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Heavy Oil Vent Mitigation Options - 2015 
 
Executive Summary 

 

This report describes the various types of primary heavy oil operations found in Western 
Canada, which combined are responsible for venting 4-5 MtCO2eq per year of GHG 
emissions, mainly in the form of methane, which constitutes a significant reduction target for 
either Federal or Provincial Policy.  Some key summary observations found in this report are 
that: 

 Development Options - There are at least five main types of primary heavy oil 
development options in use in Western Canada at the current time.  Some options are 
driven solely by the properties of the resources being developed, while others are driven 
by economic choices for efficient heavy oil production. 

 Technology is Available for Conservation or Conversion – Even for low volumes of 
surplus produced gas, not required for use as on-site fuel, there are technology options 
which may be applied at all scales of operation.  The author believes that there is a wide 
range of technology options now available, which could significantly reduce GHG 
emissions and increase gas conservation, from these sources at a very low cost 
compared to the option of using Carbon, Capture and Sequestration at some larger point 
sources, such as the Shell Quest Project. 

 Producer Motivation is Necessary to Effect Change – Current regulations and 
incentives do not appear to provide sufficient motivation for producers to conserve 
produced gas, or to reduce GHG impacts, in operations (mainly CHOPS area) where 
there is only methane being emitted.  Where odour concerns are present, the same types 
of emissions are being conserved or converted, as operators have no choice, as the 
reduction activities become a requirement for them to be allowed to produce oil from 
those sites, so become part of the oil production economics.  In general, mandatory 
conservation or conversion should not be a major economic barrier for heavy oil 
economics.  The following five conclusions are proposed based on the trends and options 
currently available for CHOPS producers: 

o Conclusion #1 – Regulation is needed to motivate companies with large solution 
vent or flare volumes, to adopt existing technologies to reduce methane vent and 
flare emissions. 

o Conclusion #2 – Conservation of solution gas should be considered as an integral 
part of oil production, so the costs of conservation and/or emissions reduction are 
part of the economics of oil production, just as costs for health, safety and other 
environmental impacts are.  As part of oil economics the cost to mitigate emissions 
is small compared to the total investment and revenue streams, even if incremental 
gas recovery economics are low or negative. 

o Conclusion #3 – If economics are only to be based on gas conservation, on a 
stand alone basis, then there should at least be a requirement to make those 



 

economic calculations based on proactively including all gas from the start of 
production, with facilities installed during initial construction, not waiting for later 
phase GOR estimations, which historically suffer from low measurement quality, 
and which also miss most of the produced gas, which is emitted in the first 1-3 
years of oil production. 

o Conclusion #4 – To properly assess economics, regulations and options, 
consistent standards are needed to ensure that GORs developed are true 
indications of produced gas volumes, and that other uses of gas for fuel are 
optimized and minimized based on efficient fuel use, to determine the true volumes 
of surplus gas available for conservation. 

o Conclusion #5 – Enough technologies are available now so the focus should be 
on motivating large-scale and proactive implementation of those options, as 
appropriate, rather than hoping for low cost breakthroughs, which are only applied 
reactively, after most of the solution gas is gone. 

 Importance of Appropriately Assessing Total Gas Volumes Produced and Used by 
Production Sites – Since gas volumes on these sites are not currently measured on a 
daily basis, the methods and procedures used by producers to estimate a base Gas Oil 
Ratio (GOR) for each site, and the volumes used as fuel are critical to establishing how 
much produced gas is available for potential capture, vs. being emitted by flaring and/or 
venting.  A set of proposed vent quantification standards were developed in 2004, but do 
not appear to have been widely implemented by the industry.  Current reactive regulations 
result in much of the vent gas being emitted before economic conservation is assessed 
for a site. More rigorous standards for determining produced gas and vent volumes, and 
assessing economics based on typical well gas production on a proactive basis could 
result in more gas being conserved under Alberta’s Directive 60 and similar regulation in 
Saskatchewan. 



 

1. Project Description 

The purpose of this Project is to describe and characterize primary heavy oil operations in 
western Canada, describe the facilities and on-site resources available on each site, and how 
these impact the emissions of gases from the sites.  It then provides information on methods 
to manage and mitigation the gas emissions through a range of development, operational 
and mitigation options. 

1.1. Objectives and Benefits 

The objectives of the Project were: 

 To describe the wide range of heavy oil operations now underway and the 

production processes being used in western Canada; 

 To characterize the range of raw products extracted and removed from various 

types of heavy oil production sites, which are currently in operation; 

 To explain why production sites are designed in the way that they are for typical 

heavy oil operations; 

 To follow the typical development stages in heavy oil operations, from drilling to 

abandonment, and how the air emissions vary with the stage of development; 

 To discuss high level cost and economic factors associated with heavy oil 

developments which impact design and operational decisions; and finally; 

 To identify equipment which might typically be found on heavy oil production sites, 

and describe the key operating variables, which impact air emissions.  

The benefits of conducting this project are: 

 To inform potential policies or initiatives by providing an overview of the primary 

(non-thermal) heavy oil sector, which is a major emitter of methane in the upstream 

oil and gas industry, and which may contribute to other air emissions; 

 To provide an update on progress in reducing or mitigating vent gas emissions over 

the past 15 years; 

 To identify technologies, opportunities and barriers to further capture of air 

emissions, particularly methane from primary heavy oil operations; and 

 To describe specific options available to the industry to reduce emissions by 

various means, in a range of operational scenarios and facility configurations. 

1.2. Background Studies 

This report builds on a number of projects and studies undertaken by New Paradigm 
Engineering Ltd (NPEL), or with NPEL involvement, supported by the Petroleum Technology 
Alliance Canada (PTAC), and a wide range of government organizations, industry 
associations, individual producers, innovators, vendors, supplies and service companies over 
the past 15 years.  These projects are too numerous to list here but are provided in the 



 

references with links provided, where available.  The main areas covered by the prior projects 
are: 

 Vent Option Studies (2000-2002) – These were a series of studies which 
attempted to find and provide basic “one page” option descriptions for technologies 
which could potentially be utilized for mitigating all known sources of methane 
vents from upstream and midstream oil and gas operations in Western Canada.  
The option listings were made publicly available through PTAC and NPEL, and 
were also the basis for a number of courses held in Calgary and Lloydminster in 
2001-2002.  Separate lists of options were prepared for: 

o Conventional Heavy Oil – Phase 1a (with an Update) – The original basis 
for the current report focused on methane and odour emissions from primary 
conventional heavy oil sites in the Lloydminster region, which were, and 
remain, the major methane venting sources.  The project also included 
spreadsheet tools and distribution of CD’s with all the vent option studies 
and tools. 

o Thermal Heavy Oil – Phase 1b – Looked at energy reduction options in 
thermal operations in heavy oil areas. 

o Oil and Gas Production Facilities – Phase 2a – Covered venting sources 
from oil and gas field facilities (excluding compression). 

o Gas Compression and Plant Facilities - Phase 2b – Mainly included 
fugitive sources found in large gas compression, processing and 
transmission facilities. 

 Heavy Oil Vent Gas Quantification Studies (2001-2004) – Consisted of projects 
attempting to improve the accuracy and consistency of the quantification and/or 
estimation of vent emissions, mainly for methane and other GHGs.  Data was 
collected from a range of producers who were using different measurement and 
estimation methods, studied and discussed at workshops in Lloydminster and 
Calgary and eventually results in the preparation of proposed standards for heavy 
oil vent quantification.  Unfortunately these were not formally adopted as an 
industry standard, even though many operators adopted the methods proposed. 

 Support for Development of New Options (2002-present) – A range of 
interactions, mainly through PTAC initiatives to support Small Medium Enterprises 
(SMEs), included SMEs who were working to develop new methods of mitigating oil 
field emissions through various means.  Technologies supported ranged from gas 
dryers to catalytic converters. 

 Conventional Heavy Oil R&D Needs Studies (PTAC 2005-2008) – Assessing 
potential R&D directions which could potentially reduce GHG emissions and 
increase the sustainability of Conventional Heavy Oil operations in western Canada 
including potential novel EOR and Thermal recovery concepts. 

 Fugitive Emissions Fact Finding and Business Case Studies (PTAC 2005- 
2006) – Studies assessing the business case for mitigation of oil and gas industry 



 

fugitive emissions and economic drivers which either hindered or supported the 
adoption of energy efficiency measures in various oil and gas operations. 

 Air Quality, GHG and Emissions Impacts and Estimation Study (Clearstone 
Engineering for NRCan 2009) – Assessed a wide range of emissions from across 
the oil and gas industry. 

1.3. Current Focus 

The focus of the current report is to bring together the knowledge, options and understanding 
of opportunities and barriers from past reports, and expand the options considered to address 
the much greater diversity of primary heavy oil operations now found in western Canada in 
both conventional and oil sands resource areas.  While the original 2000 report was primarily 
focused on Conventional Heavy Oil Production with Sand (CHOPS) operations in the 
Lloydminster region, there are now significant primary (cold) heavy oil production operations 
stretching from the Medicine Hat area to Peace River, utilizing a much wider variety of 
production methods and strategies which impact vent volumes and vent gas characteristics.  
The five main producing areas, show in the figure below, are: 

 Area A South of Lloydminster – Has been under 
conventional heavy oil development for the longest 
period of time.  Tends to be low venting as most wells 
produce large amounts of water through gathering lines, 
which also allows collection of vent gas to centralized 
batteries, and those operations generally require more 
fuel. 

 Area B Lloydminster – The largest non-oil sands 
producing area.  Most of the production is by CHOPS 
with large amounts of venting. 

 Area C Elk Point/Cold Lake – Production in the south is 
similar to Area B but is designated as Oil Sands, has 
been expanding north into the Cold Lake/Bonnyville area 
in recent years with directional wells drilled from pads. 

 Area D Wabaskaw – Cold horizontal well developments 
in Pelican Lake and Brintnell mainly by CNRL and 
Cenovus.  Pockets of low viscosity “bitumen”, now being water and polymer flooded. 
There are also two townships that are produced with directional/vertical wells. 

 Area E Peace River – Cold horizontal well developments mainly by Shell, Baytex and 
Murphy using multi-lateral horizontal wells. Recent major issues with odour emissions, 
which are not usually encountered in other cold produced areas. 

Historic primary heavy oil production and number of active wells by area are show below for 
the different resources in Alberta, so shows the relative changes over time. 
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2. Background on Primary (Cold) Heavy Oil Production 

Primary (Cold) Heavy Oil production in Western Canada has generally tracked or led the 
global trend towards the production of heavier oil, as reserves of easier to produce, and 
more valuable, light oil resources have declined.  Economic drivers have led to technology 
developments, which in turn have led to, increased volumes of heavy oil being produced 
in various regions of Saskatchewan and Alberta.  Key periods of development include: 

 1920s to mid-1970s - In the early years of oil exploration and development in 
Western Canada, extensive heavy oil deposits were discovered in the 
Lloydminster/Wainwright area in east central Alberta and west central 
Saskatchewan, as well as the three oil sands areas in Alberta.  Producing rates 
from conventional vertical wells in the Lloydminster region were very low, but some 
production did occur mainly for local production of asphalt or road oil.   

 Mid-1970s to mid-1990s - As oil prices increased and conventional light oil 
production began to decline in the 1970s, there was a growing interest in finding 
ways to produce larger volumes of heavy oil.  In the mid-1970s it was discovered 
that intentionally allowing the production of sand into vertical wells, in some 
formations, would significantly increase oil production rates, and the introduction of 
Progressing Cavity Pumps (PCPs) allowed production from vertical wells with high 
volumes of sand (up to 25% sand by volume).  This allowed production to increase 
with almost all production of oil, water and sand transported from wells to 
production batteries, water/sand disposal sites, or pipeline terminals, by truck, while 
the low volumes of methane gas produced were vented to atmosphere, as it was 
uneconomic to collect them separately.  Conventional Heavy Oil (CHO) production 
increased on both sides of the Alberta/Saskatchewan border with about 2/3rds of 
the CHO being produced in Saskatchewan1.  Heavy oil production in 
Saskatchewan was encouraged as being “Saskatchewan’s Oil Sands” while in 
Alberta lower royalties and larger leases in the oil sands areas encouraged more 
heavy oil production from “non-conventional” oil sands area a bit further north, but 
these oil sands area volumes are reported as “bitumen”2. 

 Mid-1990s to 2000 - Heavy oil production in the Elk Point area (partly within the 
designated Cold Lake Oil Sands Area) went through a step change with the 
construction of the East Central Heavy Oil (ECHO) pipeline in 1996, which reduced 
product truck transportation costs to the pipeline terminal in Hardisty.  In this same 
time span Cenovus (EnCana at that time) and Canadian Natural Resources Limited 
(CNRL) began cold production using horizontal wells in the Pelican Lake and 
Brintnell areas of the Athabasca Oil Sands Area adding to the vent volumes.  The 
increased cold production volumes, combined with increased natural gas prices, 

                                                 
1
 Alberta/Saskatchewan CHO split is somewhat misleading as: a) Some heavy oil in Alberta is designated as “bitumen” if it 

comes from an oil sands area; b) Some light oil in Saskatchewan is designated as heavy if it comes from a predominantly 

heavy oil region of the province. 
2
 Heavy oil areas north of township53 were arbitrarily designated as part of the Cold Lake Oil Sands Area, so the Alberta 

Energy regulator as “Bitumen” tracks the volumes produced.  South of the township line the production with essentially the 

same properties is called “Conventional Heavy Oil”. 



 

led the Alberta Government to require more rigorous measurement of vent volumes 
(one 24-hr test per year to obtain a representative Gas to Oil Ratio (GOR)) starting 
in 2000.   

 2000 to mid-2000s – Production of cold heavy oil remained relatively steady, with 
production limited by regional oil pipeline capacity out of the more isolated cold 
heavy oil producing areas, with new wells being drilled to sustain production.  The 
only new development was the discovery (by Blackrock Ventures Inc, subsequently 
acquired by Shell) that cold heavy oil production was possible in some parts of the 
Peace River Oil Sands and cold production with horizontal wells began to grow in 
that region, with other producers, like Baytex, Murphy and PennWest following 
Blackrock/Shell’s lead.  Average production stabilized at about the following 
volumes by area: 

o Saskatchewan CHO (All types) – 370,000 bopd 

o Alberta CHO (All types) – 180,000 bopd 

o Alberta Cold Lake OSA (Mainly vertical CHOPS) - 80,000 bopd 

o Alberta Athabasca OSA (All types) – 60,000 bopd 

o Alberta Peace River OSA (Mainly hz cold) – 40,000 bopd 

 Mid-2000s to Present – Cold heavy oil production from most conventional heavy 
oil regions has plateaued, with production being sustained through new step-out or 
infill drilling, drilling more marginal areas with directional or horizontal wells, or 
recompleting existing vertical wells to produce from less productive zones.  As 
producers run out of new locations to drill for primary cold production, they 
generally begin experimenting with or, in some cases, implementing enhanced 
recovery methods to increase recoveries from already developed cold heavy oil 
formations whose initial recoveries under cold production are usually only 5-10% of 
the original oil in place, which is comparable to recoveries of light oil from similar 
reservoirs without some type of pressure maintenance or enhanced oil recovery.  
As production moves away from primary cold production, costs and energy 
intensity increase, and the volume of solution gas produced, and potentially vented, 
tend to decrease.  Meanwhile in oil sands areas producers are still finding and 
developing new areas where they can cold produce bitumen using directional wells 
with the two most recent additions being in the western Athabasca Oil Sands Area 
in townships 87-23W4 (CNRL) and 78-23W4 (Husky) which are now both showing 
high volumes of vent gas. 

 Future Production – Generally future projections of production have taken the 
status quo production and then allowed it to decline by some annual percentage, 
until all proven reserves have been brought to surface.  In reality, depending on 
future oil prices and economics, additional investment in proven EOR methods or 
new recovery technologies will eventually be applied to increase oil recovery and 
turn more of the resource in place into reserves.  Waterfloods and polymer floods 
have already extended production and recovery from some heavy oil areas 



 

(conventional and Athabasca areas), and are likely, along with steam or CO2 
injection, to be applied in other cold production areas over the coming decades.  
These methods can increase production above current primary production levels 
and will tend to sustain production over many decades.  There is also still potential 
for development of new oil sands area with viscosities low enough for cold 
production. 

 

2.1. Description of Cold Heavy Oil Production and Processes 

Methods used for production of heavy oil are impacted by many factors, such as the size, 
thickness and number of heavy oil formations present in an area, oil viscosity, size and 
continuity of the mineral rights leases, artificial lift methods, reservoir properties, and 
operator preferences or experience.  This entire factor ultimately leads to selection of a 
production method and surface processes which will result in the most economically 
favourable development strategy for a specific group of producers in that particular area.  
Generally there is no, “one size fits all” solution that will be viable in all heavy oil areas.  
Since the original vent gas options study was completed in 2000, the most significant 
change has been in the diversity of cold heavy oil production operations that are now 
occurring.  Resource development option sheets have been generated for this latest 
report and are included in the appendix so the intent of this section is to summarize the 
type of production and processes within the five areas defined in section 1.3 of this report. 



 

 

 Area A South of Lloydminster – Even though many of the pools in this area are 
designated as “heavy oil”, the oil contained within the pools generally has a lower 
density (higher API density) and lower viscosity than resources found further north, 
and can generally be produced by methods that are very similar to those which are 
used for conventional light oil.  Many of these pools also have underlying naturally 
pressured water zones, which provide pressure to allow higher oil recovery without 
additional investment.  Others are suitable for waterflooding where brine or other water 
is injected to maintain reservoir pressures or to help push the heavy oil to production 
wells.  Due to the lower viscosities, low sand production and potential for higher water 
production these wells can often be tied in into gathering systems, which can also take 
produced solution gas to central batteries where the gas can be separated off and 
economically recovered.  Gas produced from these wells is often close to municipal 
natural gas users, so it is economic to capture the gas flows that are also relatively 
consistent and predictable.  The two main types of production found in this area are 
classified as conventional heavy oil and can be subdivided into: 

o Vertical Low WOR CHOP Wells – Which are economic to produce to very low 
rates because there is no water or sand handling costs so operating costs are 
very low.  Initial production rates are also low so these well may be targeted 
more by producers looking for longer term sustained production rather than 
short-term payout.  Without water inflow there is nothing to replace the oil, so 
inflow rates and oil recoveries are low.  If the viscosity is low enough at ground 
temperature it may be possible to transfer oil to batteries through gathering lines 
but trucking of oil is more common, with low pressure plastic pipelines for 
collecting vent gases.  In this report we assumed Low WOR wells would be 
<2.5 m3 of water pre m3 of oil. 

o Vertical High WOR CHOP Wells – Are wells/pools with underlying water 
zones, which provide pressure support to allow increased recovery of the oil at 
increased rates.  Since the water zones have high permeability, they also result 
in producing wells being affected by other oil producers and water disposal 
injections, which affect the same oil zone.  Also with higher WORs trucking of 
produced fluids becomes uneconomic as hauling water adds significantly to 
operating costs.  Also once the water oil ratio get up to 2-3 m3/m3 or higher it 
becomes possible to move the oil and water through gathering lines as the 
water “lubricates” the flow of even high viscosity oil.  Once fluids are being 

Degrees of “Heavy Oil” - Heavy oil is defined as having an API density between 10 and 22 
degrees (Water has an API density of 10, densities greater than 10 are lighter than water, those 
lower than 10 are heavier than water at standard conditions).  Oil with an API density less than 
10 is considered extra-heavy oil if it is able to flow at reservoir conditions (much of Venezuela’s 
heavy production is extra heavy but is hot enough at reservoir conditions to be pumped or flow 
into wells) or called bitumen if it cannot flow at reservoir conditions.  Some of the oil in oil sands 
areas has a viscosity low enough to allow flow (usually <7,000 centistokes) even at reservoir 
temperatures of 15-25 degrees Celsius, but is often contained in formations, which also contain 
heavier oil, which cannot flow as easily. 



 

gathered by pipelines this allows produced gas to be gathered in the same 
lines.  

 Area B Lloydminster – This type of formation is one of the largest non-oil sands 
producing areas.  Much of the primary production in the Lloydminster Region on both 
sides of the Alberta/Saskatchewan border is by Cold Heavy Oil Production with Sand 
(CHOPS).  Although in some areas, or with horizontal wells, the sand production is 
lower and the production mechanism is more “foamy flow”.  Wells with different 
versions of this mechanism are also found in areas C, D and E.  Three key 
features of well production in this type of process are related to: 

o Sand Production – Sand is allowed to come into the well and the 
geomechanical characteristics of the formation result in the growth of either 
cavities with low sand content and/or “wormholes” in the reservoir matrix3 which 
become areas of higher permeability to allow flow from a larger region around 
the well.  The wormholes grow as a result of the lower pressures in the 
wormhole “tips” allowing sand to flow out until the formation stressed increase 
to stop more sand flow.  There are a number of theories on potential sand 
depletion patterns as sand is produced from the wells, and each formation and 
part of the formation has different distributions of sand, gravel and fine clays so 
each well will develop a unique pattern of sand depletion, while some wells may 
not produce much sand at all.  In horizontal heavy oil wells the wells replace the 
wormholes but have the same effect of increasing access to the heavy oil in the 
reservoir so it can flow to the wells.  Over time the wormholes stop growing as 
they encounter areas around other wells or if it is no longer possible to lower 
the pressure at the wormhole tip. 

Radial Elongated Wormholes  

Representations of Sand Depletion Patterns from CHOPS 

o Foamy Oil Flow – Heavy oil in CHOPS formations has gas in solution in the oil 
under reservoir conditions of about 20-25 degrees C and 3-4 MPa pressure.  
When the pressure is lower by pumping the well the gas comes out of solution 
but the high oil viscosity causes it to come out as a foam, with a consistency like 
fine shaving cream.  This foam has a lower viscosity than the oil on its own so it 
can easily flow through wormholes and other permeability channels, carrying 
sand with it and also helping to force oil and sand out by expanding the volume.  

                                                 
3
 Source - CHOPS - Cold Heavy Oil Production with Sand in the Canadian Heavy Oil Industry – Chapter 4 



 

The conditions are such that the foam is quite stable so takes a long time to 
breakdown on its own without heating.  This mechanism can occur in oil 
accessed by horizontal wells, which usually have screens to stop large masses 
of sand from entering the well.  As production progresses over time the oil next 
to the wormholes or flow channels will be produced, and the gas may have time 
to separate from oil that is not being produced or from oil in the wormhole.  
Eventually the mechanism loses energy, slows down and stops, with as much 
as 90-95% of the reservoir still not having been produced. 

o Water Breakthrough – Because CHOPS relies on low pressures at the 
wormhole tips if any water breaks through from a neighbouring formation or part 
of the formation, the pumps will not be able to maintain a low enough pressure 
to propagate the wormholes and CHOPs production will stop.  This may happen 
even after only a few days of production, resulting in the well being shut-in.  
This dramatic loss of a well does not occur that often, but does cause producers 
to be cautious about investing too much in any one well site until production has 
been established in an area. 

CHOPS Well Types – A number of factors go into the choice of the type of well used 
for CHOPS or foamy production.  In area B the combination of geology, small lease 
sizes and economics has generally resulting in vertical wells being the preferred 
well type choice, however, there are some areas where horizontal wells are now 
preferred.  The main factors are determined by: a) the number of zones present and 
their thickness; b) continuity of the leases held by the producer; and c) economics of 
drilling from multiple well pads vs. single wells.  

 



 

o Production Zones - Generally in the 
Lloydminster region CHOPS production can be 
from one or more Mannville sandstone formations 
underlying the region.  In many areas more than 
one of these formations may be accessed through 
the same vertical well.  To maximize wormhole 
growth only one formation will be accessed at a 
time, and when the initial zone is depleted the 
well may be recompleted into another zone.  
Multiple productive oil zones favour vertical wells 
for CHOPS production.  If there is only one zone 
present horizontal wells might be considered. 

o Continuity and Size of Leases – While the Crown in Alberta owns about 81% 
of the oil and gas rights in the province, the other 19% (mainly in the southeast 
central part of the province) can be controlled by freehold lease holders, the 
federal government for parks or by aboriginal bands on reserve land.  The 
freehold leases were originally grants of land, which passed through the 
Canadian Pacific Railroad, Hudson’s Bay Company, or other land grant 
holdings, which included right to any oil and gas resources.  These leases may 
be as small as ¼ section (1/4 mi2) and many of the original Canadian Pacific 
leases were taken in a checkerboard pattern making it difficult for one company 
to get access to adjoining leases.  Crown land in this area was often also 
leased in ¼ section parcels, and also for specific geologic intervals, so a single 
section or mi2 of land may have many diverse owners.  In areas A and B this 
favours vertical wells. 

 



 

o Economics of Pads vs. Single Wells –Depending on the geography and 
landscape the relative costs of a number of factors determine whether it will be 
more economic for producers to drill wells from pads or from multiple single well 
leases.  Cost factors include: 

 Costs/fees paid to gain permission to access to well sites from farmers or 
other landowners (also shared benefits and negative impacts of wells 
between land owners so none see themselves as being disadvantaged);  

 Local availability of materials (sand, gravel) required for constructing 
pads and access roads (harder to find in muskeg); 

 Need for utilities like power or gathering lines for well operations; 

 Extent of the use of shared equipment used by all wells on a lease (such 
as tanks, pumps, compressors, etc.); 

 Extent of shared roads and road maintenance services with 
municipalities; 

 Increased drilling and completion capital costs for slightly longer 
directional wells or long horizontal wells; 

 Impacts of well type on pumping method being used; 

 Ability to drill wells while avoiding surface water bodies, wildlife, farm 
operations, and generally reducing land footprint; 

 Increased operating costs to maintain a larger area of leases and 
increased driving time for trucks and operators between leases. 

 

 



 

 Area C Elk Point/Cold Lake – North of township 42 (about 18 miles north of 
Lloydminster) the Cold Lake Oil Sands Area (CLOSA) begins; stretching north to the 
Cold Lake Air Weapons Range and 10-14 townships (60-84 miles) west of the 
Saskatchewan border.  This area contains 7 out of 12 townships venting over 
5,000,000 m3/yr of methane.  While almost all of the primary production in this area is 
CHOPS or foamy oil, there are 
two sub-areas, which have 
experienced different heavy oil 
development patterns.  

o Elk Point Area – 
Production in the southern 
part of the Cold Lake Oil 
Sands Area, in the North 
Saskatchewan River Basin, 
is similar to Area B but is 
designated as Oil Sands 
for the Upper and Lower 
Grand Rapids and 
Wabiskaw-McMurray 
formations which in this 
region contain about.10% 
of all the “bitumen” 
resources in CLOSA.  The resources around Elk Point, Alberta have been in 
production for decades mainly with single vertical well leases similar to Area B 
around Lloydminster, as the economic and other constraints on development 
are similar to those in the conventional heavy oil areas.  About 85% of the 
CHOPS wells around Elk Point are controlled by CNRL who also owns and 
operates the heated and insulated heavy oil pipeline, known as the East Central 
Heavy Oil (ECHO) pipeline, which delivers heavy oil from Elk Point to the main 
Alberta pipeline terminal at Hardisty, Alberta, to avoid trucking.  

o Bonnyville/Cold Lake Area - Primary production has been expanding north 
into the Cold Lake/Bonnyville area in recent years with directional wells drilled 
from pads to take advantage of sharing roads and to minimize clearing.  The 
main formations in this area are the relatively thick Lower Grand Rapids which 
can be up to 20-30m thick in places and the Upper Grand Rapids which is 
generally thinner.  Many of these leases west of Cold Lake overlie the deeper 
Clearwater formation, which can be 50-60m thick and is a primary target for 
Imperial Oil, CNRL, Husky and OSUM (formerly Shell) thermal projects.  Most 
primary development is in areas where the formations are less than 20m thick.  
Unlike the Elk Point region the leases in this area are in large multi-township 
blocks with single companies controlling blocks of resources which include all 
the oil sands formations within those leases. The main operators of active 
primary wells in this area are: a) CNRL ~57%, b) Devon ~33%, and c) Baytex ~7%). 

Some of the Upper and Lower Grand Rapids leases have seen some thermal 



 

development, but the current trend is to develop the leases with low cost 
primary production first and then consider thermal as a follow-up process.  
While thermal is the preferred recovery method for formations thicker than 20m.  
Many of the wells in this area are drilled from multi-well pads with as many as 8-
10 wells per pad. 

 

 Area D Wabasca – This area is on the west side of the Athabasca Oil Sands Area 
(AOSA) and is generally in wetlands or dense woodlands with little other industrial or 
agricultural activity in the region.  As in the northern CLOSA leases tend to be large 
and held by only a few companies.  The area contains two types of primary heavy oil 
development: a) horizontal and b) directional from pads.   

o Horizontal CHOP Wells – The main method being used is horizontal wells 
drilled from pads in large developments in Pelican Lake and Brintnell, mainly by 
CNRL and Cenovus.  These are pockets of low viscosity “bitumen”, which 
started to be produced by CHOP production in the early 2000s, with little sand 
production, and many are now being water and polymer flooded, so there is 
much less primary production in this area now than there was 5-10 years ago. 

o Directional CHOPS Wells – There are two townships that have been seeing 
rapid CHOPS development with directional wells since 2011.  These two 
townships were two of the highest venting areas in the 2013 ST-60B report.  
Township 87-23W4 is mainly CNRL’s Wooden Hill field and township 78-25W4 
is Husky’s Pelican field.  Development here is similar to the northern part of 
CLOSA with multi-well pads using directional drilling. 



 

Wabaskaw-McMurray
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 Area E Peace River – In the Peace River Oil Sands Area (PROSA), Shell has been 
piloting thermal recovery methods for the last 5-6 decades.  In 2003, producers began 
cold primary CHOP production in some of the thinner parts of the Bluesky-Gething oil 
sands formation.  Initial development was by horizontal wells, similar to the horizontal 
Wabasca, but soon producers started drilling multi-lateral horizontal wells.  Multi-lateral 
wells have one “parent” well with a wellhead on the surface, but then 1 to 8+ daughter 
horizontal “drain wells” can be drilled out from the parent well.  This potentially opens 
up 2-15 kilometers of well for each producing wellhead.  It reduces access costs as 
only one well needs to have a well head and production facilities and the drain wells 
are mainly drilled within the producing formation which saves meters of well in non-
productive formations.  Development has mainly been by Shell, Baytex, PennWest 
and Murphy and has recently encountered major issues with odour emissions from 
some tanks, which are not usually encountered in other cold produced areas.  This led 
the Alberta Energy Regulator to hold extensive hearings concerning emissions, and 
lead to enforcement actions to reduce emissions. 
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2.2. Characteristics of Raw Products Extracted and Removed from Heavy Oil Sites 

The main products extracted from heavy oil wells are heavy oil, water, sand and natural 
gas.  There is some variation in compositions and volumes by primary production area 
which impact lease site design and operation, especially with respect to air emissions. 

 Heavy Oil - Generally the heavy oil is often the 
most consistent raw product extracted from 
primary heavy oil operations, at least in 
composition.  The density or API gravity can 
range from 10 to 22 (see previous text box), 
but in primary areas it would likely be above 
14-22 API and the key physical characteristic 
is that the in-situ viscosity must be less than 
5,000-7,000 centipoises (cp) to allow the oil to 
flow (vs. water at 1cp and bitumen at 



 

100,000+cp in thermal areas).  Like bitumen it will contain up to 4% sulphur by weight 
but the sulphur is contained within the oil and will require upgrading of the oil to 
remove it.  The product can be used, almost as is, for road oiling or paving material for 
highways.  While the viscosity at reservoir conditions (20-25 degrees C) can be 5,000 
cp, if the oil is allowed to cool below reservoir temperature the viscosity will increase 
exponentially, making pipelining of cold oil alone impractical.  Production rates vary 
with the type of heavy oil production process and well type, and well follow a 
characteristic decline or “type curve”.  Conventional low WOR heavy oil will start at a 
low rate which immediately begins to decline as pressure is depleted, while CHOPS 
wells start at a higher rate of inflow and will hit a peak flow after a few months after 
start of production as wormholes develop, before beginning to decline.  Actual flows at 
anytime depend on the pumping rate, as well as the natural inflow, so oil production 
can vary daily with pump speeds and pumping conditions change. 

 Water – Most primary heavy oil is not associated with high volumes of water 
production, particularly oil produced by the CHOPS mechanism as once large volumes 
of water are produced the wormholes will stop growing.  In all cases the water produce 
will be brine, which is the “connate water” found with the oil in the oil sands formation.  
It is all produced from well below fresh water aquifers.  Produced water is gathered by 
trucks to central water disposal sites, where it is generally cleaned of oil and injected 
into one of a number of water zones found below the oil sands and heavy oil 
formations. 

 Sand – Some vertical and deviated CHOPS wells will produce large volumes of sand 
up to 26% of the production by volume and up to 1,000 m3/well.  However, not all 
CHOPS wells produce these large volumes and horizontal CHOPS wells have much 
lower rates of sand production.  Sand production currently prevents CHOPS oil 
production from being collected by gathering lines as high flow velocities are needed 
to keep sand moving and, if flow ever stops, the sand settles out and plugs up the flow 
lines.  Therefore all CHOPS production wells are serviced by trucks to haul oil, water 
and sand off the leases.  Oily sand was initially used to pave roads in the area but 
there was soon too much of it.  Consideration was given to various means of disposal 
of the sand including using it for cement, but current practice is usually to clean 
oily/sand sludge out of production tanks and haul it for disposal in salt caverns which 
are solution mined out of the underlying “Prairie Evaporite” salt formations.  The salt 
caverns are warm (geothermal energy) and additional oil can be recovered from the 
caverns. 

 Natural Gas – The natural gas produced from most primary heavy oil wells is the most 
variable of the product streams in volume and composition.  Both properties are mainly 
driven by the local chemistry of the heavy oil itself, the geochemistry of the formations, 
possible bioactivity, and the potential presence of overlying gas zones.  Factors 
impacting natural gas flows and composition are: 

o Solution Gas – Most of the gas produced should be solution gas which is 
dissolved in the oil at reservoir conditions and only released when the oil is 
depressured. 



 

 Volumes – Most formations in a given area will have a characteristic 
Gas to Oil Ratio (GOR measured as m3 of gas/m3 of oil at standard 
pressure and temperature conditions).  In heavy oil these can range from 
almost 0 in fully energy depleted pools to over 120 m3/m3.  Normally 
lighter density oil, found at deeper depths, will have a higher GOR than 
oil found with heavy oil at shallower depths.  Since the GOR is a ratio 
based on oil production, the site’s specific GOR has to be multiplied by 
the current lease oil production to get the total solution gas volume. 

GOR x Oil Production = Solution Gas Production 

As was discussed earlier oil flow rates change over time and even daily 
with pump speeds and pumping conditions, so the oil production will also 
impact solution gas production volumes. 

 Produced Gas Composition – Primary heavy oil solution gas 
composition can vary with location but will always have a high methane 
(CH4) content.  Lighter heavy oils found in deeper formations in 
Wainwright, Wabasca or Peace River formations are more likely to have 
higher levels of heavy hydrocarbons (which can cause odours) or other 
components.  So gas composition does change by region: 

 Methane – Generally greater than 98-99% in CHOPS areas 
where venting is occurring, but can be lower in other area which 
might contain other components. Methane is a colourless, 
odourless gas which is lighter than air so quickly disperses 
upwards if release through an open vent.  It also has very narrow 
flammability limits when mixed with air, so once released into the 
open is not particularly hazardous.  The major environmental 
impact is believed to be its high GHG impact, which is usually 
given as 21-23 tonnes of CO2eq/tonne of methane.  It does have 
value as a fuel on the lease to avoid purchasing external fuel 
(currently $3-4/GJ for commercial gas or much higher for propane) 
but no value is placed on it from an operating cost point of view, 
and no royalty is paid on gas used for fuel on the lease, flared or 
vented. 

 Water Vapour – The solution gas will be in contact with water in 
the reservoir and wellbore so will contain water vapour with the 
amount dependent on the operating conditions.  The main 
concern with water vapour is that it may condense to liquid water 
on the surface and freeze during winter operations resulting in 
blocked flow lines.  Even a few litres a week can build up over 
time and cause problems if not drained off or absorbed through 
use of dryers.  Concentrations of other natural gas components 
are generally given on a “water-free” or dry basis. 



 

 Hydrogen Sulphide (H2S)/Mercaptans – H2S and or sulphur 
containing compounds (mercaptans) can be found in some 
primary heavy oil wells in very low concentrations in the parts per 
billion range (ppb), which might be detectable on the lease 
(humans can detect at 10-20 ppb levels), even though it must 
reach ppm levels to be considered a health hazard.  The source of 
the H2S is often a result of sulphur reducing bacteria in a well or 
formation, especially in any area where fresh surface water has 
been injected or has infiltrated naturally, or where there has been 
thermal recovery in the past.  Surplus produced gas from sites 
with detectable H2S odours is usually flared or treated to remove 
H2S. 

 Carbon Dioxide (CO2) – CO2 at levels of 1-10% can be found in 
primary produced solution gas in the Wabasca and Bluesky 
formations in northern Alberta and at much lower levels <1% in 
other areas.  Like methane it is colourless, odourless and inert but 
is of concern as a GHG and if it builds up in low lying areas since 
it is heavier than air. 

 Heavier hydrocarbons – Lighter heavy oils can contain more 
volatile hydrocarbons such as ethane, propane, butane and other 
aromatic hydrocarbons which can cause odours.  Most vented gas 
may have low amounts of ethane propane, but generally few 
odour causing components. 

 Nitrogen and other Inerts – Most natural gas contains some 
nitrogen, which makes up 79% of the atmosphere, but generally in 
low concentrations <1-2% and is not a major environmental 
concern. 

 Lease Tank Vapours – A subset of the produced gas at each primary 
heavy oil site are vapours emitted from lease storage tanks or 
separators.  Since the oil is being heated the vapours given off from 
tanks will contain more heavy hydrocarbons, as these will be distilled off 
of the heavy oil.  Fire-tubes in the tanks may also cause some chemical 
breakdown of oil in contact with the tubes causing some potential thermal 
upgrading which may release sulphur containing components.  To 
breakdown foam, allow water and oil to separate and to reduce viscosity 
to speed up truck loading tank temperatures may be raised to 40-80+ 
degrees C depending on the area.  These vapours are usually at or near 
atmospheric conditions and emitted well above ground level so are more 
difficult to capture, although some producers (notably Shell in Peace 
River) have installed vapour recovery systems to recover these gases 
and treat smaller releases from truck loading to reduce odours. 

 Associated Gas Production – In some formations there is a separate 
“associated” gas zone above the heavy oil or oil sands layer in the 



 

reservoirs.  As heavy oil production progresses, wormholes may contact 
these zones, or the higher pressure gas will break-through and begin to 
flow into the depressured oil zone.  Usually associated gas will have a 
slightly different gas composition to solution gas and will be produced in 
much larger volumes resulting in significantly larger produced gas 
volumes and a greater need to capture these volumes.  If associated gas 
is being produced then this must be reported to the regulators and 
usually the wells are shutdown until gas conservation equipment is 
installed. 

2.3. Design Layout of Typical Sites 

Each primary oil production site can have slightly different layouts depending on location, 
types and numbers of wells, oil transportation method and any methods being used to 
deal with surplus produced gas.  Photos of examples of various types of leases are 
included in the Appendix Section 1 covering development options.  Key components are: 

 Wells and Wellhead Assemblies – Are usually more or less centered on a lease.  
Multi-well leases usually locate wells in a row with 2-5m between wells depending 
on spacing guidelines for safety.  There must be room in front of the wells to allow 
for workover rig access to change pumps and other maintenance required on the 
wells and room behind the wells for artificial lift equipment and drive systems.  For 
CHOP conventional heavy oil sites with oil gathering lines the well sites can be 
quite small as there may be no need for tanks or truck loading.  On some of the 
newer CLOSA CHOPS pads wells may be drilled on the same lease but in 2-3 
clumps of wellheads. 

 Tanks and Truck Loading – Most primary heavy oil, water and sand is trucked so 
tanks are provided to store fluids and solids as they are produced.  The tanks also 
heat the oil to break down foam, allow oil water separation and to allow faster truck 
loading.  Tank gauging and truck load tickets are used to determine oil production 
volumes so there is usually at least one tank per 
well with the size range being between 60-300 m3 
(400-2,000 bbls) in volume and 5-10m (16-32 
feet) high and normally located 10-25m from the 
wellhead.  Tanks are sized to be relatively easy to 
load and move between leases.  To allow truck 
loading of production, the leases are often 
designed to allow trucks to enter the site and drive 
around all the wellheads and other facilities to 
provide the maximum turning area while 
minimizing lease sizes. 

 Produced Gas Handling and External Fuel – Produced gas handling on each 
site can constrain lease configurations depending on the volumes and the options 
for handling the produced gas and providing any back-up fuel. 



 

o Produced Gas Sources – Are either the well head, with a separate valve 
off the production annulus portion of the wellhead, or off tank tops which 
receive all the fluids pumped from the well through the tubing.  When 
loading oil, trucks are another source of gas as gas in the truck tank is 
emitted as the tank fills with oil. 

o Produced Gas for Fuel – Usually the preference is to use produced gas for 
fuel as it has “no book value” i.e. essentially no cost.  Gas can be piped from 
the well to any drive engines and the tank heaters, either above or below 
ground, depending on the design preference, with the gas dried or with lines 
heat-traced and insulated to prevent freezing in winter.  Routes for trucks on 
the lease avoid driving over these lines. 

o External Fuel or Surplus Gas to Sales – Gas being distributed or collected 
through gathering lines or pipelines is dried to prevent freezing and liquids 
forming in the lines, so can enter or leave the site through underground lines 
which allow for truck traffic over them.  Another external fuel source is often 
propane which can be stored in small tanks on site and refilled by truck.  
Equipment is usually set up to allow operation on either natural gas or 
propane.  Compressors for compressing gas for vapour recovery or gas 
sales can also be located relatively close to tanks and other equipment on 
the lease. 

o Flaring – Flaring presents safety hazards and siting issues which 
discourage its use unless required to reduce odours.  Flare stacks have to 
be located4 generally at least 50 m away from a producing well which 
increases lease sizes (taking up more footprint) and also complicates truck 
routing on the leases as flare lines must be installed to ensure liquid 
drainage, which is difficult to accomplish if the lines are below grade to allow 
truck traffic, thus further increasing lease sizes.  Using flares for tank vent 
gases requires make-up gas and care to ensure that a combustible gas 
mixture cannot be drawn into the tanks, and flame arrestors to make sure 
that the flame on the flare cannot migrate back into the tank when a truck is 
being loaded (gas or air can be drawn back into the tank).  Flares also 
require either a constant pilot gas stream or electronic ignitor to ensure the 
flare stays lit, and do not have the ability to continue working a flow rates 
much lower than design.  Keeping flares lit can be problematic in high winter 
winds and maintaining ignitors and lighting flares can be difficult for 
operators to do.  Many of the problems with flares can be eliminated by 
using ground level catalytic devices which can be designed to be located 
near the wellhead. 
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2.4. Key Stages of Heavy Oil Production – Well Drilling to Abandonment 

Development of a heavy oil lease goes through a number of phases, including: 

 Seismic and geologic assessment – Potential development areas need to be 
assessed to determine the likelihood of finding oil and gas resources, as 
information is gathered, a picture of the underground resources is formulated to 
target potential leases which will have a high probability of higher rates of oil 
production, based on resource quality and thickness. 

 Mineral rights acquisition – As covered earlier rights to access the oil or gas 
under a parcel of land requires obtaining the right to explore from the resource 
owner, who may be either the Crown, through a provincial government, or other 
resource owners such as aboriginal bands, the federal government or freehold 
lease holders. 

 Negotiating access – Usually the owner of the mineral rights is not the owner of 
the surface leases, or, in the case of crown lands, other users such as farmers, 
forestry companies, or trappers may have rights to use the same areas, so access 
must be negotiated with all stakeholders. 

 Drilling – To ultimately “prove up” resources and to “establish” reserves wells must 
be drilled into the formations and assessed for production potential.  Not all wells 
drilled will be equally successful so wells containing no commercial resources will 
be abandoned, others with low quality resources may remain as “Drilled and 
Cased” for potential future production, and other wells will be immediately put into 
production.  The pace of new well drilling will be based on the corporate cash flows 
of the current operator(s), the strategy of the company drilling the wells, and within 
the limits of any infrastructure restrictions such as pipeline capacity limits.  Wells 
are kept simple in design to lower costs with usually a conductor pipe through 
surface till and a single string of production casing cemented into the well (normally 
7-inch nominal pipe size for vertical wells), horizontal wells may be larger in 
diameter. 

 Equipping for Production – Generally heavy oil wells are equipped based on the 
principle of using standard equipment units that are more or less interchangeable 
and can be quickly located on a lease or moved if production stops.  Generally all 
the artificial lift equipment, tanks, engines and supporting equipment can be 
located or removed in a day, so production can commence as soon as the well is 
completed with perforating the downhole portion of the well to allow inflow and 
installation of production tubing and pump systems. 

 Producing under Primary Production – Wells generally produce for a number of 
years and primary wells may achieve between 5-10% recovery of the oil in place 
before the wells lose energy and production becomes uneconomic.  Primary heavy 
oil wells are mainly attractive because of the low drilling cost, low cost surface 
facilities and rapid payout from the initial investment in drilling. 



 

 After Primary Recovery in a Main Zone – After production stops under primary 
production in the main target formation the wells may be reused for a number of 
purposes: 

o Recompletion to Another Zone – Vertical/Directional and even horizontal 
wells can be recompleted to open up production from other oil and gas 
zones which the well encountered during initial drilling.  Normally the most 
productive oil zone is produced first, with later zones getting an economic 
advantage by avoiding having to drill of another well. 

o Use for Enhanced Oil Recovery – Once primary production stops further 
recovery may be achieve by injecting steam, gases or water (with or without 
polymers or other additives) to increase the percentage of oil recovered.  
Selection of EOR method is dependent on the formation, economics of 
delivering the injectants and the potential need to drill other wells and build 
new facilities for the EOR scheme.  The EOR method depends on the area 
as follows: 

 Areas A, D Horizontal Wells – Generally water based recovery 
methods are favoured in more mobile oil either through waterflooding 
between wells and potentially with hot water, or enhanced by 
polymers and other chemicals to improve performance. 

 Areas B, C, D, E Thick Zones – Thermal methods could be used 
after primary to take advantage of communication between wells 
established with primary.  A major limitation is that many producing 
wells are not drilled with well casing suitable for thermal operating 
temperatures, which may limit application of thermal methods if this 
was not planned for in advance. 

 Areas B, C, D CHOPS Vertical or Directional Wells – Husky and 
some others are experimenting with carbon dioxide or other solvents 
to increase recovery from CHOPS wells. 

 More Exotic Methods – There is potential to improve economics of 
future projects through more exotic production methods, some of 
which are already in the piloting stage, such as: 

 In-Situ Upgrading - Shell in Peace River has experimented 
with in-situ upgrading where heaters are used to convert heavy 
oil into light oil.  ExxonMobil and Chevron are also known to be 
working on other in-situ upgrading methods. 

 Supersump - CFER Technologies in Edmonton proposed a 
“SuperSump” process to allow for continued production of 
CHOPS wells using salt caverns.  Distinct Resources Corp. 
has been championing this technology and has an exclusive 
license to use the technology in North and South America, and 
is currently undertaking initial piloting of the concept. 



 

o Suspended Operations – After initial production wells may spend time 
“suspended”, during which they are not producing, while other options to 
utilize the wells are being considered.  Normally, the regulators discourage 
wells staying suspended for too long, but it may take many years for the next 
use of the wells to become economic. 

o Abandonment and Reclamation – After it is decided that a well no long 
has a useful purpose it is abandoned with the down hole portions plugged 
with packers and cement and surface casing removed and capped 
underground based on regulator mandated procedures.  The surface 
location is then reclaimed and put back into agriculture or returned to a 
productive natural state. 

2.5. Gas Production During Oil Production Stages 

As indicated above gas production is proportional to oil production based on the GOR 
encountered in the well and formation being produced to give the produced gas volume.  
Some variation occurs in how the gas is produced that impact the ability to conserve the 
gas especially for CHOPS wells, but some variation is also possible in CHOP wells. 

 CHOP Wells Vertical/Directional – GOR should be fairly consistent in initial 
production stages, but may increase slightly in later stages if the reservoir pressure 
drops below the point where solution gas can evolve out of the oil in the reservoir.  
In this case some solution gas may be produced to surface while the oil it came 
from remains in the reservoir.  (This is also seen in some other conventional oil 
reservoirs where the in-situ pressure is allowed to drop below a characteristic 
“bubble point”.) 

 CHOPS Wells – Generally go through three phases of production which have gas 
conservation/volume implications: 

o Initial Foamy Flow – Production to surface at this phase comes as a 
relatively homogeneous foam with oil and gas unable to separate in the 
reservoir.  The GOR should be constant but difficult to measure as the gas 
will be coming off the tank vent as heating breaks down the foam. 

o Stabilized CHOPS Flow – After a few months to a year of operation 
sufficient volume is opened up in the reservoir due to sand production to 
allow the foamy oil to breakdown in the reservoir to separate oil and gas 
phases.  The oil and gas separate in the well with gas coming to surface 
through the well annulus (area between the well tubing and casing) while the 
oil is pumped to surface through the tubing.  If the well is “pumped-off” (fluid 
level is at the same depth as the pump intake) some gas may be sent with 
the oil to the tank and the pump will cycle as it alternately pumps fluids or 
compresses gas. 

o End of Life Flow – After 6-8 years of operation oil and gas production is 
coming from further out in the reservoir and some wormholes may have 
connected creating relatively open flow channels between wells.  Under 
these conditions flow to the wells may consist of “slugs” of gas, oil and water 



 

so flows are not consistent.  During this stage gas may evolve from oil that is 
not produced at all or gas produced from oil going to one well may be 
produced from a separate well, resulting in one well appearing to have a 
lower GOR and other wells having higher GORs as the gas is not distributed 
evenly.  Under these conditions, even a slight difference in well pressure 
may lead to gas being produce from a different well. 

o CHOP Horizontal Wells – In horizontal and multi-lateral CHOP wells where 
a significantly larger volume of the reservoir is open to the wells, there can 
be a number of effects that might impact the long term GOR and flow to the 
wells.  Since these wells are rather unique and have not been in operation 
for very long this may not have been studied in detail, so there may not be 
much detail on gas flow behaviour in these wells.  However, heavy oil wells 
in other offshore applications, and conventional operations do show 
evidence of the following behaviours. 

 Gas Stripping – As in the final phases of CHOPS and vertical CHOP 
production the large volume of reservoir exposed and larger flow area 
in the horizontal wells can allow gas to be produced from the 
reservoir when the oil it was originally dissolved in is not produced.  
This may be the cause of the gradual rise in observed GOR with the 
number of drain wells in Peace River multi-lateral horizontal wells, as 
some laterals may not be producing as much oil as they are gas, and 
2-8 times the amount of reservoir is open to flow. 

 Production Slug Flow – 1-2 km long horizontal wells and laterals are 
not perfectly horizontal so there will be high points and low points 
along their length.  As a result the wells behave like multi-phase 
pipelines where the liquid phase can build up in low points and then 
suddenly be pushed out as a slug of oil.  Especially in wells with 
multi-laterals this can create relatively chaotic inflows of gas and 
fluids to the wells. 

 Sand Buildup – Since the wells may still experience sand 
production, sand can enter some laterals and block, or partially block 
oil flow from some laterals, while still allowing gas flow from those 
laterals. 

o Surface Casing or Post-Abandonment Seepage – There is evidence in 
the Lloydminster and some other regions that during well operations and 
even after well abandonment there can be gas seepage or Gas Migration 
(GM) on the well sites.  This is mainly due to most wells only having a single 
production casing string cemented in place, which can result in poor sealing 
around the casing, leaving channels where gas from other zones penetrated 
by the well can make it to the surface.  Some of these zones will be shallow 
biogenic gas or shallow coal seams and may also be seen in farm water 
wells drilled in a region.  In muskeg areas even piles driven into the muskeg 
will provide paths of low resistance to preferentially channel biogenic 



 

decomposition methane to the surface at those points.  
Volumes of seepage can be monitored and if the 
volumes exceed set guidelines remedial actions must 
be taken.  The AER Directive 20 on Well Abandonment 
covers requirements for testing for gas migration or 
other leakage on abandonment.  The area of Alberta 
most affected by CHOPS wells is designated as a Gas 
Migration Test Area and all wells must be tested for Gas 
Migration, however, the Directive also recommends 
testing for all wells during the abandonment process. 

2.6. Costs Associated with Heavy Oil Developments 

The main reason why primary heavy oil development continues to expand is the fact that 
it requires relatively low capital investments and few upfront costs.  The development 
pace is easy to control as incremental wells can be added to, or dropped from, drilling 
programs to match quarterly corporate cash flow projections.   

 Overall Well DCT Capital Costs - The per well costs can range from a total 
Drilling, Completion and Tie-in (DCT) cost of ~$400,000 (vertical wells) to 
$1,200,000 (horizontal wells) to as much as $3,400,000 cited by Baytex as the 
DCT cost for a Peace River 12 lateral well at 600m vertical depth.5 

 Up-front Costs for Approvals - While thermal and EOR projects require long term 
scheme approvals, water withdrawal licenses, on-going interactions with various 
stakeholder groups over years to get approvals, followed by long construction 
schedules for central steam and processing facilities; primary projects are generally 
approved one well at a time.  After 1,000s of wells, approvals can be obtained in 
relatively short time-frames with little expenditure of manpower, and wells only take 
weeks, or at most a few months to drill, complete and put on to production.   

 Well Drilling and Completion Costs - Vary greatly depending on the location, well 
type, operator and drilling contractor, but it can be assumed that they will represent 
~80-90% of the total development capital cost, due to the relatively simple and 
modular nature of the surface facilities.   

 Facilities Costs - The other ~10-20% will be for equipping leases with pumping 
equipment, tanks and other facilities and upgrading leases and lease roads for 
heavy truck traffic, and potentially construction of central oil treating batteries and 
produced water disposal sites serving a relatively large area. 

 Operating Costs - Most well operating costs are mainly for trucking of oil, water 
and sand, maintaining lease roads (or paying tariffs to municipalities) and down 
hole well pump maintenance, which tend to be proportional to production.  Trucking 
costs can be $3-$10/bbl of fluid produced (for water and oil), but could be over 
$100/bbl for sand cleanouts and trucking.  In CHOPS areas trucking related costs 
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could be up to 60-70% of operating costs, In CHOP areas trucking costs might be 
15-20% lower as a percentage of operating costs. 

 Diluent Costs – Any heavy oil shipped to international markets will be blended with 
a lighter “diluent”.  Producers generally may see a cost of $5/bbl based on the loss 
of value when 15-30% of expensive diluent (usually priced above light oil price) is 
blended with lower value heavy oil.  The cost represents the buy/sell differential.  
Diluent use is higher for pipelines, however, even rail transport likely includes some 
volumes of the diluent used to help dewater the oil at production facilities so may 
be 5-10% diluent. 

 Royalty Incentives – From time to time provincial governments may offer royalty 
incentives or rebates which reduce the net capital cost to the operator.  Some are 
based on paying lower royalties until the project reaches payout (might be 2-10 
months for a CHO well depending on oil prices), or royalty credits for drilling long 
horizontal wells.  These incentives change over time and by well type. 

2.7. Identification of Equipment Used On-site 

As indicated above there is not a great deal of investment in equipment used on primary 
heavy oil sites.  Most of the equipment is portable and designed to be easily installed and 
relocated if the well fails to produce or is being abandoned.  Key equipment will include: 

 Artificial Lift and Drive Systems – Artificial lift equipment is needed for every type 
of primary heavy oil well operation, so is the only equipment type that is found on 
every lease.  Wells are usually produced with either reciprocating rod pumps (beam 
pumps or vertical hydraulic lift) or progressing cavity pumps (PCPS) with rotating 
rods connected to pumps located near the bottom of the well.  The type of lift 
system is selected based on volumes of fluid being produced and potential for sand 
or solids.  Rod pumps are lower cost and preferred for low rate wells, low sand or 
high water production wells.  PCPs are preferred for higher rate viscous fluids and 
high sand content.  Lift systems can be powered by standard truck engines fueled 
with produced or purchased natural gas or propane (with hydraulic or belt drives) or 
in some cases electric motors which can be mounted right on the wellhead. Larger 
equipment might be set on prefabricated concrete pads, but much of it is just 
placed on a gravel pad.  Some operators invest in fabricated metal buildings for 
engines, while others just install plywood sheds, often with removable roof sections 
to provide increase engine cooling in the summer. 
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 Lease Storage Tanks – Oil is generally produced to 
surface at a temperate between 15-25 degrees C and 
may be in the form of a foam and/or a water in oil 
emulsion, which both require heating to allow 
separation.  Tanks are equipped with one or more fire-
tube heaters where gas or propane can be burned to 
heat the produced fluids with flue gas exhausted 
through an external stack.  Heaters are usually simple 
on/off burner control with a pilot flame.  Tanks have 
gauges to tell the operator the total inventory of fluid in 
the tank, and there are separate truck loading nozzles 
on the tank for oil (off the upper part of the tank), water 
and sand (off the bottom of the tank).  Any produced 
gas entering the tank, vapourized heavy hydrocarbons 
or water vapour produced when the oil is heated will 
exit from an open vent on the tank top, which also 
allows air to enter when a truck is being loaded and the liquid level drops.  Some 
tanks may have modifications in design to provide higher energy efficiency (See 
fuel displacement options in Section 4 of Appendix A).  Tanks, at least one per 
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well, are found at almost all primary heavy oil sites, except those with a high 
enough water content to allow for fluid gathering through pipelines (mainly in Area 
A).  At some leases additional tanks may be temporarily added to a least to handle 
high volume foamy oil in the early stages of CHOPS production. 

 Gas Treatment/Compression Equipment (Optional) – In some cases leases 
may have equipment on the leases for treating produced gas to either dry it (salt 
dryers or dehydrators) to prevent freezing of fuel lines in winter or to compress the 
gas if is going to be transferred off the well lease through a plastic or steel pipeline.  
Equipment can be very simple or a more complicated, prefabricated compressor 
package.  These are usually only used if gas is to be transferred off the lease to 
other well sites or potentially for sales.  (See Appendix A Sections 4 and 5 for fuel 
displacement and compression options, new options include low pressure gas 
storage and virtual pipeline gas gathering.) 

 Tank Vapour Recovery (Optional) – These can be used if there are concerns with 
odours, or to capture produced gas from the tanks.  Design of these systems must 
ensure that the tanks are not over or under-pressured as fluid levels change or the 
tanks may be damaged and cause a spill of fluids.  Systems are easier to install for 
multiple tanks with a single compressor unit and with make-up gas to prevent tank 
damage on loading and unloading.  Other options are described in the Sections 5 
(Capture) and 9 (Odour Mitigation) of Appendix A. 

 Methane Conversion and Odour Mitigation Equipment (Optional) – Currently 
these type of equipment, including flares, are mainly applicable to sites where the 
produced gas may cause issues with odour, posing health and safety risks to 
surrounding residents, operating staff or the environment.  Unless there have been 
complaints, or if H2S is present in the produced gas, these are not often installed.  
See Appendix A Sections 8 and 9 for potential options. 

2.8. Description of Operating Variables for Basic On-Site Equipment 

The main operating variables for the on-site equipment which impact vent emissions are 
the oil production rate and the fuel use.  Generally any external fuel used either natural 
gas (from a municipality or utility) or propane (trucked in purchase), is well tracked and 
documented, as there is an accounting trail for each transaction, and payment based on 
actual fuel use.  Transfers of produced gas between adjacent sites, solution gas 
production, produced gas used for lease fuel, and gas going to vent or flare, are almost 
always estimated for each operation based on a 1-3 24-hr metered tests per year, so are 
not well documented or consistent. 

 Estimation of Gas to Oil Ratios (GORs) – Enforcement of regulations related to 
venting are generally based on total gas vented based in turn on the calculated or 
estimated GOR, for determining what sites must be evaluated for economic 
conservation or mitigation of emissions.  However, determination of representative 
GORs is difficult on primary heavy oil leases as they are based on 24-hour long 
tests to determine produced gas rates per well, which are then combined with oil 
production volumes for that well, which is usually the oil trucked plus inventory 



 

change in the tank over a week or month.  The inherent assumption is that the total 
gas volume being produced and measured over the 24 hours is stable and that the 
oil production is stable over the periods in which the oil volumes are determined.  
However, in most CHOPS wells, the daily flow rates of oil and gas can change 
quite radically over short periods of time making GOR determination problematic. 

 

 

As a result of the different produced gas GOR estimating methods being used by 
different companies, or even different operating areas in the same companies, 
there is additional potential for wide variations in GOR estimates, which make it 
appear as though GORs are even more variable than they really are.  GOR 
measurement standards have been suggested (See Vent Quantification Standard 
in the Appendix) but there is currently no industry standard for ensuring GORs 
reported are actually representative, and it is unclear how often the produced gas 
and GOR determinations are audited to assess their accuracy. 



 

 In the same pools
◦ GORs should be the same

◦ Field #1 – Avg 85.5 – 3 co’s at 60-70; 1 at 147

◦ Field #3 – Avg 75 – Range 50 to 100
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Pumps used in primary heavy oil applications are all positive displacement pumps, 
so the production is proportional to the pump revolutions per minute (for PCPs) or 
strokes per minute for beam pumps.  Beam pumps usually operate at a fixed rate 
with few changes day to day or week to week, as it takes some effort to adjust the 
pump speed by changing sheaves or motor connections, so GORs should be 
relatively consistent.  However, for PCPs and reciprocating pumps with hydraulic 
drive systems, the pump speed can be changed quite easily so the operators are 
often manipulating the pump speed on a daily basis to try and maximize oil 
production rates.  This is a concern as representative GORs will not be obtained if 
the pump is operating at a different rate when the gas volumes are measured in a 
24-hour test, vs. the rate it might be operated at over the rest of the week or month, 
on which the oil rates are determined for calculating a GOR.  Below are some 
examples of gas flows from wells which show the kind of gas flow rate deviations 
that can be observed in total produced gas over a 24-hour test.  Only “Type A” 
tests results are really of any value for calculating GORs as long as the well 
pumping rate is also unchanged during the period when the GOR is being 
determined. 
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 Artificial Lift and Drive System Fuel Use – Energy required for well artificial lift 
pumping on a given well site is generally proportional to the volume of fluids being 
produced.  At some sites, purchased power is used for electric pump drives, so 
there is no opportunity to use produced gas to fuel the artificial lift system, which 
means there may be more surplus gas to either vent, flare or sell.  However, at 
most sites the artificial lift systems are powered by truck engines in sheds which 
supply hydraulic fluid to drive the pumps.  The reliability of engines is lower than for 
electric drives, but produced gas used as fuel does not cost anything.  Pump drive 
engines may consume 20 to 180 m3/d of purchased gas (based on measured fuel 
use on only purchased gas) depending on the fluid volumes (Oil + Water) being 
pumped.  It should be possible to consistently calculate the estimated engine fuel 
use for each site in a given area with similar types of wells. 

Engine Fuel vs. Fluid Production
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 Lease Tank Fuel Use – Similar to the artificial lift engines fuel used for tank 
heating should also generally be proportional to the production as long as the tank 
temperature is maintained at about the same level.  As with engines tanks running 
off continuously metered purchased gas show fairly consistent energy use vs. the 
fluid volume produced.  However, the tank heater operations are often on-off which 
creates conditions where at times there is either insufficient solution gas to meet 
the tank fuel demand (resulting in use of purchased fuel) and other times when 
there is not enough demand to consume the produced gas resulting in surplus gas 
going to flare or vent.  Generally the tank heaters with tanks heated to about 80 
degrees C will consume about twice as much fuel as the artificial lift engines for the 
same volumes of produced fluid. 

Tank Fuel vs. Fluid Production
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The case study below, using measured purchased and vent gas flows on a 
number of CHOPS well sites shows the impact of tank heating cycles on the 
relative amounts of gas vented.  Often the tank heaters selected are sized for 
the highest fluid volumes expected in the well’s life, but, as a result, are often 
over-sized for heating the oil most of the time in the well’s producing life. The 
over-sizing results in excessive cycling and gas being vented when the burner 
is off, which could be used for tank fuel if the heater were adjusted or replaced 
to allow continuous low rate firing to match fluid production rates.  Another 
strategy to maximize use of produced gas for effective tank heating is to share 
gas between sites (or with other tanks on multiple well pads), through small 
diameter, low pressure lines connecting sites or through use of low pressure 
gas storage systems.  (See Appendix A Section 5) 



 

Case Study – Vent & Purchased Gas
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Other tank operational factors which impact fuel use and emissions are: 

o Tank Over Heating – More produced gas can be consumed or even wasted 
by excessive tank heating beyond what is needed for treating and viscosity 
reduction for truck loading.  Higher tank temperatures cause: 

 Higher odour emissions – More heavy hydrocarbons will be distilled 
off in the tank and hot fire tubes can cause oil to be partially upgraded 
on the fire-tube surface resulting in the release of H2S. 

 High water content in tank vents – More water will be evaporated in 
the tank and exit through the tank vent.  Some operators believe this 
reduces water trucking costs, but it can also increase other emissions 
and make it difficult to capture tank vents with vapour recovery 
systems. 

 Flaring disguised as fuel use – At some point heat transfer in the 
fire-tube may not be sufficient to transfer heat to the produced fluids 
and the fire-tube becomes essentially an enclosed flare that inflates 
the apparent fuel use, and avoids venting, but also can waste gas 
that might be economic to conserve. 

 Tank Vents – As indicated earlier at some stages of the well’s life, there can be 
large volumes of produced gas being emitted from tank vents.  Tank top vent 
measurement can be difficult to undertake (although there are options See 
Appendix A Section 2) so wells may not be recording any GOR for the first year or 
more of operation.  Conditions leading to increased tank top venting are: 

o Early CHOPS production when foam is being produced.  All of the 
produced gas is going to be coming out of the tank vents at a time when the 
oil rates are often the highest, so the greatest volumes of produced gas will 
occur at a given GOR.  By the time stable CHOPS flow with produced gas 
coming from the production casing vent occurs, has been reached, 1-2 



 

years might elapse before a consistent GOR is established from well casing 
vents, and 2-3 years before a vent gas conservation system might be 
installed, thus missing the largest volumes of gas the well might produce. 

o During PCP Cycling – Unlike beam pumps PCP pumps can compress gas 
entering the pump suction and transfer that gas to the tanks where it will be 
vented.  When wells are “pumped off” the PCP is pumping at a higher rate 
than there is fluid flowing into the well, so gas also begins to enter the pump 
suction.  This reduces the pumps capacity to handle fluid so the pump 
begins to “cycle” alternating pumping liquids only with periods of pumping 
liquid and gas.  This results in a production casing gas flow pattern like Type 
B shown above, which will likely show lower gas production off the well vent 
as any of the gas going through the pump is vented from the tank top. 

o Gas Surges – If the well experiences a gas flow surge the casing vent valve 
may not be opened enough to allow all the gas to exit though the vent and 
some may go through the PCP pump to the tank. 

o Operator Error – In some operating procedures the production casing vent 
might be temporarily closed, if it is not reopened when production resumes 
all the gas could be sent to the tank through the pump. 



 

3. Background on Heavy Oil Venting 

Since increased routine testing of heavy oil solution gas began in 2000 in Alberta and 
2003 in Saskatchewan, it was obvious that the volumes being vented were larger (200-
300% increase over volumes previously being reported) and more valuable (gas prices 
(>$6/GJ vs. <$1/GJ)), which greatly improved the economics of produced gas capture 
from cold heavy oil operations.  Similarly Shell in Peace River recently realized that their 
solution gas GORs were higher than they expected and may be increasing due to the use 
of multi-lateral wells or some other factor.  Increasing gas volumes and increasing gas 
prices led to increased capture and conservation of vent gas mainly for backing out fuel 
purchases and also some opportunities for economic gas sales, where there was 
supporting gas production infrastructure already in place in the region.  However, since 
gas prices dropped again in recent years there has been no significant economic 
incentive to further reduce emissions. 

3.1. Description of Operating Challenges 

The main challenge for producers is the barrier to dedicating manpower and capital 
resources to conserving relatively small volumes of solution gas, when there are more 
economic gas sources available for development which capture more gas with lower 
expenditures of capital and other resources.  Some key operating challenges are: 

 Low Pressures – Many operators believe that oil production is higher with a lower 
production casing pressure so try and operate wells at near atmospheric pressures 
in the well annuli.  The lower the pressure the gas is produced at the greater the 
cost for equipment and energy to recover and compress the gas.  Even 100 to 200 
kPa in back pressure has a significant impact on the cost of compression.  Often 
adding a compressor tends to increase the annulus backpressure as the 
compressor suction pressure should be high enough to prevent air from entering 
the system and the system will experience more pressure losses through the 
associated piping.  This assumption of a need for low annulus pressures being 
of benefit needs to be verified as other operators believe that higher annulus 
pressures result in MORE production. 

 Few Locations with Production Gathering Lines – While natural gas wells can 
be found over most of Western Canada the normal gas well spacing of 1 well per 
square mile means that on average the gas wells and flow lines may be some 
distance from the heavy oil wells.  The gas wells may also be owned and operated 
by companies other than the ones producing the oil.  Directive 60 in Alberta 
requires oil producers to work together to conserve vent gas from an area by 
sharing (or clumping) of gas collection facilities and gathering lines, but it may not 
require gas producers with no oil wells to share their facilities and flow lines.  Gas 
producers may also be concerned about solution gas from oil wells contaminating 
or compromising their gas production.  As a result separate solution gas gathering 
systems would be required and are expensive if steel or plastic lines are used.  
This problem could be solved with “virtual pipelines” with portable compression and 
pressurized storage modules so gas can be moved by truck.  (See Appendix A 
Section 5) 



 

 Irregular Vent Gas Flow Periods – The lack of apparent consistency in when, 
where and how much produced gas is exiting from the production system through 
tank or well vents and the variable flows seen in some wells later in their producing 
lives leads producers to avoid making decisions on installing conservation 
equipment until a well GOR test can be completed and reproduced over a period of 
time to give consistent values.  As was discussed above the variability may be due 
to a lack of measurement standards, or lack of measurement of the tank top vents, 
and by the time consistent well annulus vent flows are established most of the gas 
is gone so economics for capturing the remaining gas is much reduced on a 
present value basis. 

 On-site Power Limited – Most well sites are not connected to the electrical power 
grid so must rely on natural gas or propane engines to run equipment like 
compressors.  Engines are always less reliable than electrical power and require 
more operating time and maintenance than electric motors do, increase operating 
manpower levels, costs and downtime. 

 Vent Flow Changes over Well Life – Even if a stable and consistent GOR can be 
demonstrated for a given well, or group of wells, the vent or produced gas flows will 
still drop as the well is produced over time and oil production drops off.  Most of the 
oil and therefore the most gas are produced in the first 3-4 years after start of 
production, and then oil production will decline resulting in gas production also 
dropping over time.  The longer it takes to install gas capture equipment the harder 
it will be to economically or environmentally justify installing the equipment.  Some 
producers install vent gas transfer lines with the initial well installation so new wells 
(venting from tanks) can use gas produced from nearby established CHOPS wells.  
This has some risk as the new well may water out quickly or not be productive but 
there will be more cases where it will provide a benefit, and will help avoid using 
expensive propane in the initial months of production. 

 Low Volumes – As indicated earlier the gas produced per site is much lower than 
gas produced from even low rate shallow gas or CBM wells, and requires more 
capital investment to recover than those other types of wells for the same volume 
of gas sent to market.  Except for the small loss of resource and GHG emissions 
reduction, there is little monetary incentive for producers to invest limited capital 
and manpower into capturing such small streams, unless there is a regulation 
forcing them to do it.  Even with low or no economics, though, some producers like 
Shell and others believe conserving the gas is part of the cost of producing oil, so 
tend not to look at the incremental economics of conserving the gas. 

 Variable On-site Gas Demands – The variable on-site fuel demands due to over-
sized or off/on burners in site tanks adds another variation in surplus gas available 
at a site for conservation.  Compression and other equipment generally runs better 
at a constant flow rate, so periodic losses of gas to compress are a problem for the 
design and efficient operation of compression systems.  Also since the volumes 
available and surplus change over a period of just months, it is harder to design a 
compressor system in the first place that can efficiently operate over years. 



 

3.2. Identification of Sources of Emissions, Volumes and Composition Ranges 

Most of these gas sources have been discussed earlier in the report but it is useful to 
quickly summarize them: 

 Production Casing Vent – Main source of gas during normal established 
operations and should be the major source for most wells most of the time.  A key 
factor is to have a single standard for determining representative GORs with 
consistent gas measurements combined with oil volumes at identical operating 
conditions.  Gas composition will tend to be consistent for a given operating area 
over time and will mainly be methane. 

 Tank Vents – Will release any produced gas that does not get released from the 
production casing vent during foamy flow production, pump cycling or other 
conditions where the production casing flow may be restricted, so tank vents can 
be extremely variable in volume.  Because the tanks are heated the gas coming off 
the tank vents will vary greatly in composition depending on the oil properties and 
the temperature the tank is being heated to.  They will be richer in heavy 
hydrocarbons, water vapours and may even carry-over foam or H2S.  

 Pump Drive Engines – Are generally the same as truck engines designed to run 
on natural gas or propane.  The main emissions will be exhaust gases similar to 
tail-pipe emissions from a natural gas truck, so cleaner than diesel or gasoline 
engines.  Since the engines run continuously there are lower issues with increased 
emissions as loads change or start/stop operations experienced by engines 
vehicles. 

 Tank Heaters – Burn produced gas or propane as fuel, generating exhaust flue 
gas emitted generally from a stack reaching slightly above the tank top.  As most 
produced gas is clean the emissions should be low in soot and other particulates 
unless any oil carries over to the fuel gas system or if any leaks occur in burner 
tubes. 

 Surface Casing Vents – Extremely small or non-existent volumes form most wells 
of near surface biogenic methane.  Should be mainly methane and may be similar 
to what might be found in other water wells and other wells or piles penetrating the 
subsurface in an area.  

 Truck Emissions – Generally these are not assessed as being part of primary 
heavy oil emissions even though truck emissions in oil sands mining operations are 
included in production emissions as being part of the production process.  Primary 
heavy oil trucking should be similar, rather than just being included in 
transportation sector emissions.  Most of the trucks used are diesel and will have 
emissions similar to local haul diesel trucks with lots of starting, stopping, idling, 
and slow speeds on soft or rough gravel roads.  At various times consideration has 
been given to converting to natural gas engines, but this would be a major cost for 
the truck operators, who would not necessarily realize a benefit.  Other truck air 
emissions of concern are road dust as much of the traffic is on gravel roads, and 
dust is a major complaint of residents living in heavy oil areas. 



 

 Fugitive Leakage – There are a few sources of fugitive leaks on heavy oil leases 
with the main ones being: 

o Wellhead Stuffing Boxes – These are the seals where the rotating rods for 
PCPs or reciprocating rods for beam pumps enter the well.  The potential for 
leakage of oil and methane is higher for reciprocating rods compared to 
rotating rods; higher for high WOR wells than low WOR wells because water 
provides less lubrication; higher for wells producing into a gathering line than 
into a tank as the differential pressure across the stuffing box will be higher. 

o Chemical Pumps – Some heavy oil wells might have pumps to inject 
corrosion inhibitor, defoaming chemicals, or demulsifiers, although these are 
rare. 

o Engine Fuel and Tank Fuel Systems – Similar to any engine there could 
be small leaks from engine fittings although leakage rates would be small as 
they are small in size and operate at low pressures.  Tank burners might 
also allow unburned fuel to be emitted as not all burners have monitoring 
devices to detect when the pilot has gone out and stop fuel flow. 

o Control Valves – Most sites do not have control valves utilizing produced 
gas, but compressor packages installed to conserve the gas may have gas 
activated, venting control valves unless non-venting controls are specified. 

 Abandoned Well Seeps (Gas Migration) – As covered below some wells after 
abandonment or wells of other types that have been drilled and cased but never 
produced, or observation wells may penetrate shallow gas zones and if the casing 
and cement is not adequate to start with, or degrades over time, shallow gas from 
near surface zones may find its way to surface and be emitted.  As discussed 
before there are regulations in Alberta addressing gas migration detected in wells 
while they are in the process of being abandoned but generally the wells are not 
checked years after abandonment, or even if the well is in place but suspended, or 
having never produced. 



 

4. High-Level Assessment of the Current State of Heavy Oil Venting in Alberta and 
Saskatchewan 

Both Alberta and Saskatchewan require monitoring of produced gas from primary heavy oil 
wells however the purpose/motivation and methods of monitoring have changed over the 
years.   

 Pre-2000 - Initially the main purpose was to ensure that no associated gas zones, 
which might exist in conventional reservoirs, were being depleted, as this would 
represent an economic loss to the provinces through loss of potential royalties.  There 
was no requirement to test gas flows, unless the producer or a regulator’s inspector 
suspected high flows. 

 Post-2000 in Alberta, Post-2003 in Saskatchewan – With the growing perception of 
natural gas shortages and high natural gas prices (>$8/GJ) governments became 
more concerned about revenue losses and began to require more routine metering of 
produced gas flows.  In both provinces the requirement to conduct 24-hr gas flow tests 
resulted in significant increases in gas volumes reported (by factors of 2-3 times 
previous reported volumes).  With high gas prices there were opportunities to conserve 
gas with relatively good economics, even if it was to just back out purchases of utility 
gas or propane. 

 Odours – Any sites that emit odours have always been of greater concern to 
regulators and local residents, as many of the substances which cause odours can 
also have health impacts on humans, livestock and wildlife.  If odours are found wells 
may be shutdown until the problem is fixed making reduction of odours a priority and 
directly tied to the economics of oil production.  To mitigate odours determining the 
exact volume of gas being emitted, especially the methane component, is not required. 

 GHG Reductions – To date there is no mandated restriction on these relatively small 
point sources of GHG emissions despite the fact the total GHG emissions (tCO2eq) of 
the vented and flared gas reported in Alberta is over 4-5 MtCO2eq with the majority of 
the gas being emitted by CHOPS wells controlled by just a few heavy oil producers in 
each province. 

4.1. Alberta Situation Assessment 

The province of Alberta led the way in requiring at least one 24-hour test of produced gas 
volumes per well per year to try and establish better GORs.  Prior to this many producers 
just said that the gas rates were too low and variable to measure.  However, the improved 
data helped New Paradigm’s vent gas options studies and vent quantification studies, 
which showed that it should be possible to get more consistent GOR values.  Directive 60, 
besides requiring measurement and reporting, also included the preparation of annual 
reports on vent gas balances by battery and produced solution gas conservation rates 
and venting/flaring volumes by producer for the province as a whole and by region of the 
province.  This information is available to the public and is released by the Alberta Energy 
Regulator on a monthly basis for batteries and an annual basis for the province through 
their ST-60B report.  Other provisions set out conditions and volumes under which flared 
or vented volumes mush be assessed to see if they can be economically conserved (even 



 

with a slight loss on a present value basis).  Sources are specified for gas prices to use 
and other cost factors, but much of the surplus produced gas, especially after gas prices 
dropped, is still not required to be conserved or mitigated.  On an annual basis an 
estimated 300 million m3 of solution gas is still being vented in the province, with a GHG 
value of almost 5 Mt/yr CO2eq using a methane value of 21 tCO2eq/t of methane.  As can 
be seen from the graph below just three producers, CNRL, Husky and Devon account for 
over 75% of the solution gas vented from all sources and most of that is from CHOPS 
operations.  Shell inherited some vent emissions when they acquired some Peace River 
area cold heavy oil assets in 2006 from Black Rock, but have since almost eliminated all 
those vent emissions. 
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Location of High Vent Rate Wells – As part of the ST-60B report on flaring and venting 
a map is provided showing which townships contain the wells venting and flaring the most 
solution gas.  The map for venting based on 2013 is shown on the next page and 
highlights a challenge in that the high vent areas are the areas with the newest wells 
producing oil at the highest rates, and therefore venting the most produced gas.  These 
“high vent” townships can move around from year to year as production in new areas 
grows and older areas decline.  This highlights the need for proactive assessment of vent 
gas volumes to encourage capture and conservation of vent gas at an earlier stage in the 
well’s life. 
 



 

2013 Townships with High Rate Venting – There were 12 townships with high rate 
venting and total volumes vented of over 5 million m3/township in 2013.  The high vent 
townships were mainly developed by one or two producers in each area, as shown below. 
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Value Added Solutions for Alberta Operations - Based on experience and discussions 
with vendors and some producer contacts the main barriers to overcome in these 
operations are: 
 

 Update Directive 60 to Eliminate all Chronic Flaring and Venting – This has 
been proposed in the past and was being considered but was held up by the 
perceived impact it might have on overall oil well economics and royalties to the 
province.  Implementing this change would support the views of Shell and others 
that conserving produced gas is part of the production of oil and should not be a 
stand-alone consideration.  This would make ST-60 more consistent with approvals 
for commercial thermal oil sands operations where capture of produced gas is 
mandated. 

 New Wells – To achieve more economic conservation volumes capture 
conservation and/or conversion must be implemented earlier in each well’s life to 
capture the large volumes of gas vented in the initial 2-3 years of production by: 

o Confirm GORs during early stage production of foamy oil by improving 
measurement or estimation of GORs during this phase to justify more pre-
building of capture facilities and infrastructure.  Some vendors such as 
Boreal Laser have developed methods of estimating vent gas volumes from 
difficult to reach sources and these could likely be used to support earlier 
action to implement gas conservation so it is ready as soon as produced gas 
begins to be available from the production casing annulus.  

o Design and install facilities based on estimates of the GORs and gases that 
may be produced in an area instead of waiting for measured values which 
come after the peak gas flows. 

o Utilize biogas capture methods using plastic envelopes or other methods 
used for wet vent stream to capture tank top vents without compromising 
tank integrity. 

 Provide On-site Gas Surge Capacity – Investigate use of low pressure gas 
storage devices on each site to allow for storage of surplus gas to allow leveling of 
gas supply/demand imbalances for fuel. 

 Common Carriers for Solution and Non-Associated Gas Producers – Review 
potential of having all gas producers in a region share collection facilities for natural 
gas. 

 Virtual Pipelines – Modules to collect, compress and transport surplus solution 
gas should be assessed on a priority basis to avoid the need to build pipelines. 

 
4.2. Saskatchewan Situation Assessment 

Saskatchewan regulations tend to lag behind Alberta and do not require or in involve the 
same degree of reporting and public disclosure so it is harder to assess the situation in 
Saskatchewan except through a few general comments. 

 Saskatchewan does not have the same size of primary resource as Alberta and 
many of those operations are older so venting lower volumes of gas with lower 



 

primary production.  This likely makes conversion a better option, through catalytic 
converters or similar devices, than conservation. 

 Saskatchewan has been leading the way with Enhanced Oil Recovery activities 
such as water floods, thermal steam and solvent pilots (CO2, butane, etc) so has 
more operations which have “Moved on” from primary production. 

 The province sees conventional heavy oil as its equivalent of the oil sands, 
however, in recent years more of the environmental regulatory resources have 
been shifted to CO2 projects in Weyburn and shale oil development from the 
Bakken formation, so there have likely been fewer resource devoted to addressing 
primary heavy oil emissions. 

4.3. Producer Performance and Attitudes Towards Vent Mitigation 

From the venting statistics in the ST-60 reports in Alberta it is obvious that a major factor 
in mitigating primary heavy oil emissions is the attitude of the producers and their 
commitment to reduce emissions.  The largest “venters” CNRL, Husky and Devon (all 
three are also large “flarers” of solution gas) prefer to be reactive to regulatory changes 
and meet the letter of the requirements to minimize costs.  They prefer to consider 
solution gas as a separate resource from the heavy oil, and look at conservation as an 
incremental economic decision, totally separate from oil economics which are more 
lucrative.  Producers like Shell take a more proactive view and prefer to reduce emissions 
from oil operations as a matter of principle as part of the business of producing oil.  They 
also see GHG reduction as a global priority for them and vent gas reduction is a much 
lower cost method of reducing their corporate emissions with lower capital costs and 
making short term gains in reducing emissions.  Capital costs of ~$80/tCO2eq/yr for vent 
reduction (Shell Cliffdale example below) are much more attractive than CCS projects 
such as Shell Quest which can cost in excess of ~$1,000/tCO2/yr and require government 
subsidies and extremely long time frames to implement. 

As an example, Shell implemented a $40M capital project in their primary Peace River 
operation called Cliffdale to reduce GHG emissions from venting through first flaring and 
then capture of the gas for power generation (a 4MW site by a 3rd party) or for fuel and 
future fuel for their thermal operations in the area.  The chart below shows the resulting 
impact of their actions reducing emissions by over 400 ktCO2eq/yr over a period of only 3-
4 years.  Shell’s performance indicates that similar results should be possible for other 
areas if producers can be sufficiently motivated to change their past practices. 



 

 



 

5. Update of New Paradigm Heavy Oil Vent Gas Mitigation Options 

A major part of the effort for this project has been in updating and adding to the vent option 
sheets contained in Appendix A.  This effort was approximately 50% of the budget, had to be 
done first, and took the longest because of the need to contact and survey vendors and other 
stakeholders, which, while not requiring many hours for New Paradigm, had to allow time for 
vendors and others to respond.  It was noted that many of the vendors of solutions who have 
been in operation since before our 2000 vent options study, are pessimistic about future 
efforts as they have gone 14-15 years since the original study without seeing the expected 
sales of products which could have reduced emissions, and while seeing the emissions 
volumes remaining largely unchanged over that time. 

5.1. Heavy Oil Vent Gas One Page Option Sheets 

Some one page option sheets have been condensed, as it appears they may not fit with 
current needs and opportunities at the majority of sites.  Some new options, mainly from 
the biogas industry have been added.  Costs obtained in 2000-2001 have been escalated 
to reflect potential current costs in cases where new costs were not available.  Other 
upgrades were made to photos used and diagrams for some of the options. 

5.2. Adjustments from 2000-2001 Vent Options Study 

In the 2000-2001 report the one page sheets were preceded by a large number of 
flowcharts and selection tables for all the options for various groups.  Feedback from 
users was that they preferred to review the options first and that flowcharts and selection 
criteria should be by area.  As a result New Paradigm rearranged the option, sheets, 
flowcharts and tables so that each set of options has a brief introduction, followed by the 
option sheets with the flowcharts and table provided at the end of each section, so those 
using them will be more familiar with the options.  This work will be further expanded as 
an in-kind portion of the project as it was not included in the original scope, but New 
Paradigm feels that the changes are beneficial to users. 

5.3. Process Used for Updating Options 

To upgrade the options included and option sheets New Paradigm undertook the following 
activities: 

 Vendor Contacts – All vendors listed in previous options were contacted to 
confirm that they were still in business, to confirm contact information and to 
request updates on products offered, and any barriers they perceived.  This was 
done through direct phone contact as well as through the use of a brief survey.  
This work started in December 2014 and has continued, as some vendors have 
been reluctant to respond. 

 Producer Contacts – A few producer contacts were informally surveyed, but were 
sensitive to making attributed comments.  Many were going through career 
changes as a result of reductions in staffing as a result of low oil prices so were not 
motivated to provide much time.  The contacts who did respond indicated that the 
main barrier in their view was in the lack of pipeline/gas gathering infrastructure to 
collect vent gas, which reduced the economic incentives. 



 

 Literature/Internet Searches – Most options offered to the oil industry in this area 
have not changed much over the last 15 years although some new suppliers have 
entered the market and a few low cost technologies seem to have had some 
success, although their effectiveness is harder to assess.  The main industry which 
became a focus for looking for new options proved to be the biogas industry.  This 
sector has similar issues with respect to capturing, storing and transporting low 
pressure gases from a number of relatively low volume distributed sites. 

 Initial Efforts – Consolidate and update one page option sheets.  Previous option 
sheets were combined into a single document and revisions made to update costs, 
units, format, and contact information for vendors.  Concepts from biogas industry 
were also added. 

 New Sections – The two new sections of option sheets were related to 
development options and measurement options.  As discussed above the method 
of development impacts the volumes and sources of surplus gas available at a 
given site.  While measurement is critical to determine GORs to ensure the vent 
volumes are being determined appropriately to allow effective management 
decisions on applying the options 

 Plan for Proactive Periodic Upgrades to Option Sheets – New Paradigm is 
committed to continuing to upgrade option sheets as more information becomes 
available from vendors or through experience gained by operators in applying the 
various control methods.  Our plan is to continue to work on upgrades and issue 
revised option sheets on a quarterly basis for the next 1-2 years. 



 

6. Summary of Heavy Oil Vent Status and Barriers to Change 

In summarizing the results of this update, it must be concluded that there still are many 
options available to primary heavy oil producers, to significantly reduce solution gas venting 
and flaring in their various operations in Alberta and Saskatchewan.  In fact, adopting options 
developed for the biogas industry could significantly expand the amount of vent gas from 
primary heavy oil sites, which is either conserved or converted, to reduce the GHG impacts of 
the emissions, as well as reducing the release of other air emissions.  This should be 
possible without undue impact on oil and gas producers, as they have shown that they can 
accomplish reductions in areas where odours are present, even with much lower volumes of 
gas. 

6.1. Summary of Status 

The following observations can be made to summarize the status of primary heavy oil 
production and emissions in Western Canada. 

 Overall Vent Emissions Intensity has Dropped - Overall vent gas intensity, as 
expressed as the volume vented per unit of primary oil produced, has dropped as 
total primary heavy production has nearly doubled since 2000, while vent gas 
volumes have dropped to about half the initial volume (~50m3 gas vented/m3 oil 
produced to ~20m3/m3). 

 CHOPS Vent Emissions Intensity Almost Unchanged – Even though overall 
vent emissions intensities have dropped, as a result of increased horizontal CHOP 
production, in the Wabasca and Peace River Oil Sands areas, emissions from the 
main CHOPS producers in Cold Lake, have remained essentially unchanged after 
an initial drop during high gas prices.  So CHOPS, as in 2000-2001 is the main 
type of producing area which should be the focus of potential policy initiatives. 
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 New Technologies for CHOPS Vents Not Widely Adopted – Feedback from 
vendors indicates that while many of the options proposed in 2000-2001 are still 
available for producers to use, the main options which have been adopted are 
those which tend to facilitate solution gas use as fuel on producing sites. 



 

 New Options are Available Now – Developments in other industries, such as 
biogas production, have resulted in new options being made available on the 
market, which were not available 15 years ago.  These options tend to target 
measurement of low rate, hard to access vent streams and capturing low pressure 
streams while providing options for virtual pipelines to allow collection of surplus 
produced gas without large investments in fixed capital facilities at each site. 

6.2. Barriers to Change 

The main barriers to change are motivational, as producers have different attitudes 
towards reducing air emissions from primary heavy oil operations.  This was clear in the 
hearings related to odours from vent emissions in the Peace River area, where some 
operators were being proactive about reducing emissions (Shell) while others (Baytex) 
seemed to have waited for regulations, to change before taking emissions seriously. 

 Regulations – Current regulations focus on economic conservation of resources or 
responding to public complaints concerning the release of potentially toxic 
emissions, as indicated by the presence of odours.  GHG emissions are not really a 
factor in regulations, so while all producers appear to be trying to comply with the 
regulations many are following strategies which just meet the letter of the 
regulations.  This is despite the fact that methane emissions should be much more 
cost effective to reduce than other options such as CCS at large final emitter sites. 

o Conclusion #1 – Regulation is needed to motivate large venters to adopt 
existing technologies to reduce methane vent emissions. 

 Economic Basis – Current directives focus on conservation of the solution gas 
resource based on economic calculations which are done after most of the gas has 
been vented from most CHOPS sites.  They also depend on GOR estimates which 
are subject to large systemic errors in the early phases of CHOPS production. 
However the main problem is that the economics of solution gas conservation are 
separated from the economics of oil production. 

o Conclusion #2 – Conservation of solution gas should be considered as an 
integral part of oil production, so the costs of conservation and/or emissions 
reduction are part of the economics of oil production, just as costs for health, 
safety and other environmental impacts are.  As part of oil economics the 
cost to mitigate emissions is small compared to the total investment and 
revenue streams, even if incremental gas recovery economics are low or 
negative. 

o Conclusion #3 – If economics are only to be based on gas conservation, on 
a stand alone basis, then there should at least be a requirement to make 
those economic calculations based on proactively including all gas from the 
start of production, with facilities installed during initial construction, not 
waiting for later phase GOR estimations, which historically suffer from low 
measurement quality, and which also miss most of the produced gas, which 
is emitted in the first 1-3 years of oil production. 



 

o Conclusion #4 – To properly assess economics, regulations and options 
consistent standards are needed to ensure that GORs developed are true 
indications of produced gas volumes and that other uses of gas for fuel are 
optimized and minimized based on efficient fuel use to determine the true 
volumes of surplus gas available for conservation. 

 Adoption of Mitigation Technologies – While mitigation technologies have been 
available for over 15 years only the lowest cost options have been adopted by 
some producers.  At the same time producers have continued to encourage 
innovators to develop new options, even though existing options are already 
available and already being used by those same companies in areas with high 
odour emissions.  This results in innovators wasting time and resources “re-
inventing the wheel” while producers make small investments in testing, to avoid 
large investments in actually mitigating the emissions. 

o Conclusion #5 – Enough technologies are available now so the focus 
should be on motivating large-scale and proactive implementation of those 
options, as appropriate, rather than hoping for low cost breakthroughs, 
which are only applied reactively, after most of the solution gas is gone. 



 

Appendices 

D. Revised Option Sheets, Flowcharts and High Level Comparison of Options, by 
Challenge Area: 

1. Resource Development 
2. Vent Measurement/Quantification/Estimation 
3. Flow Stabilization Options 
4. Fuel Displacement 
5. Gas Compression/Capture 
6. Power Generation 
7. Enhanced Oil Recovery or Production Stimulation 
8. Methane Conversion 
9. Odour Mitigation 
 

E. Vent Quantification Standard (Proposed) 
 
F. Key References 
 


