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Project Context  
Cap-Op Energy was engaged by the Oil, Gas and Alternative Energy Division of the Environmental and Climate 
Change Canada office to conduct a study on “other” sources of methane emissions in the upstream oil and gas 
industry in Canada. The purpose of this report is to identify lesser known methane emission sources, understand 
the level of activity of these sources, and provide a means to quantify the emissions at a high level. The full list of 
methane sources can be found in Appendix C: Master List of Methane Emission Sources. 

The report begins with a brief review of the oil and gas sector to provide context for the sources of methane 
emissions that were identified. From the master list of methane emission sources, a subset was selected 
according to criteria developed by Cap-Op and ECCC personnel.  

These sources were selected because they may represent significant sources of methane emissions from the 
upstream oil and gas sector but may not have been studied at length in existing literature, or may not fall within 
the scope of existing regulations. The process of identifying the sources of interest is outlined in the Analysis 
Section and Appendix B: Glossary of Source Types provides a brief description of each source. A discussion of 
quantifying the sources, and an analysis of current mitigation technologies available is further provided for 
additional context and details to inform the development of future regulations.  

 

Introduction to the Oil and Gas Sector 
This section provides a brief high-level overview of upstream oil and gas operations to provide industry context 
and help readers understand the sources of methane that have been identified.  

 

1.1 Types of Emissions   

The upstream Oil and Gas (UOG) sector has experienced significant changes over the years as a result of 
technology, regulatory oversight, geographic expansion and increasing complexity. This includes efforts to 
monitor, report on, and reduce the emission of methane gas (CH4) that is released during the oil and gas 
production process.  

Although carbon dioxide (CO2) is the most prevalent GHG emission, methane is a significant concern because it 
has a higher global warming potential (GWP) than CO2, and this effect is amplified when considered over shorter 
time frames. Methane is the primary component of natural gas (85 to 98% by content) and of solution gas, a by-
product of oil production. There are effectively three emission source types associated with methane: vented, 
fugitive and flared/combusted. 

• Vented emissions are intentional, and result from equipment and procedures that are part of normal 

operating conditions. Examples include gas-powered pneumatic equipment and emergency shut-downs 

or maintenance where gas on-site must be purged for safety reasons. Since vented emissions are often 

controlled, or come from specific types of equipment, they can either be metered or estimated to a strong 

degree of accuracy. According to a 2014 study, vented emissions account for 14.9% of all emissions from 

Alberta’s Oil and Gas Sector1. 

• Fugitive emissions are unintended or irregular leaks of gases that are often very small in volume but occur 

frequently throughout operations, which makes them very difficult to detect or monitor. For this reason, 

fugitive emissions are unreported or at best are estimated. According to the study mentioned above, 

fugitive emissions account for 11.2% of all emissions from Alberta’s Oil and Gas Sector.  

                                                      

1 Taylor, M. (2017). Alberta's Methane Emissions Reductions (Alberta Innovation Engine Presentation). Calgary: Alberta 
Energy Regulator. https://www.alberta.ca/climate-methane-emissions.aspx 
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• Flared or combusted emissions is the burning of methane (CH4), which converts the gas to carbon dioxide 

(CO2), nitrous oxide (N2O) and water (H2O). However, depending on the combustion efficiency of the 

equipment being used, there will be an amount of unburned methane in the emissions. Incinerators are 

designed to emit less than 0.01% of the original methane combusted, flares emit about 1-2%, space 

heaters up to 40%, turbine engines up to 0.5% reciprocating engines up to 4%.2 Flaring or combustion is 

a preferred method of dealing with waste gases because of the conversion of methane to a less harmful 

greenhouse gas (GHG), in this case CO2. On sites where there are large volumes of flared or combusted 

gas, the heat is sometimes used to generate steam or electricity to power other site operations. According 

to the study mentioned above, flared or combusted emissions account for 2.2% of all emissions from 

Alberta’s Oil and Gas Sector.  

Due to the more potent GHG effect of CH4 compared to CO2, the amount of natural gas emitted through 

the supply chain could overshadow the effects of any CO2 emission reductions, for example found in 

exhaust scrubbing. It may be more economical, for the same t CO2e emitted, to address the natural gas 

emitted than to further efforts on combustion sources of GHG’s. 

 

Currently, fugitive emissions are typically managed with effective leak detection and repair (LDAR) programs and 
combustion emissions are addressed by air quality and zero routine flaring (ZRF) regulations. For the purpose of 
identifying Other Sources of Methane Emissions (OSME), this report will not focus on fugitive emissions or on 
combusted emissions, with a few exceptions as further detailed below.  

 

1.2 The Upstream Oil and Gas Sector  
To assist with better understanding some of the sources of methane emission presented in this report, a brief 
primer on the upstream oil and gas industry is provided. Figure 1: Natural Gas Industry Processes and Example Methane 

Emission Sources shows the production of natural gas from the well head to the burner tip. Preceding this is the 
reservoir exploration and well head drilling phases. At a high level, oil and gas are extracted, produced and 
delivered in a similar manner, with some differences in equipment and process details.  

 

Figure 1: Natural Gas Industry Processes and Example Methane Emission Sources3 

                                                      

2 EPA (2011) https://www.epa.gov/sites/production/files/2015-12/documents/landfills.pdf 
3 https://www.epa.gov/ghgreporting/subpart-w-basic-information  
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1.2.1 Oil and Gas Exploration and Development  

In Canada, the hunt for oil and gas reserves has taken many forms since the quest for the energy source began 
in the mid 1800’s.4 The first producing oil well in North America was a hand dug hole in 1858 in Oil Springs, 
Ontario.5 The first producing gas well in Canada was established in 1866, also in Ontario.6 Before a well is drilled, 
geographic seismic testing and geologic modelling is conducted to identify the oil or gas reservoir. This is followed 
by drilling test wells to analyze core samples, before full wells are drilled and pads developed. Sources of methane 
emissions are associated with, the camps organic waste (for jobs that are in remote locations), and emissions 
from drilling equipment, mud pits and well testing. Overall the methane releases from exploration and development 
activities are temporary and small in comparison to the overall emissions from the produced products and so are 
often not included in GHG reporting requirements.  

 

1.2.2 Oil and Gas Extraction  

Once a wellhead has been installed, the product; either gas, oil or an oil and gas mixture, is brought to surface 
for processing and transportation. Historically oil came to the surface without the assistance of pumps or artificial 
lift pressures applied to the reservoir. Free flowing oil wells still exist today but most wells often need to be pumped 
to the surface using pump jacks, and/or the oil needs to have pressure exerted in the reservoir, either through 
water flooding or CO2 injection. Other forms of oil production today include CHOPS, Heavy Oil, Bitumen, SAGD 
and oil sands extraction. Vapors, from the oil produced which contains methane (called solution or associated 
gas), can either come to the surface as free gas, or dissolved gas where the gas is entrained in the oil and is 
released when the pressure on the oil is relieved. 

Natural gas, referred to as gas (not gasoline, which is an oil product), is made up of mostly methane (CH4). Gas 
extracted at the wellhead can have one or more the following properties: 

• Wet: contains water, may also refer to how much condensate is in the gas, see liquids rich below,  

• Acid: contains carbon dioxide (CO2) or other acidic gas such as hydrogen sulphide (H2S), 

• Sour: contains hydrogen sulphide (H2S), the opposite of sour is sweet, 

• Liquids rich: contains condensates, longer chain carbon molecules (heavier hydrocarbons) that appear 

as a liquid at lower temperatures. Gases that are rich in liquids (condensates) are referred to as wet 

(not to be confused with water content) and are less thermally mature than dry gas and 

• Sweet: without impurities, especially H2S.   

Gas can be processed at the well head, at gas plants or at transportation facilities, such as compressor stations. 
Natural gas can also be reinjected into underground storage caverns for use at a later time. 

Sources of methane emissions would be associated with normal production processes including normal venting 
emissions from pneumatic devices, on-site compressors and/or dehydrators, flaring and infrequent leakage from 
tanks and well equipment. Infrequent emissions will also occur during non-routine maintenance activities and 
emergencies. Major emission sources will be monitored and reported in most jurisdictions.  

 

1.2.3 Oil and Gas Processing  

Wellsite processing of crude oil is usually limited to a separation tank (to separate vapours and water from the 
oil), and chemical injection to promote fluid flow and protect assets. The crude produced from multiple wells is 
transported to an oil battery, which is larger and more advanced, sometimes referred to as an inlet separator or a 
free water knock out vessel. The separator may be a heated vessel allowing for better separation of vapors 
according to individual petroleum product densities. From the battery, oil is transported by pipeline, truck or rail 

                                                      

4 Prior to the mid 1800’s oil and natural gas were sometimes harvested at naturally occurring seepage sites. 
5 https://en.wikipedia.org/wiki/History_of_the_petroleum_industry_in_Canada  
6 Ibid  
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for further processing at an oil refinery. Figure 2 demonstrates the refining process of oil and the different products 
that can be produced from crude.  

 

Figure 2: The distillation of crude oil into petroleum products7 

Wellsite processing of natural gas is limited to dehydration (to separate water from the gas stream), and chemical 
injection to prevent or mitigate problems that would negatively impact gas flow, asset performance or public safety. 
From there, gas may be transported to a gas plant to remove other products produced from well sites, including 
natural gas liquids, condensates and ethane which may be sent to other refiners for further processing.  

Sources of emissions would be from the tanks and the pneumatic devices utilizing fuel gas, also known as 
instrument gas (not instrument air), combustion emissions from equipment consuming gas to generate heat, such 
as an oil heater, flaring and fugitive emissions from equipment leaks. Major emission sources will be monitored 
and reported in most jurisdictions.  

 

1.2.4 Oil and Gas Transportation  

If an oil pipeline does not exist near an oil well, then the produced oil is stored in a tank on the wellsite, and trucked 
to an oil battery or refinery. Alternatively, the oil could be piped from the well site directly to an oil battery or a 
refinery. In either scenario, the oil may receive initial processing at the wellsite. Gas that is produced at the well 
head is transported by pipeline to a gas battery which processes the gas from multiple wells and outputs gas into 

                                                      

7 http://www.pttplc.com/en/About/PublishingImages/Graphics/A40%20international-unit3/img-refined.jpg 
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the sales pipeline for transport to the end user. Line heaters may be used to prevent the formation of hydrates in 
pipelines under colder conditions.  

Sources of emissions would include pipeline leaks, compressor stations, combustion emissions from equipment 
consuming gas to generate heat and non-routine maintenance and blowdown events.  

 

1.2.5 Oil and Gas End Use 

The appropriate volume of petroleum products produced from a barrel of oil can vary depending on the type of 
crude, and the types of hydrocarbon chains present. Primarily, the end product of crude oil is transportation and 
heating fuels, which includes gasoline, diesel, aviation fuel and fuel oil. Lighter and smaller-chain hydrocarbon 
are extracted for use in raw materials for the plastics, pharmaceuticals and materials manufacturing industry, 
while heavier and longer-chain hydrocarbons are used for lubricants and asphalt production.  

Once processed, natural gas enters into the sales pipeline for transportation to local distribution companies where 
the line pressure of gas is reduced and odorants such as mercaptans are added as a safety feature. End use 
primarily includes space and water heating and sometimes energy generation. There are other uses for natural 
gas production by-products, which are summarized in Figure 3.  

 

Figure 3: Downstream Products from Natural Gas Production8 

 

 

 

                                                      

8 https://www.slideshare.net/ewlamy/plg-presentation-for-rail-resources-conference , Oil and Natural Gas: The Evolving 
Freight Transportation Impacts, prepared by PLG Consulting for CIT Rail Resources Conference, July 30, 2013, slide 27  
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Analysis  
This section provides an overview of the process that was used to reduce the Master List.  

 

2.1 Identifying and Evaluating Sources 

Cap-Op compiled an initial list of methane emissions sources associated with the upstream oil and gas industry 
from a variety of data sources including a report by Environmental Defense Fund9, Clearstone Technical Report 
to Environment Canada March 201410, interviews with industry representatives and internal expertise of the Cap-
Op Energy team. The original compilation of sources is presented in Appendix C: Master List of Methane Emission 
Sources, referred to as the master list. From the master list, several sources were prioritized for further 
assessment, reducing the total number of sources from 300 to 13. This section details the process that was used 
to select these 13 emission sources.  

The task of identifying the other sources of methane emissions for further study began by eliminating some of the 
300 sources listed in the master list. The other sources of methane emissions would be (a) those sources that 
currently are not being tracked, managed, and/or regulated, and (b) sources that represent a significant source of 
methane release. The significance of a source would arise from the magnitude of methane venting, whether 
continuous or intermittent and the proliferation of the source within an industry sector. For example, a source can 
be small in magnitude however, due to an extensive presence in the Canadian upstream oil and gas sector, it 
may have significance as a source of methane emissions. 

Another guiding principle was to investigate sources which have received comparatively less attention as an area 
of study in existing literature, but which nonetheless may contribute to methane emission inventories in significant 
ways. The following section speaks to the criteria that was employed to reduce the number of sources from the 
master list.  

 

2.1.1 Flaring Emissions   

The majority of flaring sources were excluded since the combustion of natural gas will render the methane found 
in the fuel into CO2 and H2O. Depending on the destructive efficiency of the flare, typically 98%11, the amount of 
methane unburned and released into the atmosphere is well understood. Regulations are already in effect that 
strive to ensure flares are operating properly and to reduce the amount and frequency of routine flaring within 
Canada. Such regulations include Alberta Directive 60/Oil and Gas Conservation Rules, BC Drilling and 
Production Regulations, Saskatchewan Directive S-20/Oil and Gas Conservation Regulations and the Zero 
Routine Flaring Initiative in Canada.  

Examples of flaring sources that were removed include: Hydraulic fracturing workovers and completions that flare, 
flare pilot gas, make-up gas consumption, blowdown flaring, and under performing flare equipment.  

 

                                                      

9 ICF International. "Economic Analysis of Methane Emission Reduction Opportunities in the Canadian Oil and Natural Gas 
Industries." (n.d.): n. pag. Oct. 2015. Web. 
10 Clearstone Engineering Ltd. “Volume 3 – UOG Emissions Inventory Methodology Manual.” March 2014 
11 (Page 22) https://www3.epa.gov/airtoxics/flare/2012flaretechreport.pdf 
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2.1.2 Fugitive Emissions 

Most fugitive emissions were also excluded, since they are often managed through Leak Detection and Repair 
(LDAR) programs. This methane source has further received a lot of interest and scrutiny in the last few years in 
Canada, and is one of the sources that are included in the proposed federal methane regulations.12 

Examples of fugitive emissions that were removed include reciprocating and centrifugal compressors, oil 
wellheads, and leakage from numerous valves and pipes. Fugitive leaks can occur intermittently from various 
sources as a function of wear and tear from the operations and activities of facilities. Through prompt maintenance 
practices and operational monitoring, such leaks can often be detected early to avoid methane venting.  

 

2.1.3 Emissions Associated with Drilling and Exploration  

Drilling, exploration and construction are considered short duration activities when compared to the life of the 
production of oil or gas. On a life cycle basis, these activities may not be significant sources of emissions in 
upstream oil and gas operations. The emissions associated with drilling activities may be studied and addressed 
outside the review of overall processing, production, transportation, and storage emissions. For these reasons, 
the following sources were excluded from the master list: workovers and completions with fracturing (vented, 
flared and Reduced Emissions Completions (RECs), workovers, completions without fracturing (vented and 
flared), well drilling and well testing.  

The one exception is that camp emissions were included in the final list of other sources of methane emissions. 
While a one-time camp for a single project may be a short duration activity, during high drilling activity levels the 
cumulative number of camps may be significant, and some camps at larger sites continue to exist for the full 
duration of the life of the oil or gas facility.   

 

2.1.4 Other Criteria  

Figure 3: Selection Process for Other Sources of Methane Emissions provides a graphical representation of the 
master list of Emission Sources, and the relative number of sources that were eliminated at each stage of the 
selection process. In addition to the major approaches above, several sources were excluded from the list 
according to the following criteria: 

• Emissions sources too broad to evaluate: Some sources were deemed overly broad. Rather than 

study categories of sources, efforts were made to pinpoint specific types of sources which would have 

fewer sub-components. Some overly broad sources were also eliminated as a result of the above 

approaches, for example well drilling and completions, mishaps, gas engines, or engine exhaust, or well 

drilling. 

• Emission sources already being evaluated: Some sources were already being studied in Canada or 

covered under existing/proposed regulations. The list of sources targeted by the proposed federal 

methane regulations were excluded, which included pneumatic controllers and chemical injection pumps, 

rod packing from both reciprocating and centrifugal compressors, fugitive emissions from equipment 

component operations, larger-scale reported venting from oil and gas batteries, meters at local distribution 

company city gate stations, oil tank venting, sour gas venting, and methane released during well 

completion/recompletion activities. More information can be found in the proposed federal methane 

regulations for the oil and gas sector.13 

• Emission sources related to emergency operations: As described above, many of these sources are 

already covered in some jurisdictions under broad regulations related to emergency operations. Examples 

                                                      

12https://www.canada.ca/en/services/environment/weather/climatechange/climate-action/technical-backgrounder-
proposed-federal-methane-regulations-oil-gas-sector.html 
13https://www.canada.ca/en/services/environment/weather/climatechange/climate-action/technical-backgrounder-
proposed-federal-methane-regulations-oil-gas-sector.html 
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of excluded sources include line strikes, third-party interventions, pressure relief venting and well 

blowouts. Emissions from emergencies were not considered significant because they occur infrequently. 

• Emission sources out of scope: The master list included methane sources from unconventional 

activities including shale, tight gas, fracking and oil sands. These emissions were identified and reviewed 

but for consistency and alignment with the report’s scope, these sources were excluded.   

 

 

Figure 3: Selection Process for Other Sources of Methane Emissions 

 

2.2 Characterization and Categorization of Sources  
In managing the list of emissions from the master list, sources were evaluated based on the categories listed in 
the table below. Emissions were grouped into the upstream oil and gas production sectors in which they occurred. 
If the same emissions activity occurred across multiple sectors, they were consolidated as one emissions source 
for the final list of Other Sources of Methane Emissions. For example, space heaters are found in oil and gas 
production, gas transmission, storage and distribution, and compressor station venting can occur at both sour 
sites and sweet sites. Since these sources occurred at multiple points in the upstream oil and gas industry, this 
highlighted their importance as a significant emissions source and identified them as an OSME. Sources were 
also categorized by the emissions type for navigating the broader list and facilitating analysis.   

Table 1: Evaluation of Sources Based on the Following Categories 

Being studied/evaluated OSME - Condensate Tanks OSME - Purging 

Drilling Activity OSME - Dehy Venting OSME - Space Heaters 

Emergency Event OSME - Flare Operational Issues OSME - Starter 

Flaring Activity OSME - Gas Sampling OSME - Wellsite Operation 

Fugitive OSME - Line Heaters Out of Scope 

OSME - Blowdown OSME - Liquids Unloading Too broad of a source to evaluate 

OSME - Camp Organics OSME - Orifice Plate  
 

2.3 Selected Sources  

Following the evaluation and analysis process, the following sources were selected for further study. Table 2: 
Occurrence of Other Sources of Methane Emissions in Oil and Gas Life Cycle demonstrates where these 
emissions occur within the upstream oil and gas production process.  

• Blowdown Events 
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o Station Blowdowns 

o Compressor Blowdowns 

o Vessel Blowdowns 

o Pipeline Blowdowns 

• Purging Events 

o Purge gas consumption - combusted 

o Purge gas consumption - line recharge 

o Purge gas consumption – pigging (in-line inspection) 

• Dehydrator Operation 

o Dehydrator reboiler 

o Dehydrator still column 

• Flare Operational Issues 

o Flare - pilot gas venting 

o Flare - Pseudo-dormant 

• Liquids Unloading Operations 

o Liquids Unloading - Uncontrolled 

o Liquids Unloading - Wells w/ Plunger Lifts 

• Wellsite Operations 

o Well - Abandoned well casing venting 

o Well - Stripper wells 

o Well - Surface Casing venting 

• Space Heaters 

• Line Heaters 

• Compressor - Gas driven engine starters 

• Condensate Tanks  

• Gas Chromatography and Gas sampling equipment 

• Orifice Plate Change out 

• Construction Camp Organics and Waste 

Table 2: Occurrence of Other Sources of Methane Emissions in Oil and Gas Life Cycle 

Emission Sources  
Exploration & 
Development Extraction Transport 

Refining & 
Processing 

End-Use 
Combustion 
(Fuel/Flare) 

Blowdown Events      

Purging Events      

Dehydrator Operation      

Flare Operational Issues      

Liquids Unloading Operations      

Wellsite Operations      

Space Heaters      

Line Heaters      

Compressor - Gas driven engine 
starters      

Condensate Tanks      

Gas Chromatography and Gas 
sampling equipment      
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Orifice Plate Change out      

Construction Camp Organics and 
Waste      

Other Sources of Methane Emissions 

For the 13 selected sources, this section provides a more detailed description of the point of emission release, 
methods to quantify the impact of the emissions and identifies potential technologies and operational practices to 
reduce or eliminate the emission source. Where applicable and available, the analysis includes current industry 
estimation methodologies. 

This document provides a discussion of the factors which may contribute to quantification estimates for Other 
Sources of Methane Emissions. There may be emission factors that have been developed to quantify the 
emissions from different operations and facilities in the upstream oil and gas industry. This report does not rely 
on those factors and does not aim to establish a baseline emissions inventory. Instead, the quantification 
component aims to identify the important factors and data points that could be used for the purposes of accurately 
estimating total emissions.  

Each section includes a quantification analysis by source and by sector. The quantification by source identifies 
the physical factors that can impact the quantity of methane emissions released from each. Examples of such 
factors are summarized into the categories below:  

• Equipment type & age 

• Degree of maintenance  

• Duty cycle (the proportion of operation)  

• Existence of emissions controls in place  

• Geologic product factors (such as gas components, water-to-gas ratios, gas-to-oil ratio, or the type of gas 

being extracted)  

• Geologic climatic factors (exposure to wind (oxygen), water (humidity), temperature, elevation) 

The quantification by sector identifies the major considerations in generating a national inventory of emissions 

from that source, including the types of activity levels that would need to be monitored and potential data sources. 

A high-level equation is provided for the total sector-level emissions from each source.    

Each source section also includes an analysis of technology and operational considerations that could reduce or 

eliminate the total amount of methane released. There are several general mitigation approaches available to 

reduce the amount of methane vented from upstream oil and gas operations, which include:  

• Destruction for non-useful purposes, such as a flare or incineration  

• Destruction for useful purposes, such as a heater (space, line, or boiler), displacing fuel gas, or 

combustion for on-site power production  

• Conservation or vent gas capture, where captured gas is redirected into the sales pipeline  

• Improved equipment efficiency or upgraded instrumentation that results in lower emissions, either through 

lower fuel consumption, greater combustion efficiency, or reduced vent rates  

• Improved monitoring or maintenance practices that result in lower fuel consumption by replacing parts 

proactively and by detecting problems early  

• Technology changes and alternatives that completely reduce or eliminate the venting source   

The type of technology or practice that is available can depend on the size of the facility, the type of fuel that is 
being produced, the pressure of fuel from the well, and the cost of implementation. There are no “one-size fits all” 
solution to reducing methane emissions that could apply at all facilities. Generally, the cost to implement a 
methane abatement program must be accessed against the value of the gas vented plus the value of the 
greenhouse gas emissions vented (price of carbon) versus the cost to purchase, install, maintain and, to report 
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(assuming reporting requirements are necessary) on the abatement activity. For the economics of methane 
reduction projects to make sense, the price of natural gas or price of carbon needs to be high and/or the 
equipment, labor and maintenance costs of new equipment needs to be low.  

 

3.1 Blowdown Events 
A blowdown is an event characterized by a large volume of gas released from an asset at a high-pressure 
condition to a near-atmospheric pressure. Blowdowns are performed to remove (evacuate) a quantity of gas and 
the associated pressure from an asset as quickly as possible. Removal of all the gas, if necessary, is done with 
a subsequent step called purging.  

Blowdowns can be planned or unplanned events. Planned blowdowns are performed in preparation for a facility 
outage to perform asset maintenance, repairs, or inspections. Unplanned blowdowns are the result of system 
upsets such as with false compressor starts and emergency facility shutdowns. This section will evaluate methods 
to reduce and to quantify planned blowdown events. 

Planned blowdowns can occur throughout the upstream oil and gas production and transportation process, 

wherever there is pressurized gas present in vessels and equipment, including: 

• Station Blowdowns: Usually done in an emergency, or in preparation for yard work and maintenance. This 

includes venting of gas from all pipes within the station.  

• Compressor Blowdowns: Usually done as a result of a false start of a compressor, sometimes in 

preparation of maintenance work.  

• Vessel Blowdowns: Occurs before maintenance work on a vessel. The vessel is isolated from other 

components and all gas is vented.  

• Pipeline Blowdowns: A section of a pipeline is blocked off for maintenance, repair or modifications 

(additional pipe tie-ins). Before work can be conducted, gas present between two or more closed valves 

of the blocked section must be emptied.  

The blowdown gas is typically vented to the atmosphere or, if available, to a facility flare stack for safety and 
economic reasons. 

 

3.1.1 Quantification by Source 

Parameters: In quantifying the volume of methane released, it is important to consider the volume, temperature 
and pressure of the gas in the asset, the desired end pressure left in the asset when the blowdown is done, and 
the presence (and performance characteristics) of any destruction equipment used. Total emissions from 
blowdown events will be a product of the number of events during the year and the volume of gas vented during 
each event.  

Factors: The total emissions from blowdown events could vary according to the type of equipment and its age, 
which would impact the frequency of blowdown events and as a result the volume of emissions from that 
equipment. Older equipment that is not maintained well or geographic locations that result in extreme weather 
and temperature may require more frequent maintenance and repairs which could increase the number of events.  

Emission Significance: The amount of methane released from blowdown events can vary by the frequency of 
such events and the volume of the vessel that is being evacuated of gas. While blowdown events may be 
intermittent, significant one-off venting events could occur if a large section of a pipeline, a facility or a large vessel 
is blown down, and methane is released directly into the atmosphere. Depending on the volume of gas that is 
released during these one-off events and the location of the facility where they occur, it may not be economical 
for operators to incorporate gas-capture or utilize pull-down compressors. During blowdown events that occur at 
the well head, where gas flow from a well head is obstructed, the produced gas may be redirected to a flare or 
vented into the atmosphere for the duration of the maintenance activity. For this reason, there may be additional 
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significant methane emissions from blowdown events beyond the release of gas from the depressurization of 
vessels.    

i. Station blowdowns: A set of calculations can be completed, incorporating many small diameter pipes 

and vessels depending on the valve closure configuration, which are contributing volume of gas to the 

blowdown event. If a full facility shutdown is required instead of an isolated section of the plant, some 

owners will purposely initiate an emergency shut down (ESD) to test their ESD systems, in which case 

all vessels are depressurized and the evacuated volume is easier to quantify. Similar to pipeline 

blowdowns, station blowdowns occur when a facility needs to be shut down for maintenance and 

repairs, and all the gas has to be purged for safety reasons before work can begin. There may be 

opportunities to capture and use the purge gas for other useful purposes. 

 
ii. Compressor blowdowns: The evacuation volumes from compressors are much smaller compared to 

station or pipeline blowdowns. The volume of vented gas is simply calculated or obtained from the 

manufacturer. Blowdowns may be planned, for example in preparation for maintenance activities 

including wheel change out (aero assembly changes may occur seasonally to account for variations in 

system flows). Unplanned blowdowns occur during false starts; when a sequence of conditions are not 

aligned within safe start-up parameters then the start-up sequence is aborted and all gas is vented. 

After safe conditions are met, the start-up sequence is initiated again. Many new compressors are ‘easy 

starters’ in that they do not false start, however older units may be identified by operators as ‘bad 

starters’ that require numerous start-up cycles to operate. These units can be selected as base loaded 

units that are always running, to avoid shut-down and start-ups.  

 
According to the Pollution Control Handbook for Oil and Gas Engineering (1996)14, there are an 

average of 13.3 compressor blowdowns a year per compressor, with an average release of 107 +/- 

147% m3.  

  
iii. Vessel blowdowns: Calculating the volumes of individual vessels that are isolated and evacuated are 

straightforward volume calculation. The volume of gas vented can be as easy as using the dimensions 

of the vessel and the pressure of the gas contained in it. 

According to the Pollution Control Handbook for Oil and Gas Engineering, each vessel experiences an 

average of 0.43 blowdowns per year with an average release of 2.2 +/- 266% m3. The figure was 

estimated from the internal dimensions of the vessel and corrected for pressure, and included 

blowdowns from separators, dehydrators, and in-line heaters.15 

 
iv. Pipeline blowdowns: To calculate the volume of vented gas from a pipeline requires the starting and 

end pressure within the pipeline, the volume of the pipe and the temperature of the gas. The length of 

the pipe should be from one closed valve to another, where the pipeline is closed off for the blowdown 

event. In mitigating the emissions from a pipeline blowdown, a portable compressor, or the use of a 

downstream compressor, can be used to pull gas from the isolated section and push the gas into a 

nearby line or downstream pipe section. This would reduce the amount of gas to be vented. 

Alternatively, depending on the type of work needed to be done, hot-tapping may be utilized. Hot 

tapping is a process where welding is done on a live, pressurized (albeit at a reduced pressure) pipe 

line. The advantage of a hot tap is the line is not vented and the line remains in service to a certain level 

less than 100% capacity. 

                                                      

14 https://books.google.ca/books?id=mUoPDAAAQBAJ&printsec=frontcover#v=onepage&q&f=false 
15 Ibid 



  
 
    OSME – Emissions Sources Description and Mitigation Strategies  

Page 17 of 84 

According to the Pollution Handbook for Oil and Gas Engineering, there are an average of 0.96 pipeline 

blowdowns per year per km with an average release of 8.7 +/-32% m3. The figure was based on the 

diameter and length of various pipe segments.16 

 

3.1.2 Quantification by Sector  

A high-level national inventory of vented emissions from blowdown events could be determined by collecting an 
inventory of the major assets (compressors, stations, vessels, and pipelines), determining the average size of 
those assets, and defining the average amount of times during a year that a blowdown event occurs, summed up 
as follows:  

𝑇𝑜𝑡𝑎𝑙 𝐵𝑙𝑜𝑤𝑑𝑜𝑤𝑛 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3) = ∑ 𝐴𝑠𝑠𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. # 𝑜𝑓 𝐵𝑙𝑜𝑤𝑑𝑜𝑤𝑛 𝐸𝑣𝑒𝑛𝑡𝑠 ∗ 𝐴𝑣𝑔.  𝐴𝑠𝑠𝑒𝑡 𝑉𝑜𝑙𝑢𝑚𝑒 

Since the asset classes are so different, blowdown venting will have to be split by the asset type and summed up 
to determine total venting for blowdowns.  

• Asset Count: The Alberta Government and the AER may have a Province-wide inventory of large assets 
including compressor, stations and pipelines. Smaller vessels could be assumed as an average number 
of vessels per well site.  

• Avg. # of Blowdown Events: Needs to be determined (will be different for different asset classes)  

• Avg. Asset Volume: The average size and containment volume of industry-standard equipment could be 
used to determine average volume of gas released. This must be adjusted to standard temp./pressure.  

 

3.1.3 Technologies and Strategies for Mitigation  

The time required to perform a blowdown is a consideration when evaluating methods to reduce the amount of 
vented GHG’s. If the alternative results in the asset being ‘out of service’ longer than simply venting the gas to 
the atmosphere, then it may mean upstream facilities are forced to go off line, thus flaring their production, until 
the maintenance (or whatever else caused the blowdown) is completed. 

 
i. Pull-down compressors: By reducing the pressure in the asset before beginning the blowdown, the 

amount of natural gas (methane) vented to the atmosphere is reduced and the gas is conserved for sale 

or internal use. The availability of pulldown compressor plants may be limited, so an alternative is to utilize 

existing facilities, such as downstream compressors. The additional time to perform this, compared to the 

reduced time for the blowdown, usually means the facility is operating at less than full capacity for a longer 

period. The downtime increases the additional cost of the pulldown procedure through lost revenue. 

 

ii. Flaring or incineration: The appeal of combustion is that it reduces the vented methane (CH4) by 

converting the methane to the less potent GHG carbon dioxide (CO2). Flaring typically has a destruction 

efficiency (amount of methane that can be expected to be converted to CO2, expressed as a percent) of 

greater than 98%. Incineration has a much higher destructive efficiency of 99.7%.17 However, incineration 

is often more technically complex, requires more equipment and can take more time to evacuate the 

same asset than flaring, which itself can take more time than venting. 

 

iii. Gas capture, such as through an activated carbon vessel:18 Capture of the vented blowdown gas into 

an activated carbon or evacuated system, and then utilizing the gas somewhere else has long been 

                                                      

16 Ibid 
17 https://www3.epa.gov/airtoxics/flare/2012flaretechreport.pdf 
18 Suggested uses may be in space heaters and in the generation of electricity in solid oxide fuel cells or Stirling engine 
(http://www.bgrindustries.com/bgri-products/rush-power/ for example). 
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evaluated and only recently become feasible economically. Conditions must be well defined for this to be 

fully utilized. The gas quality, quantity, safe storage, transportation, identifying a place that can utilize low 

pressure gas, and time required for the blowdown are the initial considerations. Blowdowns of stations, 

compressors, and vessels are ideal for gas capture due to the size and location of these events. 

TransCanada conducted a study in 2013 to predict the performance and mass storage of a full scale 

activated carbon-based natural gas recovery system from a compressor blowdown. A complete economic 

analysis was performed to estimate the cost per kilogram of natural gas required to make a full-scale unit 

economical for compressor casing blowdowns. The study concluded that an activated carbon-based 

natural gas recovery system for compressor blowdowns would be commercially uneconomical unless 

there was an increase in the cost of natural gas and/or GHG emissions.19 

 

iv. Pipeline blowdown specific technologies: For blowdowns of large pipes, operators can utilize mobile 

combustors for directing waste gas to flares, or mobile compression units that can capture and store the 

gas for other uses. An example is the TCI Incinerator Unit,20 which is a modular incineration unit that can 

be rented for pipeline blowdowns. While these options are effective in reducing the amount of emissions, 

they can be very costly. They may not be feasible in very remote locations with minimal road access or 

where the volumes of gas released from pipeline blowdowns is minimal. A blowdown of a pipeline can 

also be avoided through hot-tapping, which is the method of conducting maintenance or making 

modifications to a pipe without interrupting or emptying that section of pipe. Since hot tapping is 

considered a very risky and dangerous activity, its feasibility is dependent on the age of the pipe, the type 

of gas present in the pipeline, and the geographic/environmental conditions.   

 

3.2 Purging Events 
Purging is a process of removing the contents of a space, such as a facility yard, a vessel or tank, a pipeline, or 
a pig launcher/receiver which is filled with another liquid or gas. Purging occurs after the facility has been in service 
and is being prepared for work (evacuation), as well as after facility work has been completed and the asset is 
being prepared to return to active service (recharging).  

When taking equipment out of service following a blowdown, purging makes the vented spaces that previously 
held petroleum product safe for entry and eliminates hazardous (explosive) mixtures of air and gas. Methane is 
released and vented, as the fumes are pushed out of the equipment. 

When returning equipment to active service, purging is important to ensure there are no lingering gases which 
could create a potentially explosive environment.21 Methane is released when natural gas is used to refill the 
space. As gas flows back into the space, it ‘pushes’ the air out. The exact amount of time that it takes to push the 
air out is hard to predict, so excess methane is often released. For safety reasons, it is better to ensure that all of 
the air is evacuated by releasing extra methane, then to have entrained air in the equipment that could result in 
equipment failure or the violent release of far more methane in a rupture or explosion. 

Outside the use of an inert gas, which can be very expensive, there may be little that can be done to reduce the 
amount of gas needed for purging. However, since purging is a planned event, it is usually associated with a 
maintenance program, so there are opportunities to make provisions to manage and reduce the methane released 
to the atmosphere. The challenge is that the mixture of natural gas and air that is captured may not be rich enough 
to sustain a flame needed for flaring, heaters or engines. 

 

                                                      

19 http://www.iagtcommittee.com/downloads/2013/205_final_paper.pdf 
20 http://tciburners.com/products-for-rent/ 
21 Or when bringing a new asset into service for the first time. 
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3.2.1 Quantification by Source 

Parameters: In quantifying the volume of methane released from purging events, it is important to consider the 
volume of space being purged, the pressure and temperature of gas, and safety margin to ensure a properly 
completed purge. Total emissions from purging events will be a product of the number of events during the year 
and the volume of gas vented during each event.  

For general evacuation of a system, the volume of the asset that is being purged and the starting pressure of the 
gas can be used to calculate the mass of methane released. For recharging the system, accurately estimating the 
amount of time needed to completely refill the system with methane will reduce excess gas from being vented. 
Direct metering of the amount of methane injected will provide an accurate assessment of how much methane 
was vented.  

Factors: The total emissions from purging events could vary according to the performance of the team contracted 
to purge the equipment in terms of precision, accuracy, and the complexity of the calculations and/or asset 
geometry used to determine when a site has been fully purged. Geographic features such as topography can 
impact the access to site and thus the viability of emission-reduction solutions such as portable incinerators or 
pull-down compressors. Proximity to other facilities, gas tie-ins can also impact the potential for reinjection.  

Emission Significance: The amount of methane released from purging events can vary by the frequency of such 
events and the volume of the vessel that is being purged. Similar to blowdowns, purging events are intermittent, 
but significant one-off venting events could occur if a large section of a pipeline, a facility or a large vessel is 
purged, and methane is released into the atmosphere. Depending on the volume of gas purged during these one-
off events and the location of the facility, it may not be economical for operators to incorporate gas-capture or 
utilize pull-down compressors. Therefore, the significance of methane emissions released from purging events 
may be very high at certain sites compared to others.  

i. Piping/pipelines: The biggest consideration for calculating the volume of gas for evacuation and 
recharging is the volume and pressure of gas in the line, including spur lines. A pipeline with no laterals 
(or ‘spur’ lines) is more accurate and straightforward. Yard piping or pipelines with extended laterals 
requires more consideration as ‘dead legs’ (lines that are closed by welded caps, valves, flanges or other 
fittings) need to be identified and purged via a separate connection or via cycling of the purge. 
 

ii. Pressure vessels: Calculating the evacuation and recharge pressure for pressure vessels depends on 
the volume of the vessel, including connected pipes and boots or other sections, less the volume of 
internal parts. 
 

iii. In-line inspections (pigging): Calculating the evacuation and recharge purge gas vented for pigging 
units depends on the volume of vessel (launcher and receiver), including connected pipes, less the 
volume of the pig as necessary. The potential for venting during the operation of a pigging unit needs to 
be considered, which includes;  

a. At the launcher - the chamber is evacuated of any gas that may have entered since the last 

pigging event, then the pig is installed and the chamber is charged with gas (note the pig will 

occupy most of the space). Once the pig is launched, the chamber is isolated from the pipeline 

and the chamber is purged of gas.  

b. At the receiver – The receiver is filled (recharged) with gas when the receiver is prepared to 

receive the pig. Once the pig has arrived the chamber is evacuated of gas (note the pig will 

occupy most of the space) and the pig is removed. 

c. The amount of gas released from pigging operations can vary depending on the size of the line 
(2 inch to 42-inch diameter), the type of product (oil line or gas line), type of pigging (simple pig 
to scrapper pig, up to smart pig or inspection pig), the number of times pigging is required for the 
line, and the number of times the launcher/receiver will cycle (once for just sending/receiving a 
simple pig as compared to three send/receives for a complex event (e.g. first send a simple pig, 
then a scrapper pig before sending a smart pig).  
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iv. Compressor casing: Calculating the evacuation and recharge purge gas vented for compressor casings 
depends on the volume of the compressor chamber, including connected piping, less the volume of 
impeller (the rotor used to increase the pressure and flow of a fluid). Manufacturer’s specifications are 
often available. 
 

3.2.2 Quantification by Sector 

A high-level national inventory of vented emissions from purging events could be determined by collecting an 
inventory of the major assets (pressure vessels, compressor casings and pipelines), determining the average size 
of those assets, and defining the average amount of times during a year that a purging event occurs, summed up 
with the following equation:   

𝑇𝑜𝑡𝑎𝑙 𝑃𝑢𝑟𝑔𝑖𝑛𝑔 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)

= ∑ 𝐴𝑠𝑠𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. #𝑜𝑓 𝑃𝑢𝑟𝑔𝑖𝑛𝑔 𝐸𝑣𝑒𝑛𝑡𝑠 ∗ 𝐴𝑣𝑔. 𝑉𝑜𝑙 𝑉𝑒𝑛𝑡𝑒𝑑 𝐺𝑎𝑠 ∗ 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 

Since the asset classes are so different, purging venting will have to be split by the asset type and summed up to 
determine total venting for purging.  

• Asset Count: The AER may have a Province-wide inventory of large assets including compressor casings 
and the Canadian Energy Pipeline Association will have data on pipelines and pigging events. Smaller 
vessels could be assumed as an average number of vessels per well site.  

• Avg. Vol Vented Gas: The average size and containment volume of industry-standard equipment could 
be used to determine vented gas volume. This must be adjusted for standard temp./pressure. 

• Avg. # of Purging Events: Must be determined 

• Adjustment Factor: When an asset is returned to service, there is extra gas vented to ensure there are no 
lingering gases. This vented gas could be represented as an additional percentage of the total gas vented 
from that asset.  

 

3.2.3 Technology and Strategies for Mitigation 

i. Hot tap or other ‘live’ working: This avoids the blowdown and purging of the pipeline altogether. This is 

the most effective method since it avoids shut-down of equipment and avoids venting emissions. 

However, this approach has inherent risks and requires specialized equipment and skill sets. Feasibility 

is dependent on the age of the pipe, the type of gas present in the pipeline, and the 

geographic/environmental conditions. Hot tapping is only considered a viable option for minor fixes and 

leaks. 22 

 

ii. Pull-down compressor: As mentioned under the blowdown section, these compressors pull the gas that 

needs to be evacuated from the sectioned-off pipeline/vessel/equipment, compress it and reinject into a 

sales pipeline. This can be a very expensive approach and is only viable if there is a large vessel being 

purged or large volumes/distances of pipeline that needs to be purged.   

 

iii. Directing the vent stream to flare or incinerator: This reduces the CH4 to a less potent GHG, CO2. 

However, the added time required to burn off waste gases may result in other venting or flaring at isolated 

facilities upstream or downstream from the pipeline or vessel that is being purged. In these cases, the 

benefit of flaring or incinerating the methane may be negated.  

 

iv. Gas capture: During evacuation, operators can utilize a vent gas capture device for the rich gas vented. 

When the purging mixture becomes lean (greater air to fuel ratio), they must convert to either venting or 

                                                      

22 http://www.wermac.org/specials/hottap.html 
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flaring. Parameters to consider include the starting pressure of the gas, expected volume of gas that may 

be captured, and the type of gas capture device available, such as activated carbon or a vacant vessel.  

 

v. Effective measurement: A preventative and low-tech approach to reduce the vented gas from an 

evacuation is to discharge as much gas as possible before purging begins by waiting for the gas to 

become fully depressurized. To reduce the amount of methane emitted prior to recharging a system, it is 

important to perform appropriate calculations to understand the exact period of time and volume of gas is 

needed to properly purge a system, and thus avoid over-purging and the associated methane emissions.  

 

3.3 Dehydrator Vents 
Raw natural gas that is extracted directly from the wellhead contains water in varying degrees. This water must 
be removed before final sale to the end user. Depending on the gas pressure, the water may have to be removed 
at the wellhead to facilitate safe transportation to a gas plant or other downstream facility for further processing. 
A dehydrator is used to extract water from this wet gas. Typically, dehydrators use a glycol contactor, with tri-
ethylene glycol (TEG) as the industry standard. 

Figure 4 shows the different components of a Glycol Dehydrator unit. Wet gas enters through the inlet separator 
where any free liquids are separated. Gas then enters the bottom of the glycol contactor and exits at the top of 
the tower. Dry or lean glycol enters from the top of the tower and exits at the bottom of the contactor. The glycol 
and gas are mixed on an array of trays and come into contact as they flow counter-current to each other. As the 
glycol comes into contact with more gas, it becomes saturated with water and becomes rich (wet) upon leaving 
the contactor. The wet glycol leaves the bottom of the tower and moves through filters to remove solids and 
dissolved hydrocarbon traces.  

Wet glycol then enters the regenerator (reboiler), where at lower pressure and higher temperature, the water is 
vaporized and vented to the atmosphere. The hot regenerated lean (dry) glycol is sent to a storage tank, and sent 
to a heat exchanger, where it is cooled. The dry, cooled glycol (called lean glycol) is returned to the gas contactor 
to once again extract more water from the gas. In addition to water, other impurities in the gas are also captured 
by the glycol and vented. These other impurities include: CO2 (acid gas), H2S (sour gas), BTEX (the aromatic 
hydrocarbons such as benzene, toluene, ethylbenzene, and xylene), VOC’s (volatile organic compounds) and 
methane (CH4).  

 

Figure 4: Components of a Glycol Dehydration System23 

                                                      

23http://www.upstreampumping.com/article/special-sections/2015/glycol-dehydration-lact-units-offer-reliable-
midstream-operations 
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There are two sources of methane emissions from the TEG Dehydrator, which include:  

• The reboiler burner: A heater similar to the direct fired line heater that burns natural gas to heat the glycol. 

This is an open flame burner with associated combustion destruction efficiency. The exhaust is vented 

through the exhaust stack.  

• The reboiler still column: The heated glycol vaporizes the water and methane which is vented out through 
the still column (may be subsequently flared or incinerated). 

Over-circulation of glycol is a common condition at dehydrators, either because gas production has declined since 
the original dehydrator was installed and the glycol flowrate has not been adjusted, or because it is undesirable 
both in cost and safety to permit wet gas to leave the wellsite. By tuning the glycol circulation rate, less methane 
is absorbed by lower volumes of glycol injection, and less methane is vented when the glycol is regenerated in 
the boiler. Tuning will also reduce the combustion emissions from the reboiler the load on the reboiler is reduced.  

The Petroleum Alliance Technology Canada (PTAC) website has a simulation spreadsheet for calculating the 
saved fuel gas and reduced emissions from tuning glycol circulation rates.24 

Another reason methane may be absorbed into the glycol is because it is needed to operate a certain kind of 
glycol pump. Energy exchange pumps, or gas-operated glycol pumps, use the stored energy (pressure and 
volume) in the gas to operate. Typical manufacturers in the upstream oil and gas industry are the Kimray and 
Bruin energy exchange pumps. The glycol in these systems absorbs three times as much methane compared to 
other pumps, and emissions are released as the rich glycol moves into the reboiler.25 The extra methane contained 
in the glycol is flashed off through the still column, unless a flash tank is installed between the glycol pump and 
the reboiler to capture waste gases. 

 

3.3.1 Quantification by Source 

Parameters: In quantifying the amount of methane released, it is important to consider the volume of gas that 
circulates through the reboiler per cycle, the frequency of circulation, and the size of the contactor that would 
account for the total volume of gas that circulates through the system. An alternative is to directly meter the vapors 
escaping from the reboiler and analyzing the methane content.  

Factors: The total emissions from dehydrators can vary according to the type of gas that is circulating through 
the dehydrator, which can have a significant impact on the amount of glycol that is introduced and the potential 
level of methane that is entrained/released. The diligence in monitoring and maintenance activities by the operator 
can also determine the frequency of under or over circulation of glycol which could result in greater levels of 
methane release. Older facilities may also not have flash tanks installed, which could increase the levels of overall 
emissions.  

Emission Significance: Dehydrators are present at the wellhead, gas batteries, gas plants and compressor 
stations. There is a large number of well heads scattered across the Western Provinces, representing a significant 
source of methane. According to CAPP, there were about 3,863 dehydrators in Canada in 2004.26 In addition to 
source frequency, there is continuous venting of methane as long as there is gas flowing out of the well, which 
represents a high intensity of emissions as well.  The volume of methane vented could be directly related to the 
volume of natural gas produced if the dehydrator is tuned properly.  

Typically, the measurement of leaks from dehydrators have been grouped into general intermittent emissions 
from gas wells including separators, heaters, and piping with an average 0.072 scf methane/min/well. This has 
been calculated by dividing the potential emissions in these categories in the EPA national inventory by the 

                                                      

24 www.ptac.org/attachments/1950/download 
25https://19january2017snapshot.epa.gov/natural-gas-star-program/replacing-gas-assisted-glycol-pumps-electric-
pumps_.html  
26 www.capp.ca/~/media/capp/customer-portal/publications/86220.pdf 
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number of wells using radars to determine the leaks27. These figures have been used to estimate the broader 
proportion of venting emissions from dehydrator boiler vents and equipment leaks, but a detailed quantification 
approach has not yet been identified. Other studies have focused on the fuel gas savings by optimizing and heater 
efficiencies of the reboiler. Alva et al reported the evaluation of a simulation-based web system approach, which 
was implemented for approximately 100 operating dehydration units operated by Encana Corporation (Encana) 
in Western Canada.28 However, to quantify the methane emissions from dehydrator units, direct measurement 
would provide the most accurate results. 
 

i. Reboiler fuel combustor exhaust gas: By measuring the heat value and the destruction efficiency of 
the reboiler burner, operators can calculate the amount of methane that is released through the exhaust 
stack of the reboiler. Usually, manufacturers provide methods to calculate the destruction efficiency of 
burners by monitoring fuel input and heat value. An alternative is to directly analyze the exhaust air for 
the proportion of methane content.  
 

ii. Still column venting: As the glycol is heated in the reboiler and water is evaporated, methane that is 
dissolved in the glycol may also evaporate through the still column into the atmosphere. These leaks can 
directly be measured by taking a sample of the still column exhaust and measuring the methane content. 
 

iii. Dehydrator still column: Use of energy exchange pumps, or gas assisted pumps, are a source of 
methane emissions from TEG dehydrator units. These are usually pneumatic powered pumps that use 
the natural pressure from the well. Quantification of the vented gas will depend on the type of pump but 
will typically involve counting the pump strokes and multiplying by the volume of the gas inlet valve, or 
using the volume of chemical injected as a proxy of methane vented (using manufacture’s specifications). 
More details can be found on the Baseline conditions of the Pneumatic Offsets Protocol of Alberta.29 
 

iv. General leaks: General leaks may exist within the overall dehydrator system through the many pipes and 
transition points of the gas and glycol. Leak detection and repair protocols, including infrared analysis 
could be utilized to identify any leaks in the system as part of normal maintenance practices.   
 

3.3.2 Quantification by Sector 

A high-level national inventory of venting from dehydrator operations could be determined by collecting an 
inventory of the total number of dehydrators, calculating the average volume of gas that is processed by each 
dehydrator, and determining the amount of gas vented per volume of gas processed. Since dehydrator operations 
venting is continuous, it will be in proportion to the total volume of gas processed, and can be summed up as 
follows:   

𝑇𝑜𝑡𝑎𝑙 𝐷𝑒ℎ𝑦𝑑𝑟𝑎𝑡𝑜𝑟 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= 𝐴𝑠𝑠𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. 𝑉𝑜𝑙𝑢𝑚𝑒 𝑔𝑎𝑠 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 ∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐹𝑎𝑐𝑡𝑜𝑟  

• Asset Count: As per Directive-39, that requires BTEX reporting from all dehydrators in the Province, the AER 
will have an inventory of all Dehydrators in Alberta  

• Avg. Vol Gas Processed: As per above, D-39 reporting will have data on total volume of gas processed  

• Emissions Factor: The various points of emission sources (still column, general leaks, exhaust) will need to 
be added up and divided by total gas processed to determine the avg (m3) of gas vented per (m3) of gas 

                                                      

27 U.S. Environmental Protection Agency (EPA). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2011. EPA 430-
R-13-001, April 2013. http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html 
28 Alva--‐Argaez, et al. (2011) “Model--‐based emissions management systems: managing energy, emissions, and regulatory 
reporting in gas processing”. GPA Annual Convention. 
29http://aep.alberta.ca/climate-change/guidelines-legislation/specified-gas-emitters-
regulation/documents/PneumaticDevices-Jan25-2017.pdf 
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processed. Volume of gas processed is the best proxy because some sites may have dehydrators that are 
not continuously operational.  
 

3.3.3 Technologies and Strategies for Mitigation 

The EPA’s Natural Gas STAR Program gives several technology and practice solutions reported by operators as 
proven ways to reduce emissions from glycol dehydrators.30 Generally, two methods to reduce methane emissions 
are often cited: (a) improve the combustion efficiency and (b) improve the operation of the reboiler.  

 
i. Improved combustion efficiency of reboiler: Part of the challenge associated with improving the 

destructive efficiency of the boiler has to do with the design of the boiler fire tube and taking into 
account the quality of the fuel gas. If using off gas, such as from a flash tank or from the still column, 
then the boiler fuel system may need to be supplemented with fuel gas. Burner fuel management 
systems can also improve the operating efficiency of the reboiler with better modelling and 
optimization to control for external conditions – increasing or decreasing fuel supplements to monitor 
heat content. Some examples of advanced and efficient burners include the Utherm High Efficiency 
Process Heater31, and the Black Gold Rush Burner.32 
 

ii. Condensable compound recovery: Condensing the vapours from the still column and directing the 

unburned methane to a reboiler or low pressure combustion system is a technology that has been 

adopted in the industry. The industry standard equipment is the SlipStreamTM System by REM 

Technologies33, which are installed to direct normally vented emissions into the air intake of a 

compressor engine to be combusted. Some manufacturers that produce related technologies include 

Gas Pro’s Vapour Recovery Units.  

 

iii. Pump electrification: If electricity is available, either grid or onsite generated, then replacing the 

pump with an electrically operated pump could reduce the vented emissions from a gas-powered 

pump, while also saving fuel. This option can be challenging on remote sites. An example is the 

General Magnetic Trido Heat Exchange Glycol Pump. 

 

iv. Flash tank: Another type of vent gas capture system, where a vessel is installed on the rich glycol 

stream before the glycol enters the reboiler. The flash tank removes and captures absorbed methane 

from the glycol. This captured methane is suitable for use as a fuel on a low-pressure combustion 

system such as building heaters or is sent to a low-pressure flare system. The challenge with using 

the captured gas is the high moisture content, which causes freezing in pipes during colder conditions 

and results in incomplete combustion. For this reason, flash tanks may not be found on TEG 

dehydration plants, or they have been disconnected and bypassed, since they are not a core part of 

the glycol regeneration process. Examples of flash tanks and similar products on the market include 

Spartan and Gas Pro recovery condensable compounds. 

 

v. Deliquescing desiccant dehydrators: Instead of using glycol, these dehydrators use moisture-

absorbent compounds that only capture water such as potassium and lithium chlorides. The salts 

naturally attract and absorb moisture and dissolve in the process to form a brine solution. The brine 

needs to be filtered out and the vessel refilled with the salts, but studies by the EPA suggest these 

                                                      

30 https://www.epa.gov/natural-gas-star-program/pipe-glycol-dehydrator-vapor-recovery-unit 
31 http://www.utherm.ca/ 
32 http://www.bgrindustries.com/ 
33 http://www.spartancontrols.com/rem-technology/rem-technology-products/slipstream/ 
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dehydrators are generally cheaper than glycol dehydrators; with lower maintenance costs and 

increased fuel savings.34 

 

vi. Glycol circulation rate optimization: The circulation of glycol should be monitored and adjusted 

regularly to avoid over/under circulation of glycol, thus reducing the amount of methane absorption. 

EPA approved models indicate that VOC and BTEX emissions are directly proportional to the 

circulation rate of Glycol, where if the circulation rate is reduced by 50% so are the emissions of VOCs 

and BTEX.35 By accurately monitoring, testing and predicting the wet gas water content and 

determining the level of glycol circulation required, operators can reduce operational problems at the 

facility and overall emissions (from both avoided blowdowns and vented methane).   

 

3.4 Flare Operational Issues 
Flare stacks burn excess gas that would normally be vented directly into the atmosphere by converting methane 
to a less potent GHG, carbon dioxide. Flaring is a common method of disposing waste gases across the upstream 
oil and gas industry and represents close to 4% of total emissions from the sector.36 While flaring events and the 
total volume of flared gas has declined from 2000 levels (using data from Alberta), flared volumes have recently 
begun to increase again.37 Flaring is often considered an alternative to venting, so more strenuous methane 
venting regulations may have resulted in increased flaring volumes. Additionally, a decision to flare is often 
dependent on the price of commodities since it can be more expensive to direct low-pressure waste gas to a flare 
compared to venting, and regulations require an economic analysis to be conducted before deciding to flare. 
Recent historically low prices of gas may therefore have resulted in increased flaring volumes. 

At many facilities, there is often not enough volume or pressure of waste gases to support a constant flame. 
Routine flaring is also discouraged by federal and provincial regulations. However, to keep a flare stack active 
and ready for the occurrence of a non-routine or emergency flaring event, a pilot gas (a low pressure continuous 
gas flow) ensures a small flame is always burning. Under certain circumstances that depend on gas flow, or wind 
speed and other weather conditions, the pilot flame may be blown out, and gas may unknowingly be venting 
directly to the atmosphere. This results in volumes of methane released during both flaring and non-flaring events.  

Flare stacks may also release methane emissions when they don’t operate at high combustion efficiencies. The 
effective conversion from methane to carbon dioxide depends on the heat value of the flame, wind conditions, 
combustible fuel content and the gas pressure. If the balance of fuel is off, or the flame does not reach optimal 
heating temperature, incomplete combustion can cause release of harmful compounds, particulate and methane 
emissions. This may be more likely to occur in pseudo-dormant flares that frequently are turned on and off.    

 

3.4.1 Quantification by Source  

Parameters: In quantifying the amount of methane released, it is important to consider the volume of gas that is 
being burned (or intended to be burned) during flaring events and the combustion efficiency of that flaring event, 
along with the volume of gas that is used to keep a pilot gas burning. The methane content of the gas that is being 
utilized will determine the total volume of GHG released. The size of the flare stack and the number of flare stacks 
would also be important in quantifying emissions from flares. 

Factors: The total amount of emissions from flaring operational issues can vary according to the type of gas that 
is directed to the flare stack, which can have a significant impact on the combustion efficiency of the flare. The 
diligence in monitoring the pilot gas and general flare management systems in place can impact both the 
combustion efficiency and the response time in attending to inoperative pilot flames. Furthermore, the age of the 

                                                      

34 https://www.epa.gov/sites/production/files/2016-06/documents/ll_desde.pdf 
35 https://hy-bon.com/blog/air-pollution-and-glycol-dehydration/ 
36 Engineering, Clearstone. (2014). Overview of the GHG Emissions Inventory. Gatineau: Environnent Canada. 
37 https://aer.ca/documents/sts/ST60B-2014.pdf 
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flare stack and burner system, the geological location of the facility, and environmental factors (wind conditions 
and humidity) could impact the burn efficiency.  

Emission Significance: Flare stacks can be found across the upstream oil and gas industry, with multiple flares 
often located at a singular site. Since most flares are designed to achieve a 98% combustion efficiency as 
estimated by the EPA,38 the methane emissions from active flares could be significant but are considered well 
understood. Alternate methane emissions result from pilot flames that have been extinguished, but where a 
natural gas stream is still present and is vented directly into the atmosphere. However, with the installation of 
auto-igniters, and flame sensors, the emissions from extinguished pilots are expected to decline. The overall 
methane emissions from flaring are expected to increase as the government places a greater focus on reducing 
methane emissions from venting. Since flaring is considered an alternative to venting, stricter venting regulations 
could increase flaring volumes.  

In measuring the potential methane emissions from a flare stack, it will be important to track the combustion 
efficiency of the flare and closely monitor the pilot gas to identify the length of time during which a flame is not lit. 
In both cases, direct measurement may be difficult, and precise calculations may be more effective.  

i. Pilot gas venting: The only effective method to measure vented methane emissions from pilot gas is to 
identify the length of time during which a pilot gas is not lit and the methane is instead released directly 
into the atmosphere. The amount of methane vented will depend on the flow rate of the pilot gas and the 
composition of methane in the gas. When the pilot gas is lit, any and all emissions from the burning flame 
can be calculated in a similar fashion as described above.  
 

ii. Methane emissions from active flaring: The UNFCC has a methodological tool for calculating project 
emissions from flaring with a three-step procedure that includes determining the methane mass flow of 
the residual gas, determining the flare efficiency and calculating the project emissions from flaring.39 The 
mass flow rate is the mass of gas per minute that enters the flare. The flare efficiency can be calculated 
using several methods that include default value calculations for open and enclosed flares, continuously 
measured, average measured sample, using the volumetric flow of the exhaust gas, or using the mass 
flow rate of the residual gas. Continuous Emissions Monitoring (CEM) is one method to continuously 
monitor the combustion efficiency of burners, but these are extremely expensive and could not be justified 
for average burners. The burner efficiency can be used to determine the amount of methane vented using 
calculations for GHG emissions from flaring. Several calculations exist under the EPA, the Alberta offset 
system and the United Nations Clean Development Methodology (UN CDM).  

 

3.4.2 Quantification by Sector 

A high-level national inventory of venting from flare operational issues could be determined by calculating the 
average volume of gas that is vented per pilot burnout event, multiplied by the number of burnout events multiplied 
by the number of flare stacks. Methane release from operational issues as a result of combustion efficiencies can 
be an emissions factor that incorporates a percentage of all gas volumes directed to flare. The equation can be 
summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝐹𝑙𝑎𝑟𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐼𝑠𝑠𝑢𝑒𝑠 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= (𝐴𝑣𝑔. # 𝑜𝑓 𝑝𝑖𝑙𝑜𝑡 𝑏𝑢𝑟𝑛𝑜𝑢𝑡𝑠 ∗ 𝐺𝑎𝑠 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 𝑝𝑒𝑟 𝑏𝑢𝑟𝑛𝑜𝑢𝑡 𝑒𝑣𝑒𝑛𝑡 ∗ 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑙𝑎𝑟𝑒 𝑠𝑡𝑎𝑐𝑘𝑠)  
+ (𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐹𝑎𝑐𝑡𝑜𝑟 ∗ 𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑎𝑠 𝑑𝑖𝑟𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑓𝑙𝑎𝑟𝑒) 

• Number of pilot burnouts: This will need to be calculated or assumed by conducting studies of different 
facilities, speaking to operators or consulting with equipment manufacturers  

• Gas released per burnout event: Will depend on the average gas flow of flare stacks multiplied by the average 
length of time of a burnout event  

                                                      

38 https://www3.epa.gov/airtoxics/flare/2012flaretechreport.pdf 
39 https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-06-v2.0.pdf 
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• Number of flare stacks: Flare stacks are present at several facilities including oil/gas wells, oil/gas batteries, 
oil refineries, gas plants and satellite stations. The AER will have an inventory of all sites in the province, a 
simple approach could be to assume an average number of flare stack per well site or per site. 

• Emissions Factor: The volume of methane released from a flare stack as a proportion of the total volume of 
methane directed to flare. According to a destruction efficiency of 98%, this could be as simple as 2%. 

• Total volume of gas directed to flare: As per Directive 60, which requires that each operator keep a log of and 
report major flaring events, this information could be available to the AER.    

 

3.4.3 Technology and Strategies for Mitigation 

i. Auto igniters: An ignitor is an intermittent spark or flame front that is responsible for keeping the pilot lit. 

On systems where there is no pilot, the ignitor may be used to light the waste gas stream directly instead 

of manually lighting the gas during a flaring event. Companies such as Stackmatch Flare Ignition40 have 

developed technologies to detect and re-light flames when they have gone out. Auto-igniters and 

electronic flame monitoring systems are often very expensive. An alternative could be to introduce more 

frequent monitoring practices to ensure that a pilot flame is on.  

 

ii. Flare stack design to prevent pilot blow out – The EPA released a report in 2012 that specified the 

parameters of a properly designed and operated flare stack to factor to lower the environmental impacts 

on destruction efficiency and reduce pilot blowouts.41 The report identifies factors including tip design, air 

injection rates, gas injection pressure, stack height and proximity to other structures that can reduce the 

effects of high winds and moisture. Various installers and service providers have modular and ignition 

systems that may be more suitable for specific geographies.  

 

iii. Fuel line tie-in to flare stack to improve combustibility: Depending on the quality of the waste gas 

that is being ignited for the flare and the resulting combustion efficiency, an alternative fuel line could be 

tied into the gas stream to increase the heat value of the flare. For facilities that don’t utilize pilot flames 

and only flare waste gases or during non-routine flaring events, a supplementary fuel gas tie-in could be 

important to ensure proper combustion and breakdown of VOCs. This option may result in greater levels 

of GHG emissions and wasted gas that could be suited for final sale.  

 

iv. Measurement of heat content and monitoring VOC release: Closer monitoring and measurement of 

waste gas from the flare stack could result in improved combustion despite widely changing flare gas 

streams. AMETEK Process Instruments recently developed the Dycor FlarePro quadrupole process mass 

spectrometer to provide fast and accurate BTU content measurement.42 Field testing has shown the 

device to offer more detailed and relevant data faster than any gas chromatography and provide BTU 

numbers that are more equivalent to those provided by a calorimeter but with greater specificity.42 

 

3.5 Liquids Unloading Operation 
Over time gas wells may accumulate liquids at the bottom of the well. This is more common in older wells due to 
the reduced gas flow rate and is described as high gas/liquid-ratio (GLR). Methods to lift or remove the liquid 
include plunger lifts, velocity tubing and downhole and rotating pumps. Liquids unloading is a method used to 
drive the liquids to the surface, thereby freeing up the producing formation to allow for increased gas production. 

                                                      

40 http://stackmatch.com/ 
41 https://www3.epa.gov/airtoxics/flare/2012flaretechreport.pdf 
42 http://www.oilandgasproductnews.com/article/25928/mass-spectrometer-reliably-determines-flare-gas-heating-
values 
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The goal of liquids unloading is to move as much liquids out of the well as possible, thus delaying the need for 
the next liquid unloading and increasing production for as long as possible. 

Primarily two forms of unloading mechanisms are used, the existing well pressure or plunger lifts. A well without 
plunger lifts can be described as ‘blowing’ the well out using existing reservoir pressure and venting to the 
atmosphere. A well with plunger lift uses a free piston device that travels to the bottom of the well and uses the 
reservoir pressure to lift the liquids to the surface. If the reservoir pressure is high enough (which would be a 
problem for older wells) and if liquid volume is close to the surface (thus increasing the frequency of lifts), then 
the gas can be directed to a sales line or for use in on-site operations. This usually exerts a back pressure on the 
well. If the back pressure is higher than the well pressure, the gas will be vented to the atmosphere. A study in 
the United States43 indicated that unloading events for wells without plunger lifts averaged between 21 and 35 
mscf compared to wells with plunger lifts that vented on average 1 to 10 mscf. However, the wells without plunger 
lifts averaged fewer than 10 unloadings a year, compared to the wells with plunger lifts that averaged more than 
200 unloadings a year. 

Plunger lifts are usually used for recovery, primarily high gas-oil ratio wells with depths of 305 to 4,877 m, 
producing bottom hole pressures of 3.4 to >102 atm and liquid rates of 1 to >100 B/D. For conditions outside 
these parameters, plunger lifts may be used in conjunction with intermittent gas lift, wellhead compression, 
external gas supplies/injection, tubing/casing flow control, and carbon dioxide floods.44 

In reducing methane emissions, a primary focus should be to promote liquid unloading with plunger lifts, even 
with venting to the atmosphere, as long as the frequency of lifts can be managed.  
 

 

Figure 5: Plunger Lift Schematic45 

                                                      

43 http://dept.ceer.utexas.edu/methane2/study/  
44 http://petrowiki.org/Plunger_lift_applications 
45 https://www.pembina.org/reports/edf-icf-methane-opportunities.pdf 
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3.5.1 Quantification by Source  

Parameters: In quantifying the volume of methane released, it is important to consider the amount of liquid that 
has accumulated at the bottom of the well and the process that is used to pull liquids to the surface. The technology 
that is utilized will also depend on whether a blowdown will be needed and the amount of open exposure of the 
well which will result in additional methane vented to the atmosphere.  

Factors: The total emissions released from liquids unloading operations can vary according to the pressure of 
the gas in the well, and the type of gas that is extracted, which can impact the type of technology that can be 
utilized, and in turn the level of methane emissions released. The size of the well and the number of wells in the 
pad will also impact the economics of more robust technology solutions, which may be better options for 
preventing methane emissions. The duration of the event, the size of the vent line and the quantity of water 
produced can also have an impact on the amount of emissions produced.   

Emission Significance: Liquids unloading events are most common and required at older gas wells that don’t 
have the production pressure to naturally lift liquids. The number of events can vary significantly by well site, by 
the contents of the reservoir and by the type of lift equipment used. A study by the University of Texas found that 
liquid events can vary from as little as 5-8 a year to a daily or weekly frequency of unloading events. The unloading 
emissions can also range from 100 g/min of natural gas to an excess of 30,000 g/min.46 To determine the full 
significance of this emissions source will depend on segmenting well sites by age or the number of unloading 
events per year, and determining average emissions released from specific segments.   

Before liquid unloading can begin, a well will usually have to be shut-in, and excess gas vented to the atmosphere 
via a well blowdown. See Blowdown Events for more details about quantification and mitigation strategies for 
blowdown venting prevention. Once a plunger lift is attached, venting occurs as the plunger ascends with the 
liquid and while the plunger is descending back into the well. 

The United States GHG Reporting Program Subpart W provides extensive data on wells that are venting for liquids 
unloading with plunger lifts and venting for liquids unloading without plunger lifts. Since there is no Canadian 
dataset, a proxy was used with Canadian specificity in a report published by EDF and the Pembina Institute. The 
data for 2013 showed over 25,000 wells venting an average of 10 m3 of gas per year without plunger lifts and 
over 28,000 wells with plunger lifts venting an average 10.2 m3 per year. Wells that used plunger lifts and send 
gas to the sales line, that do not have venting emissions, did not report their emissions. The study concluded that 
most of the wells with the largest venting emissions have already installed lifts while most of the remaining wells 
are venting infrequently or venting small volumes that do not justify the cost of installing plunger lifts.47 

A 2014 EPA study found that only 13% of gas wells out of 470,913 wells studied resulted in methane emissions 
venting with some wells unloading emissions several times per day with others releasing emissions a few times 
a year, depending on the reservoir properties.48 The following types of emissions sources were measured at wells 
with and without plunger lifts.  

 
i. Liquids unloading without plunger lifts: An operator manually diverts the well’s flow from a production 

separator to an atmospheric pressure tank. The allows the well to temporarily flow to a lower pressure 
destination (atmospheric pressure tank or vent). The resulting higher pressure gradient allows more gas 
to flow, increasing velocity in the production tubing and naturally lifting the liquids out of the well. Gas is 
discharged through the tank vent to the atmosphere until liquids are cleared. These lifts can be done 
manually (less than 10 times a year) and they can also be automated (more frequent). To measure the 
emissions vented, a meter can be installed at the end of the vent tank to determine the exact volume of 
gas vented.  
 

                                                      

46 http://www.pnas.org/content/110/44/17768.abstract 
47 https://www.pembina.org/reports/edf-icf-methane-opportunities.pdf - page 46 
48 http://pubs.acs.org/doi/full/10.1021/es504016r 
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ii. Liquids unloading with plunger lifts: The plunger is held at the top of the well, and occasionally either 
manually or automatically closes the well and drops to the well bore below the accumulated liquids. The 
well is then reopened, allowing the gas to push the plunger and the liquid up the well. In some cases, the 
liquid and gas is sent directly to the separator and the gas from the separator is sent into the sales pipeline. 
In situations where there is not enough pressure to send the plunger to the top of the well, the controller 
may bypass the separator and direct the flow to an atmospheric pressure vent, in which case gas is 
vented in a similar fashion as above. A meter at the end of the vent tank can determine the exact volume 
of gas vented.  
 
Simple Vent Volume Calculation Equation Developed by the EPA 49 

A conservative estimate of well venting volumes can be made using the following equation.50 If the shut-in 
pressure is not known, a suitable surrogate can be used such as the casing pressure at the surface: 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑣𝑒𝑛𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 (
𝑀𝑠𝑐𝑓

𝑦𝑟
)

= (0.37 ∗ 10−6) ∗ 𝐶𝑎𝑠𝑖𝑛𝑔 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟2 ∗ 𝑊𝑒𝑙𝑙 𝐷𝑒𝑝𝑡ℎ ∗ 𝑆ℎ𝑢𝑡𝑖𝑛 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 ∗ # 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑣𝑒𝑛𝑡𝑠 

 

3.5.2 Quantification by Sector  

A high-level national inventory of venting from liquid unloading events could be determined by calculating the 
percentage of wells with plunger lift systems. The methane released from wells with plunger lift systems will 
depend on the number of unloading events yearly and the volume of gas released per unloading event. The 
methane released from wells without plunger lifts will depend on an emissions factor that calculates the average 
volume of gas vented in proportion to the total volume of liquids removed. The equation can be summed up as 
follows:   

𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑞𝑢𝑖𝑑𝑠 𝑈𝑛𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= (𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑙𝑙𝑠 𝑝𝑙𝑢𝑛𝑔𝑒𝑟 𝑙𝑖𝑓𝑡𝑠 ∗ 𝑎𝑣𝑔. # 𝑜𝑓 𝑢𝑛𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑒𝑣𝑒𝑛𝑡𝑠 ∗ 𝑎𝑣𝑔. 𝑔𝑎𝑠 𝑟𝑒𝑙𝑒𝑎𝑠𝑒𝑑 𝑝𝑒𝑟 𝑒𝑣𝑒𝑛𝑡)
+ (𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑙𝑙𝑠 𝑤/𝑜 𝑝𝑙𝑢𝑛𝑑𝑒𝑟 𝑙𝑖𝑓𝑡𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑𝑠 𝑟𝑒𝑚𝑜𝑣𝑒𝑑) 

• Total wells with and without plunger lifts: The AER will have an inventory of the total number of gas wells in 
the province. Studies or consultations with equipment providers will have to be conducted to determine the 
percentage of those wells that have plunger lifts and those that don’t. 

• Avg. number of unloading events: This will need to be calculated or assumed through studies, discussions 
with industry partners or consultations with equipment providers. Studies have been conducted in the US, but 
those are specific to the reservoirs.  

• Avg. volume of gas released per unloading event: Similar to the number of unloading events, this figure will 
need to be calculated or assumed. Studies in the US have estimated values, but a Canadian context is needed 

• Emissions factor: This will need to be calculated or assumed through studies, discussions with industry 
partners or consultations with operators. The emissions factor will depend on the average flow rate of gas at 
the well, and the average buildup of liquids, since these are naturally brought to the surface at wells without 
plunger lifts. A simple approach could be the volume of methane vented per volume of liquids removed.  

• Total volume of liquids removed: The Alberta Government, which collected royalties on all hydrocarbons 
produced, may have data on the amount of natural gas liquids that are produced from gas wells.  

 

3.5.3 Technology and Strategies for Mitigation 

Technology options that have already been discussed for reducing methane emissions from liquids unloading 

include vent gas capture systems and directing waste gases to a flare. More specific strategies include the 

                                                      

49 https://www.epa.gov/sites/production/files/2016-06/documents/ll_options.pdf 
50 Where casing diameter is in inches, well depth is in feet and shut-in pressure is in psia 
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adoption of newer innovative technologies to better optimize plunger lift systems or replacing them with better 

alternatives.  

i. Plunger lift microprocessors and electronic controllers:51 computers that can sense plunger 

problems and make immediate adjustments to line pressures, plunger wear, variable production rates, 

and system upsets. These systems reduce the operator-related failures and require minimal on-going 

maintenance. Techniques with telemetry, electronic data collection and troubleshooting software continue 

to improve plunger-lift performance and ease of use. Such technologies can become expensive. 

 

ii. Installation of vent tanks with high/low pressure separators:52 Directing both gas and liquids into a 

vent tank will ensure that system upsets do not cause liquid spills and that gases are not released directly 

into the atmosphere. Gas can then be separated from the tank and used on-site or directed to a flare. The 

downsides of vent tanks are that downspouts can cause liquid to be blown out of the tank, a vent line that 

is improperly piped can cause static electricity, and oxygen could enter the tank if the thief hatch is blown 

open.  

 
iii. Velocity tubing: Since the velocity at which gas flows through the pipe determines the capacity to lift 

fluids, controlling this velocity can reduce the risks of blowdowns to the atmosphere. This is done by 

installing a smaller diameter production tubing or ‘velocity tubing’ which can reduce the cross-sectional 

area of flow and better control the liquid loading. A gas velocity must be at least 1.5 to 3 m/sec to effectively 

remove hydrocarbon liquids from a well and at least 3 to 6 m/sec to move produced water.49 

 
iv. Installation of pumping units: For older and lower-flow wells that don’t have the pressure to manually 

lift liquids, pumping units can supplement the well pressure   

 

3.6 Wellsite Operations 
A stripper well produces less than 15 barrels of oil equivalent products per day.53 Commercially they are not 
productive for large companies, but in operations by small firms or independent/private owners, they can be 
profitable. However, without the same level of government oversight and concerns for improved efficiency, these 
sites can become high methane emitters compared to industry averages. The economics of stripper wells are 
also highly dependent on the oil and gas commodity prices. As a result, there is continuous but intermittent venting 
that occurs at stripper wells.  

A source of emissions includes well surface casing venting in the condition where gas is flowing from the surface 
casing vent assembly. Tests for surface casing vent flows (SCVF) are outlined in regulations in Alberta, AER 
directive 20. The AER requires all SCVF to be measured each year. The annulus for the SCVF has to be left open 
because pressure from vented gas can build up in the casing if it is shut off, which could cause damage to the 
well bore.  

A recent study at Princeton University found considerable leaks from abandoned wellbores into groundwater and 
the atmosphere from the state of Pennsylvania.54 The study estimated an average release of 96 cubic meters of 
natural gas a year from each well, with 16% of all wells being super emitters (greater than 3.2 cubic metres of gas 
a day). Methane leaks from plugged wells, which were sealed with cement, were found to be just as high as those 
from unplugged wells. Leaks fluctuated throughout the year with greater flow of methane during the summer 
months. This study is important in the Canadian context because similar practices of decommissioning and 

                                                      

51 http://petrowiki.org/PEH:Plunger_Lift 
52 http://petrowiki.org/Plunger_lift_applications 
53 http://nswa.us/custom/showpage.php?id=25 
54 http://dataspace.princeton.edu/jspui/bitstream/88435/dsp019s1616326/1/Kang_princeton_0181D_10969.pdf 
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abandoning wells are used in Canada. Despite considerable evidence of leakage from abandoned wells, this 
source has not been well studied and is not considered by the US EPA in GHG estimates.  

In both cases the methane emissions may not be sufficient to sustain a flare, so alternative methane abatement 
solutions are considered. In both cases awareness is an issue as testing is not done frequently or in a manner to 
establish methane emission concerns.  

 

Figure 6: Leakage potential along a well bore55 

 

3.6.1 Quantification by Source 

Parameters: In quantifying the amount of methane released, it is important to consider the size of the well bore, 
and how often the annulus casing is depressurized if the surface casing vent flow is turned off. Direct 
measurement of the flow rate of potential leaks would be the most effective way to measure methane produced, 
however it is very difficult to measure intermittent and very low flow gas volumes.  

Factors: The emissions from well site operations can vary according to the age of the gas well as well as the 
frequency of maintenance and monitoring activities. For abandoned or shut-in wells, the procedures for shut-in 
as well as the type of remediation activity will have an impact on the long-term venting of that well bore. As 
mentioned above, the time of the year also has an impact on methane release. 

Emission Significance: As mentioned above, leaks from decommissioned or abandoned well bores or low-flow 
well bores have not been heavily studied and there are minimal regulations for them. The difficulty in quantification 
comes in the variability of methane release that is dependent on both the time of the year and the location of the 
well. A report recently published by the University of Waterloo found that 10% of all active and suspended gas 
wells in BC leaked methane at an average rate of 100 kg per year. Some hydraulic fractured wells released as 
much as 2,000 kg of methane a year. The issue is significant in Saskatchewan and Alberta, where methane 

                                                      

55 https://www.slideshare.net/MikeBeck/surface-casing-vent-testing-surface-solutions-inc 
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releases were discovered in 20% of wells.56 Fixing a leaking wellbore can cost between $150k to $600k+ and 
there is often no guarantee of success.  

Section 3.013 of the Oil and Gas Conservation Rules57 in Alberta outlines the requirements for well 
abandonments, casing removal, zonal abandonments and plug backs, which is reinforced by Directive 020: Well 
Abandonment. Before beginning any abandonment operations, operators must perform tests on the well including 
gas migration testing for open and cased hole wells, a fluid level test to determine if there are any leaking plugs, 
and a surface casing vent flow test to determine if gases or liquids are escaping from the casing vent assembly. 
Leaks from these tests must be reported to the AER within 30 days of detection, but there are no regulations for 
fixing or reducing leaks.  

i. Gas migration testing: measurement of methane concentration at the surface or within shallow soil. The 
ideal time to evaluate gas migration based on soil gas measurements is in the dry months when the water 
table is low. Heavy rainfall, cold temperatures or any other factor(s) that affect moisture content of the 
soil, or the level of the water table can limit the effectiveness of gas migration testing by decreasing the 
amount of methane migrating to the surface.58 This test will demonstrate the overall leakage from the well.  
 

ii. Fluid level testing: Tubing leaks are a problem across the industry because of incorrect tubing makeup, 
thread problems, corrosion and mechanical damage. In some cases, locating a leak is accomplished by 
determining the fluid level fall in the tubing or annulus, but can be difficult in the case of small or 
intermittent leaks. As cement is pumped into the leaking well through the relief well, the cement will push 
the lighter mud and fluid (used to initially control the leak), upward through the inside of the leaking well, 
and these will rest on top of the cement seal. If the level of fluids and mud does not fall, this provides 
evidence that the gas leak has stopped.  
 

iii. Noise log/test: A highly sensitive microphone capable of detecting the sound of gas flowing through the 
fluid is lowered down the entire length of the well above the cement seal, which will listen for any gas 
escaping through the cement. If the cement has not properly sealed the well, gas will escape around the 
cement and form bubbles in the liquid, which will be picked up by the microphone. The absence of sound 
indicates an effective seal.  
 

iv. Water bubble test: A low tech method is to put one end of a rubber tube into the well bore, and the other 
end into a bucket of water, and if the water bubbles, there is a leak.   
 

3.6.2 Quantification by Sector  

A high-level national inventory of venting from well site operations could be determined by first understand the 
type of well sites and their operation status. Different emission factors will need to be determined to account for 
methane venting from leaks for the different classifications of wells. The equation can be summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑙𝑙 𝑆𝑖𝑡𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= (𝑇𝑜𝑡𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑒 𝑤𝑒𝑙𝑙𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑎𝑐𝑡𝑜𝑟) + (𝑇𝑜𝑡𝑎𝑙 𝑎𝑏𝑎𝑛𝑑𝑜𝑛𝑒𝑑 𝑤𝑒𝑙𝑙𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑎𝑐𝑡𝑜𝑟)
+ (𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑 𝑤𝑒𝑙𝑙𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟) 

• Well site status: There is a registry that is released by CAPP every year listing the total number of active, non-
active and abandoned wells. This data is also collected and may be available by the NEB. 

• Emissions factor: This will need to be calculated or assumed through studies, and/or consultations with 
industry partners and operators. The volume of leaks will depend on the flow rate of the well and its status. 
According to the section above, there are studies that have been conducted by Princeton on well sites in the 
US and Canada. 
 

                                                      

56 https://thetyee.ca/News/2014/06/05/Canada-Leaky-Energy-Wells/ 
57 http://www.qp.alberta.ca/documents/Regs/1971_151.pdf 
58 http://chemistry-matters.com/when-should-you-be-concerned-with-a-gas-migration-investigation/ 
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3.6.3 Technology and Strategies for Mitigation 

Currently, there are not a lot of options available to control methane release from abandoned wells. For low flow 

wells that are still operational, a lot of the same methods of vent gas capture, or low flow destruction that have 

already been discussed can be applied. The difficulty is first in effectively measuring low-flow releases of methane 

and then devising a way to tackle the emissions, which may involve additional research.  

i. Groundwater and soil sampling: Routine sampling of groundwater or soils in and around an abandoned 

and/or active well site can help operators and community members better identify gas migration early. 

Currently no programs exist to monitor baseline conditions of groundwater prior to and after intense oil 

and gas activities in a region.    

 

ii. Study of hydrocarbon injection vs. leakage rates: The Waterloo study noted increased probabilities 

of leakage problems from a wellbore because of elevated mechanical and thermal loading from the 

injection of steam, water, sand or chemicals. A further study in Cornell documented leakage in newly 

fracked shale gas wells in Pennsylvania as high as 7%.59 Further study may provide enhanced 

characterizations of leaks and improve understanding of the risk factors. Better prioritization may improve 

mitigation efficacy. 

 
iii. Vent gas destruction or utilization for energy generation: For wellbores where a continuous leak has 

been detected and where the gas pressure is not high enough for economic gas extraction, a low flow 

flare system or an incineration unit could be an efficient way to dispose of the gas. The Calscan Hawk 

9000 Low Flow Vent Gas Meter provides a high accuracy measurement of extremely low flow rates, down 

to 0.5 cf/d which could be used to identify whether a consistent flow rate exists.60   

 
iv. Primary cementing improvements: The greatest reductions in SCVF rates were associated with 

improvements in primary cementing operations. This includes using specially-designed drilling fluids such 

as silicate based mud, using mud-removal spacers, or diligently removing residual mud on the borehole 

wall. Other improvements include the use of software that allow the completions engineer to design better 

displacement systems.61 

 

3.7 Space Heaters  
Gas-operated space heaters typically use catalysts instead of open flame combustion because they are safer for 
on-site operations that hold and distribute many combustible products. The most common space heaters in the 
industry are Cata-Dyne HeatersTM 62, which use catalysts and Ruffneck heaters63, which use electricity. Catalytic 
heaters are suitable for utilizing wasted vent gas, and because there is no combustion, NOx emissions are not 
produced. An efficient oxidation process creates water, carbon dioxide and trace amounts of carbon monoxide. 
However, research indicates that depending on the depletion of the catalyst and the oxygen available, the 
destruction efficiency can be as low as 60%.64 Poor combustion efficiencies result in unburned methane 
emissions. 

The seasonal use of heaters means that the gas which normally would be captured and utilized is likely vented 
during the summer months when heat generation isn’t necessary. Another issue is in matching the fuel supply 

                                                      

59http://www.damascuscitizensforsustainability.org/wp-
content/uploads/2012/11/PSECementFailureCausesRateAnalysisIngraffea.pdf 
60 http://www.calscan.net/ 
61 http://catskillcitizens.org/learnmore/Wellbore_Leakage_Study%20compressed.pdf 
62 http://www.catadyne.com/ 
63 http://www.ruffneck.com/ 
64https://www.researchgate.net/publication/244322837_Catalytic_combustion_of_VOC_in_a_counter-diffusive_reactor 
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from the pump or other waste gas source(s) with demand from the heater.65 Excess gas that is not used in the 
heater is typically vented to the atmosphere.  

 

3.7.1 Quantification by Source 

Parameters: In quantifying the methane released, it is important to consider the total volume of gas that is fed 
into the heater and either measuring or calculating the volume of gas that is broken down for heat, thereby 
determining the volume of gas that is not converted. While there are estimates and calculations available, there 
is minimal supportive publicly available research on the conversion efficiency of catalytic heaters.  

Factors: The total methane produced from space heaters can vary according to fuel consumption and the 
destructive efficiency, which will often depend on maintenance practices. Monitoring the number of days in the 
year that the heater is operational and redirecting vented gas will also determine methane release. The conversion 
efficiency of the heaters will depend on the quality of the gas that is fed into the heater as well as the age of the 
heater. Older units will be less efficient than newer models. The environmental conditions (the temperature drop) 
will also determine the operating parameters and conditions of the heater, and the wear over time, which may 
impact performance.  

Emission Significance: There are vast numbers of natural gas operated space heaters in the upstream oil and 
gas (UOG) sector that operate anywhere from 5 to 12 months of the year. Most catalytic heaters can be found at 
remote or Northern oil and gas facilities in Canada, which are not tied to the grid. While it is difficult to predict the 
significance of the emissions from catalytic heaters because of minimal available research, emissions are 
expected to be minimal compared to other sources. In some cases, a vent gas line is redirected as fuel for a 
catalytic heater. Since this gas would be vented in the absence of the heater, there is no additional venting taking 
place. In some cases, a fuel line may be fed into the catalytic heaters, which could be turned on or off depending 
on the time of the year, or automated to ensure the right amount of fuel is fed to the heater.       

 

3.7.2 Quantification by Sector  

A high-level national inventory of venting from space heaters could be determined by multiplying the total number 
of heaters by the activity level that corresponds to the emissions released over a unit of time. The equation can 
be summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝑆𝑝𝑎𝑐𝑒 𝐻𝑒𝑎𝑡𝑒𝑟 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= (𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑡𝑎𝑙𝑦𝑠𝑡 ℎ𝑒𝑎𝑡𝑒𝑟𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑎𝑐𝑡𝑜𝑟) + (𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 ℎ𝑒𝑎𝑡𝑒𝑟𝑠
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑎𝑐𝑡𝑜𝑟) 

• Total number of heaters: Operators are not required to keep an inventory of heaters on-site, so the average 
number of heaters per site will have to be assumed or calculated based on studies, or consultations with 
industry partners and operators. Heaters are present at most upstream oil and gas facilities including oil/gas 
wells, oil/gas batteries, oil refineries, gas plants and satellite stations.  

• Emissions factor: The two primary types of space heaters, catalyst and combustion will have varying degrees 
of destruction efficiencies. The emissions factor will have to incorporate the rate of release over operating 
time. For simplicity, operating time could be assumed constant across all oil and gas sites in Canada based 
on an 8-month heating cycle. Manufacture destruction efficiencies and rates or industry standard equipment 
may provide input on an emissions factor. 

 

3.7.3 Technology and Strategies for Mitigation 

Catalytic heaters provide an important source of heat for remote facilities during the winter months to ensure 
equipment and fuel doesn’t freeze. The increased number of remote sites, with limited visits or limited access, 
along with the need for sensitive equipment to be maintained at specific operating temperatures, results in more 

                                                      

65http://www.bcogris.ca/sites/default/files/ei-2016-07-pneumatic-pump-alternatives-cold-weather-final-report.pdf 
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emphasis on reliability than ever before. For safety reasons, conventional combustion heaters cannot be used 
because of intermittent gas leaks on site. In some cases, where power is generated on-site, electric heaters may 
be an alternative. Overall, there are minimal alternative technologies available for catalytic heaters, but some 
options include:  

i. Replacement with better performing catalytic gas heaters: ScottCan claims higher efficiency than the 
Cata-dyne Heaters due to a high-performance catalyst that uses less fuel and has a greater conversion 
efficiency.66  
 

ii. Automated fuel gas inputs: Meters and computers can be installed to control the supply and demand 
of fuel gas for optimal catalyst performance. When the gas supply is vent gas and the heater is turned off, 
the gas may be directly vented. Changing the input from vent gas to fuel gas, or propane will ensure that 
when the heater is turned off, the supply of gas is turned off as well. If the heater is not in operation year-
round, there may be more effective methods for managing vent gas.  
 
 

iii. Conversion to electric heaters: This is only possible at sites with sufficient and reliable access to 
electricity. Similarly, thermal exchange heaters, such as circulating glycol heaters, are only practical under 
conditions where a boiler and pump system can be installed, maintained, and monitored. 

 

3.8 Line Heaters 
Indirect line heaters, also referred to as indirect bath heaters, are gas fired systems that heat a pipe, to warm the 
product within that pipe. This process avoids freezing downstream equipment and prevents the development of 
hydrates within the pipe. Hydrates are solid substances developed from the gas and water when the product is 
exposed to extreme thermodynamic conditions, primarily high pressure, and temperature drops called the Joule-
Thomson effect. The rapid reduction in pressure at the choke of the well stream to the sales line is one area where 
hydrates can form. Development of natural gas hydrates results in line plugging and corrosion issues. Line heaters 
are typically found in gas pipeline systems, often at the well head, but also found along the transmission system 
at locations of rapid pressure drop such as at regulating stations.  

The combustion efficiency of the line heater burners is the same as an open flame burner, which is an incomplete 
conversion of methane to carbon dioxide and therefore results in unburned methane emissions. Lower efficiency 
is usually addressed in two areas; (a) in the air-fuel ratio and (b) in the design of the boiler.  

The air-fuel ratio is typically lean, in other words too much air is being taken in and heated, for the amount of air 
needed for proper combustion. This has been acceptable in the past as it resulted in a lower flame temperature 
and thus lower NOx emissions. The design of the burner, which includes the heat transfer area (size of the heater 
and the bath) and type of bath fluid or medium, must incorporate a site’s current and anticipated heating needs. 
Where line heaters are used primarily for heating the pipe, they may only need to operate seasonally during the 
winter months.  

 

3.8.1 Quantification by Source  

Parameters: In quantifying the methane released, it is important to consider the amount of fuel gas that is used 
by the heater and calculate or measure the combustion efficiency of the heater. Leak detection systems may also 
be utilized to measure the amount of leakage from the system. The combustion emissions from line heaters are 
currently typically estimated at the facility level using emissions factors, fuel consumption statistics provided by 
the manufacturer, along with equipment duties and operating hours.67 According to calculation methods 

                                                      

66 http://www.scottcan.com/ 
67 www.capp.ca/~/media/capp/customer-portal/publications/86223.pdf 
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developed by the Canadian Association of Petroleum Producers (CAPP), the combustion emission factors for 
calculating line heater emissions are the same as those from heaters and boilers, as follows:  

Source Type 
Max Rated Power Output 

(kW) 
Input Heat Rate 

(kJ/kw*h) 
Thermal Efficiency (%) 

Industrial and 
Commercial Heaters and 

Boilers 

<375 (Natural Draft) 4736 76 

<375 (Forced Draft) 4500 80 

>375 4500 80 

 

Factors: The total methane emissions produced from line heaters can vary according to the age of the line heater, 
quality of fuel being burned, design of the fire tube / tuning the burner and tuning or sizing of the system i.e. setting 
the temperature band width to have continuous burning versus frequent ‘starts and stops’. Tuning and / or sizing 
of the line heater is significant as many line heaters in operation were designed and installed at a time when the 
gas flow and gas composition were different than current conditions. The location of the well and the well pressure 
will also impact the type and heating capacity of the heater required. In warmer climates and cases where there 
is a minimal pressure drop, continuous line heater operation may not be required.   

Emissions Significance: Line heaters are prevalent primarily within the midstream oil and gas industry 
(transmission and pipelines) and at remote/northern well heads that require heating. It is also assumed that all 
sour natural gas gathering systems have line heaters, because of the increased susceptibility to hydrate formation. 
The major emissions source is from the combustion of fuel along with any methane that is released because of 
incomplete combustion. Currently this source of emission is unmetered, as with catalytic heaters, so there is 
minimal available data about the significance of the source.68 There are typically no line heaters on low-pressure 
natural gas gathering systems.  

 

3.8.2 Quantification by Sector  

A high-level national inventory of venting from line heaters could be determined by multiplying the total number of 
heaters by the activity level that corresponds to the emissions released over a unit of time. The equation can be 
summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑛𝑒 𝐻𝑒𝑎𝑡𝑒𝑟 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3) = (𝐴𝑠𝑠𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝑓𝑎𝑐𝑡𝑜𝑟) 

• Asset Count: Operators are not required to keep an inventory of heaters on-site, so the average number of 
heaters per site will have to be assumed or calculated based on studies, or consultations with industry partners 
and operators. Line heaters will be present along pipelines, compressor stations, gas batteries, and gas wells. 
CEPA (Canadian Energy Pipeline Association) may have data on line heaters per pipeline distance.  

• Emissions factor: The emissions factor will have to incorporate the rate of release over a unit of time. For 
simplicity, operating time could be assumed constant across all oil and gas sites in Canada based on an 8-
month heating cycle. Manufacture destruction efficiencies and rates or industry standard equipment may 
provide input on an emissions factor. 

 

3.8.3 Technology and Strategies for Mitigation 

There are more strategic solutions than technological solutions to reduce emissions from line heaters, including 

heater design, facility design and timely equipment tune-ups. Many of the same strategies under the Flare 

Operational Issues Technology and Strategies for Mitigation section can also apply for Line Heater emissions.  

                                                      

68 www.ptac.org/attachments/1958/download 
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i. Utilizing efficient, optimizable burning systems: There are several highly efficient heater technologies 

in the marketplace including the Utherm High Efficiency Process Heater, and the Black Gold Rush Burner 

as mentioned above in the Flare  section.  

 

ii. Retrofitting pipelines: Heat treating well heads or installing insulation on pipelines, or optimizing the 

heat transfer systems can reduce the overall heat required for the system. This would reduce the 

combustion activity, and reduce overall emissions from the heater.   

 
iii. Chemical injection: The injection of salt inhibitors or methanol to limit the build-up of hydrates could be 

an alternative to line heaters all together. However, this solution will only apply for heating the natural gas 

in pipelines and will not be a possibility at pipeline pressure stepdown stations.  

 
iv. Burner optimization: Remodelling the computer systems on the boiler to optimize for heat requirement, 

fuel and air ratios and changing pipeline pressures can impact the operating conditions and consequently 

the combustion efficiency of the line heater. This includes actively responding to the heat requirements 

of the bath (the medium needed to transfer the heat to the pipeline).  

 

3.9 Centrifugal Compressor Starters  
The engine starter for a centrifugal compressor can be either electric or gas driven. The intent is to ‘crank’ the 
compressor so it is free to spin, much like the starter in an automobile (in a vehicle the starter is electric driven). 
With gas starters, the pressure of the natural gas from the pipeline is used and this portion of gas is then vented 
as part of the starting process (in a similar process to pneumatic equipment). Issues that may cause significant 
methane emissions include high frequency of starts and in some cases false starts requiring multiple attempts to 
start the engine. 

 

3.9.1 Quantification by Source 

Parameters: In quantifying the methane release, it is important to consider the size of the start-up chamber, the 
number of cycles required to fully start the compressor and the composition of the gas used. The volume of gas 
required depends on the type and size of the compressor. Manufacturers’ would typically provide a specification 
on the volume of gas for each model. 

Factors: The total volume of methane released during the start-up for a centrifugal compressor could vary 
depending on the size and efficiency of the compressor, since older compressors may not be as efficient. Smaller 
compressor stations that are grid-connected may use electricity for start-up. For larger compressors and those 
located in remote locations, the gas pressure will also impact the number of spin cycles needed for start-up.  

Emissions Significance: Since most of the emissions are released during the start-up process, along with 
emergency shut-downs and surges, predicting the frequency of these occurrences can determine the significance 
of these emissions. A press release by Spectra Energy mentions emergency shut-downs are very rare, but that 
systems are tested on an annual basis.69 When properly designed, operated and protected, centrifugal 
compressors are capable of long sustained runs with very little maintenance. Unless there is an identified problem 
with the compressor, maintenance is generally carried out during planned turnarounds. Larger compressors have 
longer maintenance cycles, which suggests that compressor restarts may be infrequent.70 

Compressors may also be shut-down and restarted depending on gas well pressure and production limits. During 
unstable oil prices, operators may shut down and start up compressors multiples times over the course of one to 

                                                      

69 http://www.spectraenergy.com/content/documents/SE/Fact_Sheets/EmergencyShutdown.pdf 
70 http://petrowiki.org/Centrifugal_compressor#Maintenance 
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two years to increase or decrease production. Older wells that are utilizing enhanced oil recovery practices with 
varying levels of production may also shut down and start up compressors multiple times.  

According to the Pollution Control Handbook for Oil and Gas Engineering, it is estimated that there are an average 
of 22 starts per compressor per year that vent 239 +/- 157% m3 of natural gas per compressor. The total volume 
of gas used per start was calculated using an emissions rate of 5.6 m3 of gas vented per minute for starters, the 
time required for start-up, the fraction of compressor starters powered by natural gas and the fraction of starters 
that vent gas to the atmosphere.71 

 

3.9.2 Quantification by Sector  

A high-level national inventory of vented emissions from Compressors – Gas driven engine starters could be 
determined by collecting an inventory of compressors that utilize gas driven starts, find the average size of those 
compressor starters, and define the number of engine starts per year. The equation of vented emissions can be 
summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝐺𝑎𝑠 𝐷𝑟𝑖𝑣𝑒𝑛 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝐸𝑛𝑔𝑖𝑛𝑒 𝑆𝑡𝑎𝑟𝑡𝑠 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= 𝐴𝑠𝑠𝑒𝑡 𝐶𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑣𝑒𝑛𝑡𝑒𝑑 𝑔𝑎𝑠 ∗ # 𝑜𝑓 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝑠𝑡𝑎𝑟𝑡𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

• Asset Count: The AER may have a Province-wide inventory of large assets including compressors, the 
percentage of those that have gas-driven starters may have to be assumed or determined through studies 
or consultations with industry partners and operators. Only compressors at gas wells, gas batteries, 
compressor stations and other gas facilities will be included.   

• Avg. Vol Vented Gas: The average size and containment volume of industry-standard equipment for gas-
driven compressor starters could be used to determine vented gas volume. The volume of gas released 
must be adjusted for standard temp./pressure. 

• Avg. # of Purging Events: Must be assumed or calculated through studies or industry consultations. As 
per the section above, the Pollution Control Handbook for Oil and Gas Engineering has determined an 
average number of starts per year and the associated vented volume. 

 

3.9.3 Technology and Strategies for Mitigation 

Technology options or maintenance strategies that have already been discussed for reducing methane emissions 
from centrifugal compressor starters include vent gas capture systems and directing waste gases to a flare. More 
specific strategies include:  

i. Capture as fuel source: One method of controlling general emissions from compressors is by using the 
SlipStream by Spartan Controls, which is a patented technology that utilizes vented gas that would be 
otherwise lost to the atmosphere as a supplementary fuel source for compressor natural gas engines.72 
Gas venting from compressors are expected to be included in proposed federal methane regulations, so 
emissions from compressor starts could be managed in tandem with other compressor venting.    
 

ii. Alternate energy source: As mentioned above, sites that are connected to the grid, or smaller 
compressor stations may use electric starters or batteries for compressor starts. For larger stations, an 
alternative fuel source could be utilized including air, nitrogen or smaller diesel generators. 
 

                                                      

71https://books.google.ca/books?id=mUoPDAAAQBAJ&dq=emissions+released+from+blowdown+and+purging+events&s
ource=gbs_navlinks_s 
72http://www.spartancontrols.com/applied-technology/environmental-leadership/vent-capture/odour-
control/slipstream/ 
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iii. Reducing the number of false starts: More routine maintenance activities, including identifying issues 
before initiating startup or upgrading older ignition systems can reduce the number of false starts, which 
would directly limit the amount of methane vented.  

 

3.10  Condensate Tanks 
Condensate is a liquid found at gas well sites. A similar product can be found at gas plants but at those facilities 
it is handled differently and the vented emissions are normally controlled or captured. As gas comes to surface at 
gas wells, the pressure and temperature change experienced by the gas may result in a property change where 
liquids condense out of the gas. These liquids can resemble oil or naphtha in their constancy. At the well site the 
liquids are typically captured in a storage tank that vents to the atmosphere. There are four types of losses that 
include: 

• Working losses: Emissions that are generated and released while a liquid material is being pumped into 
or out of a tank. The movement of the fluid, particularly the turbulence created from splashing in or out of 
fill pipes, creates airborne vapors that must be managed.  

• Breathing or Standing losses: Emissions generated during non-active moments. The liquids in tanks 
are always generating vapors, depending on how much vapor space is available within the tank, and 
sometimes these vapors can escape the closed system. 

• Cleaning and Degassing losses: In the process of cleaning a tank so that new product can be stored, 
some quantity of built-up vapors is forced out of the tank into the atmosphere. Degassing is the forced 
removal of vapors to conduct maintenance or cleaning, typically to tanks storing gasoline or crude oil.  

• Flash Emissions: Emissions that occur when vapor is released as a result of pressure drop, for example 
the transfer of a fluid from a separator to a vented storage tank.  

According to a study by Clearstone Engineering, the emissions from storage tanks contribute 31.5% of VOC 
emissions and 2.2% of GHG emissions by the upstream oil and gas industry in Canada.73 

 

3.10.1 Quantification by Source  

Parameters: In quantifying the methane released, it is important to consider the release of gases from a 
condensate tank that includes directly metering gases that vaporize and are released when the tank is discharged. 
The vapor release can also be calculated through gas analysis or condensate analysis to determine the methane 
content and rate of release. Engineering calculations can be used to model emissions including the EPA’s TANKS 
Emissions Estimation Software74 or the API E&P TANKS software.75 The software programs allow users to enter 
specific tank condition information to generate a precise air emission report by estimating flashing, working and 
standing losses.  

Factors: The emissions generated by the storage tank or condensate tanks can vary according to two factors: 
how the tanks are used and the types of tanks that are used. These two factors determine vapor pressure, which 
is tied to standing and working losses. The characteristics of the tank including tank size, the surface area, the 
color (which can affect heat absorption), and the roof type (space for vapors to accumulate) are of primary 
importance. Further, the composition of the condensate and the volumes of absorbed VOCs and gasses impact 
the emissions. Third, the external environment including temperature, humidity, and general exposure to elements 
will impact the rate of vaporization. Breathing and flash losses are considered to be the highest at high 
temperatures increase.  

Emissions Significance: Gathering stations are characterized by fewer, but larger tanks relative to wellheads. 
Wellhead tanks are frequently emptied and carried to gas gathering systems and refineries by trucks. The overall 
number of tanks may not be overly high, because they are only present at gas wells and gas gathering stations 

                                                      

73 www.ptac.org/attachments/50/download 
74 https://www3.epa.gov/ttn/chief/software/tanks/ 
75 https://www.eptanks.com/ 
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that produce high volumes of liquids. However, the venting from these tanks is continuous and there are losses 
in some form or another from both standing vaporization and product movement.   

A simple way to determine an emissions factor is to measure the gas release as a function of volume of liquids 
stored:   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐹𝑎𝑐𝑡𝑜𝑟𝐶𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑡𝑒 𝑇𝑎𝑛𝑘 =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐺𝑎𝑠 𝑉𝑒𝑛𝑡𝑒𝑑 ∗ %𝑀𝑒𝑡ℎ𝑎𝑛𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐺𝑎𝑠 𝐿𝑖𝑞𝑢𝑖𝑑𝑠 𝑖𝑛 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 
 

A study by the EPA for oil and gas wells in Colorado used an uncontrolled emissions factor of 13.7 pounds of 
volatile organic compounds per barrel of condensate per day.76 Most of the studies conducted for emissions from 
condensate storage tanks are concerned with the production of harmful compounds and releases of sulphur gas, 
carcinogens and volatile compounds. There is less research into methane emissions from these tanks but with 
compositional data these sources would be relevant to quantification method development. 

 

3.10.2 Quantification by Sector  

A high-level national inventory of vented emissions from condensate tanks could be determined by collecting an 
inventory of the condensate tanks in the sector, determining the average size of those tanks, and defining the 
average volume of methane venting through an emissions factor. The resulting equation can be summed up as 
follows:   

𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑡𝑒 𝑇𝑎𝑛𝑘𝑠 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= 𝐴𝑠𝑠𝑒𝑡 𝑐𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. 𝐶𝑜𝑛𝑡𝑎𝑖𝑛𝑚𝑒𝑛𝑡 𝑉𝑜𝑙𝑢𝑚𝑒 ∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 𝐹𝑎𝑐𝑡𝑜𝑟 

• Asset Count: Operators are currently not required to report an inventory of condensate tanks. However, the 
number of tanks could be assumed on a per gas well site, or per gas pad basis (not all gas wells will have a 
condensate tank on it, the ratio may be less than 1:1)  

• Avg. Containment Volume: The average size and containment volume of industry-standard equipment could 
be used to determine vented gas volume. The conditions in the tank are assumed to be at standard 
temperature and pressure 

• Emissions Factor: An emissions factor will need to be calculated or assumed as per studies conducted or 
industry consultations. For simplification, the factor should incorporate all the different types of vapor losses 
(working, breathing, cleaning and flash). As per the section above, the EPA has determined an emissions 
factor for VOCs that are released from condensate tanks but nothing specific for methane. The factor will be 
equivalent to the volume of gas vented per containment volume of the tank.   

 

3.10.3 Technology and Strategies for Mitigation 

Technology options or maintenance strategies that have already been discussed for reducing methane emissions 
from condensate tanks include vent gas capture systems and directing waste gases to a flare. However, vapor 
collection and direction into a flare may be very costly and ineffective because of the low flow release of gases, 
and the infrequent and low volumes of those releases. A vent gas capture, compression and flare system could 
potentially use a greater volume of gas than what is captured and destroyed.  

Another alternative that has already been discussed includes optimized leak detection and repair programs to 
ensure that tanks are fully sealed and any damage or maintenance is detected early in an effort to reduce overall 
emissions release. The Canadian Council of Ministers of the Environment created the Environmental Guidelines 
for Controlling Emissions of Volatile Organic Compounds from Aboveground Storage Tanks in the 1990s, which 
outlines VOC controls for tanks.77 Other and more specific strategies to reduce emissions from condensate tanks 
include:  

                                                      

76 https://www3.epa.gov/ttnchie1/conference/ei20/session6/dwells.pdf 
77 http://www.ccme.ca/files/Resources/air/emissions/pn_1180_e.pdf 
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i. Tank insulation and material integrity: General leaks can be reduced or avoided by ensuring structural 

integrity of the tank. Excessive vaporization of gases can also be avoided by maintaining cooler 

temperature and avoid humid conditions. 
  

ii. Floating roof storage: While floating roofs are often used for external disposure of volatile organic liquids 

in open pits, to control for vaporized gases, they can also be used to control vaporization in internal tanks. 

The roof floats on top of the liquid and moves up and down with the volume that is stored. An example is 

the patented Hexa-Cover Floating Cover, which are tiles that can be deposited in tanks to form a floating 

roof.78 

 

3.11 Gas Chromatography and Gas Sampling Equipment 

Gas sampling analysis is performed to ensure the gas that is being received, or delivered, meets the recipients’ 
gas specifications.79 Sampling is done in one of three forms or methods: 

• Spot samples are taken at one point in time only. A sample is captured in a vessel or cylinder and later 
sent to a lab for analysis. 

• Continuous samples are fed into an onsite analyser continuously. Gas analysis is kept on site or more 
commonly sent electronically to a ‘head office’ location, such as through Supervisory Control and Data 
Acquisition (SCADA) system. With better quality and lower costs, continuous sampling has become more 
common.  

• Representative samples are collected using a by-pass sampler that collects short shots of gas over a 
period of time into a vessel or cylinder for later analysis in a laboratory. 

The sampling methods mentioned above are regulated by several agencies and greater details can be found in 
guidelines released by the American Society of Testing and Materials (ASTM), American Petroleum Institute (API) 
and ISO-6143 standards.  

Venting during gas sampling occurs before taking a sample, when the supply line is purged after taking the sample 
and, for the continuous sampler, at the moisture membrane filter as gas bypasses the filter. There are several 
vent valves to release gases directly into the atmosphere once the sample is taken. Samples may be manually 
taken by operators or automated where venting occurs frequently throughout the day.  

 

3.11.1 Quantification by Source  

Parameters: In quantifying the methane vented, it is important to consider the length of sampling tubing, which 
will have a direct impact on the volume of gas that is purged into the atmosphere once the sample has been 
analyzed. The system pressure will also have a significant impact, since a pressure step-down for sample 
equipment compatibility could result in greater emissions. The number of sampling points and the frequency of 
samples will directly impact the overall emissions.  

Factors: The total volume of vented emissions from gas chromatography and sampling equipment can vary 
according to the type of gas sampling device, regulatory or contractual requirements dictating frequency of 
sampling, methane content. 

Emissions Significance: The vented volumes are small, but the frequency of the sampling and the prevalence 
of this equipment in the upstream oil and gas industry makes it an equipment of interest. Gas samples at most 
sites are conducted daily at the well head and often at most transfer points (including gas batteries, pipelines, 

                                                      

78 http://www.greatario.com/products/covers/hexa-cover.html 
79 Specifications can include, but not limited to, composition, limits of components such as moisture, CO2, H2S, CH4, energy 
content and/or density. 
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compressor stations). Sampling must be conducted before gas is sold and data systems rely on consistent gas 
sample measurements to determine specifications.  

 

3.11.2 Quantification by Sector  

A high-level national inventory of vented emissions from gas chromatography and gas sampling equipment could 
be determined by collecting an inventory of gas sampling points in the sector, determining the average volume of 
methane released per sampling event, and defining the average number of sampling events at each sampling 
point. The resulting equation can be summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝐺𝑎𝑠 𝐶ℎ𝑟𝑜𝑚𝑎𝑡𝑜𝑔𝑟𝑎𝑝ℎ𝑦 𝑎𝑛𝑑 𝐺𝑎𝑠 𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= 𝐴𝑠𝑠𝑒𝑡 𝑐𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. 𝑉𝑜𝑙 𝑉𝑒𝑛𝑡𝑒𝑑 𝐺𝑎𝑠 ∗ 𝐴𝑣𝑔. # 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑒𝑣𝑒𝑛𝑡𝑠 

• Asset Count: Operators are currently not required to report an inventory of gas sampling points and 
equipment. However, the number of sampling points could be assumed on a per gas site basis including gas 
batteries, some compressor stations, and custody transfer stations between producers, distributors and 
buyers. The AER or the Alberta Government will have this site-level data   

• Avg. Vol Vented Gas: The average size and containment volume of industry-standard equipment could be 
used to determine vented gas volume, at standard temperature and pressure.  

• Avg. Number of Sampling Points: This will have to be assumed or calculated as per studies conducted or 
consultations with industry partners. Since gas flows continuously 24-7, gas samples may be taken multiple 
times a day. For simplicity, no differentiation is made between manual and automatic gas samples.  

 

3.11.3 Technology and Strategies for Mitigation 

Technology options or maintenance strategies that have already been discussed for reducing methane emissions 
don’t apply to gas chromatography or sampling equipment. Since these methane releases are very intermittent, 
occur in small volumes, at very low pressures, and are scattered across various pieces of equipment in the facility, 
it is very difficult to tie them to vent gas capture systems or direct waste gases to a flare. Vapor collection and 
flaring may be very costly and technically infeasible in many situations. At frequent sampling points, a vessel could 
be installed to collect gases normally vented, which are compressed and reinjected into the sales pipeline or 
directed to a flare when threshold gas volumes are reached.   

Alternative options to reduce emissions from gas sampling is through the adoption of better technologies or 
automated sampling methods that are not intrusive to the pipeline flow of gasses. An example is closed-loop 
cylinder sampling that redirect pipeline gases through the sampling equipment and back into the pipeline thereby 
eliminating venting all together.80 In-pipe automated sensors can also eliminate venting by installing sampling 
equipment inside the vessel.81 However, these types of equipment can be more expensive and create 
complications for maintenance and equipment calibration.   

 

3.12 Orifice Plate Change out  

Several types of gas flow metering devices are available in the upstream oil and gas (UOG) industry, the most 
common device being an orifice meter. For its simplicity in design, low cost, ease of adjustment with varying flow 
ranges and simple operation, the orifice plate flow meter is an industry standard. The installation of an orifice plate 
and pressure sensors in a straight section of pipe can allow operators to calculate the volume of gas moving 
through the pipe.82 

                                                      

80 https://sentry-equip.com/Products/MCG.htm 
81http://www.fitokgroup.com/en/product/sampling-system.asp?gclid=EAIaIQobChMIzIq24vXR1AIVxF5-
Ch1k4wBaEAAYAiAAEgKGn_D_BwE 
82  Governing calculations described in AGA’s Report No. 3, Orifice Metering of Natural Gas. 
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Normally, plate change outs occur due to changes in flow conditions or for inspection events. Each orifice plate 
is sized and calibrated for a specified flow range. As gas flows change, for example with seasonal variances, the 
plate is replaced to account for the new flow range.  The plate may also be removed as part of a predetermined 
maintenance program or in response to unexpected flow results that may occur from a damaged plate. Orifice 
plates can wear down over time typically because of corrosion or erosion, or due to liquid/product build up in the 
system. There are two configurations for the meter run, including:  

• Simple flange assembly, which is typically found in applications requiring very few plate change outs. For 
this type of change out, a section the pipe needs to be isolated, and a bypass is opened if it’s available. 
If a bypass is not available, the whole pipeline would need to be blown down. The trapped gas in the 
isolated section is vented before the flange is separated to extract the orifice plate. Once the new plate is 
installed and the flange tightened, the pipe section is then purged of air, thus venting more gas, and the 
meter is brought back into service 

• Specialized plate change out valves, sometimes referred to as a dual chamber orifice fitting83 are used 
for more frequent change outs and to facilitate quick plate change outs with minimal interruption to 
production. The Daniel Senior84 is a long-standing industry favorite for a plate change out valve system, 
but other manufacturers, such as Canalta Flow, also supply these types of products. Orifice plate systems 
vary in size from 2” up to 30”, larger sizes available upon request, and pressure ranges from 150 ANSI to 
2500 ANSI, approximately 100 to 6250 psi depending on material of construction and temperature. 
 

Specialized orifice plates can be changed while the system is still in operation because an enclosed isolation 
chamber is part of the valve body. The old plate is lifted from the gas stream through a series of gears and isolated 
from the gas stream, this isolation chamber is then purged, the old plate is removed and the new plate installed, 
the chamber is refilled with natural gas, and the plate is lowered back into service. There is some release of 
methane when the isolation chamber is now vented, but it is significantly less than purging a whole section of a 
pipeline.   

 

3.12.1 Quantification by Source  

Parameters: In quantifying the vented methane, it is important to consider the volume of gas released per change 
out (a function of the isolated volume and the process utilized) multiplied by the number of plate change outs or 
inspections per year. The volume of gas vented per change out can often be obtained from the orifice flow meter 
manufacturer for specialized change out valves.  

Factors: The total volume of emissions from orifice place change outs varies according to the type of orifice plate 
change out equipment used. The simple flange assembly system vents more gas than the specialized change 
out valve. The quality of the gas being metered will impact the frequency of plate inspections, for example if the 
gas has suspended particles that cause abrasion, or is corrosive, with CO2 or H2S. The variability of the flow rate 
of the well will also determine the frequency of change outs. The purpose of the orifice flow meter, whether it is 
used for in-house calculations or if the meter is required for custody transfer, may also impact the frequency of 
inspections. 

Emission Significance: The prevalence of orifice plate meters in the oil and gas industry makes these tiny 
sources of methane emissions an item of interest. They are present at both the gas well head and anywhere there 
is a custody transfer (including gas plants, meter stations, and compressor stations). The frequency of change 
outs can vary significantly – in some cases, plates may not be removed for 15 years, while at other sites plates 
could be changed upwards to three times a year at the start of every season. Publicly available data or studies 
on the emissions associated with orifice plate change outs could not be located for this report.  

                                                      

83 Canalta Flow Measurement www.canaltaflow.com  
84 A description of the Daniel Senior is available at http://www.emerson.com/catalog/en-us/daniel-senior, Daniel also 
provides the flanges and piping to build a simple flange assembly system 
www.emerson.com/documents/automation/43804.pdf.      
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3.12.2 Quantification by Sector  

A high-level national inventory of vented emissions from orifice plate change outs could be determined by first 
collecting an inventory of the number of specialized orifice plates in the sector, determining the average size of 
those orifice plate chambers, and defining the average number of orifice plate changeouts throughout the year. 
The emissions from simple change outs are not considered because these would be covered under pipeline 
blowdown and purging events. The resulting equation can be summed up as follows:   

𝑇𝑜𝑡𝑎𝑙 𝑂𝑟𝑖𝑓𝑖𝑐𝑒 𝑃𝑙𝑎𝑡𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑂𝑢𝑡 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)
= 𝐴𝑠𝑠𝑒𝑡 𝑐𝑜𝑢𝑛𝑡 ∗ 𝐴𝑣𝑔. 𝑉𝑜𝑙 𝑉𝑒𝑛𝑡𝑒𝑑 𝐺𝑎𝑠 ∗ 𝐴𝑣𝑔. # 𝑜𝑓 𝑃𝑙𝑎𝑡𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑜𝑢𝑡𝑠 

• Asset Count: Operators are currently not required to report an inventory of orifice plates. However, the number 
of orifice plates could be assumed on a per site basis (this equipment may be located at gas wells, gas 
batteries, pipelines, compressor stations and custody transfers) 

• Avg. Vol Vented Gas: The average size and containment volume of industry-standard equipment could be 
used to determine vented gas volume. The conditions in the tank are assumed to be at standard temperature 
and pressure 

• Avg. Number of Plate Change outs: This figure must be assumed or calculated based on studies conducted 
or consultations with industry partners and operators. The figure could be variable since changeouts are 
dependent on gas flow changes, which could occur seasonally or over the operating life of the well.  
 

3.12.3 Technology and Strategies for Mitigation 

Similar to gas sampling equipment from the previous section, the emissions from orifice plate change outs are 
infrequent, occur in small volumes, at very low pressures, and are scattered across many pieces of equipment 
and facility types. For this reason, the technology options or maintenance strategies that have been discussed for 
reducing methane emissions from other sources do not apply. Vapor collection and flaring may be very costly and 
technically infeasible in many situations. However, in locations with frequent change outs, a vessel could be 
installed to collect gases normally vented, which are compressed and reinjected into the sales pipeline or directed 
to a flare when threshold gas volumes are reached.  

Captured vented gases85, could be utilized for another service such as space heater or send to low pressure flare 
for methane destruction. Feasibility is unlikely given the cost of installing additional equipment, despite potentially 
low operating and maintenance costs. 

Another alternative is to operationally reduce the frequency of plate change outs, is to control operating conditions 

or find a plate with a wider operating span with greater structural durability and integrity. Re-evaluating the current 

and forecasted flow ranges, adjusting upstream flow conditions and the selection of more appropriate plates – 

may reduce the need for plate change outs due to flow variations.  

Lastly, venting could be reduced or eliminated through technology or equipment changes. This includes 

replacement of simple flange assemblies with specialized plate change out valves, or replacement of the orifice 

plate meter with a non-venting meter, such as an ultrasonic or turbine meter.  

 

3.13  Construction Camp Organics and Waste 

A growing proportion of oil and gas operations are conducted at remote locations that require the build-out of 
living arrangements for employees in the form of camps and villages, collectively referred to as camps. During 
‘boom times’, high worker density may be required that exceeds the housing capacity of local municipalities, in 

                                                      

85 Examples would be the Tarpon Vent Gas Capture and Destruction System http://www.tarponenergy.com , and the Zirco 
Vapor Recovery Unit http://zirco.com/brands/jatco/  
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which cases camps may be developed even in less remote areas. Camps size range from housing dozens up to 
thousands of workers and support staff in an area. They can grow to become complete communities with 
additional services such as dining, laundry, fitness and recreational facilities, for periods ranging from seasonal 
use, to a single year to several years at a time. As one project is completed, camps may often be sold or licensed 
to another project where new workers are admitted. In the case of mega-projects such as those found in the Fort 
McMurray area, the facility operator may install living quarters for the staff needed to operate the oil and gas 
facility with the expectation that the living quarters will be utilized for the life of the facility. 

Sources of methane emissions from worker camps include decomposition of organic solids and sewage wastes. 
Air emissions associated with decomposition of organic waste is not normally addressed in camp design and 
reporting requirements. However, organic waste products are a considerable component of waste management 
activities for camp owners and municipalities.  

Municipalities continue to develop regulations to manage the waste from camps and limit the impact to existing 
infrastructure, for example requiring onsite sewage treatment versus hauling of sewage to nearby towns. In 
addition to regulations associated with odours from the decomposition of waste, municipalities may require bonds 
to be set up to avoid the abandonment of waste once a camp is decommissioned. Current regulations are 
designed reduce the impact on the local environment (focus on soil and water, reference to air is limited to 
contamination from dust and odours), reduce wildlife interaction (rodents, large carnivores, and birds) and to 
protect the health and safety of workers and the public. There may be further opportunities to introduce regulations 
that reduce GHG emissions, in particular methane emissions from organic wastes. 

In some cases, it is not physically possible, safe, or financially feasible to transport waste material from a camp 
on a regular basis, especially for fly-in sites that don’t have road access. On-site management, treatment and 
disposal of organic waste in these situations is the only solution. Organic waste can be grouped into three forms: 

• Grey water – from sinks, showers and laundry, black water  

• Sewage - contains human waste, and solid organics  

• Food waste - may contain limited other biodegradable materials such as paper 

Depending on the type of organic waste, different treatment methods may be necessary. Handling of wastes is 
part of a proper waste management plan that is developed by the camp management firm that sets up worker 
camps. 

 

3.13.1 Quantification by Source 

Parameters: In quantifying the methane released, it is important to consider modelling techniques and 
engineering calculations that have been designed for different types of organic waste production, the 
decomposition of those wastes, and the proportion of methane produced during the decomposition process. In 
closed processing systems where biogas is produced and collected, measurement of methane may be a 
straightforward process of directly metering produced biogas.   

Factors: The amount of released methane from construction camp wastes can vary according to the amount of 
waste generated, the type of organic waste generated, and the ambient temperature and humidity environmental 
conditions. Camp size and duration of operation - camps of less than 100 people, and camps that operate only 
seasonally, require different operating considerations than larger camps and year-round camps due to the volume 
of waste production.86 The rate of waste production is another parameter, for example in British Columbia 
municipal solid waste incinerators cut off is set at a production of more than 400 kg/hr (9.6 tonnes per day) 
distinguishes between small i.e remote, facilities and larger i.e. urban, facilities, and thus different emission 

                                                      

86 Fact Sheet – Industrial Camps, British Columbia, Ministry of Environment, October 2015 
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guidelines are applied.87 The methods of disposal will also determine the overall volume of emissions released, 
whether organic wastes are shipped off-site, are treated on-site. 

Emission Significance: Camps may be relevant to all components of oil and gas operations, including 
exploration, development, and the transport of both raw and finished product. The discovery of new fossil fuel 
reserves in remote and Northern communities, where there are little housing facilities, has resulted in the 
expansion of the construction camp and living quarters industry. With the anticipated growth88 of the oil and gas 
sector, it is expected that the methane emissions associated with construction camps will increase. 

The methods to quantify emissions from organic waste differ based on the type of waste produced.  

i. Liquid Waste: On-site treatment or storage of liquid organic waste, grey water and black water either 
combined or separate, produces CO2, from aerobic and anaerobic decomposition, CH4 from anaerobic 
action and N2O from the partial denitrification of nitrate. For sludge separation, a septic tank, or other 
holding vessel is used to separate solids and liquids, which allows suspended particles to settle and be 
removed, and the liquid to be discharged. The waste water is typically discharged into a septic field if 
ground percolation conditions permit (also referred to as soil attenuation), or into holding tanks for 
secondary treatment or for eventual trucking/removal. CH4 production predominately comes from septic 
tanks.89 
The sludge remaining in the septic tank is either trucked out or incinerated. Sludge that is trucked out may 
be sent to municipal waste treatment facilities, applied to agriculture land, or sent to landfill. The CH4 
production rate estimated by the IPCC for septic tanks uses a methane conversion factor (MCF) of 0.5 g 
CH4/capita-day.90 This is conservative for Canadian application,91 based on assumptions by the IPCC 
and work by the Diaz-Valbuena et al study. 
 

ii. Solid Waste: After being placed in landfill, waste is initially decomposed by aerobic bacteria. Once that 
process depletes the available oxygen, anaerobic bacteria begins to consume the remaining wastes into 
cellulose, amino acids and sugars. Further fermentation of these substances yields gases and short-chain 
organic compounds that form the substrates for growth of methanogenic bacteria. Biogas composition at 
sites with active landfill gas collection systems reported by the EPA in 2008 shows 41% CH4, 34% CO2, 
22% N2 and 3% O2.92 The EPA also outlines specific factors of degradable organic carbon from landfills 
based on specific solid wastes that are produced.  
 

3.13.2 Quantification by Sector  

A high-level national inventory of vented emissions from construction camp organics and waste could be 
determined by first understanding the number of offsite locations that produce organic wastes, determining the 
type of disposal activity (likely anaerobic digestion or combustion), and establishing emission factors for methane 
released per volume of waste produced. The resulting equation can be summed up as follows:   

                                                      

87  WASTE TO ENERGY, Technical Review of Municipal Solid Waste Thermal Treatment Practices, prepared for: BC Ministry 
of Environment, Environmental Quality Branch Environmental Protection Division, prepared by: Stantec, March 2011, 
http://www2.gov.bc.ca/gov/content/environment/waste-management/garbage/waste-to-energy  
88 http://www.capp.ca/publications-and-statistics/crude-oil-forecast  
89 Diaz-Valbuena, L.R.; Leverenz, H.L.; Cappa, C.D.; Tchobanoglous, G.; Horwath, W.R.; Darby, J.L. Methane, carbon dioxide, 
and nitrous oxide emissions from septic tank systems. Environ. Sci. Tech. 2011, 45, 2741–2747.  
https://www.ncbi.nlm.nih.gov/pubmed/21381675 
90 Intergovernmental Panel on Climate Change (IPCC). Guidelines for National Greenhouse Gas Inventories; Institute for 
Global Environmental Strategies (IGES): Hayama, Japan, 2006, Table 6.3 http://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol5.html  
91 Application of On-Site Wastewater Treatment in Ireland and Perspectives on Its Sustainability, Sustainability 2014, 6, 
1623-1642; doi:10.3390/su6031623, Donata Dubber and Laurence Gill,  ISSN 2071-1050,  
www.mdpi.com/journal/sustainability 
92 https://www3.epa.gov/ttnchie1/efpac/ghg/GHG_Biogenic_Report_draft_Dec1410.pdf 
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𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑎𝑚𝑝 𝑂𝑟𝑔𝑎𝑛𝑖𝑐𝑠 𝑎𝑛𝑑 𝑊𝑎𝑠𝑡𝑒 𝑣𝑒𝑛𝑡𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠(𝑚3)

= ∑ 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑢𝑛𝑡

𝐷𝑖𝑠𝑝𝑜𝑠𝑎𝑙 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦

∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 ∗ 𝐴𝑣𝑔. 𝑤𝑎𝑠𝑡𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 

• Facility Count: The number of offsite locations that produce and dispose of wastes onsite (this will primarily 
be well pads, and oil fields). The AER and/or Alberta Energy, which require permits for exploration activities 
may have data on the locations of these sites.  

• Disposal activity: This will likely be either combustion or anaerobic digestion, but further study and/or 
consultations may be required to confirm, the emission factor will be different per disposal activity, and a 
different proportion of sites may utilize different activities  

• Emissions factor: Alberta Environment and Natural Resources Canada will have emissions factors for the 
decomposition of wastes and/or combustion of wastes  

• Avg. volume of waste produced: This figure will need to be assumed or calculated based on studies conducted 
or consultations with industry partners  

 

3.13.3 Technology and Strategies for Mitigation 

Emissions from worker camps are not considered traditional methane emissions from upstream oil and gas 
operations because of the way they are produced and the fact that the final location of the emission source may 
not be connected to oil and gas assets. The Stockholm Convention on Persistent Organic Pollutants (POPs), of 
which Canada is a party to, was entered into force in 2004. The Stockholm Convention93 sets out a range of 
measures to reduce and, where feasible, eliminate POP releases. The following examples include some of the 
measures included in the Convention: 

i. Reduction of waste: The primary method of reducing methane emissions is to reduce the overall waste 
produced, including reducing packaging, reusing containers, diverting waste, sorting and recycling 
wastes. Reducing overall wastes is the cheapest and most effective way to reduce the total methane 
emissions from camps.94 
 

ii. Incineration: An effective and environmentally sound disposal method for a wide range of wastes, which 
is used in facilities and jurisdictions across Canada. Waste generators located in remote areas may have 
limited options for cost-effective and environmentally sound waste management. Incineration may 
therefore be considered an appropriate method of disposal.95 The downsides of incineration are the 
release of volatile organic compounds, especially if sanitary products or non-organic products are 
included in the wastes. 
 

iii. Incineration for on-site power generation: Waste to Energy (WtE) or Energy from Waste (EfW) or 
Trash to Energy (TtE) are technologies being developed for small and remote applications that operate 
with a waste stream that has inconsistent content or make-up. Many incinerators today only incinerate 
waste96, and utilize diesel as the auxiliary fuel. The next phase of development, to generate electricity 
from the heat of the exhaust (approximately 1,000◦C) is being developed.  
 

                                                      

93 Stockholm Convention on Persistent Organic Pollutants, held May 22 to 23 2001 in Stockholm, Sweden, 
http://chm.pops.int/   
94 Modeling Landfill Gas Generation to Determine Targets and Strategies to Reduce Greenhouse Gases From Landfills, 
Shirley Thompson, Jennifer Sawyer, Rathan Kumar Bonam, and Stephen Smith, University of Manitoba 
95 Technical Document for Batch Waste Incineration, January 2010, Environment Canada, https://www.ec.gc.ca/gdd-
mw/default.asp?lang=En&n=F53EDE13-1 
96 Examples would be FireLake Manufacturing (http://firelakeincinerators.com/products/), Westland Incinerator 
(http://www.westlandincinerator.com/), and TeamTec (http://www.teamtec.no/products/incinerators/) 
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iv. On-site waste water treatment plant (WWTP): The methane produced from septic tank(s) will normally 
not be sufficient to sustain a flare, which will require a pilot when not active. Therefore, enclosed vapour 
combustors97 or supplementary fuel source are potential alternatives.  

 

Discussion  
The Other Sources of Methane Emissions discussed above are far from inclusive of all methane sources from the 
oil and energy industry. While an effort was made to identify major potential sources of methane that are not 
covered under current Provincial and Federal regulations, this list may change with new regulations and new 
processes and developments within the sector.  

Figure 7: Summary matrix of Quantification and Emission Reduction provides a high-level comparative overview 
of all sources. On the X-axis, Quantification refers to the capabilities of directly calculating or measuring the total 
emissions from those sources vs. estimating the degree of those emissions. Sources where it was technically or 
financially feasible to directly meter vented emissions rated high towards calculate/measure. On the Y-axis, 
Emission Reduction refers to the degree of options available for mitigating or preventing emissions from each 
source. Sources where technology or methodology options were available to completely eliminate vented 
emissions rated highly towards Prevent on the scale. Figure 7 is a graphical depiction of how all 13 sources relate, 
which could provide guidance for measuring and managing emissions from these sources in the future. Each 
source was compared on a scale of 1 to 5.  

 

Figure 7: Summary matrix of Quantification and Emission Reduction Opportunities 

                                                      

97 Example would be the Black Gold Rush Combustor requiring less than 2 ounces of pressure, will attain a 99.99% 
destruction efficiency are solar powered and has a pilot that consumes 50 scf/d. www.bgrindustries.com 
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Conclusions and Next Steps  
Thirteen Other Sources of Methane Emissions (OSME) were identified in this report. Some sources are more 

significant than others and already have the focus of academics, technology providers and regulators. This 

includes emissions from liquids unloading, condensate tanks, and dehydrator vents. These sources represent 

larger volumes and more frequent venting because they are incorporated with major oil and gas operations and 

facilities. From a regulatory standpoint, these emissions could represent low-hanging fruit for further methane 

reductions from the sector.  

Other high-volume venting events that are less frequent include large purging, blowdown events along with 

centrifugal compressor starters. These one-off events could be associated with significant but infrequent sources 

of methane emissions, for which several technology options for incineration or vent gas capture currently exist. A 

potential regulatory instrument could include the incorporation of a volume cap of gas release from these events 

before capture or incineration is mandatory, similar to Directive 060 in Alberta that regulates total venting and 

flaring volumes. Such policy development would need to consider average volumes of methane actually emitted 

from such venting events, and the economics of conserving or incinerating those methane volumes.  

There were several sources of destruction-related methane emissions in this report that included flares, line 

heaters and space heaters. While conversion efficiencies of flare stacks can be inferred using gas composition 

data and heat values, it is very technically difficult to directly measure the volume of methane, sulphur or VOCs 

from flare smoke. In Canada, Dr. Matthew Johnson and his team are conducting research on the combustion 

emissions and waste gas compositions of flare stacks through the Flarenet Project.98 A follow-on study could 

identify the most efficient designs and technology options for flare stacks and heaters in an effort to implement 

mandatory destruction efficiencies from flare stacks and heaters.  

The last four sources of emissions were those that currently have very minimal available data and research, and 

included gas sampling, orifice plate change outs, construction camp, and other well site emissions including well 

abandonment. In some cases, such as gas sampling, there are procedural guidance reports for how samples 

should be collected. In the case of orifice plate change outs, there are a multitude of equipment and technology 

options. However, there is very minimal data available on the volume of potential emissions vented from these 

emission sources. They are all geographically dispersed, are very small volumes, at very low flow rates, and very 

numerous. More research will be required to better understand the full significance of these emission sources 

before any potential regulatory implications. 

The following key conclusions were identified during the course of study:  

 The report focused on Other Sources of Methane Emissions; by design the emissions may be less 

significant than other known large or persistent sources, but quantification uncertainty was found to be 

high 

 In all cases, insufficient data was available to quantify even the sector-wide magnitude of emissions from 

OSME 

 In all cases, mitigation options exist - but economics of abatement could vary widely for different options 

and situations 

 Further study will be required to fill knowledge gaps, could be prioritized towards OSMEs that have least 

overlap with current regulatory, academic and industry focus areas 

                                                      

98 http://www.flarenet.ca/   
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 Funding for demonstration of deployment-ready but potentially uneconomic abatement options could spur 

development work 

Recommendations for follow-on work include: 

 Quantification Study: For each of the 13 sources, acquire a varied, real-world set of actual Canadian data 

points to fill gaps identified in the Quantification sections above. Relevant datasets are required for 

meaningful quantification of both sources and mitigation options. The purpose of the study would be to 

inform reporting regulations by evaluating the importance of various determining factors. 

 Example: Cap-Op Alberta Upstream Oil and Gas Asset Inventory Report (2013) 

 Emission Factor Development: A field measurement campaign to measure sources during real-world use 

cases. Meaningful quantification of both sources and mitigation options will require statistically significant 

measurement campaign(s) across a variety of Canadian operating conditions. The purpose of the study 

would be to inform regulatory thresholds and compliance options by comparing the emission factors 

developed for each source and mitigation option. 

 Example: Prasino Group (now Cap-Op) Final Report for Determining Bleed Rates for Pneumatic 

Devices in BC (2014) 

 

 



Appendix A: Summary of Sector-Wide or Provincial-Level Estimation  
Reporting 

OSME Upfront Requirement Current Process/Data Ongoing 
Requirements 

Current Process/Data Potential 
Emissions 

Factor 

Blowdown Events Volumes: Inventory of the 
number of Stations, 
Compressors Vessels 
and Pipelines in the 
Province and their 
associated volumes 

Alberta Energy and AER 
have data for large assets 
(compressors stations and 
pipelines but not vessels). 
Manufacture data could 
determine instrument volume  

Occurrence and 
frequency of blowdown 
events by instrument 
type  

Pollution Control Handbook 
for Oil and Gas Engineering 
has determined avg number 
of blowdown events per year. 
Operators are responsible 
for tracking major venting 
emission events, but may not 
track blowdown-specific data  

avg (m3) of gas 
vented per 
blowdown 
event per 
instrument type 

Purging Events Volumes: Inventory of the 
number of pressure 
vessels, compressor 
casings and pipelines in 
the Province and their 
associated volumes 

CEPA reports will have 
pipeline data, and AER will 
have inventory data for large 
assets. Manufacture data 
could be used to determine 
instrument volume 

Occurrence and 
frequency of purging 
events by instrument 
type  

CEPA reports will have data 
on pigging events in the 
Province. Operators will be 
responsible for tracking 
major venting emissions 
events but may not track 
purging-specific data  

avg (m3) of gas 
vented per 
purging event 
per instrument 
type 

Dehydrator 
Operation 

Volume and Size: 
Inventory of the number 
of dehydrators in the 
Province and the process 
capability of those 
dehydrators (volume of 
gas capable of 
processing)  

As per Directive-39, AER 
keeps track of dehydrators 
because of BTEX reporting 
requirements for operators, 
may be possible to also 
extract methane emissions 
data from current analysis of 
still column venting for BTEX 
emissions  

Activity level 
corresponding to the 
volume and 
composition of gas 
processed. The flow 
rate through the 
dehydrator and the 
moisture content  

EPA has an emissions factor 
for the average methane 
released per min per well 
from separators, heaters and 
pipping (dehydrators 
grouped into general 
intermittent emissions) 
determined used LDAR 

avg (m3) of gas 
vented per 
(m3) of gas 
processed 
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Reporting 

OSME Upfront Requirement Current Process/Data Ongoing 
Requirements 

Current Process/Data Potential 
Emissions 

Factor 

Flare Operational 
Issues 

Volume of gas that is 
directed to flare stacks on 
site 

As per Directive-60, AER 
requires operators to submit 
reports of major flaring 
events past specific 
thresholds, no requirements 
to track all flaring on site 

Occurrence and 
duration of pilot flame 
burnouts  

No current method of testing 
or measuring emissions from 
pilot flame burnouts  

avg (m3) of gas 
vented per 
(m3) of gas 
directed to flare 

Liquids Unloading 
Operations 

Existence of Plunger Lift 
System - this will be 
determined by the well 
pressure (liquids will 
naturally flow to the 
surface in wells with high 
pressure)  

EPA has an equation to 
calculate annual vent volume 
using shut-in pressure.  

Activity level 
corresponding to the 
number of unloading 
events yearly and the 
volume of liquids 
uncovered 

Various estimations and 
reported emissions from 
EDF published report, a 
study by University of Texas 
and EPA study. The number 
of events found to vary 
according to reservoir 
properties 

avg (m3) of gas 
vented per 
(m3) of annual 
liquids 
removed  

Wellsite 
Operations 

Wellsite Type and Status 
(active, abandoned, 
suspended) 

Registry for total active and 
non-active wells assembled 
by CAPP every year and also 
available by the NEB 

Activity Level 
corresponding to 
presence of flow, and  
flow rates to determine 
leakage 

Recent Princeton study 
found leakage rates from 
abandoned wells in the US 
and Canada, otherwise no 
currently available studies  

avg (m3) of gas 
vented per 
year per well 
bore type 

Space Heaters Volume: Inventory of the 
number and type of 
space heaters (either 
catalyst or combustion) 

Operators currently not 
required to report on 
inventory of heaters  

Activity Level 
(operating hours) 

Operators currently not 
required to monitor space 
heater operational data  

avg (m3) of gas 
vented per 
heater per year 
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Reporting 

OSME Upfront Requirement Current Process/Data Ongoing 
Requirements 

Current Process/Data Potential 
Emissions 

Factor 

Line Heaters Volume: Inventory of the 
number and type of line 
heaters and the heater 
condition (Burner 
Management System) 

Operators currently not 
required to report on 
inventory of heaters. CAPP 
assumes combustion 
emission factor is the same 
as boilers  

Activity Level 
(operating hours) 

Operators currently not 
required to monitor line 
heater operational data  

avg (m3) of gas 
vented per 
heater per year 

Compressor - Gas 
driven engine 
starters 

Volumes: Inventory of the 
number of engines with 
gas starters and their 
associated volumes 

Alberta Energy and AER 
have data for large assets 
(compressors stations) 

Occurrence (number of 
starts per year)  

Pollution Control Handbook 
for Oil and Gas Engineering 
has determined avg number 
of compressor starts per year 
and the associated volume of 
gas vented 

avg (m3) of gas 
vented per 
compressor 
per year 

Condensate Tanks Volume and Tank 
Characteristics: the 
number of tanks in the 
Province and the average 
size per tank  

Operators are currently not 
required to report an 
inventory of condensate 
tanks  

Emissions factor that 
incorporates the 
different types of losses   

EPA study reports an 
emissions factor of 13.7 
pounds of VOCs per barrel of 
condensate a day, but no 
methane specific data 
available  

avg (m3) of gas 
vented per 
(m3) of 
condensate 
processed 

Gas 
Chromatography 
and Gas sampling 
equipment 

Effective Volume: the 
amount of the gas that is 
released during sampling 
process and the number 
of sampling points  

Operators are currently not 
required to report an 
inventory but volumes could 
be determined from 
manufacture reports 

Activity Level 
(frequency of sampling) 

No current method or 
industry standard data 
available for samples 
collected per year 

avg (m3) of gas 
vented per 
sample point 
per year 

Orifice Plate 
Changeout 

Device Type: if simple 
flange, refer to 
blowdowns, and Effective 
Volume: the number of 
devices and their 
associated chamber 
volume 

Operators are currently not 
required to report an 
inventory but volumes could 
be determined from 
manufacture reports 

Occurrence (the 
frequency of plate 
changeouts) 

Dependent on changes in 
gas flow and operating range 
of plates, leading to variable 
frequency of changeouts   

avg (m3) of gas 
vented per 
changeout  
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Reporting 

OSME Upfront Requirement Current Process/Data Ongoing 
Requirements 

Current Process/Data Potential 
Emissions 

Factor 

Construction 
Camp Organics 
and Waste 

The number of offsite 
facilities and the waste 
disposal activity  

Different jurisdictions have 
different requirements for 
processing wastes in remote 
locations 

Activity Level (volume 
of waste produced)  

Alberta Environment and 
Sustainable Resources 
Development monitors and 
mandates volume limits on 
waste production  

avg (m3) of gas 
vented per 
tonne of waste 
produced 
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Appendix B: Glossary of Source Types  
Source Definition 

Associated Gas Wells Oil wells that also produce gas. The gas is referred to as associated gas or as solution gas. 

Acid Gas Removal (AGR) Also referred to as scrubbing – using amine solution to remove H2S and CO2 from gas 

Battery Pumps Pumps needed to move product at oil processing facilities. Battery refers to the series of processes oil is put through in order to 
prepare it for delivery.  

Blowdown Valve Operating - 
Flaring 

Equipment designed to safely discharge pressure from a gas pipeline or facility. Sometimes connected to a flare stack or vented to 
the atmosphere. 

Blowdown Valve Operating - 
Leakage 

Leakage (fugitive emissions) associated with equipment designed to safely discharge pressure from a gas pipeline or facility. 
Sometimes connected to a flare stack or vented to the atmosphere. 

Blowdown Valve Operating - 
Venting 

Equipment designed to safely discharge pressure from a gas pipeline or facility. Sometimes connected to a flare stack or vented to 
the atmosphere. 

Blowdown Valve Standby - 
Flaring 

Equipment designed to safely discharge pressure from a gas pipeline or facility. Sometimes connected to a flare stack or vented to 
the atmosphere. 

Blowdown Valve Standby - 
Leakage 

Leakage (fugitive emissions) associated with equipment designed to safely discharge pressure from a gas pipeline or facility. 
Sometimes connected to a flare stack or vented to the atmosphere. 

Blowdown Valve Standby - 
Venting 

Equipment designed to safely discharge pressure from a gas pipeline or facility. Sometimes connected to a flare stack or vented to 
the atmosphere. 

Blowdowns The discharge of a gas pipeline or facility from operating pressure. Can be in planned or unplanned i.e. in preparation for maintenance 
or in emergency respectively. 

Centrifugal Compressors Gas compressor that gas uses centrifugal (spinning) energy. 

Centrifugal Compressors 
(Blowdown Valve) 

Valve needed to discharge gas within a compressor, typically under emergency conditions. 

Centrifugal Compressors 
(Iso Valve) 

Isolation valves located on supply and discharge lines of a compressor, closed when work is being done on the compressor without 
impacting the operation of the compressor station. 

Centrifugal Compressors 
(wet seals) 

Seals along the shaft of a compressor designed to flow oil in order to keep high pressure process gas from escaping the compressor 
housing. The oil typically goes to a holding tank where any gas trapped in the oil is allowed to flash off (vaporize) and vented to the 
atmosphere. 

Chemical Injection Pumps Chemicals injected into oil lines, needed to manage undesirable properties of the oil. The pump can be electrically driven, instrument 
air (pressure) powered or powered by natural gas (pressure). 

CHOPS Cold Heavy Oil Production with Sand – Using sand to extract heavy crude oil from wells.  
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Source Definition 

Commercial/Industry Reference to the end user, in this case a commercial facility. 

Compressor - Centrifugal 
(dry seals) 

Seals along the shaft of a compressor designed to flow natural gas in order to keep high pressure process gas from escaping the 
compressor housing. The gas is typically vented to the atmosphere. 

Compressor - Centrifugal 
(wet seals) – Sweet / sour 

Similar to above, where lubricants (compressor oils) are used as seals. During the compression process, natural gas seeps into the 
seal and becomes dissolved in the oils and bubbles out of the holding tank into the atmosphere   

Compressor - Gas driven 
engine starters 

In order to start a compressor, the main shaft needs to be turning. Gas starters use line pressure to blow/push the blades causing 
the shaft to turn. An alternate design is to use an electric motor to start the compressor but the electricity must be available and 
designed to handle the power draw. 

Compressor Blowdowns - 
Controlled 

Discharge of compressor casing in a controlled manner, either planned or unplanned, as part of a safe operating procedure. 

Compressor Blowdowns - 
Uncontrolled 

Discharge of compressor casing under emergency, unplanned conditions. 

Compressor Exhaust (Gas 
Engines) 

Exhaust from the combustion of natural gas in a reciprocating engine. Another source of compressor exhaust can come from gas 
turbines.  

Compressor Starts The series of events that need to take place in order to start a compressor, each step is safety checked. If safe will proceed to the 
next step, otherwise the compressor will blowdown and the Startup sequence will initiate again. 

Compressor Stations 
(Storage) 

Gas facility used to inject or withdraw gas into/from a storage facility, typically underground caverns. 

Compressor Stations 
(Transmission) 

Gas facility used to pressurize gas in order to move the gas to the next delivery point. 

Compressors Equipment used to take gas from a lower to a higher pressure. 

Condensate Tanks  Natural gas liquids, higher molecular weight hydrocarbons, collected in tanks.  

Construction camp organics 
and waste (sewage) 

Collection, handling and disposal of waste from significant construction projects in remote locations requiring camp facilities for 
workers.   

Dehydrator Vents Controlled 
- combusted 

Emissions associated with the boiler of a dehydrator. Emissions can vary depending on the size of the dehydrator  

Dehydrator Vents - 
Uncontrolled - vented 

Emissions associated with the reboiler of a dehydrator which are vented to the atmosphere. Emissions can vary depending on the 
size of the dehydrator 

Dehydrators Equipment designed to remove water from natural gas. Using either desiccant or glycol as a catalyst. The glycol, normally Tri-
Ethylene Glycol (TEG), is heated in a reboiler to vent water and any methane picked up be the glycol. The reboiler is typically a 
natural gas burner. 
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Source Definition 

Dump Valve - Leakage Valve used to release liquid build up within a tank when reaching a specified height/depth. 

Dump Valve Venting Valve is a pneumatically operated, using air pressure or natural gas pressure to initiate the open/close command. The pneumatic 
valve vents the air or natural gas used. 

During drilling from hydraulic 
fracturing 

Emission associated with drilling operations – leaks of pressurized gas rising to the surface 

During flow-back of hydraulic 
fracturing 

Emission associated with drilling operations – gas that is dissolved in the flow-back fluids that rise to the surface and are discharged  

Excessive ESD events See: relief valves. Emergency Shut Down (ESD) events result in the emission of natural gas to the atmosphere. They occur during 
upset or emergency events and should not occur except under unusual circumstances. Frequent ESD events is an indication of 
system problem and needs to be addressed before the facility returns to operation.  

Flare - pilot gas being vented The gas used by the pilot to ensure a source of ignition is always available when gas to be flared is present. 

Flare - Pseudo-dormant Flares without pit flames that can be fully turned off and on as needed  

Flare and pilot gas  Equipment used to dispose of gas, sweet or sour (containing H2S), by combustion in order to reduce impact to air quality. The pilot 
continuously burns to ensure the flare ignites when gas is being flared. 

Floating Roof Tanks Installed in tanks to avoid emissions from vaporized gases, see section 3.10.2 

Gas Chromatography Gas separation and analysis equipment, see section 3.11 

Gas Engine Exhaust The emissions from the combustion of natural gas in a reciprocating engine. 

Gas sampling equipment Can result in leaks, see section 3.11 

Gas Well Completions w/o 
Hydraulic Fracturing 

Emission associated with drilling operations – venting of pressurized gas rising to the surface 

Gas Well Workovers w/o 
Hydraulic Fracturing 

Emission associated with drilling operations – venting of pressurized gas rising to the surface   

Gathering and Boosting 
Stations 

Facilities between the wellsite and processing facilities. 

Generator & Compressor 
Exhaust (Gas Engines) 

Emissions associated with the combustion of natural gas. Gas engines are reciprocating type. Another source of exhaust is from 
gas turbines.  

Heaters/Treaters (light & 
heavy crude) 

Equipment used to increase the temperature of the gas or oil to facilitate movement in a pipeline. 

Heaters - Space Equipment designed to provide necessary heating to maintain process equipment above freezing temperature. Usually natural gas 
fired utilizing an explosion proof design, such as a catalytic heater. 
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Source Definition 

High Bleed Pneumatic 
Devices 

Equipment utilizing the energy in compressed air or compressed gas to perform an action such as open, close or throttle a valve. 
The device vents the air or gas to perform it's work. High bleed devices vent an average of 6 scfh (standard cubic feet per hour) or 
more. 

Hydraulic fracturing 
completions 

Emission associated with drilling operations. This includes drilling operations that flare and Reduced Emissions Completions (RECs)  

Hydraulic fracturing work 
overs 

Emissions involved with killing the well, removing the wellhead and possibly the flow line and installing a blow-out preventer. This 
includes operations that flare and RECs 

Import/Export Terminals Liquefied Natural Gas (LNG) facilities; Import terminals convert liquid to vapor (regasification). Export terminals convert vapor to 
liquid (liquefaction). 

Intermittent Bleed Pneumatic 
Devices 

See: Dump Valve Venting. Intermittent bleed, or actuating bleed, devices vent only when they cause a valve to open or close. This 
includes pneumatic dump valve bleeding 

Isolation Valve – Leak & vent An isolation valve is used to stop process flow for maintenance and/or safety purposes. When it is imperative that there is no leakage 
from the high-pressure side to the low-pressure side of a closed valve a double block and bleed (DBB) assembly can be installed. A 
DBB assembly is two isolation valves in series with a means to vent the section between the valves, so that if the upstream valve 
leaks the downstream valve is able to prevent gas leakage to the isolated section. There are DBB valves on the market, these valves 
have two seats and are able to vent their body cavity.  

Kimray Pumps One pump brand common in the oil and gas sector. Kimray manufactures electric and energy exchange, or gas assisted, glycol 
pumps typically used on gas dehydration units. 

Leakage at compressor 
station 

Fugitive emissions at a compressor station from leaking valves and piping. 

Leaking rod packing Reciprocating compressor leakage along the piston rod into the crank case and vented to the atmosphere. 

Leaks from underground 
equipment  

Fugitive emissions from pipelines and other underground equipment such as valves. These are usually not tested or captured by 
current LDAR technology  

Line Heaters Designed to heat oil or gas product to prevent liquids from condensing in a pipeline. 

Line strikes, third party 
intervention 

Damage to a pipeline by a third party, on occasion resulting in line rupture and product release to the environment. 

Liquids Unloading - 
Uncontrolled 

Process where accumulated liquids in a gas well are removed with the intent of increasing gas production from the well. Uncontrolled, 
sometimes referred to as without a plunger lift, refers to the process of opening the well to an atmospheric pressure tank, thus 
catching the fluids brought to the surface by the increased gas velocity, and venting the gas to the atmosphere.  

Liquids Unloading - Wells w/ 
Plunger Lifts 

Process where accumulated liquids in a gas well are removed with the intent of increasing gas production from the well. The use of 
a plunger lift makes it possible to bring the liquids to the surface without venting gas to the atmosphere. On occasion the plunger is 
weighed down or gets stuck, in this case the well is opened to an atmospheric tank as in the uncontrolled liquids unloading, and gas 
is vented tot the atmosphere. 
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Source Definition 

Low Bleed Pneumatic 
Devices 

See: High Bleed Pneumatic Devices. These are similar devices that use less volume of natural gas  

M&R (Farm Taps + Direct 
Sales) 

A flow measurement and pressure regulating facility (meters and regulators also referred to as city gates) for a natural gas distribution 
company servicing small volume customers. 

M&R (Trans. Co. 
Interconnect) 

A flow measurement and pressure regulating facility transferring gas to another natural gas distribution company. 

M&R <100, >300, and 
between 100 and 300 psi 

A flow measurement and pressure regulating facility designed for less than 100 psi operating pressure. These can also be designed 
for M&R >300 psi and M&R pressures between 100 and 300 psi  

Mains - Cast Iron, Plastic, 
Protected steel and 
unprotected steel  

Natural gas pipes within a local distribution company (LDC) made of cast iron which are usually older and prone to leaking. Mains 
made of plastic are newer than cast iron or lead pipes. Some pipes made of steel can have external corrosion protection  

Make-up gas consumption Gas added to the waste gas stream going to a flare to increase the heating value of the waste stream, thereby improving the 
combustion of the waste stream. 

Meters/Piping leakage  Equipment associated with field separation equipment that may cause leakage  

Mishaps Unplanned events that result in venting of methane 

Oil Tanks Equipment for the storage of oil, may result in release of vaporized gases. Controlled venting is directed to a vent gas capture or a 
form of destruction, such as a flare. Uncontrolled venting is released to the atmosphere. 

Oil Well Completions & 
workovers w/o Fracturing 

Emission associated with drilling operations. See Gas Well Completions w/o fracturing and Gas Well Completions w/o workovers  

Oil Wellheads (heavy crude 
& light crude) 

A wellhead is the equipment at the surface of a well, largely consisting of heavy piping and valves (referred to as the Christmas tree) 
to provide pressure containment as well as production and maintenance access to the well. 

Orifice plate changeout 
Daniel valve or flange 
isolation and venting 

Flow measurement using an orifice plate changer so plates can be changed without taking the operating system out of service. 
Natural gas is vented on each plate change out. See section 3.12 

OSME Other Sources of Methane Emissions. 

Pipeline Blowdowns 
(Maintenance) 

To conduct work on a gas pipeline, the line needs to be evacuated of explosive or combustible materials. This is done by releasing 
or transferring the gas product then flushing the line with air or an inert gas. See section 3.1 

Pipeline Leaks Fugitive emissions from pipelines. 

Pipeline Venting (Routine 
Maintenance/Upsets) 

Blowdown of pipelines, during routine maintenance activities or emergencies that result in venting  

Pressure Relief Valves Equipment designed to protect people, equipment and the environment by relieving pressure during upset or emergency conditions. 
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Source Definition 

Purge gas consumption Gas, either air or natural gas, use to displace the gas occupying a confined space such as a pipe or vessel. Examples of operations 
that use purging are pigging (in-line inspection) activities, and bringing facilities such as pipelines and gas plants into service. To 
ensure complete removal of the original gas, some of the purge gas will be discharged from the confined space. The discharged 
gas, primarily a mix of the original gas and the purge gas is typically vented to the atmosphere as the mixture may not be able to 
sustain a steady flame and capturing the mixture has no value. 

REC’s Reduced emissions completions, also known as reduced flaring completions or green completions. A practice that captures gas 
produced during well completions and well workovers following hydraulic fracturing. 

Reciprocating Compressors A type of gas compressor using pistons for positive displacement compression. The gas being compressed may leak past the piston 
rings (a seal) and past subsequent seals on the piston rod. This leakage escapes into the crank case where, either in vapor form or 
entrained in the oil, the gas is eventually flashed off, allowed to vaporize, typically in a separator tank. The released gas either vents 
to the atmosphere, is captured and used as fuel gas or is sent to a low-pressure flare system. 

Reg <40, >300, 100-300, 40-
100 psi  

Natural gas pipes within a local distribution company (LDC) pressure regulated to less than 40 psi. Pressures can also be regulated 
to greater than 300 psi, between 100 and 300 psi, and between 40 and 100 psi 

Residential Reference to the end user, in this case a residential client usually represented by a local distribution company (LDC). 

R-Vault  Pressure regulating facility for a local distribution company (city gate). US EPA emission factors assigned to distinct groups; 40-100 
psi, 100-300 psi and greater than 300 psi. 

SAGD Steam assisted gravity drainage. Method to produce crude oil or bitumen utilizing two horizontal well bores. The upper bore delivers 
steam that is generated on the surface by burning natural gas. The heated oil, being less viscous, drains by gravity to the lower bore 
and is drawn to the surface for production. 

Sales Areas Location of custody transfer of product. Usually the site of metering and /or sampling equipment. 

Scrubber Dump Valves See: Dump Valve Venting. Scrubbers are inlet separators for gas transmission system. 

Separators (heavy & light 
crude) 

Equipment designed to allow water and gas to separate out of oil. Includes those at both heavy and light crude facilities. Leaking 
from separators can result in gas venting  

Distribution Service Pipes Includes pipes that are made of copper, plastic protected steel and unprotected steel used to deliver gas to residential and 
commercial (including local distribution (LDC) companies) end users. 

Solution Gas Also known as associated gas. Gas that appears during oil production, similar to bubbles appearing in soda drink when opened, 
natural gas appears when oil is brought to the surface and the pressure is reduced.  

Sour Acid Gas Removal 
(AGR) Vents 

Sour gas is gas containing hydrogen sulphide (H2S). Acid gas is gas containing acidic gases such as H2S and carbon dioxide (CO2). 
Both H2S and CO2 are corrosive and are lethal (the H2S also can lead to stress corrosion cracking (SCC)), hence need to be 
removed from the natural gas before the gas is ready for sale. The use of amine scrubbing is the most common method to remove 
H2S and CO2. 
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Source Definition 

Sour Blowdown Valve 
operating & standby – 
Flaring & maintenance  

See: Blowdown Valve Operating - Flaring. Sour gas is gas containing H2S. See: Blowdown Valve Standby - Flaring. Sour gas is gas 
containing H2S. See: Blowdowns. Sour gas is gas containing H2S. 

Sour Compressor Exhaust See: generator and compressor exhaust from engines and turbines  

Sour Dehydrator Vents See: Dehydrator vents – similar operation but those suitable with sour gas  

Sour Gas Processing Plants Also referred to as sweetening plants (because they remove the sour, undesirable, portions of the gas) predominantly utilize an 
Amine Process to remove H2S. The two main amine solutions used are, monoethanolamine (MEA) and diethanolamine (DEA). 

See: Sweet Gas Processing Plants 

Sour Isolation Valve - Flaring See: Isolation Valve - Flaring. Sour gas is gas containing H2S. 

Sour Kimray Pumps See: Kimray Pumps. Suitable for H2S environment. 

Sour Reciprocating 
Compressors-Seals - 
Controlled 

See: reciprocating compressor seals controlled and uncontrolled – similar operation but those suitable with sour gas  

Station Venting Stations include: compressor stations, gas plants, meter stations, oil batteries, pump stations and storage facilities. All of these 
facilities will have sources of natural gas venting. 

Storage Stations Gas storage is typically done in large underground caverns or other geological formation called reservoirs. Oil storage is typically 
done in above ground tanks. 

Stranded Gas This gas is essentially gas that is wasted or unused due to logistical or economic reasons. Can be found at oil wells as solution or 
associated gas, and at gas wells. 

Surface Casing venting The gas, and in some circumstances liquids, that flow to the surface via the annulus (internal migration) of a well.  

Sweet Acid Gas Removal 
(AGR) 

Sweet gas is gas free of hydrogen sulphide (H2S). Acid gas is gas containing acidic gases such as H2S and carbon dioxide (CO2). 
Both H2S and CO2 are corrosive and are lethal (the H2S also can lead to stress corrosion cracking (SCC)), hence need to be 
removed from the natural gas before the gas is ready for sale. The use of amine scrubbing is the most common method to remove 
H2S and CO2. 

Sweet Blowdown Valve 
Operating  

See: Blowdown Valve Operating – Flaring, Blowdown Valve Operating – Leakage, Blowdown Valve Operating - Venting 

Sweet Blowdown Valve 
Standby 

See: Blowdown Valve Standby – Flaring, Blowdown Valve Standby – Leakage, Blowdown Valve Standby - Venting 

Sweet Centrifugal 
Compressors (Blowdown 
Valve) 

See: Centrifugal Compressors (Blowdown Valve) 
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Source Definition 

Sweet Centrifugal 
Compressors (Iso Valve) 

See: Centrifugal Compressors (Iso Valve) 

Sweet Centrifugal 
Compressors (wet seals) - 
Uncontrolled 

See: Centrifugal Compressors (wet seals) - Uncontrolled 

Sweet Compressor Exhaust 
(engine & turbine) 

Emissions associated with the combustion natural gas from engines and turbines.  

Sweet Gas Processing 
Plants 

See: Sour Gas Processing Plants 

Raw natural gas come to the surface typically not suitable for widespread use, referred to as pipeline spec sales gas quality. 

Components, and the levels of components, within the raw natural gas vary depending on the geological formation the gas is coming 
from. The processing facilities used to prepare the gas for sale are gas plants vary in size and design depending on these 
components. 

Gas plants remove impurities such as water, oil, condensates, H2S and CO2. Gas plants may also be designed to remove natural 
gas liquids (NGL), 

Sweet Isolation Valve  See: Isolation Valve – Flaring, Isolation Valve – Leakage, Isolation Valve - Venting 

Sweet Reciprocating 
Compressors-Seals 

See: Reciprocating Compressors-Seals – Controlled, Reciprocating Compressors-Seals - Uncontrolled 

Thief hatches and man hole 
covers 

On the top of oil storage tanks is an access point designed for taking samples of oil. These can be modified to allow air into the tank 
to offset negative pressure and to relieve pressure under over pressure conditions. Leaking seals result in gas leakage.  

Transmission Dump Valve – 
Leaks & vents 

See: Dump Valve - Leakage, Dump Valve Venting. 

Transmission Station 
Venting (Routine 
Maintenance/Upsets) 

The release of gas to the atmosphere or to a flare in order to evacuate the piping in a transmission station. 

Under performing flare 
equipment 

Flares are designed to have a combustion efficiency, percent of methane destroyed. Conditions may exist which impact this 
efficiency. 

Vessel Blowdowns Pressure vessels, under upset conditions or in preparation for maintenance, will release pressure. 

Well - Stripper wells Low volume producing wells. Usually operated by independent owners or small companies with little overhead. 

Well - Surface Casing 
venting 

See: Surface Casing venting. 

Well Blowouts Onshore Emission associated with drilling operations. 
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Source Definition 

Well Drilling The process of drilling to the reservoir to access oil and/or gas. 

Well Head Fugitives Unwanted and unplanned leaks from a well head. 

Well Testing Process typically done shortly following drilling to understand well production properties. 

Wells (Storage) A facility where natural gas produced during low demand periods is injected into underground storage caverns for later withdrawal. 
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Appendix C: Master List of Methane Emission Sources 
 

Evaluation of Sources Based on the Following Categories 

Being studied/evaluated OSME - Condensate Tanks OSME - Purging 

Drilling Activity OSME - Dehy Venting OSME - Space Heaters 

Emergency Event OSME - Flare Operational Issues OSME - Starter 

Flaring Activity OSME - Gas Sampling OSME - Wellsite Operation 

Fugitive OSME - Line Heaters Out of Scope 

OSME - Blowdown OSME - Liquids Unloading Too broad of a source to evaluate 

OSME - Camp Organics OSME - Orifice Plate  
 

 

Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Distribution 

Gas Distribution Commercial/Industry Fugitive Too broad of a source to evaluate, 
Fugitive 

Gas 
Distribution 

Gas Distribution Heaters - Space Combusted OSME - Space Heaters 

Gas 
Distribution 

Gas Distribution Line Heaters Combusted OSME - Line Heaters 

Gas 
Distribution 

Gas Distribution Line strikes, third party intervention Vented Being studied/evaluated, Emergency 
Event 

Gas 
Distribution 

Gas Distribution M&R <100 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution M&R >300 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution M&R 100-300 Fugitive Being studied/evaluated, Fugitive 



  
 
    OSME – Emissions Sources Description and Mitigation Strategies  

Page 66 of 84 

Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Distribution 

Gas Distribution Mains - Cast Iron Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Mains - Plastic Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Mains - Protected steel Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Mains - Unprotected steel Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Pipeline Blowdowns (Maintenance) Vented OSME - Blowdown 

Gas 
Distribution 

Gas Distribution Pressure Relief Valves Vented Emergency Event 

Gas 
Distribution 

Gas Distribution Reg <40 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Reg >300 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Reg 100-300 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Reg 40-100 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Residential Fugitive Being studied/evaluated 

Gas 
Distribution 

Gas Distribution R-Vault >300 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution R-Vault 100-300 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution R-Vault 40-100 Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Services - Copper Fugitive Being studied/evaluated, Fugitive 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Distribution 

Gas Distribution Services - Plastic Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Services - Protected steel Fugitive Being studied/evaluated, Fugitive 

Gas 
Distribution 

Gas Distribution Services - Unprotected steel Fugitive Being studied/evaluated, Fugitive 

Gas 
Production 

Gas Exploration-
Drilling 

during drill out of hydraulic fracturing Vented Drilling Activity, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Gas Well Completions w/o Hydraulic Fracturing Vented Drilling Activity 

Gas 
Production 

Gas Exploration-
Drilling 

Gas Well Workovers without Hydraulic Fracturing Vented Drilling Activity, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

hydraulic fracturing completions Vented Drilling Activity, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Hydraulic Fracturing Completions that flare Combusted Drilling, Flaring, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Hydraulic Fracturing Completions that vent Vented Drilling, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Hydraulic Fracturing Completions with RECs Vented Drilling Activity, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

hydraulic fracturing work overs Vented Drilling Activity, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Hydraulic Fracturing Workovers that flare Combusted Drilling, Flaring, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Hydraulic Fracturing Workovers that vent Vented Drilling, Out of Scope 

Gas 
Production 

Gas Exploration-
Drilling 

Well Drilling Vented Too broad of a source to evaluate 

Gas 
Production 

Gas Exploration-
Drilling 

Well Testing Vented Too broad of a source to evaluate 



  
 
    OSME – Emissions Sources Description and Mitigation Strategies  

Page 68 of 84 

Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Production 

Gas Production-
Processing 

Associated Gas Wells Fugitive Too broad of a source to evaluate, 
Fugitive 

Gas 
Production 

Gas Production-
Processing 

Chemical Injection Pumps Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Compressor - Centrifugal (dry seals) - Sour Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Compressor - Centrifugal (dry seals) - Sweet Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Compressor - Centrifugal (wet seals) - Controlled - 
Sour 

Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Compressor - Centrifugal (wet seals) - Controlled - 
Sweet 

Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Compressor Blowdowns Vented OSME - Blowdown 

Gas 
Production 

Gas Production-
Processing 

Compressor Starts Vented OSME - Starter 

Gathering and 
Boosting 

Gas Production-
Processing 

Condensate Tanks w/ Control Devices Vented OSME - Condensate Tanks, Flare 
Operational Issues 

Gathering and 
Boosting 

Gas Production-
Processing 

Condensate Tanks w/o Control Devices Vented OSME - Condensate Tanks 

Gas 
Production 

Gas Production-
Processing 

Dehydrator Vents - (Large) Controlled - 
combusted 

Combusted OSME - Dehy, Combustion 

Gathering and 
Boosting 

Gas Production-
Processing 

Dehydrator Vents - (Large) Controlled - 
combusted 

Combusted OSME - Dehy, Combustion 

Gas 
Production 

Gas Production-
Processing 

Dehydrator Vents - (Large) Uncontrolled - vented Vented OSME - Dehy Venting 

Gathering and 
Boosting 

Gas Production-
Processing 

Dehydrator Vents - (Large) Uncontrolled - vented Vented OSME - Dehy Venting 

Gas 
Production 

Gas Production-
Processing 

Dehydrator Vents - (Small) Controlled - 
combusted 

Combusted OSME - Dehy, Combustion 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gathering and 
Boosting 

Gas Production-
Processing 

Dehydrator Vents - (Small) Controlled - 
combusted 

Combusted OSME - Dehy, Combustion 

Gas 
Production 

Gas Production-
Processing 

Dehydrator Vents - (Small) Uncontrolled - vented Vented OSME - Dehy Venting 

Gathering and 
Boosting 

Gas Production-
Processing 

Dehydrator Vents - (Small) Uncontrolled - vented Vented OSME - Dehy Venting 

Gas 
Processing 

Gas Production-
Processing 

Dehydrator Vents - vented Vented OSME - Dehy Venting 

Gas 
Production 

Gas Production-
Processing 

Dehydrators Fugitive Too broad of a source to evaluate, 
Fugitive 

Gas 
Production 

Gas Production-
Processing 

Dump Valve  - Leakage Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Dump Valve Venting Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Excessive ESD events Vented Emergency Event 

Gas 
Production 

Gas Production-
Processing 

Flare - pilot gas being vented Combusted OSME - Flare Operational Issues 

Gas 
Production 

Gas Production-
Processing 

Flare - Pseudo-dormant Combusted OSME - Flare Operational Issues 

Gas 
Production 

Gas Production-
Processing 

Gas Chromatography Vented OSME - Gas Sampling 

Gas 
Production 

Gas Production-
Processing 

Gas Engine Exhaust Combusted Too broad of a source to evaluate 

Gas 
Production 

Gas Production-
Processing 

Gas sampling equipment Vented OSME - Gas Sampling 

Gathering and 
Boosting 

Gas Production-
Processing 

Gathering and Boosting Stations Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Heaters Fugitive Fugitive 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Processing 

Gas Production-
Processing 

Heaters - Space Combusted OSME - Space Heaters 

Gas 
Production 

Gas Production-
Processing 

Heaters - Space Combusted OSME - Space Heaters 

Gas 
Production 

Gas Production-
Processing 

High Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Intermittent Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Intermittent Bleed Pneumatic Devices - Dump 
Valves 

Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Kimray Pumps Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Production-
Processing 

Kimray Pumps Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Line Heaters Combusted OSME - Line Heaters 

Gas 
Production 

Gas Production-
Processing 

Liquids Unloading - Uncontrolled Vented OSME - Liquids Unloading 

Gas 
Production 

Gas Production-
Processing 

Liquids Unloading - Wells w/ Plunger Lifts Vented OSME - Liquids Unloading 

Gas 
Production 

Gas Production-
Processing 

Low Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Make-up gas consumption Combusted OSME - Flare Operational Issues 

Gas 
Production 

Gas Production-
Processing 

Meters/Piping Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Meters/Piping leakage Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Orifice plate changeout Daniel valve or flange 
isolation and venting 

Vented OSME - Orifice Plate 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Production 

Gas Production-
Processing 

Pressure Relief Valves Vented Emergency Event 

Gas 
Production 

Gas Production-
Processing 

Purge gas consumption - combusted Combusted OSME - Purging, Flare Operational Issues 

Gas 
Processing 

Gas Production-
Processing 

Scrubber Dump Valves Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Separators Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Separators leakage Fugitive Fugitive 

Gas 
Production 

Gas Production-
Processing 

Small Reciprocating Comp. Fugitive Too broad of a source to evaluate, 
Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sour Acid Gas Removal (AGR) Vents Vented Too broad of a source to evaluate 

Gas 
Processing 

Gas Production-
Processing 

Sour Blowdown Valve Operating - Flaring Combusted Flaring Activity 

Gas 
Processing 

Gas Production-
Processing 

Sour Blowdown Valve Standby - Flaring Combusted Flaring Activity 

Gas 
Processing 

Gas Production-
Processing 

Sour Blowdowns/Venting (Routine Maintenance) Vented OSME - Blowdown 

Gas 
Processing 

Gas Production-
Processing 

Sour Compressor Exhaust (Gas Engines) Combusted Being studied/evaluated, Combustion 

Gas 
Processing 

Gas Production-
Processing 

Sour Compressor Exhaust (Gas Turbines) Combusted Being studied/evaluated, Combustion 

Gas 
Processing 

Gas Production-
Processing 

Sour Dehydrator Vents Vented OSME - Dehy Venting 

Gas 
Processing 

Gas Production-
Processing 

Sour Gas Processing Plants Fugitive Too broad of a source to evaluate, 
Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sour Isolation Valve - Flaring Combusted Flaring Activity 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Processing 

Gas Production-
Processing 

Sour Kimray Pumps Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Sour Reciprocating Compressors-Seals - 
Controlled 

Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Sweet Acid Gas Removal (AGR) Vents Vented Too broad of a source to evaluate 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdown Valve Operating - Flaring Combusted Flaring Activity 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdown Valve Operating - Leakage Fugitive Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdown Valve Operating - Venting Vented OSME - Blowdown 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdown Valve Standby - Flaring Combusted Flaring Activity 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdown Valve Standby - Leakage Fugitive Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdown Valve Standby - Venting Vented OSME - Blowdown 

Gas 
Processing 

Gas Production-
Processing 

Sweet Blowdowns/Venting (Routine Maintenance) Vented OSME - Blowdown 

Gas 
Processing 

Gas Production-
Processing 

Sweet Centrifugal Compressors (Blowdown Valve) Fugitive Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sweet Centrifugal Compressors (Iso Valve) Fugitive Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sweet Centrifugal Compressors (wet seals) - 
Uncontrolled 

Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Sweet Compressor Exhaust (Gas Engines) Combusted Being studied/evaluated, Combustion 

Gas 
Processing 

Gas Production-
Processing 

Sweet Compressor Exhaust (Gas Turbines) Combusted Being studied/evaluated, Combustion 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Processing 

Gas Production-
Processing 

Sweet Gas Processing Plants Fugitive Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sweet Isolation Valve - Flaring Combusted Flaring Activity 

Gas 
Processing 

Gas Production-
Processing 

Sweet Isolation Valve - Leakage Fugitive Fugitive 

Gas 
Processing 

Gas Production-
Processing 

Sweet Isolation Valve - Venting Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Sweet Kimray Pumps Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Sweet Reciprocating Compressors-Seals - 
Controlled 

Vented Being studied/evaluated 

Gas 
Processing 

Gas Production-
Processing 

Sweet Reciprocating Compressors-Seals - 
Uncontrolled 

Vented Being studied/evaluated 

Gas 
Production 

Gas Production-
Processing 

Under performing flare equipment Combusted OSME - Flare Operational Issues 

Gas 
Production 

Gas Production-
Processing 

Vessel Blowdowns Vented OSME - Blowdown 

Gas 
Production 

Gas Production-
Processing 

Well - Abandoned well casing venting Vented OSME - Wellsite Operation 

Gas 
Production 

Gas Production-
Processing 

Well - Stripper wells Vented OSME - Wellsite Operation 

Gas 
Production 

Gas Production-
Processing 

Well - Surface Casing venting Vented OSME - Wellsite Operation 

Gas 
Production 

Gas Production-
Processing 

Well Head Fugitives Fugitive Fugitive 

Gas Storage Gas Storage Blowdown Valve Operating - Leakage Fugitive Fugitive 

Gas Storage Gas Storage Blowdown Valve Operating - Venting Vented OSME - Blowdown 

Gas Storage Gas Storage Blowdown Valve Standby - Leakage Fugitive Fugitive 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas Storage Gas Storage Blowdown Valve Standby - Venting Vented OSME - Blowdown 

Gas Storage Gas Storage Blowdowns Vented Too broad of a source to evaluate 

Gas Storage Gas Storage Centrifugal Compressors (Blowdown Valve) Fugitive Fugitive 

Gas Storage Gas Storage Centrifugal Compressors (Iso Valve) Fugitive Fugitive 

Gas Storage Gas Storage Centrifugal Compressors (wet seals) Vented Being studied/evaluated 

Gas Storage Gas Storage Compressor - Centrifugal (dry seals) Vented Being studied/evaluated 

Gas Storage Gas Storage Compressor Exhaust (Gas Engines) Combusted Being studied/evaluated, Combustion 

Gas Storage Gas Storage Compressor Stations (Storage) Fugitive Too broad of a source to evaluate, 
Fugitive 

Gas Storage Gas Storage Dehydrator Vents - (Storage) - vented Vented OSME - Dehy Venting 

Gas Storage Gas Storage Flare and pilot gas  Combusted OSME - Flare Operational Issues 

Gas Storage Gas Storage Heaters - Space Combusted OSME - Space Heaters 

Gas Storage Gas Storage High Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas Storage Gas Storage Intermittent Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas Storage Gas Storage Iso Valve - Leakage Fugitive Fugitive 

Gas Storage Gas Storage Iso Valve - Venting Vented Being studied/evaluated 

Gas Storage Gas Storage Low Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas Storage Gas Storage Orifice plate changeout Daniel valve or flange 
isolation and venting 

Vented OSME - Orifice Plate 

Gas Storage Gas Storage Reciprocating Compressors-Non Seal Fugitive Fugitive 

Gas Storage Gas Storage Reciprocating Compressors-seals Vented Being studied/evaluated 

Gas Storage Gas Storage Station Venting Vented OSME - Blowdown 

Gas Storage Gas Storage Wells (Storage) Fugitive Fugitive 

Gathering and 
Boosting 

Gas Transmission Blowdown Valve Operating - Flaring Combusted Flaring Activity 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Transmission 

Gas Transmission Blowdown Valve Operating - Leakage Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Blowdown Valve Operating - Venting Vented OSME - Blowdown 

Gathering and 
Boosting 

Gas Transmission Blowdown Valve Operating - Venting Vented OSME - Blowdown 

Gathering and 
Boosting 

Gas Transmission Blowdown Valve Standby - Flaring Combusted Flaring Activity, Emergency Event 

Gas 
Transmission 

Gas Transmission Blowdown Valve Standby - Leakage Fugitive Fugitive 

Gathering and 
Boosting 

Gas Transmission Blowdown Valve Standby - Leakage Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Blowdown Valve Standby - Venting Vented OSME - Blowdown 

Gathering and 
Boosting 

Gas Transmission Blowdown Valve Standby - Venting Vented OSME - Blowdown 

Gas 
Transmission 

Gas Transmission Centrifugal Compressors (Blowdown Valve) Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Centrifugal Compressors (Iso Valve) leakage Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Centrifugal Compressors (wet seals) - 
Uncontrolled 

Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Compressor - Centrifugal (dry seals) Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Compressor - Centrifugal (wet seals) - Controlled Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Compressor - Gas driven engine starters Vented OSME - Starter 

Gathering and 
Boosting 

Gas Transmission Compressor Blowdowns - Controlled Vented Too broad of a source to evaluate 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gathering and 
Boosting 

Gas Transmission Compressor Blowdowns - Uncontrolled Vented Emergency Event 

Gathering and 
Boosting 

Gas Transmission Compressor Exhaust (Gas Engines) Combusted Being studied/evaluated, Combustion 

Gathering and 
Boosting 

Gas Transmission Compressor Starts Vented OSME - Starter 

Gas 
Transmission 

Gas Transmission Compressor Stations (Transmission) Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Construction camp organics and waste (sewage) Vented OSME - Camp Organics 

Gas 
Transmission 

Gas Transmission Construction camp organics and waste (sewage) 
that flare 

Combusted Flaring Activity 

Gas 
Transmission 

Gas Transmission Dehydrator vents (Transmission) Vented OSME - Dehy Venting 

Gas 
Transmission 

Gas Transmission Excessive ESD events Vented Emergency Event 

Gas 
Transmission 

Gas Transmission Gas sampling equipment Vented OSME - Gas Sampling 

Gas 
Transmission 

Gas Transmission Generator and Compressor Exhaust (Gas 
Engines) 

Combusted Being studied/evaluated, Combustion 

Gas 
Transmission 

Gas Transmission Generator and Compressor Exhaust (Gas 
Turbines) 

Combusted Being studied/evaluated, Combustion 

Gas 
Transmission 

Gas Transmission Heaters - Space Combusted OSME - Space Heaters 

Gas 
Transmission 

Gas Transmission High Bleed Pneumatic Devices Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission High Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Intermittent Bleed Pneumatic Devices Vented Being studied/evaluated 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gathering and 
Boosting 

Gas Transmission Intermittent Bleed Pneumatic Devices Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission Intermittent Bleed Pneumatic Devices - Dump 
Valves 

Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Iso Valve - Leakage Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Iso Valve - Venting Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission Isolation Valve - Flaring Combusted Flaring Activity 

Gathering and 
Boosting 

Gas Transmission Isolation Valve - Leakage Fugitive Fugitive 

Gathering and 
Boosting 

Gas Transmission Isolation Valve - Venting Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Leakage of valves and piping at compressor 
station 

Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Leaking rod packing Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Leaks from underground equipment (not 
tested/captured by LDAR) 

Vented Fugitive, Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Line strikes, third party intervention Vented Being studied/evaluated, Emergency 
Event 

Gas 
Transmission 

Gas Transmission Low Bleed Pneumatic Devices Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission Low Bleed Pneumatic Devices Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission M&R (Farm Taps + Direct Sales) Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission M&R (Trans. Co. Interconnect) Fugitive Fugitive 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gathering and 
Boosting 

Gas Transmission Mishaps Vented Too broad of a source to evaluate 

Gas 
Transmission 

Gas Transmission Orifice plate changeout Daniel valve or flange 
isolation and venting 

Vented OSME - Orifice Plate 

Gathering and 
Boosting 

Gas Transmission Pipeline Blowdowns (Maintenance) Vented OSME - Blowdown 

Gas 
Transmission 

Gas Transmission Pipeline Leaks Fugitive Being studied/evaluated, Fugitive 

Gathering and 
Boosting 

Gas Transmission Pipeline Leaks Fugitive Being studied/evaluated, Fugitive 

Gas 
Transmission 

Gas Transmission Pipeline Venting (Routine Maintenance/Upsets) Vented OSME - Blowdown 

Gas 
Transmission 

Gas Transmission Purge gas consumption - line recharge Vented OSME - Purging 

Gas 
Transmission 

Gas Transmission Purge gas consumption - pigging Vented OSME - Purging 

Gas 
Transmission 

Gas Transmission Reciprocating Compressors-Non Seal Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Reciprocating Compressors-Seals Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission Reciprocating Compressors-Seals - Controlled Combusted Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission Reciprocating Compressors-Seals - Uncontrolled Vented Being studied/evaluated 

Gathering and 
Boosting 

Gas Transmission Scrubber Dump Valves Fugitive Fugitive 

Gas 
Transmission 

Gas Transmission Station Venting Vented OSME - Blowdown 

Gas 
Transmission 

Gas Transmission Transmission Dump Valve - Leakage Fugitive Fugitive 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Gas 
Transmission 

Gas Transmission Transmission Dump Valve Venting Vented Being studied/evaluated 

Gas 
Transmission 

Gas Transmission Transmission Station Venting (Routine 
Maintenance/Upsets) 

Vented OSME - Blowdown 

LNG-Import LNG LNG-Import Blowdowns Vented Too broad of a source to evaluate 

LNG-Import LNG LNG-Import Centrifugal Compressors Fugitive Fugitive 

LNG-Import LNG LNG-Import Compressor Exhaust (Gas Engines) Combusted Being studied/evaluated, Combustion 

LNG-Import LNG LNG-Import Compressor Exhaust (Gas Turbines) Combusted Being studied/evaluated, Combustion 

LNG-Import LNG LNG-Import Flare and pilot gas  Combusted OSME - Flare Operational Issues 

LNG-Import LNG LNG-Import Import/Export Terminals Fugitive Fugitive 

LNG-Import LNG LNG-Import Reciprocating Compressors-Non Seal Fugitive Fugitive 

LNG-Import LNG LNG-Import Reciprocating Compressors-Seals Vented Being studied/evaluated 

LNG-Import LNG LNG-Import Station Venting Vented OSME - Blowdown 

LNG-Storage LNG LNG-Storage Centrifugal Compressors Fugitive Fugitive 

LNG-Storage LNG LNG-Storage Compressor Exhaust (Gas Engines) Combusted Being studied/evaluated, Combustion 

LNG-Storage LNG LNG-Storage Compressor Exhaust (Gas Turbines) Combusted Being studied/evaluated, Combustion 

LNG-Storage LNG LNG-Storage Reciprocating Compressors-Non Seal Fugitive Fugitive 

LNG-Storage LNG LNG-Storage Reciprocating Compressors-Seals Vented Being studied/evaluated 

LNG-Storage LNG LNG-Storage Station Venting Vented OSME - Blowdown 

LNG-Storage LNG LNG-Storage Storage Stations Fugitive Too broad of a source to evaluate, 
Fugitive 

Oil Production Oil Distribution Sales Areas Fugitive Too broad of a source to evaluate, 
Fugitive 

Oil Production Oil Exploration-
Drilling 

during drill out of hydraulic fracturing Vented Drilling Activity, Out of Scope 

Oil Production Oil Exploration-
Drilling 

during flow-back of hydraulic fracturing Vented Drilling Activity, Out of Scope 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Oil Production Oil Exploration-
Drilling 

Flare - pilot gas being vented Combusted Drilling Activity 

Oil Production Oil Exploration-
Drilling 

Heaters Fugitive Drilling Activity, Fugitive 

Oil Production Oil Exploration-
Drilling 

Heaters - Space Combusted Drilling Activity 

Oil Production Oil Exploration-
Drilling 

hydraulic fracturing completions Vented Drilling Activity, Out of Scope 

Oil Production Oil Exploration-
Drilling 

Hydraulic Fracturing Completions that flare Combusted Drilling, Flaring, Out of Scope 

Oil Production Oil Exploration-
Drilling 

hydraulic fracturing work overs Vented Drilling Activity, Out of Scope 

Oil Production Oil Exploration-
Drilling 

Hydraulic Fracturing Workovers that flare Combusted Drilling, Flaring, Out of Scope 

Oil Production Oil Exploration-
Drilling 

Oil Tanks w/ Control Devices Vented Being studied/evaluated 

Oil Production Oil Exploration-
Drilling 

Oil Well Completions - without Fracturing Vented Drilling Activity 

Oil Production Oil Exploration-
Drilling 

Oil Well Workovers - without Fracturing Vented Drilling Activity 

Oil Production Oil Exploration-
Drilling 

Pressure Relief Valves Vented Emergency Event 

Oil Production Oil Exploration-
Drilling 

Purge gas consumption - combusted Combusted Drilling Activity 

Oil Production Oil Exploration-
Drilling 

Thief hatches and man hole covers - close Vented Drilling Activity, Being studied/evaluated 

Oil Production Oil Exploration-
Drilling 

Thief hatches and man hole covers - Maintain 
seals 

Vented Drilling Activity, Being studied/evaluated 

Oil Production Oil Exploration-
Drilling 

Under performing flare equipment Combusted Drilling, Flaring 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Oil Production Oil Exploration-
Drilling 

Well Drilling Vented Too broad of a source to evaluate 

Oil Production Oil Production-
Processing 

Chemical Injection Pumps Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Compressor Blowdowns Vented OSME - Blowdown 

Oil Production Oil Production-
Processing 

Compressor Starts Vented OSME - Starter 

Oil Production Oil Production-
Processing 

Compressors Fugitive Too broad of a source to evaluate, 
Fugitive 

Oil Production Oil Production-
Processing 

Flare - pilot gas being vented Combusted OSME - Flare Operational Issues 

Oil Production Oil Production-
Processing 

Flare - Pseudo-dormant Combusted OSME - Flare Operational Issues 

Oil Production Oil Production-
Processing 

Gas Chromatography Vented OSME - Gas Sampling 

Oil Production Oil Production-
Processing 

Headers (heavy crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Headers (heavy crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Headers (light crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Headers (light crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Heater/Treaters (light crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Heaters Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Heaters - Space Combusted OSME - Space Heaters 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Oil Production Oil Production-
Processing 

High Bleed Pneumatic Devices Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Intermittent Bleed Pneumatic Devices Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Intermittent Bleed Pneumatic Devices - Dump 
Valves 

Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Low Bleed Pneumatic Devices Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Make-up gas consumption Combusted OSME - Flare Operational Issues 

Oil Production Oil Production-
Processing 

Oil Tanks - SAGD Controlled Vented Out of Scope 

Oil Production Oil Production-
Processing 

Oil Tanks - SAGD Uncontrolled Vented Out of Scope 

Oil Production Oil Production-
Processing 

Oil Tanks Dump Valve - Leakage Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Oil Tanks Dump Valve Venting Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Oil Tanks w/ Control Devices Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Oil Wellheads (heavy crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Oil Wellheads (light crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Pressure Relief Valves Vented Emergency Event 

Oil Production Oil Production-
Processing 

Purge gas consumption - combusted Combusted OSME - Purging, Flare Operational Issues 

Oil Production Oil Production-
Processing 

Separators (heavy crude) Fugitive Fugitive 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Oil Production Oil Production-
Processing 

Separators (light crude) Fugitive Fugitive 

Oil Production Oil Production-
Processing 

Stranded Gas Flaring from Oil Wells Combusted Flaring Activity 

Oil Production Oil Production-
Processing 

Stranded Gas Venting from Oil Wells Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Surface Casing venting Vented Too broad of a source to evaluate 

Oil Production Oil Production-
Processing 

Thief hatches and man hole covers - close Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Thief hatches and man hole covers - Maintain 
seals 

Vented Being studied/evaluated 

Oil Production Oil Production-
Processing 

Under performing flare equipment Combusted OSME - Flare Operational Issues 

Oil Production Oil Production-
Processing 

Vessel Blowdowns Vented OSME - Blowdown 

Oil Production Oil Production-
Processing 

Well - Abandoned well casing venting Vented OSME - Wellsite Operation 

Oil Production Oil Production-
Processing 

Well - Stripper wells Vented OSME - Wellsite Operation 

Oil Production Oil Production-
Processing 

Well Blowouts Onshore Vented Emergency Event 

Oil Production Oil Storage Flare - pilot gas being vented Combusted OSME - Flare Operational Issues 

Oil Production Oil Storage Floating Roof Tanks Vented Being studied/evaluated 

Oil Production Oil Storage Heaters Fugitive Fugitive 

Oil Production Oil Storage Heaters - Space Combusted OSME - Space Heaters 

Oil Production Oil Storage High Bleed Pneumatic Devices Vented Being studied/evaluated 

Oil Production Oil Storage Intermittent Bleed Pneumatic Devices Vented Being studied/evaluated 
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Segment Industry Phase Source Emissions 
Type 

Evaluation as to Qualifying as an 
OSME 

Oil Production Oil Storage Intermittent Bleed Pneumatic Devices - Dump 
Valves 

Vented Being studied/evaluated 

Oil Production Oil Storage Low Bleed Pneumatic Devices Vented Being studied/evaluated 

Oil Production Oil Storage Oil Tanks Vented Too broad of a source to evaluate 

Oil Production Oil Storage Oil Tanks w/ Control Devices Vented Being studied/evaluated 

Oil Production Oil Storage Pressure Relief Valves Vented Emergency Event 

Oil Production Oil Storage Thief hatches and man hole covers - close Vented Being studied/evaluated 

Oil Production Oil Storage Thief hatches and man hole covers - Maintain 
seals 

Vented Being studied/evaluated 

Oil Production Oil Storage Under performing flare equipment Combusted OSME - Flare Operational Issues 

Oil Production Oil Transmission Battery Pumps Fugitive Fugitive 

Oil Production Oil Transmission Construction camp organics and waste (sewage) Combusted Flaring Activity 

Oil Production Oil Transmission Construction camp organics and waste (sewage) Vented OSME - Camp Organics 

Oil Production Oil Transmission Gas Engines Combusted Too broad of a source to evaluate 

Oil Production Oil Transmission Heaters Fugitive Fugitive 

 


