefore needed to improve further 
model performance. 
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4 Assumptions, Limitations, Uncertainties 
 
The bulk of the JOSM Inventory data was provided by the O&G facilities operating in the 
OS area, as required by provincial or federal information gathering programs. Alternate 
estimates resulted from special studies commissioned by Non-Governmental 
Organizations (NGO) (i.e. CEMA) and Environment and Climate Change Canada (i.e. 
Clearstone); or derived from production data collected by the AER and literature 
references.  
 
The assumptions associated with each of these estimates are as diverse as the listed 
contaminants and source types. Most estimates assumed that historical measurements 
at the source (or at a similar one) could be prorated to the source activity level of the 
reporting year. This approach is generally adequate for simple gas combustion sources, 
but it is of limited application to complex processes where emissions depend on multiple 
operating conditions and variable feedstock. 
 
CEMS operating in major stacks, and the periodic stack tests performed in compliance 
with the approval documents of major projects, are likely to be the most accurate non-
conventional O&G emissions data. CEMS were generally limited to SO2, NOx, stack gas 
flow and temperature, but the scope of some manual stack testing extended beyond the 
CACs.  
 
Area and external combustion sources (i.e., flares) are not suitable to the direct 
application of stack methods. For these sources, the approval documents generally rely 
on ambient monitoring of VOC and/or THC; TRS, PM2.5 , NOx, SO2, wind speed and 
direction, all of which are useful to detect trends and emission peaks, but less so to 
quantify emissions. The approval documents of some OS sites require the quantification 
of emissions from areas such as: ore preparation; vents from extraction process, froth 
de-aerator, and tanks; tailings; mining face. It has been assumed that the results of 
these special studies are integrated into the annual NPRI report submitted by the 
facilities, as the operators must quantify the above-threshold releases of listed 
contaminants, to the extent that such data are information that is in their possession or it 
is reasonably accessible4.  
 
The data submitted to NPRI under regulatory reporting may not include all of the 
emissions in the region, due to reporting requirements which are set to capture larger 
sources of emissions.  For example, minimum emissions threshold levels, under which 
reporting is not required, have the potential to result in non-reporting from large 
numbers of small sources in the region, if each of these sources have emissions levels 
which fall below reporting limit requirements.  For this reason, emissions from the NPRI 
are supplemented by estimates for non-reporting sources via special reports 
constructed by Environment and Climate Change Canada and others for inclusion into 

4 A Guide to Understanding of the Canadian Environmental Protection Act, 1999, Environment and Climate Change 
Canada, Dec 10 2004. 
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the APEI.  For example, the corresponding non-conventional O&G sites were compiled 
exclusively from the Environment and Climate Change Canada APEI reports, from the 
background studies used for the APEI, or from environmental assessments (see Table 
9-19 of this report), and represents an increase of 3% to 83% over the emissions used 
in the JOSM Inventory constructed here. 
 
In consideration of their size, conventional O&G sites in the OS area (primary, 
enhanced recovery) are subject to less rigorous emission quantification requirements 
than the larger non-conventional sites. Typically they are not equipped with CEMS, and 
the indirect monitoring of area sources is limited to passive sensors.  Nevertheless, the 
accuracy requirements for oil and gas volumes are similar to larger sites5. Therefore the 
emissions estimates for these sites are based on oil and gas production and suitable 
emission factors (or mass balance, when applicable).  
 
Figure 4-1 shows the breakdown by quantification technique of the CAC emissions from 
non-conventional O&G in the OS area. The techniques are sorted by decreasing level of 
estimated accuracy level (CEMS, as a direct observation of emissions, being the most 
accurate, and “engineering judgement being the most prone to potential errors). 

 
Figure 4-1.  Quantification of CAC emissions from non-conventional O&G, 2008 
AEP Industrial Survey. 
 
The Alberta CEMS code (1998) includes performance specifications for the 
measurement of stack gas concentrations and flow; daily calibration procedures; and 
semi-annual relative accuracy test audits (RATA) where the measurements are 
compared against a series of Reference Method (RM) tests. The passing grade for the 
required semi-annual RATAs is ± 10% relative accuracy with respect to the RM. On this 
basis, CEMS emission measurements are estimated to be within ± 10% of the stated 

5 AER Directive 017 (May 2013), 1. Standards of Accuracy. (±1% for oil; ±3% for gas ( ±10% for ≤ 500 m3/day)) 
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values with a 95% confidence interval, accurate 19 times out of 20. Most of the SO2 
emissions from non-conventional oil extraction are quantified by CEMS. 
In certain situations, materials balance may have even lower uncertainty than CEMS, 
providing that the process streams are sampled representatively. Uncertainty estimates 
for CAC stack testing are similar to CEMS estimates, but they are limited to a period of 
few hours. The estimate of annual emissions, however, involves extrapolating results 
obtained over these hours to the entire year, by prorating the measurements to a 
suitable activity level (i.e. production, fuel consumption).  
 
From Figure 4-1, it can be seen that for NO2, VOCs, CO and Total Particulate Matter 
(TPM), the bulk of the emissions in the 2008 AEP inventory resulted from emission 
factors or engineering judgement.  The uncertainties may also be characterized by 
source type, stack versus area sources.  Area sources (storage/handling; fugitives; 
spills; and others) were estimated to release most of the VOC, as shown in Figure 4-2.   
 

 
Figure 4-2.  CAC emissions from oil sands operations, 2011 NPRI. 
 
Area sources are quantified with much greater uncertainty than stacks, due to factors 
including: low measured levels; concentration variations within the area; difficulty in 
associating flow to the measured concentrations; variations caused by meteorological 
conditions and seasons; and the physical extent of the areas.  
 
Environment and Climate Change Canada commissioned a study on the uncertainty of 
emission estimates in the NPRI and APEI from selected sectors6. The study applied a 
Monte Carlo simulation technique, making the following assumptions: 
 

6 Uncertainty Analysis of Emission Estimates for Selected Sectors, (Aluminum, Iron, Power, Cement and 
Residential Wood Burning), February 2012, http://www.ec.gc.ca/inrp-npri/default.asp?lang=En&n=DBB696D2-1 
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• Information provided to Environment and Climate Change Canada was correct 
and current; 

• Facilities correctly report emissions; 
• The input parameters (e. g. activity levels and emission factors) were 

represented by normal or lognormal distributions; and, 
• Activity level at the sector level was considered accurate with no uncertainty or 

bias. 
 
The results may be summarized as follows. CACs emitted from point sources can be 
expected to be within ±25% to ±45% of the reported values; whereas CACs released 
from area sources were estimated to be within ± 80% of their reported values.  The 
estimates are for a 95% confidence interval; considered to be accurate 19 times out of 
20.  To improve the quality of NPRI and APEI data the study recommended that efforts 
should be focused to: 
 

• Better characterize the bias of the emission calculation methods; 
• Gather higher quality emission factors published for various substances and 

sectors; and, improve the quality and availability of information regarding the 
activity level of area source emissions. 

 
Additional descriptions of recommended and/or ongoing work to improve emissions 
inventories are given in Chapters 9 and 10 of this report. 
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5 Inventory Summary 
 
This chapter provides summary emissions by facility from the version of the JOSM 
Inventory available as of the end of October 2014, with comparisons to other regions 
(such as the entire province of Alberta) and to other inventories.  The reader should 
note that chapters 9 and 10 also include comparisons to other sources of data, as well 
as a discussion on potential further improvements to the inventory, a number of which 
are currently underway.   
 
5.1 Study Area Totals 
 
For the Athabasca region, specifically within the study area (black box outlined in Figure 
1-1), the total emissions of each of the seven Criteria Air Contaminants (CO, NH3, NOx, 
PM10, PM2.5, SO2, VOC) in the JOSM Inventory are given in Table 5-1, below.  There is 
a wide range of emission totals between the facilities.  The relative amounts of 
emissions between the different emitted substances also varied between facilities, 
suggesting differences in the emitting activities and/or in the procedures used to 
estimate the emissions between different facilities. 
 
It should be noted that the NOx and SO2 numbers reported here and in the inventory 
are based in part on CEMS data for August and September of 2013.  These emissions 
have been scaled up to annual emissions based on the ratio of the number of days 
(365/91). 
 
Table 5-1.  Facility-specific annual total emissions for the OS study area 
(tonnes/year), JOSM Inventory (combined 2010 and 2013 data sources). 
Facility Name CO NH3 NOx PM10 PM2.5 SO2 VOC 

CNRL Horizon 
Project 

3,387 174 7,652 2,380 488 5,356 7,012 

Imperial Kearl Mine 1,295 - 1,514 8,343 3,024 26 2,620 
Shell Canada 
Muskeg River Mine  
& Muskeg River 
Mine Expansion 

4,684 - 7,632 2,581 463 128 8,031 

Suncor Millennium 12,166 1 16,458 5,956 1,371 13,464 29,520 
Syncrude Aurora 
North 

2,224 - 7,548 1,182 310 117 8,924 

Syncrude Mildred 
Lake 

7,127 1,436 21,456 6,450 1,924 46,439 20,430 

Other 4,561 - 1,411 68 156 1,158 1,243 
Grand Total 35,444 1,612 63,671 26,959 7,735 66,688 77,780 
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5.2 Oil Sands Development Totals:  Proportion of Total Emissions in Alberta 
 
The total emissions in the province of Alberta (excluding natural sources) are shown in 
Table 5-2, along with the inventory totals for the study area.  The Athabasca study area 
contributions to total emissions vary by substance (ranging from 1.1% of the total 
emissions of primary PM10, to 12.6% of the total anthropogenic VOC emissions, to 
20.1% of emissions of SO2). 
 
Table 5-2.  Alberta provincial annual total and study area annual total emissions 
(tonnes/year).7 
Region CO NH3 NOx PM10 PM2.5 SO2 VOC 

Alberta Total 
(excluding 
natural sources) 

1,469,456 117,732 735,865 2,386,663 403,289 332,464 617,650 

OS Study Area 
(industrial only) 35,444 1,612 63,671 26,959 7,735 66,688 77,780 

Study Area (%) 2.4% 1.4% 8.7% 1.1% 1.9% 20.1% 12.6% 

 
5.3 Comparison to Other Inventories 
 
Table 5-3 presents comparisons of the JOSM Inventory totals to the 2013 totals from 
APEI, NPRI, and other sources, for both the study area and the larger region identified 
as being associated with the Athabasca oil sands. 
 
Table 5-3.  2013 Athabasca OS Region and study area emissions (tonnes/year) 
2013  Oil Sands CAC Emissions  (APEI, NPRI, and other sources) 
 SO2 NOx CO VOC PM2.5 NH3 
Non-
Conventi
onal oil 

91,390 44,457 31,892 30,971 2,122 1,612 

Conventi
onal oil 

104 9,685 12,495 130 143 0 

Conventi
onal gas 

66 1,951 1,987 52 2 0 

Mine 
Fleet 

850 43,669 19,937 2,832 16,879 (no data) 

Others 1,042 2,084 5,125 569 207 120 
TOTAL 93,453 101,846 71,436 34,554 19,353 1,732 

 

7 Note that, as described elsewhere in the report:  The OS Study area emissions are a combination of 2010 and 
2013 emissions from various sources.  The Alberta totals include this data for the OS study area, and for the 
remainder of the province, are based on 2010 APEI. 
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2013 Study Area CAC Emissions Summary  (NPRI and other sources) 
 SO2 NOx CO VOC PM2.5 NH3 
Non-
Conventi
onal Oil 

81,890 28,429 17,637 27,468 1,527 1,612 

Conventi
onal O&G  

0 59 111 0 0 0 

Mine 
Fleet 

850 43,669 19,937 2,832 16,879 (no data) 

Others 22 771 270 295 13 0 
TOTAL 82,762 72,929 37,955 30,595 18,419 1,612 

 
JOSM Inventory 

 SO2 NOx CO VOC PM2.5 NH3 
TOTAL 66,688 63,671 35,444 77,780 7,735 1,612 
Percent 
change, 
Study Area 
(NPRI and 
other 
sources) 
relative to 
JOSM 

+24.1% +14.5% +7.1% -60.7% +138% 0% 

 
The final row of Table 5-3 compares emission levels from the 2013 NPRI and other 
sources to those of the JOSM Inventory (e.g. SO2 82,762 tonnes compared to 66,688 
tonnes, a +24% difference).  These combined values for SO2 and NOx are higher than 
for the JOSM Inventory, possibly reflecting the scaling from August and September 
CEMS values used in the JOSM Inventory.  The VOC totals from the combined data are 
much smaller than those in the JOSM Inventory, while the PM2.5 totals are much larger 
in the combined data than in the JOSM Inventory (138% larger). 
 
With regards to the values for PM2.5 – as calculated here, they include estimates from 
tailpipe and road dust that were added to the official 2013 NPRI.  The JOSM Inventory 
PM2.5 emissions are based on the 2010 CEMA Inventory and fugitive dust from the 
preliminary 2013 NPRI.  The increase in PM2.5 can be attributed to the use of the new 
estimation methodology here for off-road fugitive dust emissions.  The VOC difference 
seems largely due to the numbers for a specific facility: the VOC emissions in the 2010 
APEI for CNRL are much larger than those for the same facility in the 2013 NPRI.  
Year-to-year variations in the reported VOC emissions to the NPRI are known to be 
large (possibly reflecting changes in emitting activities or reporting procedures). 
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6 Inventory Database 
 
6.1 Inventory Database Objective 
 
The objective of the JOSM Inventory Database was to provide a published subset of the 
various JOSM Inventory emissions processing input files in order to provide useful 
information on industrial (oil sands and non-oil sands) sources of air pollution in the 
three oil sands development regions.  The Database is intended to help make the 
JOSM Inventory useable for stakeholders not familiar with SMOKE input files, and those 
not carrying out photochemical modelling, but still interested in detailed source-level 
emissions data.  
 
6.2 Sources Included in the Database 
 
The JOSM Inventory Database only includes some of the sources and information that 
are stored in the various SMOKE input and diagnostic output files prepared for the 
emissions processing and modelling work.  The Database includes all industrial sources 
in the three oil sands development region, but does not include any industrial sources 
outside of these regions.  The Database does not include any non-industrial area or 
mobile sources inside or outside of the three oil sands development regions.  The 
Database also does not include biogenic or forest fire sources or emissions.  Temporal 
profiles, spatial surrogates, shapefiles and other related supporting input information are 
also not included in the Database. 
 
6.3 Inventory Database Description 
 
The JOSM Inventory Database is a Microsoft Access Database (version 2010), 
containing several related tables that provide key information on oil sands air emissions 
and related information.  Table 6-1 shows the tables included in the Database and what 
type of information they contain.  Appendix 1 provides detailed descriptions of the data 
fields contained in each table of the Database. 
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Table 6-1.  JOSM Inventory Database tables and descriptions. 
Table Description Input Files Used 
"OSRFac
Admin" 

Stores the administrative 
information for all of the facilities 
included in the three oil sands 
development regions. 

“ORL_point_OS_CEMA_2010_NPRI_scaled.csv”, 
“ORL_UOG_2010.csv”, NPRI Database, CEMA 
Inventory, APEI summaries, EPEA Approvals 
Database. 

"OSRegio
nPoint" 

Stores the point source 
parameters and emission rates 
for the facilities included in the 
three oil sands development 
regions. 

“ORL_point_OS_CEMA_2010_NPRI_scaled.csv”, 
“pthour-OS-CEMS.csv”, “ptinv-OS-CEMS .csv”, 
“ORL_POINT_2010_ADOM_noOS_4facilities-
removed.csv”, 
“ORL_POINT_2010_noVOC_noOS_noFugi-
5Mines_4facilities-removed.csv”, SMOKE defaults 

"OSRegio
nNonPoin
t" 

Stores the non-point source 
parameters and emission rates 
for the facilities included in the 
three oil sands development 
regions. 

“ORL_CEMA2010_OS_Plant_Mine_Pond_NPRI_sc
aled_Jul2013.csv”, 
“ORL_OFFROAD2010_OS_Fleet_CEMA_July_2013
.csv”, “ORL_NPRI_OS_Fugi_point-area.csv”, 
SMOKE defaults 

“UOG” Stores the emissions for the small 
upstream oil and gas facilities in 
the three oil sands development 
regions that are not included in 
the “OSR Point” table. 

“ORL_UOG_2010.csv”, SMOKE defaults were used 
for these sources. 

"OSRFac
Totals" 

Stores the total emissions (point + 
non-point) for the facilities 
included in the three oil sands 
development regions. 

Calculated based on the values in the "OSR Point" 
and "OSR Non-Point", and “UOG” tables. 

"NAICS" Stores the NAICS codes and 
English text descriptions. 

NPRI Database, Statistics Canada NAICS website. 

"SCC" Stores the Source Classification 
Codes and descriptions. 

“scc_desc_030804.txt”, 
“sccdesc_2002NEI_16apr2007_v2.txt” 

"Class & 
Subclass" 

Stores the class and subclasses 
used in the JOSM Inventory. 

Various tables, APEI summaries. 

"Data 
Sources" 

Provides descriptions of each of 
the referenced data sources used 
in the JOSM Inventory. 

Various tables and files. 

 
The JOSM Inventory Database is a relational database.  Figure 6-1 shows the related 
tables included in the database.  The tables are all related by the “Concat_ID” field.  The 
remaining tables shown in Figure 6-2 provide additional descriptions of the NAICS, 
SCC, Class, Subclass and data sources that are used in the database. 

60 

 



  

 
Figure 6-1.  Relationships of the JOSM Inventory Database tables. 

 

 
Figure 6-2.  Other JOSM Inventory Database tables. 
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6.4 Inventory Database Emissions Summary 
 
The JOSM Inventory Database provides emissions data for the three oil sands 
development regions and represents a subset of the overall emissions processing input 
and diagnostic output files used for the JOSM modelling work.  Table 6-2 provides a 
summary of the criteria emissions for each oil sands development region using the 
JOSM Inventory.  The Athabasca oil sands region was responsible for the largest 
amounts of industrial air emissions of the three regions, with between 66% and 96% of 
air emissions of the criteria pollutants of the total from the three regions.  The study area 
represents between 1% and 20% of provincial criteria air emissions, while the three 
combined oil sands regions account for between 1% and 24% of provincial criteria air 
emissions.  The study area thus accounts for the largest proportion of the emissions 
associated with the oil sands development regions.  This highlights the significance of 
the large oil sands operations in the study area. 
 
Table 6-2.  Industrial annual total emissions (tonnes/year) for the three oil sands 
regions.8  
Region CO NH3 NOx PM10 PM2.5 SO2 VOC 

JOSM Study 
Area portion 
of Athabasca 
OS Region 

35,444 1,612 63,671 26,959 7,735 66,688 77,780 

Entire 
Athabasca 
OS Region 

69,637 1,612 99,691 28,137 8,362 71,683 95,459 

Cold Lake 
OS Region 

21,568   28,224 632 590 3,393 41,280 

Peace River 
OS Region 

9,900 119 4,419 457 345 3,137 6,480 

Combined 
OS Regions 

101,105 1,731 132,334 29,226 9,297 78,213 143,219 

Alberta 
Total 
(excluding 
natural 
sources) 

1,469,456 117,732 735,865 2,386,663 403,289 332,464 617,650 

% of Alberta 
Total 

7% 1% 18% 1% 2% 24% 23% 

  

8 Note that, as described elsewhere in the report:  The OS Study area emissions are a combination of 2010 and 
2013 emissions from various sources.  The Alberta totals include this data for the OS study area, and for the 
remainder of the province, are based on 2010 APEI. 
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7 Emissions Processing for GEM-MACH 
 
Detailed information about emissions of air pollutants and their precursors to the 
atmosphere is a key input to air quality (AQ) models such as GEM-MACH.  Much of this 
information is based on emissions inventories, such as the ones described in the 
previous chapters.  However, extensive processing of these emissions inventories is 
required in order to prepare the emissions input files used by AQ models.  The reason 
that emissions inventories cannot be used directly to provide emissions inputs for AQ 
models is that the level of detail of the emissions required by an AQ model is often 
significantly higher than the information available in an emissions inventory.  In contrast 
to a typical inventory, with annual emissions reported by a geopolitical jurisdiction for a 
small number of so-called criteria air pollutants (i.e., SO2, NOx, CO, VOC, NH3, PM2.5, 
PM10), AQ models typically need emissions fields for every hour of every day of the 
simulation period, at each model grid cell, for a larger set of model chemical species 
(e.g., NO, NO2, individual VOC species, PM2.5 chemical components). 
 
Software packages called emissions processing systems are used to generate gridded 
hourly emissions files from emissions inventories (e.g., Dickson and Oliver, 1991; 
Moran et al., 2013).  These systems all perform three major steps: (1) temporal 
allocation (or temporal disaggregation); (2) chemical speciation; and (3) spatial 
allocation (or spatial disaggregation).  The rest of this chapter describes the emissions 
processing performed on the JOSM Inventory to prepare emissions files for GEM-
MACH.  In particular, details are given where special steps had to be taken to 
accommodate specific aspects of the inventory, including assignment of new source 
classification codes and development of facility-specific temporal profiles and spatial 
surrogate fields. 
 

7.1 Emissions Processing Software 
 
The SMOKE (Sparse Matrix Operator Kernel Emissions) processing system, which was 
originally created by the MCNC (Microelectronics Center of North Carolina) 
Environmental Modeling Center (EMC), is now under active development at the Institute 
for the Environment at the University of North Carolina at Chapel Hill in cooperation with 
the U.S. EPA (Houyoux et al., 2000; CEP, 2003; https://www.cmascenter.org/smoke/).  
SMOKE is a widely used emissions processing system for preparing emissions for air 
quality modelling.  It was adopted by Environment and Climate Change Canada for 
emissions processing in 2004.  SMOKE versions 2.3 and 2.6 were used to process the 
JOSM Inventory files described in Chapter 2. 
 

7.2 Source Classification Codes 
 
Source Classification Codes (SCCs) for point sources and Area and Mobile Source 
(AMS) codes are used by the U.S. EPA to classify different types of anthropogenic 
emission activities.  Both types of code are usually referred to collectively as SCCs.  
SCC codes are usually 8-digit numerical codes for point sources and 10-digit numerical 
codes for area sources and on-road and off-road mobile sources.  However, since 
SMOKE treats SCCs as character strings, in practice the SCC code can also be a 
mixture of numbers and letters. 
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SCCs play very important roles in SMOKE.  They are used for assigning speciation 
profiles for chemical speciation, for assigning temporal profiles for temporal allocation, 
and for assigning spatial surrogate fields for the spatial distribution of emissions.  They 
are also used for other steps, such as assigning default stack parameters for point 
source emissions if stack parameters are missing from the inventory (see 
https://www.cmascenter.org/smoke/documentation/3.6/html/ch02s03s05.html for more 
details).  
 
7.2.1 SCCs in the APEI 
 
Standard U.S. EPA/SMOKE SCC codes have been assigned to each emissions record 
in the 2010 Canadian APEI (Section 2.3) based on emission source type.  Table 7-1 
lists the number of SCCs used in the APEI for 7 broad source categories. 
 
Table 7-1.  Number of SCCs in the APEI. 

Source Category Number of SCCs 
NPRI point sources 43 
Upstream Oil and Gas (UOG) point sources 11 
On-road mobile sources 96 
Off-road sources (aircraft, locomotives, 
marine vessels, & off-road vehicles and 
fixed sources)  

228 

NAESI agricultural NH3 sources 53 
Fugitive dust emissions 9 
Other area sources 41 
All source types 481 

 
7.2.2 SCCs for the CEMA and CEMS Inventories 
 
The 2010 CEMA Inventory (Section 2.2) has standard U.S. EPA/SMOKE SCCs 
assigned for each stack or source type according to combustion type, fuel type, and 
source controls.  Details of how SCCs were assigned to CEMA stack emissions are 
discussed in the CEMA Inventory report (Davies and Person, 2012).  There are a total 
of 11 SCCs assigned to various CEMA stack sources within the study area.  Only one 
SCC, 2270002000 (Off-highway Vehicle Diesel; Construction and Mining Equipment), is 
used for CEMA off-road inventory.  As mentioned in Section 2.1.2, also only one SCC, 
2310000000, is used for all CEMS SO2/NOx stacks. 
 
As will be discussed later, facility-specific temporal profiles, spatial surrogates, and VOC 
chemical speciation profiles have been generated for processing area sources 
emissions from the six oil sands facilities in the study area.  Correspondingly, nine new 
SCC codes were created as listed in Table 7-2 for processing CEMA area source 
emissions. 
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Table 7-2.  New SCC codes created for processing CEMA area-source emissions. 
SCC Code SCC Description 
23100000EX Extraction-only plants 
23100000UP Integrated extraction and upgrading plants 
23100000IS In situ plants 
23250000MF Mine face 
2501000P01 Tailings pond(s) for Shell Muskeg River and Imperial Kearl sites 
2501000P02 Tailings pond(s) for CNRL Horizon site 
2501000P05 Tailings pond(s) for Syncrude Aurora North site 
2501000PSU Combined tailing pond for Suncor Millennium site 
2501000PSY Combined tailing pond for Syncrude Mildred Lake site 

 
7.3 Temporal Profiles 
 
Emissions reported in emissions inventories are generally annual or monthly totals, 
although hourly emissions are available for some sources such as those with CEMS.  
However, most AQ models, including GEM-MACH, require hourly emissions fields.  To 
address this temporal mismatch, SMOKE uses monthly, weekly, and diurnal temporal 
profiles to allocate the annual/monthly emissions to each month of the year, day of the 
week, and hour of the day.  These temporal profiles are created and assigned based on 
the nature of the specific emissions activities.  They can be generic for different types of 
activity (e.g., mobile emissions on urban major roads usually have peaks during 
morning and afternoon rush hours) or they can be jurisdiction- or pollutant-specific (e.g., 
diurnal profiles for processing residential heating emissions for Alberta can be different 
from those for British Columbia due to different climates).  
 
7.3.1 Temporal Profiles for Processing APEI Emissions 
 
Most of the temporal profiles used for processing APEI area-source emissions are 
based on the SMOKE default profiles for each SCC.  Some of them, however, have 
been adjusted to better reflect the nature of the activities in Canada.  For example, 
temporal profiles for processing Canadian on-road mobile emissions, including truck 
traffic, have been adjusted based on the results of traffic counts on a Canadian highway 
during a recent field study (Zhang et al., 2012). 
 
When facilities report their point-source emissions to the NPRI, they also report their 
operating schedules for the corresponding year.  This information is then used to create 
the temporal profiles for processing the NPRI point source emissions for each facility.  
For the 2010 NPRI, the roughly 3,400 facilities reported 1,886 unique monthly, 25 
unique weekly, and 87 unique diurnal profiles.  
 
It is important to note that the temporal profiles generated for the NPRI point-source 
emissions are year-specific, and for some facilities they may not be suitable when the 
emissions are used for a different modelling year.  As an example, Figure 7-1 shows the 
2010 monthly temporal profile of HudBay Minerals’ copper smelter in Flin Flon, 
Manitoba.  This facility was closed in June, 2010 (http://winnipeg.ctvnews.ca/flin-flon-
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smelting-plant-closure-affects-residents-jobs-and-air-quality-1.524125), and the monthly 
profile of this facility seems to reflect well the monthly emissions for 2010.  However, 
this profile is clearly not suitable for years before or after 2010.  Since the focus of 
JOSM Inventory is 2013, emissions from this facility have been removed from the 
inventory.9 
 

 
Figure 7-1.  2010 monthly profile of the HudBay Minerals’ copper smelter in Flin 
Flon, Manitoba. 
 
7.3.2 Temporal Profiles for Processing Oil Sands Emissions 
 
Oil sands facilities usually operate continuously throughout the year.  Therefore, 
constant weekly and diurnal temporal profiles were assumed.  However, their 
production may vary from month to month.  Oil sands plants are required to report their 
monthly production, supplies, dispositions, and inventory of oil sands and processing 
products to AER in a timely fashion.  These monthly production statistics can be used 
as a year-specific emissions proxy to build monthly temporal profiles for each individual 
facility.  Since 2013 production statistics were already available from AER at the time of 
this project, these statistics were used to create 2013-specific monthly temporal profiles 
for oil sands facilities. 
 

9 Note that 2013 NPRI reviewed facility data were officially released in December 2014 (https://www.ec.gc.ca/inrp-
npri/default.asp?lang=En&n=B85A1846-1).  As stated in Chapter 10, we will obtain this reviewed 2013 NPRI and 
corresponding facility operating schedule for future versions of the JOSM Inventory.) 
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Figure 7-2 shows the 2013 monthly mined oil sands statistics for the six oil sands mines 
within in the study area, based on the monthly “ST39 Alberta Mineable Oil Sands Plant 
Statistics” publication (http://www.aer.ca/data-and-publications/statistical-reports/st39).  
Note that statistics for the Shell Albian Sands Jackpine mine and Muskeg River mine 
are reported separately, but they are treated as one facility in the JOSM Inventory due 
to their adjacent locations.  We can see that the amount of mined oil sands fluctuates 
significantly from month to month for some mines such as the CNRL Horizon mine and 
the Suncor Millennium mine.  Both facilities mined the lowest amount of oil sands in 
May.  For CNRL Horizon, the mined oil sands amount in May is only about 15% of the 
highest monthly amount (in July).  Figure 7-2 also shows that the mining activity started 
from March 2013 at the Imperial Kearl mine site and gradually reached a constant level 
by the second half of the year. 
 

 
Figure 7-2.  2013 monthly mined oil sands amounts (tonnes) for the six oil sands 
mines within in the study areas.  (Note that in the JOSM Inventory, the Shell 
Albian Sands Jackpine mine and Muskeg River mine are treated as a single mine). 
 
Since the oil sands facility off-road fleets are mainly used for mining activities, the Mined 
Sands statistics are considered to be a good surrogate to build monthly profiles for off-
road fleet emissions for each of the six facilities as shown in Figure 7-3 (Note that the 
two Shell Albian mines are still shown here separately, but they were combined to 
create a single monthly profile for emissions processing in SMOKE).  These monthly 
profiles are also used for temporal allocation of fugitive dust emissions for each facility, 
since dust kicked up by the off-road mine fleets is the main source of fugitive dust 
emissions. 
 
Monthly profiles for plant emissions were also created based on the 2013 monthly 
bitumen production statistics as shown in Figure 7-4.  We can see that the profiles also 
vary significantly from month to month, like the monthly profiles for off-road emissions.  
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We can also see that although the new Imperial Kearl mine began mining activity in 
March 2013 (Figure 7-2), significant amounts of bitumen were first produced two 
months later, in May 2013, and then production levels gradually increased in the second 
half of the year. 
 

 
Figure 7-3.  2013 monthly temporal profiles created for off-road emissions 
according to mined oil sands statistics.  (Note that in SMOKE, the Albian Sands 
Jackpine and Muskeg River mines have been combined into a single profile.) 
 

 
Figure 7-4.  2013 monthly temporal profiles created for plant emissions according 
to bitumen production statistics, expressed as percent of the annual total 
emissions.  (Note that in SMOKE, Shell Albian Sands Jackpine mine and Muskeg 
River mine have been combined to a single profile.) 
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The assumption has been made here that fugitive VOC emissions from tailings ponds 
and open mine faces are less likely to be production-related, and probably depend 
mainly on ambient temperature and wind speed.  A mass transfer model has been used 
for the CEMA Inventory to generate the seasonal variation of VOC emissions from mine 
faces and tailing ponds as shown in Tables 7-3 and 7-4, respectively, based on ambient 
temperature, wind speed, and ice coverage (for tailings pond only) (Davies and Person, 
2012).  The emissions are very sensitive to wind speed, and the largest emissions occur 
in May and September.  The variation relative to the Annual monthly average may be 
used to construct monthly temporal distributions of emitted mass (e.g. by normalizing 
each month’s variation by the sum of the variations across all months). 
 
Table 7-3.  CEMA monthly variation of fugitive VOC emissions from the mine 
faces. 
 
 
 

Month 

Based on Mass Transfer Model 

Ambient 
Temperature (oC) Wind Speed (m/s) Variation (%) 

January -15 3.2 63 
February -15 3.5 73 
March -1.4 3.6 94 
April 4.9 3.8 115 
May 11.5 4.0 152 
June 16.9 3.0 118 
July 18.3 2.9 96 
August 17.9 3.1 109 
September 10.5 4.0 152 
October 3.7 3.4 95 
November -5.2 3.2 74 
December -13.2 3.0 61 
Annual 
Monthly 
Average 

2.8 3.4 100 
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Table 7-4.  CEMA monthly variation assumptions for fugitive VOC emissions 
from tailings ponds. 
 
 
 
 
 

Month 

Based on Mass Transfer 
Model 

Adjusted Mass Transfer Model 
based on winter =20% 

Ambient 
Temp (oC) 

Wind 
Speed (m/s) 

 
Variation 

(%) 

 
Ice Cover 

 
Variation (%) 

January        -15 3.2 63 ice 24 
February        -15 3.5 73 ice 24 
March        -1.4 3.6 94 transitional 72 
April         4.9 3.8 115 transitional 85 
May        11.5 4.0 152 ice-free 192 
June        16.9 3.0 118 ice-free 149 
July        18.3 2.9 96 ice-free 121 
August        17.9 3.1 109 ice-free 137 
September        10.5 4.0 152 ice-free 192 
October         3.7 3.4 95 ice-free 120 
November        -5.2 3.2 74 transitional 59 
December       -13.2 3 61 ice 24 
Annual 
Monthly 
Average 

2.8 3.4 100 -         100 

 
On the other hand, an alternate monthly variation estimate of fugitive VOC emissions 
from tailings ponds based on ambient temperature has been used in some oil sands 
EIA submissions (Cenovus – Narrows Lake, UTS/Teck Equinox and Frontier projects).  
The monthly factors from this source of information are shown in Table 7-5. 
 
Table 7-5.  Monthly variation assumptions for VOC emissions from tailings ponds 
based on some oil sands EIA studies. 

Month Degree-days > 0oC % diluent loss emitted 
January 1.6 2.7 
February 5.1 3.4 

March 23.1 6.9 
April 139.3 29.6 
May 322.0 65.3 
June 439.9 88.3 
July 519.2 100.0 

August 474.2 95.0 
September 282.4 57.5 

October 119.9 25.8 
November 7.4 3.8 
December 1.4 2.6 
Average  40.1 
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The mass transfer model (Tables 7-3 and 7-4) is a sophisticated treatment to model 
monthly variations.  However, because meteorological conditions change from hour to 
hour and year to year, the monthly variations developed for CEMA Inventory for 2010 
may not suitable for the 2013 field study.  In particular there should be further 
consideration of the result that the VOC emissions from tailings ponds and mine faces 
in May and September are about 50% higher than those in July; this may reflect 
meteorological conditions in those years and may not represent long-term average 
conditions during those months.  Therefore, the simpler temperature-dependent monthly 
temporal profile shown in Table 7-5 was selected to allocate both tailings-pond and 
mine-face fugitive VOC annual emissions for the JOSM field study.  
 
7.4 Chemical Speciation Profiles 
 
As noted at the beginning of this chapter, emissions inventories usually report 
emissions for only a small number of individual and bulk species, whereas the species 
simulated by an AQ model are often much more detailed.  Chemical speciation profiles 
are therefore used to allocate inventory species to multiple model species, particularly 
for VOC and PM species.  These profiles are essentially splitting factors linking the total 
mass within the inventory (total VOC or PM emitted) with individual chemical species 
(specific VOCs or particulate matter sizes and species).  However, chemical speciation 
profiles are dependent on the speciation of the gases of the model’s chemical 
mechanism and particle speciation.  The ADOM-2 gas-phase chemistry mechanism is 
used by EC’s GEM-MACH model.  For this mechanism, 10 representative VOCs are 
used to represent all emitting VOCs, so a set of chemical speciation profiles which link 
this mechanism to VOC totals and more detailed VOC profiles were used by SMOKE. 
 
7.4.1 Chemical Speciation Profiles for Processing APEI Emissions 
 
The VOC and PM speciation profiles used by SMOKE for processing emissions for 
GEM-MACH modelling were created based on the U.S. EPA’s SPECIATE database, 
which is the EPA’s repository of VOC and PM detailed chemical speciation profiles of air 
pollution sources.  It includes 5,728 profiles for PM, volatile organic gas, and other 
gases (http://www.epa.gov/ttnchie1/software/speciate/).  Cross references have also 
been developed in SMOKE to link SCCs with representative speciation profiles (these 
detailed profiles in turn are linked to the simpler speciation used in the GEM-MACH 
model). 
 
The chemical speciation of VOC and PM emissions was performed for the entire APEI 
using the SMOKE cross references and ADOM-2-species chemical speciation profiles, 
with the exception of the NPRI point-source VOC emissions. The latter make use of 
more source-specific information associated with NPRI facility reporting requirements, 
as described below. 
 
Under the authority of the 1999 Canadian Environmental Protection Act (CEPA 1999), 
facilities that meet published reporting requirements, must report more than 200 
detailed VOC species to the NPRI (https://www.ec.gc.ca/inrp-
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npri/default.asp?lang=En&n=E2BFC2DB-1).  The detailed VOC species are then 
lumped up to model species.  As a consequence, these detailed VOC emissions in the 
NPRI can be aggregated to facility-specific model-ready ADOM-2 species for use in 
GEM-MACH.  The level of detail in NPRI facility VOC reporting thus precludes the need 
for chemical speciation profiles in processing the NPRI VOC emissions.  
 
7.4.2 Chemical Speciation Profiles for Processing the CEMA Inventory 
 
The PM speciation profiles and cross references that were used to process the APEI 
were also applied to the CEMA PM emissions, on the assumption that there is no 
difference between PM emitted from oil sands facilities and from other facilities for the 
same processes in both APEI and CEMA: for example, PM emitted from reciprocating 
engines should be similar no matter where the engine is used.10   
 
Unlike PM speciation, however, VOC speciation needs special consideration for the 
CEMA Inventory, especially for VOC emitted from the tailings ponds because the 
solvents used to extract crude bitumen from oil sands varies from facility to facility.  
Even VOC emitted from different tailings ponds within the same facility can be different.  
Although detailed VOC species have been reported to the NPRI from each facility, they 
are reported as facility totals. 
 
The CEMA Inventory, on the other hand, has proposed VOC speciation profiles for 
various types of plants and tailings ponds.  Therefore, the VOC speciation profiles 
provided with the CEMA Inventory were used by SMOKE after first modifying them to 
create VOC profiles compatible with the ADOM-2 chemistry mechanism species.  VOC 
speciation in the CEMA Inventory considers thirteen species as listed in Table 7-6; the 
table also shows the mapping of these thirteen species to the nine corresponding 
ADOM species. 
 
The CEMA Inventory included three speciation profiles for plant VOC emissions (Table 
7-7), one profile for mine-face VOC emissions (Table 7-8), and six profiles for tailings-
ponds VOC emissions (Table 7-9).   
 
 
 
 
  

10 We note here that the chemical and size composition of road dust associated with the mine fleets may differ 
from road dust elsewhere (for example the organic carbon content may be higher than other mineral dusts due to 
the presence of bitumen).  This is a potential area for further improvement to the JOSM Inventory, in that no 
attempt has yet been made to create site-specific particle chemical speciation.  This will be discussed in Chapter 
10. 
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Table 7-6.  VOC species considered in the CEMA Inventory and mapping to 
ADOM species. 

CEMA VOC Species ADOM-2 Species 
Name of ADOM-2 
Species 

Paraffins carbon bond (C0.0C) >C3 Alkanes EA3 
Terminal olefin carbon bond (R0.0C=C) >C2 Alkenes EA2 
Toluene and other monoalkyl aromatics Toluene ETOL 
Xylene and other polyalkyl aromatics Higher Aromatics EARO 
Formaldehyde Formaldehyde EHCH 
Acetaldehyde Acetaldehyde EALD 
Ethene Ethene EETH 
Isoprene Isoprene EISO 
Methanol Propane EC38 
Ethanol >C3 Alkanes EA3 
Internal olefin carbon bond (R0.0C=C0.0R) >C2 Alkenes EA2 
Propionaldehyde and higher aldehydes Acetaldehyde EALD 
Terpene >C2 Alkenes EA2 

 
Table 7-7.  CEMA plant VOC speciation profiles (as percent of bulk VOC 
emissions). 

ADOM 
Species CEMA Species 

Integrated 
Extraction 
and 
Upgrading 
Plants 
(UPGRD) 

Extraction 
only Plants 
(EXTRC)  

In situ 
Plants 
(INSTU) 

EA3 Paraffins carbon bond (C0.0C) 70.7 89.9 96.7 
EA2 Terminal olefin carbon bond (R0.0C=C) 5 0.45 0 
ETOL Toluene and other monoalkyl aromatics 5.7 0.13 0.12 
EARO Xylene and other polyalkyl aromatics 9.9 0.034 0.041 
EHCH Formaldehyde 0.033 0.001 0 
EALD Acetaldehyde 0 0 0 
EETH Ethene 0.16 0.023 0 
EISO Isoprene 0.0041 0 0 
EC38 Methanol 0 0 0 
EA3 Ethanol 0 0 0 
EA2 Internal olefin carbon bond (R0.0C=C0.0R) 0.62 0.29 0 
EALD Propionaldehyde and higher aldehydes 0.17 7.4 0 
EA2 Terpene 1.3 0 0 
 TOTAL 93.5871 98.228 96.861 
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Table 7-8.  CEMA mine-face VOC speciation profile (as percent of bulk 
VOC emissions). 

ADOM Species CEMA Species Mine Face 
(MINE) 

EA3 Paraffins carbon bond (C0.0C) 54.34 
EA2 Terminal olefin carbon bond (R0.0C=C) 0.54 
ETOL Toluene and other monoalkyl aromatics 0.035 
EARO Xylene and other polyalkyl aromatics 42.04 
EHCH Formaldehyde 0.00095 
EALD Acetaldehyde 0 
EETH Ethene 0 
EISO Isoprene 0 
EC38 Methanol 0 
EA3 Ethanol 0 
EA2 Internal olefin carbon bond (R0.0C=C0.0R) 0.82 
EALD Propionaldehyde and higher aldehydes 0.7 
EA2 Terpene 0.51 
 TOTAL 98.98595 
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Table 7-9.  CEMA tailings-ponds VOC speciation profiles (as percentages of bulk VOC emissions). 
 Solvent Type (If available) Paraffinic Hydrotreated 

Naphtha 
Untreated 
Naphtha 

N/A N/A N/A 

ADOM Tailings Type/ CEMA 
species 

Primary / 
Secondary 
(POND1) 

Primary / 
Secondary 
(POND2) 

Primary / 
Secondary 
(POND4) 

Primary 
(POND3) 

InPit  
(INPIT) 

Recycle 
(POND5) 

EA3 Paraffins carbon bond 
 

54.42 51.33 62.58 55.05 63.31 53.85 
EA2 Terminal olefin carbon 

bond (R0.0C=C) 
0.47 0.3 7.15 2.42 1.02 11.07 

ETOL Toluene and other 
monoalkyl aromatics 

0.42 0.71 6.31 10.82 15.94 12.08 

EARO Xylene and other polyalkyl 
aromatics 

40.11 44.7 22.46 20.18 14.64 21.16 

EHCH Formaldehyde 0.05 0 0.079 0.066 0.1 0.081 
EALD Acetaldehyde 0.0075 0 0 0.014 0.05 0 
EETH Ethene 0 0 0 0 0.0025 0 
EISO Isoprene 0.019 0 0 0.0023 0.0008 0.0043 
EC38 Methanol 0.23 0 0 0.89 0.00041 0 
EA3 Ethanol 0.0046 0 0 0 0.00033 0 
EA2 Internal olefin carbon bond 

(R0.0C=C0.0R) 
0.37 0.26 1.04 1.49 0.15 1.29 

EALD Propionaldehyde and 
higher aldehydes 

0.24 0.036 0.017 0.24 1.18 0.012 

EA2 Terpene 0.64 0.11 0 0.15 0.49 0 
TOTAL  96.98 97.45 99.64 91.3 96.8 99.5 
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It is straightforward to apply the plant and mine-face VOC speciation profiles to the 
JOSM Inventory.  Special consideration was taken with the application of the speciation 
profiles for tailings-pond VOC emissions, since more than one speciation profile was 
available for the tailings ponds within the same facility, for the Suncor Millennium and 
the Syncrude Mildred Lake facilities.  It is possible to use different VOC speciation 
profiles for different tailings ponds within the same facility.  However, CEMA Inventory 
tailings-pond locations do not correspond well to the tailings ponds identified in the AEP 
shapefiles (the latter were used to generate spatial surrogate fields for the spatial 
distribution of area-source emissions; see Section 7.5.2 below for spatial surrogate-
related discussions).  Additional GIS work is needed to assign a code to each pond in 
the shapefile in order to use the pond-specific VOC emissions and speciation profiles in 
the CEMA Inventory11. 
 
For the JOSM Inventory, the decision was made to build one VOC-weighted speciation 
profile from the available data for each of the Suncor Millennium and Syncrude Mildred 
Lake facilities, and then apply that one profile to all the tailing ponds within the same 
facility.  These values were based on VOC mass-weighted contributions from each 
pond.  Tables 7-10 and 7-11 list the VOC emissions and the weight fraction from each 
pond within the Suncor Millennium and Syncrude Mildred Lake facilities, respectively.  
 
Table 7-10.  Tailings-pond VOC speciation profiles, emissions (tonnes/day), and 
calculated weight fraction for creating the combined tailings-pond VOC 
speciation profile for the Suncor Millennium facility.  

Suncor Millennium VOC Emission Weight Fraction 
Suncor Pond 1A (POND3) 0.21 0.022703 
Suncor Pond 2/3 (POND4) 7.33 0.792432 
Suncor Pond 5 (POND5) 0.25 0.027027 
Suncor Pond 6 (POND5) 0.86 0.092973 
Suncor Pond 7 (POND5) 0.08 0.008649 
Suncor Pond 8A/8B (POND5) 0.07 0.007568 
Suncor South (POND5) 0.45 0.048649 
Suncor Total 9.25 1      

 
Table 7-11.  Tailings-pond VOC speciation profiles, emissions (tonnes/day), and 
calculated weight fraction for creating the combined tailings-pond VOC 
speciation profile for the Syncrude Mildred Lake facility. 

Syncrude Mildred Lake VOC Emission Weight Fraction  
Syncrude MLSB water (POND2) 7.33 0.820002 
Syncrude East In-pit (INPIT) 0.33 0.037252 
Syncrude West  In-pit (INPIT) 0.33 0.037252 
Syncrude SWSS (POND5) 0.94 0.105493 
Syncrude Total 8.939 1 

 

11 This is a recommendation for future work, see Chapter 10. 
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Table 7-12 summarizes the 12 new VOC speciation profiles for the ADOM-2 
mechanism species and the associated SCCs for processing VOC emissions for oil 
sands plants, mine faces, and tailings ponds.  Note that VOC speciation profiles 
“POND3”, “POND4”, and ”INPIT” were not used because they are for tailings-pond 
subsets in the Suncor Millennium and/or Syncrude Mildred Lake facilities as shown in 
Tables 7-10 and 7-11 and have been integrated into the “SUNP” and/or “SYNP” profiles. 

 
7.5 Spatial Surrogate Fields 
 
Except for point-source emissions, whose individual locations are known, inventory 
emissions are often only available by jurisdiction, which usually corresponds to 
provinces in Canada.  However, because AQ models need emissions to be specified for 
each grid cell, emissions from jurisdictions (e.g., provinces, counties) need to be 
disaggregated amongst model grid cells.  Spatial allocation of emissions is performed 
using gridded spatial surrogate fields that correspond to the known spatial distribution of 
a related activity for a given jurisdiction, such as population for “Dry Cleaners”, total 
dwellings for “Residential Combustion”, agricultural land for “Fertilizer”, etc.  
 
7.5.1 Spatial Surrogates for Processing APEI Emissions 
 
Two sets of spatial surrogates were used to process the 2010 Canadian APEI for two 
groups of emissions: (1) agricultural NH3 emissions; and (2) all other emissions.  As 
described in Section 7.2.1, the NAESI inventory contains 53 SCCs representing 
emissions from 53 types of detailed agriculture sources for each of the 282 Canadian 
agricultural census subdivisions.  Emissions from one type of heifer (FDHEIF) are not in 
the 2010 NAESI inventory, but this type of emission is possible.  Therefore, 54 spatial 
surrogates have been generated as listed in Table 7-13 based on a shapefile created 
for the 54 types of sources for the 282 Canadian census subdivisions specifically for 
processing the NAESI NH3 emissions. More details can be found in Ayres et al. 2010 
and Bittman et al. 2010. 
 
The other set of spatial surrogates is generated and used to allocate emissions from 
non-NAESI sources (including agricultural emissions of other species) in space based 
on the shapefiles of other census statistics, such as population, road network, railway 
network, etc.  Details of the surrogate generation have been described by Sassi et al. 
(2010), with some updates, such as newer population and dwelling surrogates 
generated using the 2011 Canadian Census, new road-type-specific surrogates (see 
Zhang et al., 2012), surrogates for aircraft landings and takeoffs, etc.  There are 52 
surrogates generated for processing the non-NAESI sources as listed in Table 7-14. 
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Table 7-12.  New VOC (TOG) speciation profiles for ADOM-2 mechanism species and associated SCCs for 
processing VOC emissions from plants, mine faces, and tailing ponds. 

ADOM 
Species 

  SCC / Profile 

23100000U
P /UPGRD 

23100000
EX 
/EXTRC 

23100000I
S / INSTU 

23250000
MF/MINE  

2501000P0
1 / POND1 

2501000P0
2 / POND2  

2501000
P04 /  
POND4 

2501000P
03 / 
POND3 

2501000PI
N / INPIT 

2501000P05/ 
POND5 

2501000PS
U /SUNP 

2501000PS
Y /SYNP 

EA2 0.0692 0.0074 0 0.0187 0.0148 0.0067 0.0819 0.0406 0.0166 0.1236 0.088671 0.01977 
EA3 0.707 0.899 0.967 0.5434 0.544246 0.5133 0.6258 0.5505 0.633103 0.5385 0.607952 0.524884 
EALD 0.0017 0.074 0 0.007 2.48E-3 0.00036 0.0001

7 
0.00254 0.0123 0.00012 0.000215 0.001224 

EARO 0.099 0.00034 0.00041 0.4204 0.4011 0.447 0.2246 0.2018 0.1464 0.2116 0.221679 0.399771 
EC38 0 0 0 0 0.0023 0 0 0.0089 4.1E-06 0 0.000202 3.05E-07 
EETH 0.0016 0.00023 0 0 0 0 0 0 2.5E-05 0 0 1.86E-06 
EHCH 0.00033 0.00001 0 9.5E-06 0.0005 0 0.0007

9 
0.00066 0.001 0.00081 0.000791 0.00016 

EISO 0.000041 0 0 0 0.00019 0 0 2.3E-05 8.0E-06 4.3E-05 8.47E-06 5.13E-06 
ETOL 0.057 0.0013 0.0012 0.00035 0.0042 0.0071 0.0631 0.1082 0.1594 0.1208 0.074791 0.030442 

 
Table 7-13.  Surrogates for distribution of NAESI APEI area sources. 

No. Name No. Name No. Name No. Name No. Name No. Name 

401 BULLS 412 BROILER 424 BARLEY 434 LENTIL 444 SUGARB 454 GRPEAS 
402 BFCOWS 413 LAYHEN 425 BUCWHT 435 MUSTSD 445 SUNFLS 455 OTHVEG 
403 BFHEIF 414 TURKEY 426 CANARY 436 MXDGRN 446 TOBACO 456 SWCORN 
404 CALFU1 416 BOARS 427 CANOLA 437 OATS 447 TRITCL 457 TOMATO 
405 FDHEIF 417 GRWPIG 428 CHICPEA 438 ODFBNS 448 WHITBN   

406 STEERS 418 NURPIG 429 CORNGR 439 OTTAME 449 WHTDUR   

407 MLKCOW 419 SOWS 430 CORNSI 440 POTATS 450 WHTSPG   

408 MLKHEIF 421 IMPAST 431 DFPEAS 441 RYEFAL 451 WHTWIN   

409 MBULLS 422 UNIMPAST 432 FLAXSD 442 RYESPG 452 BEANS   

410 MCALFU1 423 ALFALFA 433 FORAGE 443 SOYBNS 453 CARROT   
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Table 7-14.  Surrogates for distribution of non-NAESI APEI area sources. 
No. Name No. Name 
100 Population 416 Building material and supplies wholesaler-

distributors 
101 Total dwelling 447 Gasoline stations 
103 Rural dwelling 448 Clothing and clothing accessories stores 
104 Capped total dwelling 482 Rail transportation 
106 ALL_INDUST 562 Waste management and remediation 

services 
107 Urban Population 901 AIRPORT 
108 Rural Population 902 Military LTO 
111 Farms 903 Commercial LTO 
113 Forestry and logging 904 General Aviation LTO 
200 Urban Primary Road Miles 905 Air Taxi LTO 
202 Rural Primary Road Miles 921 Commercial Fuel Combustion 
204 Urban Secondary Road Miles 924 Primary Industry 
206 Rural Secondary Road Miles 925 Manufacturing and Assembly 
211 Oil and Gas Extraction 932 CANRAIL 
212 Mining except oil and gas 940 PAVED ROADS NEW 
221 Total Mining 942 UNPAVED ROADS 
222 Utilities 945 Commercial Marine Vessels 
233 Total Land Development 946 Construction and mining 
308 Food manufacturing 948 Forest 
321 Wood product manufacturing 951 Wood Consumption Percentage 
323 Printing and related support activities 955 UNPAVED_ROADS_AND_TRAILS 
324 Petroleum and coal products 

manufacturing 
960 TOTBEEF 

327 Non-metallic mineral product 
manufacturing 

970 TOTPOUL 

331 Primary Metal Manufacturing 980 TOTSWIN 
350 Water 990 TOTFERT 
412 Petroleum product wholesaler-

distributors 
996 Urban_area 

 
7.5.2 Spatial Surrogates for Processing OS Area Emissions 
 
AEP provided a shapefile with detailed locations of oil sands mines, plants, and tailings 
ponds for the five oil sands facilities that existed within the study area in 2010: Suncor 
Millennium, Syncrude Mildred Lake, Syncrude Aurora North, CNRL Horizon, and Shell 
Albian Muskeg+Jackpine.  This shapefile was used by ECCC to develop spatial 
surrogates for distributing emissions from mines, plants, tailings ponds, and oil sand off-
road fleets by assuming off-road fleets mainly operating in the mine-face areas.  Figure 
7-5 shows the locations of mine faces, tailings ponds, and plants for these five facilities.  
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Figure 7-5.  Locations of (a) mine faces, (b) tailings ponds, and (c) plants for the 
five existing oil sands facilities within the study area in 2010. 
 
Comparisons between the 2010 shapefile and 2013 satellite images over the study area 
revealed, however, that new mining areas were opened after 2010 at some facilities due 
to the rapid development in the Athabasca oil sands region that has occurred in recent 
years.  The spatial area of some tailings ponds have also changed.  For example, 
Figure 7-6 shows the locations of mines, tailings ponds, and plants in the 2010 shapefile 
superimposed on a 2013 satellite image. The figure shows that some new mine areas in 
the 2013 satellite image were not classified as mines in the 2010 shapefile (colour 
shaded areas). 
 
 

a b 
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Figure 7-6.  Satellite image (background) from 2013 with superimposed (coloured 
regions) polygons for 2010 mines, tailings ponds, and plants.  Note additional 
areas of development not included in the 2010 mine activity polygons.   
 
In order to reflect the changes over this three-year period, the 2010 shapefile data were 
modified according the 2013 high-resolution satellite images. 
 
As mentioned earlier, a new oil sands mine, the Imperial Kearl mine, started production 
in early 2013, and this facility consequently was not in the 2010 shapefile dataset.  In 
order to be able to distribute the emissions for this facility in the same way as for the 
other five mines, new polygons representing mines, tailings ponds, and plants for the 
Imperial Kearl mine were added to the 2010 shapefiles, as shown in Figure 7-7 (in 
which polygons for Kearl Mine activities are superimposed on the 2013 satellite image 
for that facility). 
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Figure 7-7.  Polygons representing mines, tailings ponds, and plants created for 
the Imperial Kearl facility, based on a 2013 satellite image.   
 
The above information allowed the creation of “Mines”, “Tailings Ponds” and “Plants” 
spatial surrogates (listed in Table 7-15).  The resulting plots of the three surrogates are 
shown in Figure 7-8. 
 
Table 7-15.  Spatial surrogates generated for the six oil sands facilities within the 
study area. 

Surrogate # Surrogate Name 
215 Oil Sands Mines 
216 Oil Sands Tailing Ponds 
217 Oil Sands Plants 

 

  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 7-8.  Spatial surrogates generated to distribute emissions from (a) mine 
faces, (b) tailings ponds, and (c) plants. 
 
7.6 Modification to Fugitive Dust Emissions 
 
Using the temporal profiles, spatial surrogates, and chemical speciation profiles 
described above, SMOKE allocates bulk annual/monthly inventory emissions reported 
at the jurisdiction level to create hourly emissions for each model grid cell and for each 
model species.  Further adjustment to fugitive dust emissions is then performed for 
each grid cell to account for the fact that a fraction of the fugitive dust emissions can be 
captured by the vegetation or other surface obstructions shortly after emission (Pace, 
2005).  For GEM-MACH, a Capture Fraction (CF) is assigned to each of 26 land-use 
categories with the range of 0 <= CF <= 1, where 0 is for barren landscape and 1.0 is 
within a dense forest. Then a Transportable Fraction (TF=1-CF) is calculated based on 

a b 

c 
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the fraction of each land type within a grid cell, for those particles remaining airborne 
and available for transport away from the vicinity of the source, after localized removal 
has occurred.  This TF is applied to the original fugitive dust emissions for each grid cell 
to scale down the dust emissions.  Table 7-16 lists the CF assigned to each of the 26 
land types used in GEM-MACH, and Figure 7-9 shows the calculated TF for the OS 
GEM-MACH 2.5km domain. 
 
Table 7-16.  Capture Factor (CF) assigned to each of the 26 land use categories in 
GEM-MACH. 

Land Use Category Capture Factor (CF) 
water 0% 
ice 0% 
inland lake 0% 
evergreen neddleleaf trees 100% 
evergreen broadleaf trees 100% 
deciduous neddleleaf trees 100% 
deciduous broadleaf trees 100% 
tropical broadleaf trees 100% 
drought deciduous trees 100% 
evergreen broadleaf shrub 25% 
deciduous shrubs 25% 
thorn shrubs 25% 
short grass and forbs 25% 
long grass 25% 
crops 25% 
rice 25% 
sugar 25% 
maize 25% 
cotton 25% 
irrigated crops 25% 
urban 50% 
tundra 25% 
swamp 25% 
desert 0% 
mixed wood forests 100% 
mixed shrubs 25% 
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Figure 7-9.  Transportable Fraction (TF) field for the OS GEM-MACH 2.5-km 
domain. 
 
The CF values for land use types are a subject of ongoing research at Environment and 
Climate Change Canada (see Chapter 9). 
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8   Modelling Set-up 
 

8.1 Model Overview 
 
The model used by Environment and Climate Change Canada for the creation of JOSM 
Oil Sands simulations is the Global Environmental Multiscale – Modelling Air-quality and 
CHemistry (GEM-MACH) system.  GEM-MACH is a comprehensive air quality 
simulation system, which operates in an on-line configuration with Environment and 
Climate Change Canada’s meteorological forecast model (GEM).  In the work carried 
out under JOSM up to the time of writing of this report, GEM-MACH version 1.5.1 was 
the basis for Oil Sands simulations – this is expected to be updated to version 2.0 in 
fiscal year 2015/2016.  GEM-MACH was first described in Moran et al (2010), and a 
recent intercomparison between GEM-MACH, other air quality models, and 
observations for annual observations may be found in Im et al (2014a,b) and Makar et 
al (2014a,b).  
 
The following sections describe the modelling paradigm under which GEM-MACH was 
constructed, the emissions processing of the inventory required to generate model-
ready emissions input files, the chemical and meteorological components of the model, 
the specific nesting configuration used for oil sands simulations, the types of simulations 
carried out to date, comparisons with observations, and example applications of the 
model towards estimating ecosystem and human health impacts. 
 

8.2 The On-line Model Paradigm 
 
“On-line” in this context refers to the inclusion of the chemistry modules of the model as 
a package of subroutines that have been added to the meteorological forecast model, 
so that both chemistry and meteorology are simulated within a single package.  This is 
in contrast to “off-line” models, such as the US EPA’s CMAQ or Environment and 
Climate Change Canada’s AURAMS, where the meteorological model is run first, the 
results stored in output files, and then read thereafter by the off-line air quality model. 
 
In the off-line configuration, an interpolation step between the grid projection used by 
the meteorological model and that used by the air quality model is often required.  As 
the size of the region being simulated increases, and/or the resolution of the simulations 
becomes higher, off-line models become less computationally efficient – that is, a large 
amount of the processing time for the simulations goes into writing out, interpolating, 
and reading in input files.  They also require increasingly large amounts of memory 
space to store the meteorological output. 
 
On-line models have a further advantage in that they can be configured to allow 
feedbacks between weather and air pollution (for example, using the aerosols 
generated by the air quality part of the code to modify the radiative transfer and cloud 
formation parts of the meteorological portion of the code).  For these reasons, on-line 
models such as Environment and Climate Change Canada’s GEM-MACH, the US 
EPA’s on-line version of CMAQ (WRF-CMAQ) and the NOAA research on-line model 
WRF-CHEM have been the main tools used for the most recent developments in air 
pollution forecasting. 
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8.3 Emissions Processing for GEM-MACH 
 
GEM-MACH requires model-ready emissions input files – these are generated using the 
Sparse Matrix Operator Kernel Emissions (SMOKE) emissions processing system 
(Houyoux et al., 2000; CEP, 2003).  This system makes use of emissions inventory data 
such as those described elsewhere in this report, as well as ancillary information 
describing the spatial locations and distribution of the emissions sources, the temporal 
variation in the emissions, and linkages between inventory, detailed, and model 
chemical speciation, in order to generate emissions on the model speciation, located on 
the model grid, on an hourly basis. 
 
In addition to the anthropogenic emissions of the inventory, emissions from vegetation 
sources of volatile organic compounds (VOCs), and NO must be generated.  These 
consist of vegetation-type-dependent “basal emission rates” (constructed from area-
weighted maps of vegetation, which are read in by the model), which are then 
modulated by functions of model-generated temperatures and photosynthetically active 
radiation, to simulate the meteorology-dependent natural emissions from vegetation and 
decaying leaf matter.  The biogenic emission factors used in GEM-MACH were 
generated using version 3.09 of the Biogenic Emissions Inventory System algorithms 
(Pierce et al, 1998), with a land-use database originating in satellite-derived vegetation 
fields (BELD3; US EPA 2001); improvements to those data have been a subject of 
study under JOSM (see Data Gap 13, Chapter 3). 
 
8.4 GEM-MACH’s Chemistry Modules 
 
GEM-MACH’s chemistry modules attempt to account for the main processes associated 
with the ozone and particulate matter chemistry of the troposphere.  The different 
processes included in the chemistry portion of GEM-MACH are as follows (a one-step 
forward operator splitting is employed): 

• The vertical distribution of emissions resulting from large stacks (aka “major point 
sources”) is calculated using plume rise buoyancy calculations following Briggs 
(1984, 1985), Turner (1985) and Sharf et al (1993).   

• Vertical diffusion is carried out using a fully implicit Laasonen approach 
(Richtmyer, 1994), with area source emissions and gaseous deposition 
incorporated as boundary conditions on the diffusion equation.   

• Gas-phase chemistry calculation make use of the 42 gas species, ADOM-II 
mechanism (Stockwell and Lurmann, 1989), numerically solved using the method 
of Young and Boris (1977).  The gas-phase mechanism used in these 
simulations has been compared to a suite of other mechanisms, with its 
predictions being close to the median for the ensemble of mechanisms tested 
(Kuhn et al, 1998).  

• Photolysis rates were calculated using the data of Peterson (1976) and the 
radiative transfer model of Dave (1972), with cross-sections and quantum yields 
from DeMore et al (1988).  Tabulated height and solar-zenith-angle dependent 
photolysis rates for NO2 and the singlet-D excited state path for O3, as well as 

88 

 



  

solar-zenith-angle-dependent scaling coefficients for the other photolysis 
reactions, are used within the model itself. 

• Secondary organic aerosol condensable mass formation is estimated using the 
approach of Odum et al (1996), with updated organic aerosol yields.  Variations 
on VOC chemistry and their impacts on organic aerosol formation (c.f. Slowik et 
al, 2010) are being investigated as part of the work under JOSM.  Alternate gas-
phase mechanisms have been examined under JOSM through the use of the 
KPP numerical solver (Sandu et al, 2006).   

• Aerosol microphysics processes are simulated by the Canadian Aerosol Module 
(Gong et al, 2003a,b) which resolves aerosol size and chemical speciation using 
a sectional approach, for 8 species (sulphate, nitrate, ammonium, secondary 
organic aerosol, primary organic aerosol, elemental carbon, sea-salt, and crustal 
material). The number of size sections is an input variable for GEM-MACH:  on-
going continuous forecasts for the Oil Sands region are carried out using the 2-
bin configuration in order to reduce processing time, while comparison to the 
detailed observations of the 2013 monitoring intensive have been carried out with 
both 2-bin and 12-bin versions of the code.  Processes treated by the aerosol 
module include: 

o Particle microphysics (condensation of sulphate and secondary organic 
condensable mass, coagulation, nucleation of sulphate aerosols); 

o Aqueous-phase chemistry (ADOM aqueous phase mechanism, 
Venkatram et al., 1988, Fung et al., 1991; using the numerical solver of 
Young and Boris, 1977); 

o Wet deposition (precipitation production and flux from both resolved and 
sub-grid scales are included in the wet deposition calculation; Gong et al., 
2006); 

o Inorganic heterogeneous chemistry of sulphate, nitrate and ammonium 
(HETV solver, Makar et al, 2003); 

o Sea-salt emissions (Gong et al., 2003a), and particle settling and 
deposition (Gong et al., 2003a; Wesely, 1989). 

 
Sub-grid-scale convective tracer mixing and transport is not included in GEM-MACH 
though these processes are resolved when GEM-MACH is used at high resolution such 
as the highest resolution domain of the Oil Sands nested system, described below. 
 
8.5 GEM, The Meteorological Model Underlying GEM-MACH 
 
GEM is the Canadian government’s weather forecast model, and was first described in 
Côté et al (1998).  GEM version 3.3.8.2 is the meteorological model used with GEM-
MACH1.5.1.  The meteorological driver of GEM (Côté et al, 1998) employs a semi-
Lagrangian advection algorithm to transport both meteorological and chemical 
variables.  The model makes use of the radiative transfer scheme of Li and Barker 
(2005), the land surface model ISBA2 (Belair et al, 2003a,b), and the MOISTKE4 
scheme of Mailhot and Benoit (1982) and Belair et al (2005). 
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At coarser horizontal resolutions (e.g. the 10km resolution employed in the nesting 
described below), GEM employs a parameterization to simulate convective cloud 
processes (Kain and Fritsch, 1990; Kain, 2004) and another to simulate non-convective 
clouds (Sundqvist, 1978). 
 
At higher resolutions, the cloud microphysics of the model simulated convection directly 
using a 2-moment scheme (Milbrandt and Yao, 2005(a,b), with CCN activation in no-
feedback mode based on Cohard et al (1998), and in feedback mode based on Abdul-
Razzak and Ghan (2002)).  The feedback mode of GEM-MACH employs tabulated 
aerosol scattering parameters generated by a Mie algorithm (Bohren and Huffman, 
1983). 
 
8.6 The GEM-MACH Configuration Used in the Oil Sands Simulations 
 
All simulations of air quality undertaken by Environment and Climate Change Canada 
for the oil sands region to date make use of a three-level nest of the GEM-MACH 
model, developed under JOSM.  The three levels of nesting are shown in Figure 8-1, 
below.  Each of the shaded regions in the figure comprises dots locating the centres of 
the grid-squares of each of the three model domains. 
 
The outermost and largest domain has a 10km horizontal resolution and covers most of 
North America (this is the same domain used in Environment and Climate Change 
Canada’s current operational air quality forecast provided to the Canadian public), and 
includes 80 levels in the vertical extending to a height of 0.1 mb.  Simulations on this 
domain provide initial and boundary condition concentrations for the next domain, a 
10km resolution grid covering most of north-western Canada and the north-western 
portion of the lower 48 states of the USA, with 58 layers in the vertical and a model top 
at 10 mb.  This in turn provides initial and boundary conditions for the final, highest 
resolution nest – a 2.5km resolution domain covering the provinces of Alberta and 
Saskatchewan, also with 58 layers in the vertical and a model top at 10mb. 
 
All GEM-MACH grids, such as those shown in Figure 8-1, are on a rotated latitude-
longitude grid projection. 
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Figure 8-1.  Three-level nested grid of GEM-MACH used in Environment and 
Climate Change Canada oil sands modelling simulations. 
 
In addition to the spatial nesting, the operation of the model in the nested mode includes 
nesting in time.  A long-term simulation covering the period of interest on the continental 
10km domain is generated first (e.g. from successive operational forecasts, in the case 
of the ongoing forecast 2-bin version of the model, or from a special rerun of the model 
for the time period of the monitoring intensive).  This is followed by a sequence of 36 
hour Continental 10km simulations starting at 0 UT, the last 30 hours of which are used 
for initial and boundary conditions for the Oil Sands 10km domain simulation starting at 
6 UT, and the last 24 hours of the Oil Sands 10km domain simulation are used to as 
initial and boundary conditions for the 2.5km resolution simulation of 24 hours duration. 
 
This sequence of simulations is followed in order to create a continuous set of model 
output at 2.5km resolution, as is depicted as a set of overlapping timelines in Figure 8-2, 
with the first set of simulations coloured blue, the second green, and the third purple.   
The combination of different grids and the time nesting sequence shown in Figures 8-1 
and 8-2 were constructed to produce the best possible meteorological forecast for the 
final 2.5km nest of the model.  For example, the rotation in grid orientation between the 
outermost and inner two grids in Figure 8-1 was chosen to allow the use of the 
operational forecast model to provide the outermost set of boundary conditions, while 
allowing the inner grid’s left-hand axis to parallel the direction of the mountain front 
along the B.C. / Alberta border (the latter desirable to improve the high resolution 
forecast quality). 
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The use of the middle Oil Sands 10km grid was required in order to allow a matching of 
cloud microphysics with the 2.5km grid, improving the cloud representation in the latter 
forecast.  The time-nesting sequence in Figure 8-2 was required in order to allow the 
first two stages of the nesting step to have sufficient “spin-up” time (i.e. time for the 
meteorology to come to a pseudo-steady-state, with fully developed clouds, etc., for 
input into the 2.5km simulations).  The top level of the nesting shown in Figure 8-2 is a 
GEM-MACH simulation employing meteorological analyses to update the meteorology 
every 24 hours during the run – this uppermost level thus prevents chaotic drift from the 
observed meteorology and provides the continuity in chemical concentrations linking the 
2.5km simulations. 
 

 
Figure 8-2.  Run sequence for the GEM-MACH Oil Sands 2.5km forecast system, 
showing three successive simulation sequences and the resulting set of 
contiguous 24 hour 2.5km resolution forecasts. 
 
8.7 Ongoing Experimental Forecast and Monitoring Intensive Simulations. 
 
Two types of simulations are being performed at ECCC using the above nested 
simulation setup.  
 
The first of these are ongoing regular experimental forecasts of air pollution on the 
2.5km domain.  These forecasts, which make use of the 2 bin configuration to reduce 
computer processing time, are carried out daily and the results archived at the ECCC 
supercomputer centre in Dorval, Quebec.   
 
The second group of simulations are retrospective simulations for the time period during 
which ECCC and AEP conducted an aircraft and ground-based monitoring intensive, 
during the summer of 2013.  These simulations are carried out with both the 2 and 12 
bin version of the model, and have been used to evaluate the impact of new emissions 
data and other model improvements on the model performance.   
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Both sets of simulations include outputs that provide information on human health 
impacts (e.g. Air Quality Health Index) and ecosystem impacts (e.g. deposition of 
sulphur and nitrogen to ecosystems within the 2.5km domain).  The model output is also 
being used to develop methodologies to evaluate the effectiveness of the spatial 
placement of monitoring site locations. 
 
8.8 Comparisons of GEM-MACH with Observations:  Some Examples 
 
As noted above, GEM-MACH was evaluated through comparison to other models and 
observations in an international collaboration (Phase 2 of the Air Quality Model 
Evaluation International Initiative; Im et al (2014a,b), Makar et al (2014a,b)).  Here, 
comparisons to observations within the 2.5km grid are described. 
 
8.8.1 Comparisons to Surface Monitoring Network Data 
 
For the Oil Sands domain, and at the time of writing of this report, evaluation of the 
finest nest grid has been carried out for the period August 10th, 2013 to September 10th, 
2014, using monitoring network data from AIRNOW (for PM2.5, NO, NO2, SO2 and O3), 
monitoring network data from the WBEA stations in the Lower Athabasca, and against 
the portion of the data from the 2013 summer monitoring intensive which had completed 
QA/QC by the fall of 2014.  Plans are underway for longer duration comparisons of the 
archived 2-bin simulations against AIRNOW data.  Table 8-1 shows an example 
evaluation using the 12-bin model for WBEA stations, and comparing the emissions 
data used during the summer monitoring intensive to that from subsequent updates to 
the emissions noted elsewhere in this report.  The revised emissions data improved the 
biases and correlation coefficients for O3, the fraction of predictions within a factor of 2 
for NO, SO2, NO2 and PM2.5, and the correlation coefficient for NO2.  However, the 
biases and correlation coefficients for PM2.5 were degraded, as was the correlation 
coefficient for SO2. 
 
Table 8-1.  WBEA station GEM-MACH2.5 evaluation against WBEA surface 
stations, Summer 2013 Monitoring Intensive Period.  “New” refers to emissions 
updated as of the fall of 2014, while “Old” refers to the previous emissions data 
(updated July of 2013).  Green (red) numbers indicate the better (worse) score. 
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8.8.2 Comparisons to Aircraft Data 
 
The model was also compared to observations made on aircraft flights that took place 
during the summer 2013 monitoring intensive.  The aircraft flight path at 10 second 
intervals was used to linearly interpolate from the 2.5km grid at two minute time steps, 
with the model values being shown in the column as a function time, with aircraft 
observed values superimposed on the model values as circles making use of the same 
colour scale as the model (Figure 8-3).  The particular example shown is from Flight 8, 
corresponding to the timing of an upset condition. 
 
The revised emissions greatly improved a number of the statistics from this flight for 
SO2, with the original mean bias of -3.3 ppbv decreasing to -0.9 ppbv, and the 
correlation coefficient increasing from 0.142 to 0.383.  The figure shows that the model 
is capturing the timing of the CNRL plume very well (good correspondence between 
observed high values and model from 16:00 to 18:45), though the position and timing of 
the Syncrude plume observed while the aircraft was returning to the airport (18:45 to 
18:55) differed between model and observations. 
 

  
 
Figure 8-3.  Cross-section from 12-bin model with fall 2014 version of the 
emissions, Flight 8.  At left: Model values are shown as the background colour 
contours, aircraft observations as superimposed coloured circles.  At right: the 
flight track around the CNRL facility as yellow lines; colours of the facilities in the 
inset have no relationship to emission levels and are intended to show the 
different ownership of the different Oil Sands facilities.   
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Another example of comparisons to aircraft observations is shown in Figure 8-4, in 
which observed concentrations of the VOC toluene are compared to model values 
predicted with the JOSM Inventory.  The left panel of Figure 8-4 shows the surface 
predictions for toluene (in ug/kg) plotted with the flight track at 2pm local time. The right 
panels illustrate the first vertical cross section (in masl) nearest the facilities, colour-
coded as a function of toluene mixing ratio (both in ppbv) from the model (bottom panel) 
and measurements (top panel). 
 
The results show that the model slightly under-predicts the observations, but overall are 
encouraging. There is a small shift in the location of the plumes due to small differences 
in wind direction between the GEM model and observations. The degree of vertical 
mixing looks comparable between GEM-MACH and observations. 
 

Figure 8-4.  Comparison of GEM-MACH toluene predictions with observations, 
Flight 19, September 4, 2013.  
 
At left in Figure 8-4, colour contours of model-predicted toluene concentrations at an 
altitude of 1000m agl, along with aircraft locations viewed in the horizontal plane 
(aircraft location colours from blue through red indicate time within the flight).  At right, 
top: observed toluene concentrations along the first cross-section transect of the flight; 
bottom: model-generated toluene concentrations along the first cross-section transect of 
the flight. 
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8.9 Model Applications:  Generation of Deposition Output. 
 
As noted above in section 8.7, the model has been used in an on-going forecast mode 
with the two bin configuration, with hourly model outputs being archived daily.  These 
include estimates of dry and wet deposition of sulphur and nitrogen-containing gas and 
particle species, so that total estimates of sulphur and nitrogen may be calculated, 
which are in turn used to estimate damage to sensitive ecosystems associated with the 
deposition.  An example estimate of sulphur deposition over the course of a year, for the 
2.5km domain, is shown in Figure 8-5. 
 

 
Figure 8-5.  Annual sulphur deposition 2.5km 2-bin forecast simulations, October 
1, 2013 through September 30th, 2014 (eq/ha/yr). 
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8.10   Model Applications:  Generation of Human Health Impacts (AQHI). 
 
The Air Quality Health Index (AQHI) combines 3 hour averages of NO2, O3 and PM2.5 in 
order to communicate short-term health risks of these and associated pollutants, and is 
part of the daily air quality forecast provided to Canadian citizens by Environment and 
Climate Change Canada.  These species are generated as part of both the ongoing 
experimental forecasts and the retrospective simulations during the summer monitoring 
intensive period.  An example is shown below (Figure 8-6), where the frequency of 
AQHI values greater than or equal to 3 for the course of a year are plotted, with the red 
colours indicating the locations with more frequent instances of AQHI ≥ 3. 
 

 
Figure 8-6.  GEM-MACH 2.5km resolution generated Air Quality Health Index 
values:  number of hours where the predicted 3 hour AQHI is greater than 3, from 
October 1, 2013 to September 31, 2014. 
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9 Areas of Continuing Work 
 
Some of the data gaps identified in section 3.3 could not be addressed within the time 
frame of the inventory development under JOSM.  However, some of the gaps are 
being addressed through ongoing inventory development at Environment and Climate 
Change Canada, and this ongoing work is described here.  The data gaps of section 3.3 
discussed here include gap 2 (stacks less than 50m tall, see section 9.5), gap 3 (Small 
Upstream Stack Parameters, see section 9.3), gaps 5 and 6 (Mine Fleet Emissions, see 
section 9.1), 13 (Biogenics, see section 9.6), gap 4 (Facility and Stack locations – see 
section 9.2), gaps 7, 9 and 14 (see section 9.7; aircraft observations are being used to 
estimate fugitive dust emissions magnitude and speciation, and VOC speciation). These 
developments, described below, include analysis of existing inventories and status 
descriptions of work currently underway.  The remaining data gaps are discussed in the 
context of recommendations for future work, in Chapter 10. 
 
9.1 Mine Fleet Emissions: An Analysis 
 
The review of oil sands inventories revealed that there are different mine fleet emission 
numbers available, and differences in which pollutants are included in various 
inventories.  Mine fleet emission numbers in the JOSM Inventory may therefore require 
improvement.  Additional research should be carried out to confirm which estimates of 
mine fleet emissions are representative for each oil sands mining operation.  However, 
an investigation by ECCC researchers suggests that the JOSM Inventory values for 
these emissions are likely the most accurate estimates currently available.  A précis of 
that investigation follows. 
 
Under the current NPRI reporting rules, off-road mobile sources are not required to be 
reported on (unlike stationary sources), and as such, industrial sites exclude emissions 
from their off-road fleet from the annual emissions reported to the NPRI. In the case of 
OS surface mining, these emissions are significant contributors to emissions, 
particularly for NOx releases. 
 
The mine fleet emissions may be further improved through the use of alternate data 
sources, including: 

a) Canadian and US off road vehicle emission standards;  
b) The Lower Athabasca Region Source and Emission Inventory , compiled by 

Environ Inc., and Stantec, on behalf of  the Cumulative Environmental 
Management Association (CEMA);  

c) 2012 estimates provided by OS industries to AEP, processed by the BLIERs 
program of EC.  

d) OS Environmental Impact Assessments (EIA) estimates;   
e) Field measurements carried out in 2009-2010 by the Desert Research Institute 

(DRI) on behalf of the Wood Buffalo Environmental Association;  
 
U.S. and Canadian standards for heavy non-road mining trucks are listed in Table 9-1. 
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Table 9-1.  Non-road emission standards. 

Rated 
Power Tier 

Model 
year 

NOx 
g/kWh 

HC 
g/kWh 

NMHC + 
NOx 

g/kWh 
CO 

g/kWh 
PM 

g/kWh 

kW>560 1 2000 9.2 1.3 - 11.4 0.54 
2 2006 - - 6.4 3.5 0.20 

 
For a given energy conversion efficiency, operating conditions and fuel, these standards 
may be expressed in terms of g/kg fuel, which relates to fuel consumption, a parameter 
most likely to be known by the user. The emissions estimates from each of the sources 
of data may be compared and contrasted.   
 
The Lower Athabasca Region Source and Emission Inventory (data source (b), above) 
estimated the mining fleet emissions as shown in Table 9-2, which also includes 
Emission Intensity Factors (EIFs) which relate the mass of emitted chemicals to the 
production of cubic metres of bitumen. 
 
Table 9-2.  CAC mine fleet emissions, 2010 CEMA Inventory. 

Operator Site SO2 
(t/d) 

NOx 
(t/d) 

CO 
(t/d) 

VOC 
(t/d) 

PM2.5 
(t/d) 

 Bitumen 
(m3/d, 2010) 

Shell Muskeg  0.35 19.00 12.54 1.79 0.57 21,115 
CNRL Horizon 0.18 15.30 1.65 0.37 0.10 17,290 

Suncor Millennium 0.17 29.50 24.89 3.21 1.22 42,296 
Syncrude Aurora  0.32 19.30 3.67 0.60 0.40 31,142 
Syncrude Mildred 1.00 22.00 5.29 0.91 0.49 24,401 

 Total, t/d 2.02 105.10 48.05 6.88 2.76 136,244 
 Total, t/y 737 38,361 17,538 2,511 1,007  
 Avg. EIF, 

g/m3 bitumen 
15 771 352 50 20   

 
The BLIERS/2012 estimates provided by OS industries to AEP for the 2012 mine fleet 
NOx emissions are listed in Table 9-3, and these numbers may be contrasted with the 
NOx column of Table 9-2. 
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Table 9-3.  NOx as NO2 mine fleet emissions, 2012 ECCC BLIERS program.12 

Site 
Truck  

emissions 
tonnes 

Truck model No. of 
trucks Tier 

Truck  
% of fleet 
emissions 

Fleet 
emissions 

NOx, tonnes 

Syncrude 11,760 

Caterpillar 797 78 1 

72.5 16,220 
Caterpillar 793 7 1 
Komatsu 930E 13 1 
Liebherr T282 26 1 

Suncor 8,074 

Komatsu 930E 36 2 

75 10,765 Komatsu 930E 24 1 
Caterpillar 797 42 1 

Shell MRM 6,776 
Caterpillar 797 63 1 

75 9,035 Terex 2 2 

CNRL 4,192 Caterpillar 797 20 1 75 5,589 
TOTAL   311   41,609 

 Bitumen, m3 54,098,840 NOx EIF, g/m3 769 
 
According to data provided by industry to the ECCC BLIERS program, the Tier 1 heavy 
haul trucks are the main components of the fleet, which also includes cable and 
hydraulic shovels, track and wheel dozers, and graders.  
 
OS Environmental Impact Assessments (data source (d), above) include the EIA 13 of 
the most recent OS mines (in this case, the Imperial Oil Kearl mine). The estimates for a 
planned fleet of 96 off-road vehicles (2010-25) are summarized in Table 9-4. The EIA 
assumed that this fleet would meet Tier 2 standards. The estimated fuel consumption is 
equivalent to 12.1 litres of fuel per m3 of extracted bitumen.  
 
Table 9-4.  Imperial Oil Kearl, mine fleet emission estimates. 

Bitumen 
m3/day 

Diesel 
l/d 

Ore 
t/d 

SO2 

t/d 
NOx 
t/d 

CO 
t/d 

VOC 
t/d 

PM2.5 

t/d 
55,200 667,200 576,000 0.58 28.45 18.04 3.94 1.03 

 
The Kearl EIA numbers may be used to make an independent estimate of mine fleet  
EIFs, by adjusting the Kearl mine fleet emission estimates upward to Tier 1 levels using 
Table 9-2,  The resulting estimates are listed in Table 9-5 (NOx estimated assuming 
NOx much greater than HC in Table 9-1): 
 
 
 

12 Personal communication with Tarri Hitz, P. Eng, Senior Program Engineer, Oil, Gas & Alternative Energy Division. 
Data derived from industry’s 2012 annual air reports to Alberta Environment and Parks. 
13 Imperial Oil, Kearl Mine Environmental Impact Assessment (EIA), Vol. 5, July 2005 
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Table 9-5.  Mine fleet EIFs from Kearl EIA, adjusted to Tier 1 engines. 
SO2 
g/m3 

NOx 
g/m3 

CO 
g/m3 

VOC 
g/m3 

PM2.5 
g/m3 

11 740 327 71 19 
 
The DRI field measurement data (data source (e), above) included the characterization 
of CAC emissions from 5 heavy haul trucks operating at 3 surface mines. Four of the 
trucks were fuelled with ultra-low sulfur diesel, and the fifth one with high sulphur off-
highway fuel.  The tests results were expressed as g/kg of fuel, and were based on the 
measurement of contaminant- to-CO2 concentration ratios.  
 
A number of methodological issues may be noted in the DRI study.  The mobile test 
equipment used did not include rate monitoring of fuel input, air flow, exhaust flow, or 
power output. The test equipment included real time determinations, as well as 
cumulative and grab-sampling of the exhaust gas. The trucks went about their usual 
cycle that included idling; driving loaded; and driving unloaded, i.e. a range of exhaust 
flow rates. The DRI report on the work does not make reference to any scheme to 
ensure proportional sampling, or weighing scheme to the continuous; integrated or grab 
sampling. 
 
The measurements may have been averaged, but the simple averaging of all 
measurements, regardless of exhaust flow rate, would result in a negative bias for 
contaminants that would increase with load levels (e.g. NOx emissions would be 
negatively biased at higher loads). The exhaust gas measurements failed to distinguish 
the exhaust of ultra-low sulfur fuel from high sulphur fuel (<6 ppm SO2 level in dilute 
sample was measured with >2000 ppm full scale electrochemical analyzer). The results 
of the evacuated canister samples were deemed to be outliers due to their high 
aggregate VOC levels (VOC = 1.6 to 2.5 times the NOx levels) and the observed 
speciation profile (VOC was 22%-65% ethylene plus propylene).  Table 9-6 compare 
the values in Tables 9-2, 9-3, 9-5 and the DRI study, in terms or Emission Intensity 
factors (EIF) 
 
Table 9-6.  Comparison of CAC mine fleet emission estimates, g/m3 of bitumen. 

EIF source SO2 NOx CO VOC PM2.5 
CEMA 15 771 352 50 20 

BLIERS program, 2012  769    
Kearl EIA, Tier 1 adjusted 6 11 740 327 71 19 

DRI study, 2010 14 - 549 179 - 9 
 
Based on the above analysis, the CEMA values are preferred at the current time, as 
they are based on a detailed site by site estimate, and do not rely on fuel use 
assumptions 6. The CEMA values (Table 9-2) were therefore used in the JOSM 
Inventory.   
 

14 A mine fleet fuel consumption of 12.1 litres per m3 of bitumen was assumed, based on Kearl EIA estimates 
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9.2 Coverage of Small Non-Thermal Bitumen Extraction (SNTBE) Sites  
 
Approximately 100 small non-thermal bitumen extraction sites have been included in the 
JOSM Inventory.  The emissions data for these sites originate in the 2010 APEI (derived 
from 2010 projections of 2002 upstream oil and gas data) and in the 2010 NPRI.  The 
actual numbers and locations of the sites in more recent years than 2002 and 2010 may 
thus differ considerably from these values.  Work is underway at ECCC to update these 
data both under JOSM and as part of ongoing improvements to the APEI.  As 
represented in the JOSM Inventory, these sites represent approximately 10 to 12% of 
the combined oil sands bitumen extraction and upgrading throughput. 
 
On an individual basis, the emissions from facilities such as these may be below 
reporting thresholds, but collectively, their contributions to the total emissions in the 
region may be large.  The potential importance of these sites (and of the importance of 
improving these data in future work) is analyzed in this section.  The analysis suggests 
that emissions from this sector may account for a significant proportion of the emissions 
in the study area.  The estimated percentage increases in emissions relative to the 
NPRI portion of the JOSM Inventory are SO2 (8%), NOx (79%), CO (83%), VOC (54%), 
PM2.5 (53%), H2S (72%), and NH3 (3%). The inclusion of more accurate estimates of 
emissions from this sector for inventories within the study area is thus a priority for 
future work.  An overview of this analysis follows. 
 
9.2.1 Comparison of the Numbers and Locations of SNTBE Sites Using Different 

Sources of Information 
 
As part of the creation of the JOSM Inventory, possible sources of emissions which 
were inconsistent (or missing) between inventories were examined. One of these is the 
extent to which the different inventories include small non-thermal bitumen extraction 
sites. This issue is examined in more detailed in this section. 
 
Most of the oil from the Oil Sands area is produced by non-conventional extraction 
methods that require mining or steam-heating the sand. However there are numerous 
smaller sites where heavy oil is extracted by conventional wells. In 2011 the combined 
production of these sites was 14.3 % of the production from non-conventional sites. 
Inventories contain different listing of such sites, as shown in Table 9-7. 
 
Table 9-7.  Cold heavy oil extraction sites in the OS area. 

Inventory No. of sites 
CEMA 2010 none 
AEP Industrial Survey 2006-2008 21 
AER 2011 sites producing > 20 m3/day 69 
NPRI  2011 193 

 
The locations of the AER sites and their production ranges are shown in Figure 9-1. 
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Figure 9-1.  2011 cold heavy oil sites. 
 
Figure 9-2 shows the location of gas sites (gas and compressor stations) listed in NPRI, 
and these may be contrasted with the site locations in Figure 9-1.  None of the 
conventional oil and gas sites are located within the Study Area (56.5o to 57.5o latitude, 
-112.4o to -110.6o longitude).  While some site locations overlap, many do not, and 
these differences are worth exploring. 
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Figure 9-2.  Gas sites, 2011 NPRI. 
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Both Figure 9-1 and Figure 9-2 sites represent a cluster of AER approved upstream 
O&G equipment (i.e. wells, batteries, tanks, engines, flares, etc.) distributed in the lease 
area. The aggregate site production is reported monthly to the AER15, which publishes 
the reported data into statistical summaries two months later16. A site approval number 
is assigned by AER at the pre-construction stage, with letters assigned to successive 
approval amendments.  
 
The NPRI number is assigned at a later date, if the operator finds that the site meets 
NPRI reporting thresholds17. However, the equipment aggregate associated with the 
NPRI reportable emissions may not necessarily coincide spatially with the equipment 
associated with the AER reportable production, as shown in Figure 9-3, which 
compares Figure 9-1 and Figure 9-2 locations (i.e. AER sites 18 vs. NPRI sites) for 
which an operator produced a total of 45% of the 11 million m3 of cold heavy oil 
extracted in 2011 from the OS area. The production and emissions locations, reported 
to the two different agencies, do not match. This is of concern from the standpoint of 
ensuring that the emissions data in the JOSM Inventory is complete; different sources of 
emissions data, in this case the AER and NPRI databases may be combined, but only if 
this can be done in a manner ensuring that double-counting of emissions does not 
occur.  The conflicting location data suggests that there is a need to harmonize the AER 
and NPRI databases and further investigate the differences in these estimates.  One 
possible means of clarifying the location issue would be to have cross-linkage 
information included in the reporting.  In this approach, sources which report to more 
than one agency would include the identifying information required by all agencies, in 
the reports submitted to each agency.   
 
The emissions levels of VOCs reported from these sources to different agencies also 
differ, as discussed below. 
 

15 AER ST-60 Crude Oil and Crude Bitumen Battery Monthly Flaring, Venting, and Production Data 
16 AER  ST-53 2011 Alberta In Situ Oil Sands Summary 
17 20 tonnes for NOx, SO2, CO, and TPM; 10 tonnes for VOC, 0.5 tonnes for PM10, and 0.3 tonnes for PM2.5 
18 AER ST-53 2011; coordinates form AER OS_Projects_Map_Data_Feb2014, CanOils database  
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Figure 9-3.  Location of CNRL conventional heavy oil extraction sites in the OS 
area. 
 
9.2.2 Comparison of Emissions with Production Levels: VOCs 
 
The CAC values reported to NPRI by the conventional (non-thermal) OS sites for the 
year 2011 are summarized in Table 9-8. 
 
Table 9-8.  CAC emissions from conventional heavy oil extraction in the OS area, 
2011 NPRI. 

NOx 
tonnes 

CO 
tonnes 

SO2 
tonnes 

VOC 
tonnes 

PM2.5 
tonnes 

10,118 11,022 282 604 159 
 
A preliminary examination of the production and emission factors for these sources 
suggests that more accurate estimates of VOC emissions from this sector may be 
obtained from sources other than (or in addition to) required facility-level reporting. The 
latter may not capture a significant portion of the total VOCs emitted, as described 
below. 
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• Only 2 of 193 conventional heavy oil extraction sites reported VOC emissions to 
NPRI.  The annual reporting threshold for VOC is 10 tonnes per year, however, 
most sites extracting >27 m3/day are estimated here to emit above this 
threshold19.  A potential explanation for many of these sites not reporting may be 
that they do not meet the 20,000 hour employee threshold required for reporting 
to NPRI on CAC emissions from fugitive sources, hence are only required to 
report combustion sources.  Given that VOCs are primarily from fugitive sources, 
this may explain some of the limited reporting of VOCs. 

• In 2011 the crude oil and crude bitumen batteries in the AER Bonnyville district 
(Athabasca – Cold Lake) processed 40.9 million m3 of oil, from in situ thermal 
sites and conventional extraction sites. The batteries separated 1,611 million m3 
of solution gas, of which 215 million m3 were vented20. Most of the vented gas is 
methane (a non-VOC), however it also contains lower levels of other 
hydrocarbons (such as those containing 3 to 7 carbon atoms); the latter are 
volatile organic compounds not excluded from the regulatory definition of VOC. 
A recent paper 21 summarized the gas composition of raw gas from various 
Alberta oil and bitumen formations (~60,000 samples). The VOC level of heavy 
oil solution gas averages 3.85 % v/v, as shown in Table 9-9, which is equivalent 
to 77 g VOC/m3 of vented gas. At this level, the gas vented in the AER Bonnyville 
district is estimated to contain 16,555 tonnes of VOC. This is much larger than 
the VOC reported by the thermal sites of this AER district (864 tonnes) and the 
conventional sites of the entire OS area (604 tonnes). 

 
Table 9-9.  Estimated VOC content of gas vented from heavy oil batteries 

 
 
 
 
 
 
 
 
 
 

• Environment and Climate Change Canada’s Pollutant Inventories and Reporting 
division  commissioned Clearstone Engineering Ltd to prepare a detailed 
‘bottom-up’ emission estimated estimate of most sectors of the Canadian 
upstream O&G industry. The final report was dated March 2014 and covered the 
2005 to 2011 period. It was an extension of a previous GHG and CAC inventory 
for the period 1990 through 2000, which was published by the Canadian 
Association of Petroleum Producers (CAPP) in 2005. The VOC emissions in the 

19  Based on Table 10-11 EIF for VOC.  
20 AER ST60B, Upstream Petroleum Industry Flaring and Venting Report, May 2012, page 61 
21 M. Johnson and A. Coderre, Composition and Greenhouse Gas Emission Factors of Flared and Vented Gas in the 
Western Canadian Sedimentary Basin, J. Air and Waste Manage. Assoc., Aug.2012, Se; 62(9):992-1002), Aug. 2012. 

VOC 
Species 

Gas fraction 
% v/v 

Molecular 
Weight 

C3 2.15 32 
C4 0.38 58 

NC4 0.61 58 
C5 0.41 72 
C6 0.15 86 

C7P 0.15 100 
Total 3.85 47.7 
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Clearstone reports are much higher than those reported to the NPRI.  The APEI 
has integrated the Clearstone estimates in the 2015 inventory that includes 
emission for 2013 and previous years to 1990.  This information was not 
available at the time of construction of the JOSM inventory.  Clearstone 
estimates of the CAC emissions from Alberta’s heavy oil cold production are 
shown in Table 9-1022, where the VOC total was given as 14,726 tonnes (which 
may be contrasted with the AER and NPRI estimates of 864 and 604 tonnes, and 
the AER Bonnyville estimate constructed here of 16,555 tonnes). 

 
Table 9-10.  2010 CAC emissions from heavy crude oil cold production in Alberta. 
Source NOx 

tonnes 
CO 

tonnes 
SO2 

tonnes 
VOC 

tonnes 
TPM 

tonnes 
H2S 

tonnes 
NH3 

tonnes 

Flaring 22 119 1 11 43 0 0 
Fuel combustion 7,901 9,601 72 199 126 0 20.7 
Fugitive equipment leaks 0 0 0 3,890 0 0 0 
Reported venting 0 0 0 7,153 0 0.3 0 
Storage tank losses 0 0 0 2,801 0 0 0 
Truck and rail loading 0 0 0 209 0 0 0 
Unreported venting 0 0 0 463 0 0 0 

TOTAL 7,923 9,720 73 14,726 169 0.4 20.7 
    
The associated Alberta production was approximately 13.5 million m3 23. The Table 9-10 
totals may thus be used to estimate Emission Intensity Factors (EIFs), listed in Table 9-
11. 
 
Table 9-11.  EIFs for heavy crude oil cold production. 

 
NOx 
g/m3 

CO 
g/m3 

SO2 
g/m3 

VOC 
g/m3 

TPM 
g/m3 

H2S 
g/m3 

NH3 
g/m3 

EIF 586 719 5 1,090 13 0.03 2 
 
In 2011 the cold heavy oil extraction in the OS area was 12.3 million m3 24, and the 
above EIFs may therefore be used to estimate the CAC emissions, as shown in Table 
9-12.  This method is similar to that used to estimate emissions over time in the oil and 
gas portion of the APEI. 
 

22 Clearstone Engineering Ltd, Volume 2, Overview of CAC and Other Priority Substance Emission Inventory, March 
2014, Table 26, page 191.  
23 Clearstone Engineering Ltd, Volume 2, Overview of CAC and Other Priority Substance Emission Inventory, March 
2014, Table 2, page 2. Cited 2011 value was 14,508 million m3.  
 
24 AER  ST53 Alberta In Situ Oil Sands Summary, 2011 
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Table 9-12.  2011 emissions from heavy crude oil cold production in the OS area, 
based on EIFs and cold heavy oil extraction totals 

NOx 
tonnes 

CO 
tonnes 

SO2 
tonnes 

VOC 
Tonnes 

TPM 
tonnes 

H2S 
tonnes 

NH3 
tonnes 

7,211 8,846 66 13,402 154 0.3 19 
  
The NOx and CO levels of Table 9-9 (NPRI) and Table 9-12 (Clearstone) are similar, 
with their average levels within ± 25% and ±20%. In contrast, the reported NPRI VOC 
emission level of 604 tonnes, represents only 3.6% and 4.8% of the values based on: a) 
the average composition of vented gas; and b) the ‘bottom-up’ Clearstone estimate, 
respectively.  Both sources of information thus suggest that the NPRI portion of VOC 
estimates used in the JOSM Inventory only account for a small fraction of the total VOC 
within this sector (about 4.5%, by comparing 604 tonnes in the NPRI to the 13,402 
tonnes estimated in Table 9-12).  However, the APEI 2010 estimates used in the JOSM 
Inventory include additional sources of VOC emissions beyond the NPRI; projections 
from 2000 Clearstone data.  Thus, while the attempt was made during the construction 
of the JOSM Inventory to include the most recent VOC data for emissions from this 
sector, these estimates should be updated in future work. 
 
Table 9-12 was based on a consistent estimate of each VOC emission pathway, in 
particular the VOC content of the vented gas, which is not reported to NPRI. In future 
updates to the emissions inventory, JOSM should consider the adoption of the 
Clearstone bottom-up estimates of Table 9-10, and/or the production-based estimates 
of Table 9-12 levels, as the best available values for this source type. 
 
The AER vs NPRI discrepancy regarding site locations, an example of which was 
shown in Figure 9-3, and the fact that currently the NPRI sites do not include production 
level, precludes the application of EIF calculated emissions to the NPRI sites. A 
possible temporary approach for their inclusion for air quality modelling purposes would 
be to prorate the values in Table 9-12 to the production of the AER defined sites shown 
in Figure 9-1.  Production levels for all cold heavy oil extraction sites in the OS area are 
available on monthly and annual basis. 
 
 
9.3 Conventional Gas Extraction and Processing Estimates 
 
Emissions from NG extraction and processing are reported to NPRI under the same 
NAICS code as conventional oil and gas extraction (211113), as most oil batteries 
produce both oil and associate gas. Other NAICS 211113 sites, such as dry and wet 
gas batteries, gas plants and compressor stations, are dedicated exclusively to gas 
extraction and processing. In 2011 NPRI there were 91 NAICS 211113 sites located in 
the OS area that were identified as gas sites from their narrative descriptions (i.e. gas 
plant; compressor; gas battery; etc.). Other activity codes identified 4 gas pipelines and 
one gas distribution system (NAICS 486210 and 221210, respectively). In total, 96 gas 
sites located in the OS area are included in the totals of Table 9-13. 
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Table 9-13.  CAC emissions from OS area gas plants, compressors and pipelines, 
2011 NPRI. 

SO2 
(tonnes) 

NOx 
(tonnes) 

CO 
(tonnes) 

VOC 
(tonnes) 

PM2.5 
(tonnes) 

82  4,339  3,444  70  5  
 
Table 9-13 figures were compared with estimates from alternate data sources including: 

a) CEMA Inventory (aka The Lower Athabasca Region Source and Emission 
Inventory) , compiled by Environ Inc., on behalf of  the Cumulative Environmental 
Management Association;  

b) The 2014 Canadian O&G Emission Inventory compiled by Clearstone 
Engineering Ltd, for emissions in 2011, on behalf of EC. 

c) AER publication ST50A  Gas Processing Plants, 2014 
d) AER publication ST110, Alberta Fuel Gas Efficiency in the Upstream Gas and 

Conventional Oil Industry, 2012  
e) AER publication ST13A_detailed, Annual Gas Plant Receipts, Dispositions and 

Process, 2013 
f) The 2010-2012 marketable gas production in Alberta and the OS area 25  

summarized in Table 9-14.  
 

Table 9-14.  Marketable gas production. 

Year Alberta 
million m3 

OS area 
million m3 

2010 107,300 7,008 

2011 102,400 6,242 

2012 96,800 4,782 
 
The alternate data source a) listed 234 gas emission sources (i.e. processing plants, 
compressor stations, etc.) in the Athabasca – Cold Lake OS area, and estimated their 
CAC emissions as shown in Table 9-15. 
 
Table 9-15.  CAC emissions from Lower Athabasca gas plants and compressors, 
2010 CEMA. 

SO2 
(tonnes) 

NOx 
(tonnes) 

CO 
(tonnes) 

VOC 
(tonnes) 

PM2.5 
(tonnes) 

782  27,144  22,346  1,544  369  
 
The alternate data source b) estimated the CAC emissions from upstream gas 
production as shown in Table 9-16 26. 

25  Petroleum Service Association of Canada (PSAC) data listed in AER ST98-2014_Natural Gas.xlsx. OS area was 
considered to be approximately equivalent to PSAC areas 6 + 4. 
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Table 9-16.  CAC emissions from Alberta upstream gas production, 2011 
Clearstone. 
Natural Gas Processing NOx 

tonnes 
CO 

tonnes 
SO2 

tonnes 
VOC 

tonnes 
TPM 

tonnes 
H2S 

tonnes 
NH3 

tonnes 

Flaring 112 610 6,764 77 219 198.9 0 

Fuel combustion 90,494 106,190 85,103 2,127 398 246.3 132.1 

Fugitive equipment leaks 0 0 0 1,228 0 1,392.2 7.2 

Glycol Dehydrator Off-
Gas 0 0 0 104 0 0 0 

Storage tank losses 0 0 0 537 0 .6 0 

Truck and rail loading 0 0 0 26 0 12.2 0 

Unreported venting 0 0 0 185 0 75.5 0 

Natural Gas Production        

Flaring 59 323 73 38 116 2.2 0 

Fuel combustion 172,278 224,638 20,045 3,733 705 7.7 42.3 

Fugitive equipment leaks 0 0 0 8,218 0 116.4 0 

Glycol Dehydrator Off-
Gas 0 0 0 7,026 0 0 0 

Storage tank losses 0 0 0 724 0 19.3 0 

Truck and rail loading 0 0 0 8,942 0 0 0 

Unreported venting 0 0 0 10,760 0 15.9 0 

TOTAL  262,943 331,760 111,986 43,726 1,436 2,087 181.6 

 
TPM is considered equivalent to PM2.5, as the reported emissions derive from the 
operation of gas fuelled reciprocating engines and other gas combustion sources.  The 
EIFs derived from the emission estimates of Tables 9-15 to 9-16, are listed in Table 9-
17.  The 2011 CAC emissions from upstream NG were estimated as listed in Table 9-
18. 
 
Table 9-17.  Upstream NG CAC EIFs, g/m3, 2011 Clearstone. 

Estimate SO2 
g/m3 

NOx 
g/m3 

CO 
g/m3 

VOC 
g/m3 

PM2.5 
g/m3 

NPRI 0.01 0.70 0.55 0.01 0.001 
CEMA 0.11 3.87 3.19 0.22 0.053 

Clearstone 1.04 2.45 3.09 0.41 0.01 
 

26 Clearstone Engineering Ltd, Volume 2, Overview of CAC and Other Priority Substance Emission Inventory, March 
2014, Table 26. 
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Table 9-18.  2011 CAC emissions from upstream NG in the study area. 
Estimate SO2 

tonnes 
N0x 

tonnes 
CO 

tonnes 
VOC 

tonnes 
PM2.5 

tonnes 

NPRI 82 4,339 3,444 70 5 
CEMA 687 24,156 19,849 1,373 330 

Clearstone 1,483 6,960 9,055 1,483 35 
 
With respect to SO2 levels it is worth mentioning that the aggregate SO2 emission limits 
for the gas plants in the OS area are equivalent to 9,283 tonnes of SO2 per year27; 
higher emissions levels are therefore possible than those reported, under the regulated 
limits.  Further investigation may be needed to resolve the large variation in emissions 
totals shown in Table 9-18. This observation was influential in selecting the Clearstone 
factors for the JOSM inventory.  It should be noted that the NPRI threshold for reporting 
SO2 emissions is a release of 20 tonnes, and that many of the NG facilities’ emissions 
are smaller than this threshold, hence are not reported to the NPRI.  Part of the purpose 
of the Clearstone inventory project was to collect the emissions data for these small 
facilities, since, as shown in Table 9-18, they contribute substantially to the total SO2 
emissions in the region. 
 
9.4 Comparison of Estimated Emissions with JOSM Inventory Emissions 
 
The recommended revisions to the oil sands region oil and gas emissions are 
summarized in Table 9-19. 
 
Table 9-19.  OS O&G CAC emissions 2011. 
Sub-Sector 
 
NPRI Non-conventional oil, 
A 

SO2 
tonnes 

NOx 
tonnes 

CO 
tonnes 

VOC 
tonnes 

PM2.5 
tonnes 

H2S 
tonnes 

NH3 
tonnes 

94,788 46,421 24,148 32,551 1,967 168 1,115 

OS NPRI conventional oil, B 0 10,118 11,022 604 159 0 0 
OS NPRI conventional gas, 
C 82 4,339 3,444 70 5 0 0 

OS NPRI total (A+B+C) 94,870 60,878 38,614 33,225 2,130 168 1,115 

Mine fleet addition, D 766 39,845 18,215 2,608 1,048 0 0 
Alternative conventional oil 
estimate, E 66 7,211 8,846 13,402 154 0.3 19 

Alternative conventional 
gas estimate, F 1,407 6,960 9,055 1,483 35 120 3 

Revised total (A+D+E+F) 97,027 100,437 60,264 49,968 3,203 1,137 1,145 
Potential Contribution (% 
emissions relative to OS 
NPRI alone) 

2% 65% 56% 50% 50% 12% 2% 

27 AER ST50B Gas Processing Plants, Nov. 2014 (OS gas plants cropped by coordinates)  
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The potential contribution due to these sources of emissions are substantial – future 
work should therefore make use of the above and additional information (e.g. the most 
recent Clearstone bottom-up estimates, and/or the estimates calculated here in Table 9-
12) to improve on the existing estimates of SNTBE site emissions. 
 
9.5 The Use of Observed Stack Parameters for Plume Rise Calculations 
 
CEMS measurements of SO2 and NOx are made at large stacks such as those present 
at the oil sands facilities – these are reported to the NPRI in the form of annual total 
emissions.  CEMS data are reported to AEP as hourly values and includes both the 
mass of emission and time-varying stack parameters, such as volume flow rate and 
stack gas temperature upon emission.  In the absence of the hourly emission data, 
representative temporal profiles must be used to split annual emissions into monthly 
then day of the week then hour of the day values, the latter being the requirement for air 
quality modelling.  A comparison of hourly CEMS emission data to the annual totals 
reported to the NPRI suggests that there may be significant differences between the 
hourly emissions generated through the use of the temporal profiles compared to the 
CEMS values at any given hour. 
 
The stack parameters are used within air quality models or emissions processing 
systems to determine the height to which the emitted pollutants are mixed in the 
atmosphere – once again, the use of reported values in the inventory for these 
parameters, as opposed to time-specific CEMS values, may have a substantial impact 
on the predicted pollutant dispersion.  An example is given below in Figure 9-4, for the 
Syncrude main stack (a-c).  The three images in Figure 9-4 show the vertical distribution 
of emitted SO2 mass injected into the vertical column at the Syncrude facility as a 
function of time, using different sources of emissions data. 
 
The two panels on the left (figure 9-4(a,b)) make use of CEMS hourly emissions 
measured during the given time period, but making use of CEMA (Figure 9-4(a)) and 
NPRI (Figure 9-4(b)) reported volume flow rates and stack temperatures.  On the 
bottom (Figure 9-4(c)) the same CEMS hourly emissions were used, but the observed 
volume flow rates and stack temperatures were also used in calculating the plume rise. 
The vertical distribution of emitted mass is significantly different between these 
simulations, with the observed stack parameters resulting in plumes that reach lower 
elevations and /or are more mixed downwards towards the surface.  This example 
shows that the use of observed stack parameters can have a significant influence on 
the predicted vertical distribution of mass and hence the accuracy of model predictions 
of the emitted compounds. 
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Figure 9-4.  Comparison of vertical distribution of emitted mass, Syncrude main 
stack, using volume flow rates and stack temperatures from (a) the CEMA 
Inventory, (b) NPRI, and (c) Continuous Emissions Monitoring. 
 
The importance of up to date and time resolved emissions information on model 
predictions is shown in Figure 9-5, which compares the extent of the model-predicted 
plumes of SO2 from study area sources at 10 UTC (4 am) August 20th, 2013.  The panel 
on the left (Figure 9-5(a)) shows the predictions for the plumes using CEMA2010 annual 
averages for SO2 emissions, while the panel on the right shows the model predictions 
for the same time, but using 2013 CEMs and other sources of time-specific data. 
 
Two notable changes can be seen between these panels; the reduction in magnitude of 
the plumes from Syncrude and Suncor (left plumes on both panels), and the increase in 
size of the CNRL plume (right plume on both panels).  The former reflects decreases in 
emissions as well as time specific CEMS data improvements, and the latter shows the 
impact of an unusual operating condition at CNRL during this period.  Both images 
show the importance of obtaining accurate time-resolved emissions data for the 
purposes of modelling. 
 

 
Figure 9-5.  Comparison of model predictions for plumes with SO2 concentrations 
greater than 10 ppbv, 10 UTC, August 20th, 2013.  (a) Using 2010 CEMA emissions 
(larger plume results from combined Syncrude and Suncor emissions). (b) Using 
2013 CEMS and other time-specific emissions data (larger plume is from CNRL 
facility).   
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Note that although usually only SO2 and NOx are measured using CEMS, the stack 
parameters will impact the vertical distribution of all pollutants emitted through the stack 
– these parameters will also influence the concentrations of species for which only 
annual reporting and profile information is available to create hourly emissions.  A 
recommendation from this work for future improvements to the JOSM and other 
inventories is therefore to include all available hourly CEMS information, emitted 
species mass as well as stack parameters, in the inventory database. 
 
9.6 Improvements to Biogenic Basal Emission Rates 
 
As noted in Chapter 8, emissions of VOCs and NO from biogenic sources (vegetation, 
rotting leaf matter) form an important source of background reactivity and ozone 
formation in the atmosphere.  Vegetation-type-specific basal emission rates, which are 
in turn linked to model-generated temperature and/or photosynthetically active radiation, 
are required in order to generate hourly emissions of these species.  Comparisons 
between JOSM aircraft-observed biogenic VOCs and modelled values suggested that 
the latter may be highly dependent on the source of basal emission rate data chosen in 
building the biogenic emissions. 
 
Biogenic volatile organic compounds can also react in the atmosphere and their 
products are precursors to the formation of secondary organic aerosol (SOA). One key 
class of biogenic VOCs with significant SOA formation potential is the monoterpenes 
(C10H16). Figure 9-6 illustrates the comparison between the model and aircraft 
measurements for monoterpenes for September, 4 at 2pm local time, using three 
different sets of data to generate monoterpene emissions. 
 
The aircraft flight track is shown as coloured dots, and the model predicted 
monoterpene concentrations at the altitude of 1000 m agl for (a) the “base case” 
standard JOSM biogenic emissions data, (b) revised monoterpene emissions based on 
Stroud et al (2008, 2010), and (c) scaled emissions.  For (c), the emission rates were 
scaled based on new satellite-derived leaf area index (LAI) climatology (10-day running 
average LAI based on three years, 2008 to 2010).  This data source reduces 
monoterpene peak concentrations, but also increases monoterpene background 
concentrations over the region.   
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Figure 9-6.  Predicted monoterpene concentrations at 1000m agl, (a) Base Case, 
(b) Stroud et al (2008, 2010), (c) Scaled biogenic emissions. 
 
Figure 9-7 shows the comparison between observed and simulated monoterpene 
concentrations along one of the cross-section portions of the flight track:  the base case 
emissions (b) result in concentrations which are biased high relative to observations (a), 
the Stroud et al (2008, 2010) values (c) are biased low, and the scaled values (d) are 
greatly improved relative to the observations.  The relative agreement with observations 
can be compared to the concentrations of the solely anthropogenic emitted toluene, 
Figure 8-4. 
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Figure 9-7.  Monoterpene concentrations along flight 19’s 2nd transect.  (a) 
Observed.  (b) Base Case GEM-MACH. (c) Stroud et al (2008, 2010).  (d) Scaled 
emissions. Compare to Figure 8-4. 
 
The impact of the differences in biogenic emissions data on the predicted Secondary 
Organic Aerosol (SOA) concentration are shown in Figure 9-8, where the background 
aerosol over predictions for the original emissions data (a) and the lower values of the 
Stroud et al (2008,2010) estimates (b), are both counterbalanced by the scaled 
emissions estimates (c).  Figure 9-9 shows the organic aerosol transect 2 values for 
observations and all three biogenic emissions estimation methods.  The observations of 
Figure 9-9 show PM1 organic aerosol concentrations up to 14 ug/m3. The increase in 
the modelled maximum SOA between these two simulations over the area of highest 
biogenic emission was from 2 ug/m3 to 7 ug/m3. 
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Figure 9-8.  Secondary organic aerosol concentrations, Flight 19, using (a) Base 
Case monoterpene emissions, (b) Stroud et al (2008,2010), (c) Scaled emissions. 
 
It should be noted that while the organic carbon in the aerosol is likely biogenic in origin, 
the production rate of the biogenic secondary organic carbon is influenced by the 
hydroxyl radical, OH. In turn, the OH radical is greatly increased in the plume because 
the of nitrogen oxide emissions from the facilities.  The secondary organic aerosol is 
thus formed due to a combination of biogenic and anthropogenic emissions. The SOA 
formed directly downwind of the facility region is not influenced as much by the change 
in monoterpene emissions. The modeled local SOA maximum is more coincident with 
the plumes from the facilities.  Also, it is important to note that SOA is still significantly 
under-predicted. Future work will study this case with a Lagrangian chemical box model. 
The processes learned and mechanisms developed will be implemented back into 
GEM-MACH to improve these simulations. 
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Figure 9-9.  Secondary organic aerosol values, Flight 19, transect 2.  (a) 
Observations.  (b) Base Case GEM-MACH.  (c) Stroud et al (2008, 2010).  (d) 
Scaled emissions.  Note that the scale for the observations differs from the three 
model panels:  observed maxima are a factor of 2 higher than observed. 
 
 
The model results for organic aerosol (OA) and pinene can also be compared 
statistically; this is done in Figure 9-10, with several error measures.  Pinene 
concentrations are still biased low (Figure 9-10(a), tabulated values; blue = original 
emissions, red = scaled new emissions), but the correlation coefficient of the model has 
improved.  Other pinene statistics were degraded slightly with the scaled emissions.  
However, all error statistics aside from the correlation improved for OA.  A key result of 
the monitoring intensive data currently being used to estimate emissions directly from 
observations (see next section) is the presence of significant amounts of pinene in the 
anthropogenic emissions – these are missing in the current JOSM Inventory, and may 
account for much of the pinene biases.  Future scenario simulations incorporating these 
emissions are planned for fiscal year 2015/16. 
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Figure 9-10.  Comparison of Flight 19 model performance for monoterpenes (left) 
and total organic aerosol (right) with Original and Scaled New emissions. 
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9.7 The Use of Aircraft Observations to Infer Emissions Magnitudes and 

Chemical Speciation  
 
The summer 2013 monitoring intensive study included aircraft observations of chemical 
concentrations in “box” flights around each facility.  The resulting chemical 
concentrations have been coupled to a simple dispersion model to predict the 
corresponding emissions of different observed species.  Blind tests of the system 
showed that the emissions of SO2 were predicted to within 25% using this methodology 
(Gordon et al, 2015).  The observation data collected also include speciated VOCs – 
these suggest that the VOC speciation from the facilities is likely to be very different 
from that assumed using VOC splitting profiles associated with oil sands facilities and 
processes in the JOSM Inventory.  The aircraft data are expected to provide valuable 
insight and improvements to both emissions totals and speciation (this work is 
underway at the time of writing of this report). 
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10 Recommendations for Further Study 
 
Some of the data gaps identified in the report could not be addressed completely due to 
timeline restrictions or just overall lack of available data and information.  These gaps 
have been identified in this chapter as areas for further study to continue to improve the 
JOSM Inventory.  Efforts will be made in future years not only to keep the JOSM 
Inventory current with changing sources and conditions, but also to further improve the 
inventory by addressed the remaining data gaps.  For the latter, further work could be 
carried out for section 3.3’s data gaps 2 (Emissions for stacks less than 50 m tall, see 
section 10.4), 5, 6 and 7 (Mine Fleet Emissions, see sections 10.1, 10.6 and 10.7), 8 
(Tailings Pond VOC Emissions, see section 10.5), 9 (VOC Speciation for Oil Sands 
Sources, see section 10.12), 10 (Temporal Profiles for Oil Sands Sources, see section 
10.13), 11 (Spatial Surrogates for Mining Operations, see sections 10.6 and 10.7).  
Other sections in this chapter also include recommendations resulting from new 
facilities expected to come on-line in the future (section 10.2), the limited scope of the 
inventory work to date (section 10.3), and uncertainties or opportunities for 
improvements identified under the work to date (remaining sections of this chapter).  
 
The following items thus have been identified as areas for further study: 
 
10.1 The use of Facility CO2 “Captive Fleet” Information to Estimate Off-Road 

Emissions 
 
In the ECCC greenhouse gas emissions reporting program (http://www.ec.gc.ca/ges-
ghg/default.asp?lang=En&n=83A34A7A-1), facilities must report CO2 emissions for their 
“captive fleets”. It therefore should be possible to obtain fleet information from 
greenhouse gas reports submitted to EC, in order to estimate off-road emissions in the 
future.   
 
10.2 New Facilities in the Study Area 
 
In order to keep the JOSM Inventory current, information on new facilities and emission 
sources that came on-line after 2010, including construction activities, will need to be 
incorporated into future versions of the JOSM Inventory. 
 
10.3 Coverage of the Oil Sands Regions 
 
The current JOSM Inventory focuses specifically on a study area covering part of the 
Athabasca oil sands region.  While the JOSM Inventory does include sources in the 
Peace River and Cold Lake oil sands regions, the treatment of these sources is not at 
the same level of detail as for the study area.  There may also be other sources of 
emissions information for these regions that need to be examined. 
 
Efforts should be made to expand the scope of the JOSM Inventory to include detailed 
source and emissions data for these regions.  For example, recent updates to the APEI 
include revised estimated emissions for upstream oil and gas sources based on the 
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recent Clearstone studies, revised on-road and off-road models, and new residential 
fuel wood combustion emissions estimates.  At the time of writing, Terms of Reference 
for an EC-led study of the oil sands emissions to complement the other work done by 
Clearstone for conventional oil, gas and in-situ bitumen facility information are being 
constructed. 
 
10.4 Stacks Less than 50 Metres in Height 
 
Emissions from stacks shorter than 50 metres outside of the study area are only 
included in the JOSM Inventory as part of facility totals, rather than as individual point 
sources.  This is because they are not reported to the NPRI as individual sources.  
These sources may represent a significant portion of emissions and, where possible, 
they should be added to the JOSM Inventory as separate sources along with their 
actual stack release parameters so that they can be treated as elevated sources rather 
than as surface sources. 
 
10.5 Tailings Pond VOC Emissions 
 
The reviewed oil sands inventories showed inconsistencies in the estimations of 
emissions from tailings ponds.  Real-world tailings pond VOC emission monitoring and 
access to special studies done by individual facilities are crucial for improving emissions 
inventories for the oil sands.  These and other studies (e.g. Small et al, 2015) should be 
reviewed and, if required, additional studies should be performed in order to improve the 
fugitive VOC emission estimates for the tailings ponds in the JOSM Inventory.  Efforts 
should also be made to improve the spatial allocations of the VOC emissions to the 
appropriate boundaries of each tailings pond.  As noted in Chapter 7, further GIS work 
should be carried out to link bulk VOC emissions from specific tailings ponds to VOC 
speciation profiles, where possible. 
 
10.6 Spatial Distribution of Off-Road Emissions 
 
The spatial distribution of off-road emissions in the JOSM Inventory currently assigns all 
the emissions to the mine-face locations and does not account for the movement to and 
from the mine faces.  Activity data capturing the actual or average movement and time 
spent at locations throughout the mine should be obtained to improve the spatial 
distributions of off-road emissions at the oil sands mining operations. 
 
10.7 Fugitive Dust from Mines 
 
The chemical speciation of fugitive dust from the mines has been assumed to be mostly 
“crustal material” (91.3%) in the JOSM Inventory, similar to wind-blown dust from other 
sources.  However, given the nature of the dust at the sites (which may contain some 
bitumen), the speciation should perhaps be adjusted to include primary organic carbon.  
This would require direct sampling of wind-blown dust at the sites to confirm the relative 
composition of the chemical components of the dust. This change should have a direct 
impact on the comparison with aircraft observed speciated PM.  

128 

 



  

 
Fugitive dust emission estimates from mines likely need improvement.  In particular, the 
locations and emitted dust quantities from mine faces and mining activities should be 
improved.   
 
10.8 Flaring and Venting 
 
The estimates for flaring and venting are currently taken from the 2010 ECCC Modelling 
Inventory and are scaled based on the 2000 UOG inventory for the upstream oil and 
gas sector.  As noted in Section 9.3, however, some uncertainties remain about the 
accuracy and coverage of the 2010 estimates.  Based on this information, collection of 
more detailed data on flaring and venting, particularly for smaller facilities, should be 
undertaken.  The estimates made in Section 9.3 could potentially be used to 
approximate the emissions from these sources. 
 
10.9 PAH Emissions from Gas Flaring 
 
Given the magnitude of PAH emissions reported to the NPRI by the oil sands facilities, it 
appears that PAH emissions from open flares may not be reported.  Efforts should be 
made to improve the estimates of PAHs from flares and PAH emissions should be 
incorporated into future versions of the JOSM Inventory. 
 
10.10 Spatial Surrogates for PM2.5 
 
The largest sources of PM2.5 may require improvements to the spatial surrogates being 
used for the oil sands regions.  Research should be carried out to ensure the 
representativeness of the spatial surrogates being used. 
 
10.11 Emission Splitting by Source 
 
When stack-level data are not available, splitting of emissions to individual sources may 
be required.  Research should be carried out to help improve the source profiles used 
for the splitting of facility totals to individual activities (and locations) at specific sites 
within facilities. 
 
10.12 VOC and PM Speciation 
 
The existing oil sands inventories have varying degrees and levels of completeness of 
VOC speciation data.  For example, the 2010 NPRI requires the reporting of 206 
specific volatile organic compounds, at various threshold levels, in addition to total VOC.  
Facility-specific profiles are, however, available within EC’s ancillary data to the NPRI 
VOC totals.  These in turn have been used to speciate the total VOCs in the JOSM 
Inventory on a per-facility basis.  Preliminary analysis of in-situ aircraft observations 
carried out by ECCC as part of the JOSM monitoring intensive suggest significant 
differences in the relative amount of VOCs observed at the different facilities in 
comparison to these per-facility splitting profiles.  Reconciling the observed and 
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assigned VOC splitting is therefore recommended for future work.  PM speciation has 
yet to be examined in a similar fashion, but may also need reconciliation between 
existing profiles and monitoring intensive observations. 
 
10.13 Temporal Profiles for Oil Sands Sources 
 
Further research and improvements are likely still required to ensure that representative 
temporal profiles are being assigned to major oil sands sources.  These profiles should 
be reviewed by the applicable oil sands facilities to help validate them and improve the 
representativeness of the temporal profiles used in the JOSM Inventory. 
 
10.14 Area and Mobile Estimates 
 
Some of the non-industrial area and mobile source emission estimates from 2010 have 
recently been revised.  Updated area and mobile sources should be obtained from 
Environment and Climate Change Canada and incorporated into the JOSM Inventory 
where appropriate. 
 
10.15 Source Lists and Emission Rates 
 
The review of the various existing oil sands inventories revealed differences in the 
emitting sources and their emission rates.  The current JOSM Inventory should be 
reviewed by each oil sands operator in the study area to confirm the source lists, 
locations, and emission numbers being used for their operations.  The operators are 
likely the best source to confirm and update this information. 
 
10.16 Additional Pollutants 
 
The scope of the JOSM Inventory was primarily determined by the requirements for the 
GEM-MACH modelling.  However, there have been numerous scientific research 
studies on the impacts of air emissions from the oil sands on the environment that cover 
pollutants not currently included in the JOSM Inventory.  In order to meet the goal of 
being a comprehensive inventory for the three oil sands development regions, efforts 
should be made to expand the scope of the JOSM Inventory to cover these pollutants.  
Research may be required to identify sources, conduct measurements, and estimate 
emissions of these pollutants from unique sources operating at oil sands facilities. 
 
10.17 Source Classification Codes 
 
Source Classification Codes for some oil sands sources may need to be improved, in 
that SCCs are at the moment all that are available to link specific facilities with profiles 
used to describe VOC speciation, temporal allocation, etc.  The assignment of 
appropriate SCCs are thus critical for air modelling, as they are used for profile 
assignment.  There is also a need for data collection at the process level for facilities, 
for linkage to process-specific SCCs.  A formal review should be carried out and used to 
improve the assignment of SCCs to oil sands sources. 
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10.18 Standardization of Classifications, Naming, and Coding 
 
The current JOSM Inventory was developed from several existing inventories.  Many of 
these use different source classifications, naming standards, and coding systems.  
Often these are inventory-specific and are not formally defined.  The current JOSM 
Inventory is therefore made up of a mixture of these classifications, names, and codes.  
Efforts should be made to ensure appropriate classifications and codes are used, and to 
formally define these when they are not defined elsewhere.  It is worth noting that the 
NPRI data and classification codes are publicly available – other inventories could 
capitalize on this by including NPRI IDs as a means of allowing easier cross-
referencing. 
 
10.19 Estimation Methods and Data Sources 
 
Some of the information used in the current JOSM Inventory does not have all of the 
supporting documentation that a high quality emissions inventory should contain.  There 
are many emission estimates where the estimation method is unknown, and sometimes 
the source of the data is unknown beyond which inventory it came from.  Efforts should 
be made to improve documentation and confirm where data came from and whether it is 
representative and accurate. 
 
10.20 Estimation of Hourly Fugitive VOC Emissions from Tailings Ponds and 

Mine Faces 
 
Currently fugitive VOC emissions from tailing ponds and mine faces are provided as 
annual totals in the inventory. A temperature-based monthly temporal profile was used 
to allocate the annual emissions to each month and weekly and diurnal temporal 
profiles were assumed to be constant.  For post-field study modelling, model-predicted 
or locally measured hourly temperature and wind speed may be used to estimate hourly 
fugitive VOC emissions if the dependence of fugitive VOC emission rate to temperature 
and wind speed is known or can be developed. 
 
10.21 Addition of Emissions from Wildfires to JOSM Inventory 
 
The JOSM Inventory does not currently include 2013 wildfire emissions.  These 
emissions should be added to the inventory. 
 
10.22 Reference 
 
Small, C.C., S. Cho, Z. Hashisho, A.C. Ulrich, Emissions from oil sands tailings ponds:  

Review of tailings pond parameters and emission estimates, J. Pet. Sci Eng., 
127, 490-501, 2015. 
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Appendix 1: JOSM Inventory Database Table Descriptions 
 
"OSRFacAdmin" Table 
 
Purpose of the table: To store the administrative information for all of the facilities included in 
the three oil sands development regions. 
 
Table Elements: 

Column Data Type Length Example of Data 
in Field 

Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

EPEA_Approval Number Double 26 The EPEA Approval Number. 
NPRI Number Double 2274 The NPRI ID number. 
Company_Name Text 255 Syncrude Canada 

Ltd. 
The name of the company that 
owns/operators the facility. 

Facility_Name Text 255 Mildred Lake The name of the facility. 
LONG_DEC Number Double -111.616454 The longitude of the point 

representing the facility in NAD 
83. 

LATI_DEC Number Double 57.043769 The latitude of the point 
representing the facility in NAD 
83. 

CITY Text 255 Fort McMurray The city in which the facility is 
located (if applicable). 

PROVSTATE Text 255 AB The province in which the facility 
is located. 

FIPS Number Double 48902 The Federal Information 
Processing Standard (FIPS) code 
for sources in the province of 
Alberta (new codes were added to 
the standard FIPS codes to 
facilitate emissions processing for 
JOSM sources).   

ERCB Text 255  ABOS0077533 The ERCB / Alberta Energy 
Regulator ID numbers (if 
applicable). 

CLASS_CAT Number Double 1 The Environment and Climate 
Change Canada APEI category 
code ID number. 

CLASS_CAT_DESCR Text 255 Industrial Sources The Environment and Climate 
Change Canada APEI category 
code ID text description. 

CLASS_CODE Number Double 120 The Environment and Climate 
Change Canada APEI class code 
ID number. 

CLASS_CODE_DESCR Text 255 Upstream 
Petroleum 
Industry 

The Environment and Climate 
Change Canada APEI class code 
ID text description. 
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SUB_CLASS_CODE Number Double 12009 The Environment and Climate 
Change Canada APEI subclass 
code ID number. 

SUB_CLASS_CODE_DESCR Text 255 Bitumen and 
Heavy Oil 
Upgrading 

The Environment and Climate 
Change Canada APEI subclass 
code ID text description. 

NAICS Number Double 211114 The North American Industry 
Classification System (NAICS) 
code. 

NAICS_E Text 255 Non-Conventional 
Oil Extraction 

The text description of the NAICS 
code. 

SIC_CODE Number Double 3100 The Standard Industry 
Classification (SIC) identification 
number of the facility. 

OS_Facility_Type Text 255 Mining-Upgrader The type of oil sands facility (if 
applicable) 

FIELDNO Number Double 34 The oil sands region field code. 
FIELDNAME Text 255 ATHABASCA Oil 

Sands 
The oil sands region field English 
name. 

CSDUID Number Double 4816037 The 2006 census subdivision 
identification number. 

CSDNAME Text 255 Wood Buffalo The 2006 census subdivision 
name. 

CSDTYPE Text 255 RGM The 2006 census subdivision 
type. 

CDUID Number Double 4816 The 2006 census division 
identification number. 

CDNAME Text 255 Division No. 16 The 2006 census division name. 
CDTYPE Text 255 CDR The 2006 census division type. 
CMAUID Number Double 860 The 2006 census metropolitan 

area identification number. 
CMANAME Text 255 Wood Buffalo The 2006 census metropolitan 

area name. 
LUF_REGION Text 255 Lower Athabasca The Land-Use Framework Region 

the facility falls in. 
Concat_ID Text 255 2274_Syncrude 

Canada 
Ltd._Mildred Lake 

The unique identifier key 
generated for the facility for 
relating the database tables. 
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"OSRegionPoint" Table 
 
Purpose of the table: To store the point source parameters and emissions for the larger 
facilities included in the three OS development regions. 
 
Table Elements: 
Column Data Type Length Example of Data 

in Field 
Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

EPEA_Approval Number Double 26 The EPEA Approval Number. 
NPRI Number Double 2274 The NPRI ID number. 
Company_Name Text 255 Syncrude Canada 

Ltd. 
The name of the company that 
owns/operators the facility. 

Facility_Name Text 255 Mildred Lake The name of the facility. 
Source_Number Number Double 137 The identification number of the 

source. 
Source_Name Text 255 Main Stack 

(existing/operating) 
The name of the source. 

SCC Text 255 10100801 The Source Classification Code 
(SCC). 

SCC_Description Text 255 External 
Combustion 
Boilers, Electric 
Generation, 
Petroleum Coke, All 
Boiler Sizes 

The English description of the 
Source Classification Code. 

Source_Type Text 255 Stack The type of the source. 
STKHGT_metres Number Double 183.0 The height of the stack in 

metres. 
STKDIAM_metres Number Double 7.9 The diameter of the stack in 

metres. 
STKTEMP_Kelvin Number Double 513.2 The temperature of the stack 

release in Kelvin. 

STKVEL_metrespersecond Number Double 28.8 The velocity of the stack release 
in metres per second. 

LONG_DEC Number Double -111.615814 The longitude of the point 
representing the facility in NAD 
83. 

LATI_DEC Number Double 57.040934 The latitude of the point 
representing the facility in NAD 
83. 

POLL Text 255 CO The pollutant. 
ANN_EMISS_Metric_tonnes Number Double 1264.376496 The annual emission rate of the 

pollutant in metric tonnes. 

CITY Text 255 Fort McMurray The city the facility is located in 
(if applicable). 
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PROVSTATE Text 255 AB The province the facility is 
located in. 

FIPS Number Double 48902 The Federal Information 
Processing Standard (FIPS) 
code for the province of Alberta 
(new codes were added to the 
standard FIPS codes to facilitate 
emissions processing for JOSM 
sources). 

ERCB Text 255  ABOS0077533 The ERCB / Alberta Energy 
Regulator ID numbers (if 
applicable). 

CLASS_CAT Number Double 1 The Environment and Climate 
Change Canada APEI category 
code ID number. 

CLASS_CAT_DESCR Text 255 Industrial Sources The Environment and Climate 
Change Canada APEI category 
code ID text description. 

CLASS_CODE Number Double 120 The Environment and Climate 
Change Canada APEI class 
code ID number. 

CLASS_CODE_DESCR Text 255 Upstream 
Petroleum Industry 

The Environment and Climate 
Change Canada APEI class 
code ID text description. 

SUB_CLASS_CODE Number Double 12009 The Environment and Climate 
Change Canada APEI subclass 
code ID number. 

SUB_CLASS_CODE_DESCR Text 255 Bitumen and Heavy 
Oil Upgrading 

The Environment and Climate 
Change Canada APEI subclass 
code ID text description. 

NAICS Number Double 211114 The North American Industry 
Classification System (NAICS) 
code. 

NAICS_E Text 255 Non-Conventional 
Oil Extraction 

The text description of the 
NAICS code. 

SIC_CODE Number Double 1010 The Standard Industry 
Classification (SIC) identification 
number of the facility. 

OS_Facility_Type Text 255 Mining-Upgrader The type of oil sands facility (if 
applicable) 

Year_of_Data Number Double 2010 The calendar year of the data. 
Emissions_Data_Source Text 255 CEMA Inventory The source of the emission 

value. 

Stack_Parameter_Data_Source Text 255 CEMA Inventory The source of the stack 
parameters. 

FIELDNO Number Double 34 The oil sands region field code. 
FIELDNAME Text 255 ATHABASCA Oil 

Sands 
The oil sands region field 
English name. 

CSDUID Number Double 4816037 The 2006 census subdivision 
identification number. 

CSDNAME Text 255 Wood Buffalo The 2006 census subdivision 
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name. 
CSDTYPE Text 255 RGM The 2006 census subdivision 

type. 
CDUID Number Double 4816 The 2006 census division 

identification number. 
CDNAME Text 255 Division No. 16 The 2006 census division name. 
CDTYPE Text 255 CDR The 2006 census division type. 
CMAUID Number Double 860 The 2006 census metropolitan 

area identification number. 
CMANAME Text 255 Wood Buffalo The 2006 census metropolitan 

area name. 
LUF_REGION Text 255 Lower Athabasca The Land-Use Framework 

Region the facility falls in. 
Concat_ID Text 255 2274_Syncrude 

Canada 
Ltd._Mildred Lake 

The unique identifier key 
generated for the facility for 
relating the database tables. 
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"OSRegionNonPoint" Table 
 
Purpose of the table: To store the non-point source parameters and emissions for the larger 
facilities included in the three OS development regions. 
 
Table Elements: 
Column Data Type Length Example of Data 

in Field 
Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

EPEA_Approval Number Double 26 The EPEA Approval Number. 
NPRI Number Double 2274 The NPRI ID number. 
Company_Name Text 255 Syncrude Canada 

Ltd. 
The name of the company that 
owns/operators the facility. 

Facility_Name Text 255 Mildred Lake The name of the facility. 
Source_Number Number Double 22 The identification number of the 

source. 
Source_Name Text 255 Mine Fleet The name of the source. 
SCC Text 255 2270002000 The Source Classification Code 

(SCC). 
SCC_Description Text 255 Mobile Sources, 

Off-highway 
Vehicle Diesel, 
Construction and 
Mining 
Equipment, Total 

The English description of the 
Source Classification Code. 

Source _Type Text 255 Mine Fleet The type of the source. 
LONG_DEC Number Double -111.505835 The longitude of the point 

representing the facility in NAD 
83. 

LATI_DEC Number Double 57.295836 The latitude of the point 
representing the facility in NAD 
83. 

POLL Text 255 CO The pollutant. 
ANN_EMISS_Metric_tonnes Number Double 1930.507811 The annual emission rate of the 

pollutant in metric tonnes. 

CITY Text 255 Fort McMurray The city the facility is located in (if 
applicable). 

PROVSTATE Text 255 AB The province the facility is located 
in. 

FIPS Number Double 48902 The Federal Information 
Processing Standard (FIPS) code 
for the province of Alberta (new 
codes were added to the standard 
FIPS codes to facilitate emissions 
processing for JOSM sources). 

ERCB Text 255  ABOS0077533 The ERCB / Alberta Energy 
Regulator ID numbers (if 
applicable). 
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CLASS_CAT Number Double 3 The Environment and Climate 
Change Canada APEI category 
code ID number. 

CLASS_CAT_DESCR Text 255 Mobile Sources The Environment and Climate 
Change Canada APEI category 
code ID text description. 

CLASS_CODE Number Double 310 The Environment and Climate 
Change Canada APEI class code 
ID number. 

CLASS_CODE_DESCR Text 255 Off-road use of 
diesel 

The Environment and Climate 
Change Canada APEI class code 
ID text description. 

SUB_CLASS_CODE Number Double 31006 The Environment and Climate 
Change Canada APEI subclass 
code ID number. 

SUB_CLASS_CODE_DESCR Text 255 Off-road use of 
diesel - 
Construction and 
Mining Equipment 
- UOG 

The Environment and Climate 
Change Canada APEI subclass 
code ID text description. 

NAICS Number Double 211114 The North American Industry 
Classification System (NAICS) 
code. 

NAICS_E Text 255 Non-Conventional 
Oil Extraction 

The text description of the NAICS 
code. 

SIC_CODE Number Double 3100 The Standard Industry 
Classification (SIC) identification 
number of the facility. 

OS_Facility_Type Text 255 Mining-Upgrader The type of oil sands facility (if 
applicable) 

Year_of_Data Number Double 2010 The calendar year of the data. 
Emissions_Data_Source Text 255 CEMA Inventory The source of the emission value. 

Stack_Parameter_Data_Source Text 255 CEMA Inventory The source of the stack 
parameters. 

FIELDNO Number Double 34 The oil sands region field code. 
FIELDNAME Text 255 ATHABASCA Oil 

Sands 
The oil sands region field English 
name. 

CSDUID Number Double 4816037 The 2006 census subdivision 
identification number. 

CSDNAME Text 255 Wood Buffalo The 2006 census subdivision 
name. 

CSDTYPE Text 255 RGM The 2006 census subdivision 
type. 

CDUID Number Double 4816 The 2006 census division 
identification number. 

CDNAME Text 255 Division No. 16 The 2006 census division name. 
CDTYPE Text 255 CDR The 2006 census division type. 
CMAUID Number Double 860 The 2006 census metropolitan 

area identification number. 

138 

 



  

CMANAME Text 255 Wood Buffalo The 2006 census metropolitan 
area name. 

LUF_REGION Text 255 Lower Athabasca The Land-Use Framework Region 
the facility falls in. 

Concat_ID Text 255 2274_Syncrude 
Canada 
Ltd._Mildred Lake 

The unique identifier key 
generated for the facility for 
relating the database tables. 

 
"UOG" Table 
 
Purpose of the table: To store the stack and emissions information for the smaller upstream 
oil & gas facilities in the three OS development regions. 
 
Table Elements: 
Column Data Type Length Example of Data in 

Field 
Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID 
key. 

EPEA Approval Number Double 26 The EPEA Approval Number. 
NPRI Number Double 2274 The NPRI ID number. 
Company_Name Text 255 GULF AEC TROUT 3-

23-090-03W5 
The name of the company 
that owns/operators the 
facility. 

Facility_Name Text 255 GULF AEC TROUT 3-
23-090-03W5 

The name of the facility. 

Source_Number Number Double 277 The identification number of 
the source. 

Source_Name Text 255 COMB_PROP_Propane The name of the source. 

SCC Text 255 10201002 The Source Classification 
Code (SCC). 

SCC_Description Text 255 External Combustion 
Boilers, Industrial, 
Liquified Petroleum Gas 
(LPG), Propane 

The English description of 
the Source Classification 
Code. 

Source_Type Text 255 Combustion The type of the source. 
STKHGT_metres Number Double 5.148072 The height of the stack in 

metres. 
STKDIAM_metres Number Double 0.268224 The diameter of the stack in 

metres. 
STKTEMP_Kelvin Number Double 514.4277778 The temperature of the stack 

release in Kelvin. 

STKVEL_metrespersecond Number Double 2.526792 The velocity of the stack 
release in metres per 
second. 

LON_DEC Number Double -114.363 The longitude of the point 
representing the facility in 
NAD 83. 

139 

 



  

LAT_DEC Number Double 56.81561 The latitude of the point 
representing the facility in 
NAD 83. 

POLL Text 255 CO The pollutant. 
ANN_EMISS_Metric_tonnes Number Double 0.000537951 The annual emission rate of 

the pollutant in metric tonnes. 

CITY Text 255 Edmonton The city the facility is located 
in (if applicable). 

PROVSTATE Text 255 AB The province the facility is 
located in. 

FIPS Number Double 48017 The Federal Information 
Processing Standard (FIPS) 
code of the federal of the 
province of Alberta. 

ERCB Text 255  ABOS0077533 The ERCB / Alberta Energy 
Regulator ID numbers (if 
applicable). 

CLASS_CAT Number Double 1 The Environment and 
Climate Change Canada 
APEI category code ID 
number. 

CLASS_CAT_DESCR Text 255 Industrial Sources The Environment and 
Climate Change Canada 
APEI category code ID text 
description. 

CLASS_CODE Number Double 120 The Environment and 
Climate Change Canada 
APEI class code ID number. 

CLASS_CODE_DESCR Text 255 Upstream Petroleum 
Industry 

The Environment and 
Climate Change Canada 
APEI class code ID text 
description. 

SUB_CLASS_CODE Number Double 12001 The Environment and 
Climate Change Canada 
APEI subclass code ID 
number. 

SUB_CLASS_CODE_DESCR Text 255 Crude Oil and Natural 
Gas Production and 
Processing 

The Environment and 
Climate Change Canada 
APEI subclass code ID text 
description. 

NAICS Number Double 211113 The North American Industry 
Classification System 
(NAICS) code. 

NAICS_E Text 255 Conventional Oil & Gas 
Extraction 

The text description of the 
NAICS code. 

SIC_CODE Number Double 3100 The Standard Industry 
Classification (SIC) 
identification number of the 
facility. 

OS_Facility_Type Text 255 Mining-Upgrader The type of oil sands facility 
(if applicable) 

Year_of_Data Number Double 2010 The calendar year of the 
data. 
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Emissions_Data_Source Text 255 2000 Clearstone 
Inventory grown to 2010 
by EC 

The source of the emission 
value. 

Stack_Parameter_Data_Source Text 255 SMOKE Defaults Based 
on SCC 

The source of the stack 
parameters. 

FIELDNO Number Double 34 The oil sands region field 
code. 

FIELDNAME Text 255 ATHABASCA Oil Sands The oil sands region field 
English name. 

CSDUID Number Double 4817031 The 2006 census subdivision 
identification number. 

CSDNAME Text 255 Opportunity No. 17 The 2006 census subdivision 
name. 

CSDTYPE Text 255 MD The 2006 census subdivision 
type. 

CDUID Number Double 4817 The 2006 census division 
identification number. 

CDNAME Text 255 Division No. 17 The 2006 census division 
name. 

CDTYPE Text 255 CDR The 2006 census division 
type. 

CMAUID Number Double 860 The 2006 census 
metropolitan area 
identification number. 

CMANAME Text 255 Wood Buffalo The 2006 census 
metropolitan area name. 

LUF_REGION Text 255 Lower Peace The Land-Use Framework 
Region the facility falls in. 

Concat_ID Text 255 277_GULF AEC TROUT 
3-23-090-03W5_GULF 
AEC TROUT 3-23-090-
03W5 

The unique identifier key 
generated for the facility for 
relating the database tables. 

 
"OSRFacTotals" Table 
 
Purpose of the table: To store the total emissions for the facilities included in the three OS 
development regions. 
 
Table Elements: 
Column Data Type Length Example of Data in 

Field 
Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

EPEA_Approval Number Double 115 The EPEA Approval Number. 
NPRI Number Double 223 The NPRI ID number. 
UOG_ID Number Double 277 The upstream oil and gas source 

identification number. 
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Company_Name Text 255 Daishowa-Marubeni 
International Ltd-
Peace River Pulp 

The name of the company that 
owns/operators the facility. 

Facility_Name Text 255 Peace River Pulp 
Division 

The name of the facility. 

FIELDNAME Text 255 PEACE RIVER OS 
AREA #2 

The oil sands region field English name. 

CO_tonnes Number Double 2638.943121 The annual emission rate of CO in metric 
tonnes. 

NH3_tonnes Number Double 119.3197754 The annual emission rate of NH3 in 
metric tonnes. 

NOX_tonnes Number Double 889.5428717 The annual emission rate of NOx in 
metric tonnes. 

PM10_tonnes Number Double 275.4817727 The annual emission rate of PM10 in 
metric tonnes. 

PM2_5_tonnes Number Double 175.6070985 The annual emission rate of PM2.5 in 
metric tonnes. 

SO2_tonnes Number Double 1105.18766 The annual emission rate of SO2 in 
metric tonnes. 

VOC_tonnes Number Double 7.707289144 The annual emission rate of VOC in 
metric tonnes. 

ALD2_tonnes Number Double 7.707289144 The annual emission rate of ALD2 in 
metric tonnes. 

ALKA_tonnes Number Double 3.585779227 The annual emission rate of ALKA in 
metric tonnes. 

ALKE_tonnes Number Double 7.903671961 The annual emission rate of ALKE in 
metric tonnes. 

AROM_tonnes Number Double 7.707289144 The annual emission rate of AROM in 
metric tonnes. 

C2H6_tonnes Number Double 7.707289144 The annual emission rate of C2H6 in 
metric tonnes. 

C3H8_tonnes Number Double 130.6731216 The annual emission rate of C3H8 in 
metric tonnes. 

CH4_tonnes Number Double 7.707289144 The annual emission rate of CH4 in 
metric tonnes. 

CRES_tonnes Number Double 7.707289144 The annual emission rate of CRES in 
metric tonnes. 

ETHE_tonnes Number Double 7.707289144 The annual emission rate of ETHE in 
metric tonnes. 

HCHO_tonnes Number Double 1.026689093 The annual emission rate of HCHO in 
metric tonnes. 

ISOP_tonnes Number Double 7.707289144 The annual emission rate of ISOP in 
metric tonnes. 
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MEK_tonnes Number Double 5.342546104 The annual emission rate of MEK in 
metric tonnes. 

OTHER_tonnes Number Double 7.707289144 The annual emission rate of OTHER in 
metric tonnes. 

TOLU_tonnes Number Double 7.707289144 The annual emission rate of TOLU in 
metric tonnes. 

Concat_ID Text 255 223_Daishowa-
Marubeni 
International Ltd-
Peace River 
Pulp_Peace River 
Pulp Division 

The unique identifier key generated for 
the facility for relating the database 
tables. 

 
"NAICS" Table 
 
Purpose of the table: To store the NAICS codes and English text descriptions. 
 

 
Table Elements: 
Column Data Type Length Example of Data in 

Field 
Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

NAICS_CODE Number Double 211113 The North American Industry 
Classification System (NAICS) code. 

NAICS_E Text 255 Conventional Oil & 
Gas Extraction 

The text description of the NAICS code. 

 
"SCC" Table 
 
Purpose of the table: To store the source classification codes and text descriptions for the 
different SCC levels. 
 
Table Elements: 
Column Data Type Length Example of Data 

in Field 
Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

Source_Classification_Code Text 255 10100101 The Source Classification Code 
(SCC). 

Data_Category Text 255 Point The type of source being 
represented. 

Short_Name Text 255 Ext Comb 
/Electric Gen 
/Anthracite Coal 
/Pulverized Coal 

The short name of the SCC. 
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EI_Sector Text 255 Fuel Comb - 
Electric 
Generation - Coal 

The EPA emissions inventory 
sector of the SCC. 

SCC_Level_One Text 255 External 
Combustion 
Boilers 

The level one description of the 
SCC. 

SCC_Level_Two Text 255 Electric 
Generation 

The level two description of the 
SCC. 

SCC_Level_Three Text 255 Anthracite Coal, 
Pulverized 

The level three description of 
the SCC. 

SCC_Level_Four Text 255 Boiler The level four description of the 
SCC. 

SCC_Combined Text 255 External 
Combustion 
Boilers, Electric 
Generation, 
Anthracite Coal, 
Pulverized, Boiler 

The full English text description 
of the Source Classification 
Code. 

 
"ClassSubclass" Table 
 
Purpose of the table: To store the class and subclasses used in the JOSM Inventory 
Database. 
 
Table Elements: 

Column Data Type Length Example of Data 
in Field 

Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

CLASS_CAT Number Double 1 The Environment and Climate 
Change Canada APEI category 
code ID number. 

CLASS_CAT_DESCR Text 255 Industrial Sources The Environment and Climate 
Change Canada APEI category 
code ID text description. 

CLASS_CODE Number Double 120 The Environment and Climate 
Change Canada APEI class 
code ID number. 

CLASS_CODE_DESCR Text 255 Upstream 
Petroleum 
Industry 

The Environment and Climate 
Change Canada APEI class 
code ID text description. 

SUB_CLASS_CODE Number Double 12001 The Environment and Climate 
Change Canada APEI subclass 
code ID number. 

SUB_CLASS_CODE_DESCR Text 255 Crude Oil and 
Natural Gas 
Production and 
Processing 

The Environment and Climate 
Change Canada APEI subclass 
code ID text description. 
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"DataSources" Table 
 
Purpose of the table: To provide descriptions of the data sources used in the JOSM Inventory 
Database. 
 
Table Elements: 

Column Data Type Length Example of Data 
in Field 

Description 

ID AutoNumber Long 
Integer 

1 The inventory database ID key. 

Data_Source Text 255 2000 Clearstone 
Inventory grown to 
2010 by EC 

The source of the data. 

Author_Owner Text 255 Clearstone 
Engineering, 
prepared for CAPP 
and Environment 
and Climate 
Change Canada 

The author or the owner of the 
inventory dataset that was used. 

Dataset_Report_Name Text 255 A National 
Inventory of 
Greenhouse Gas 
(GHG), Criteria Air 
Contaminant (CAC) 
and Hydrogen 
Sulphide (H2S) 
Emissions by the 
Upstream Oil and 
Gas Industry 

The name of the inventory dataset 
or report that was used. 

Date Text 255 September 2014 The date of the inventory dataset or 
report. 
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