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1 Project and Methodology Scope and Description 

This quantification methodology is written for the gas operator or any gas developer 
participating in underbalanced drilling (UBD) of wells. Some familiarity with, or 
understanding of, drilling operations is expected. 

Drilling an underbalanced well involves lowering the drilling fluids pressure by using gases 
or foams to ensure that the pressure of the drilling fluids in the borehole is lower than that of 
the formation. A rigorous planning process is required as the natural gas pipeline, along with 
appropriate well site metering facilities, must be connected to the well prior to drilling.  
Underbalanced drilling with nitrogen (UBD-N2) has been traditionally used to drill wells. In 
this case, N2 gas is sourced from the air, compressed and introduced into the well borehole. 

The process of underbalanced drilling with natural gas (UBD–NG) has gained momentum 
lately because using natural gas to generate the drilling foam eliminates corrosion problems It 
does not contain any oxygen, thereby facilitating recovery of the formation gas produced 
during underbalanced drilling with natural gas  versus flaring the gas had nitrogen been used. 

UBD is an activity that takes place within days. As such, it is not a continuous operation.  
While drilling proceeds underbalanced, a waste stream is generated. This waste stream 
contains formation fluids mainly composed of gas from the formation, drilling fluids, and 
solid particles such as drilling cuttings. Typically, produced natural gas from the formation is 
flared.  

This methodology is based on CDM (Clean Development Mechanism) methodologies that 
promote flare reduction. The three (3) CDM approved baseline and monitoring methodologies 
that are related to the proposed project activity include: 

• AM0009/Version 03.3-Recovery and utilization of gas from oil wells that would otherwise 
be flared or vented (Sectoral Scope: 9, EB 44); 

• AM-0037/Version 02.1-Flare (or vent) reduction and utilization of gas from oil wells as a 
feedstock (Sectoral Scope: 10 and 05, EB 39); 

• AM-0077/Version 1-Recovery of gas from oil wells that would otherwise be vented or 
flared and its delivery to specific end-users (Sectoral Scope: 01 and 10, EB 45) 

These three methodologies are targeted towards associated gas in oil wells. As such, they set a 
precedent regarding gas flaring reduction and have been used as seed documents to develop 
this quantification methodology. The methodology covers gas wells that are drilled 
underbalanced and recover the formation gas versus flaring it.         

The opportunity for generating carbon offsets with this methodology arises mainly from direct 
and indirect greenhouse gas emission reductions through the recovery of formation or 
produced gas during UBD that would otherwise have been flared.   
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1.1 Methodology Scope and Description 

This methodology serves as a generic ‘recipe’ for project proponents to follow in order to 
meet the measurement, monitoring, and greenhouse gas quantification requirements for 
reductions resulting from recovering formation gas from underbalanced drilling.  

The project condition has been defined as UBD-NG to reduce borehole pressure. The 
produced gas from the formation is then recovered and sent to a pipeline. It should be noted 
that the initial foaming of the drilling mud is accomplished by using pipeline gas. Sources of 
greenhouse gas emission stem from fuel consumption to run the equipment for underbalanced 
drilling operations which may include compressors. Other sources of greenhouse gases 
include purging the drill pipe, breaking the drill pipe for a connection, tripping the drill pipe 
and bleed-off of the pipe. These will emit produced gas from the formation and include 
methane and other volatile organic compounds. FIGURE 1.1 shows a typical project process 
flow diagram for underbalanced drilling with natural gas.            

The baseline has been defined as UBD-N2 or any other foaming agent that reduces the 
borehole pressure and is subsequently flared. As such, the largest source of emissions comes 
from the flaring of the proceed gas. Minor sources of greenhouse gas emission stem from fuel 
consumption to run the equipment, which may include compressors. FIGURE 1.2 shows a 
typical project process flow diagram for underbalanced drilling with N2.  

Methodology Approach: 

In keeping with ISO 14065 Part 2- Specification with guidance at the project level for 
quantification, monitoring and reporting of greenhouse gas emission reductions or removal 
enhancements, this methodology has been developed to perform quantification of offsets as 
simple and as conservative as possible. In addition to ISO Part 2, this methodology has been 
formatted to follow the methodology formatting style of the Alberta Offsets System protocols.  

The baseline is calculated using information from the project. In the project, gas from a 
pipeline is purchased to initiate lowering of the borehole pressure. As drilling progresses, 
formation gas mixes with this purchased gas. Most of the gas will be recovered and sent to a 
pipeline. Some of this gas will be used as part of the fuel consumption for rig operations. 
Small amounts will be flared. All these amounts minus the purchased gas represent how much 
gas would have been flared in the baseline.  

The quantification approach uses metered quantities of gas volumes and gas composition data 
in the project conditions. The quantities are applied to the baseline condition to quantify how 
much gas would have been flared in the baseline condition in the absence of the project 
condition. Additional project quantities are estimated for the project condition using 
engineering estimates and best practices. As an example, metered quantities may include gas 
volumes that are reported to the British Columbia government. These may include volumes 
from the BC S-1 Monthly Production Statement and BC S-2 Monthly Disposition Statements 
filed with the Mineral, Oil and Gas Revenue Branch of the Ministry of Small Business and 
Revenue.      

Methodology Applicability: 

To demonstrate that a project meets the requirements under this methodology, the project 
developer must provide evidence that: 
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1. The wells have been drilled underbalanced as shown by project approval requests, 
underbalanced drilling program, drilling reports or other documentation.  

2. UBD wells may occur at single or multiple sites. As such, the methodology allows for 
flexibility in quantifying offsets from multiple sites.  

3. The project must meet the requirements for offset eligibility as specified in the 
applicable regulation and guidance documents for the Voluntary Carbon Standard. 
[Of particular note: 

a. [The date of equipment installation, operating parameter changes or 
process reconfiguration are initiated or have effect on the project on or 
after January 1, 2002 as indicated by facility records;] 

b. [The project may generate emission reduction offsets for a period of 
maximum 10 years, which may be renewed at the most two times; and,] 

c. [Ownership of the emission reduction offsets must be established as 
indicated by facility records.]  

4. Additionality- Projects that intend to use this methodology must pass the additionality 
tests as per the Voluntary Carbon Standard- Specification with guidance at the project 
level for quantification, monitoring and reporting of greenhouse gas emission 
reductions or removal enhancements v.2007.1 (18 November 2008). The project 
proponent shall demonstrate that the project is additional by using on of the test in 
TABLE 1.1. 
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TABLE 1.1 Summary of Additionality Tests 
Test Step 

Step 1: Regulatory Surplus  
The project shall not be mandated by any enforced law, statute or other regulatory framework. 
Step 2: Implementation Barrier 
The project shall face one (or more) distinct barriers(s) compared with barriers faced by alternative projects.   
• Investment Barrier - Project faces capital or investment return constraints that can be overcome by the additional revenues associated 

with the generation of VCUs.  
• Technological Barrier - Project faces technology-related barriers to its implementation.  
• Institutional Barrier- Project faces financial, organizational, cultural or social barriers that the VCU revenue stream can help overcome. 

Test 1- The 
project test: 

Step 3: Common Practice 
• Project type shall not be common practice in the sector/region, compared with projects that have received no carbon finance. 
• If it is common practice, the project proponents shall identify barriers faced compared with existing projects. 
• Demonstration that the project is not common practice shall be based on guidance in the GHG Protocol for Project Accounting, Chapter 

7. 
Step 1: Regulatory Surplus  
The project shall not be mandated by any enforced law, statute or other regulatory framework. 

Test 2- 
Performance 
Test 

Step 2: Performance Standard 
The emission generated per unit output by the product shall be below the level that has been approved by the VCS Program for the product, 
service, sector or industry, as the level defined to ensure that the project is not business-as-usual. 

Performance standard based additionality tests shall be approved through the double approval process and by the VCS Board. The list of 
approved performance standards is on www.v-c-s.org.  
Step 1: Regulatory Surplus 
The project shall not be mandated by any enforced law, statute or other regulatory framework. 

Test 3- 
Technology 
Test 

Step 2: Technology Additionality 
The project and its location are contained in the list of project types and applicable areas approved as being additional by the VCS Program. 
These project types are defined as those in which all projects would also be deemed additional using Additionality test 1 and will be 
determined on a case by case basis. The approved list is available on www.v-c-s.org.  

http://www.v-c-s.org/
http://www.v-c-s.org/
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Methodology Flexibility: 

Flexibility in applying the quantification methodology is provided to project developers in the 
following ways. 

1. The project developer may use a default value of 0.50 kg C/m3 in the quantification 
formulas for individual gas composition as opposed to the individual gas composition 
data of a well. The project developer must provide supporting evidence for justifying 
the chosen value. Refer to APPENDIX A.1 for details.  

2. Quantities estimated using engineering estimates and best practices may be updated 
periodically or modified. The project developer must provide supporting evidence for 
justification for all modified quantities.   

If applicable, the project proponent must indicate and justify why flexibility provisions have 
been used. 

1.2 Glossary of new terms      
Breaking Breaking a connection of a drill pipe to add a drill pipe section. A section 

is typically 18.9 meters long. 
Formation Gas Natural gas found in the targeted drilling formation encased in the porous 

media of the formation itself  
Purging Introducing natural gas into a stand pipe to remove entrapped air. A 

section is typically 18.9 meters long. 
Tripping Breaking a connection of a drill pipe to add a drill pipe section. A section 

is typically 18.9 meters long. 
Underbalanced 
Drilling (UBD) 

A drilling activity employing appropriate equipment and controls where 
the pressure exerted in the wellbore is intentionally less than the fluid 
pressure in any part of the exposed formation.1

 
    

 
1 http://www.neotec.com/solutions/ubd_mpd.html 
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FIGURE 1.1 Process Flow Diagram for Project Condition  
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FIGURE 1.2 Process Flow Diagram for Baseline Condition  
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2 Quantification Development and Development 

The following sections outline the quantification development and justification 

2.1   Identification of Sources and Sinks (SS’s) for the Project 
SS’s were identified for the project by reviewing the relevant documents presented in 
APPENDIX C and relevant process flow diagrams pertaining to the operation of UBD-NG. 
This process confirmed that the SS’s in the process flow diagrams covered the full scope of 
eligible project activities under the methodology. 

Based on the process diagrams provided in FIGURE 1.1, the project’s SS’s were organized 
into life cycle categories in FIGURE 2.1, Description of each of the SS’s and their 
classifications as controlled, related or affected are provided in TABLE 2.1. 

In UBD-NG the produced gas from the formation is recovered and sent to a pipeline. 
Greenhouse gas emissions from the project include combustion of fossil fuels to run rig 
equipment. Fossil fuels used in the rig include diesel and fuel gas sourced from the formation 
gas itself. This decreases the use of diesel.      
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FIGURE 2.1 Project Element Life Cycle Chart  
 
Upstream SS’s During Project 

Upstream SS’s 
Before Project 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

On Site SS’s During Project 
 

Downstream SS’s 
After Project 

 

Downstream SS’s During Project 
 
 
 

P 1 Processed 
Gas Distribution 

and Sale 

P 3 Raw Gas  
Processing/ 
Recovery 

P 2  
UBD-NG 

Well  
P 10 

Building 
Equipment 

P 13 
Site 

Decommissioning 

P 14 
Electricity 

Usage 

P 6 
Fuel Extraction/ 

Processing 

P 7 
Fuel  

Delivery 

P 8 
Construction on 

Site 

P 9 
Development of 

Site 

P 12  
 Testing of 
Equipment 

P 11 
Transportation 
of Equipment

P 4  
Gas  

Flaring 

P 5  
Gas 

Venting

P 1 Processed 
Gas Distribution 

and Sale 



UBD-NG-NM- / Version 01 

 6 

TABLE 2.1 Project SS’s  
1. SS 2. Description 3. Controlled, Related or Affected 
Upstream SS’s during Project Operation 
P 1 Processed Gas 
Distribution and Sale 

Natural gas and other commercially viable NGL products are received from a pipeline 
system. Pipeline gas is needed to initiate lowering of well borehole pressure so that it is 
lower than the formation pressure. The types and quantities of fuels used to operate this 
equipment should be tracked whenever possible.   

Related 

P 6 Fuel Extraction/ 
Processing 

Each of the fuels used throughout the project will need to be sourced and processed. This 
will allow for the calculation of greenhouse gas emissions from the various processes 
involved in the production, refinement, and storage of the fuels. The total volumes of fuel 
for each of the SS’s in this project are considered in this SS. Types and quantities of fuels 
used would need to be tracked. 

Related 

P 7 Fuel Delivery Each of the fuels used throughout the project will need to be transported to the site. This 
may include shipments by tanker or by pipeline, resulting in the emissions of greenhouse 
gases. It is reasonable to exclude fuel sourced by taking equipment to an existing 
commercial fuelling station as the fuel used to take the equipment to the site is captured 
under other SS’s and there is no other delivery.  

Related 

P 14 Electricity Usage Electricity may be required for operating the facility. This power may be sourced either 
from internal generation, connected facilities or the local electricity grid. Metering of 
electricity may be netted in terms of the power going to and from the grid. Quantity and 
source of the power are the important characteristics to be tracked as they directly relate 
to the quantity of greenhouse gas emissions.  

Related 

Onsite SS’s during Project Operation 
P 2 UBD-NG Well Equipment needed to run the UBD-NG rig includes screw compressors, rotating 

equipment, boilers, heaters, and others. As such, the primary sources of emissions will 
come from combustion of fossil fuels to provide service for this equipment. Types and 
quantities of fuels used would need to be tracked. 

Controlled 

P3 Raw Gas 
Processing/Recovery 

Raw gas produced while UBD-NG is recovered, processed and recycled back into the 
borehole or sent to a pipeline. Equipment may run on fossil fuels. Types and quantities of 
fuels used would need to be tracked.    

Controlled  

P 4 Gas Flaring A portion of the gas may be flared for operational reasons if the equipment capacity to 
process and recover the gas is exceeded. Volumes of gas flared would need to be tracked.  Controlled  

P 5 Gas Venting Gas venting takes place when the drill stand is purged, and during drill pipe tripping and 
breaking, and final rigout. Volumes of gas vented would need to be tracked. Controlled 

Downstream SS’s during Project Operation 
P 1 Processed Gas 
Distribution and Sale 

Natural gas and other commercially viable NGL products recovered from the formation 
while drilling are sent to a pipeline system or transported by rail or truck to customers at 
another point. It is assumed that the mostly likely use of avoided greenhouse gas 

Related 
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emissions from flaring the formation gas is controlled combustion to produce carbon 
dioxide by an unspecified end-user.   

Other 
P 8 Construction on 
Site 

The process of construction at the site may require a variety of heavy equipment, smaller 
power tools, cranes, and generators. The operation of this equipment will have associated 
greenhouse gas emissions from the use of fossil fuels and electricity. 

Related 

P 9 Development of 
Site   

The site may need to be developed. This could include civil infrastructure such as access 
to electricity, gas and water supply, as well as sewer. This may also include clearing, 
grading, building access roads, etc. There will also need to be some building of structures 
for the facility such as storage areas, storm water drainage, offices, vent stacks, 
firefighting water storage lagoons, etc., as well as structures to enclose, support and house 
the equipment. Greenhouse gas emissions would be primarily attributed to the use of 
fossil fuels and electricity used to power equipment required to develop the site such as 
graders, backhoes, trenching machines, etc.       

Related 

P 10 Building of 
Equipment 

Equipment may need to be built either on-site or off-site. This includes all of the 
components of the storage, handling, processing, combustion, air quality control, system 
control, and safety systems. These may be sourced as pre-made standard equipment or 
custom built to specification.  Greenhouse gas emissions would be primarily attributed to 
the use of fossil fuels and electricity used to power equipment for the extraction of the 
raw materials, processing, fabrication and assembly.     

Related 

P 11 Transportation of 
Equipment 

Equipment built off-site and the materials to build equipment on-site will all need to be 
delivered to the site. Transportation may be completed by train, truck, barge, or by some 
combination, or even by courier. Greenhouse gas emissions would be primarily attributed 
to the use of fossil fuels to power the equipment delivering the equipment to the site. 

Related 

P 12 Testing of 
Equipment 

Equipment may need to be tested to ensure that it is operational. This may result in 
running the equipment using test anaerobic digestion fuels or fossil fuels in order to 
ensure that the equipment runs properly. These activities will result in greenhouse gas 
emissions associated with the combustion of fossil fuels and the use of electricity  

Related 

P 13 Site 
Decommissioning 

Once the facility is no longer operational, the site may need to be decommissioned. This 
may involve the disassembly of the equipment, demolition of on-site structures, disposal 
of some materials, environmental restoration, re-grading, planting or seeding, and 
transportation of materials off-site. Greenhouse gas emissions would be primarily 
attributed to the use of fossil fuels and electricity used to power equipment required to 
decommission the site. 

Related 
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2.2  Identification of Baseline 

The baseline condition for projects applying this methodology has been defined as the volume 
of produced gas from the wellbore during UBD-N2 drilling and subsequently flaring. This will 
be a major source of greenhouse gas emissions. The initial lowering of the wellbore pressure 
is achieved by introducing N2 gas sourced from the air. Greenhouse gas emissions stem from 
fossil fuel combusted to run the nitrogen production unit. Additionally, other greenhouse gas 
sources include emissions associated running equipment on the rig.   

2.3 Identification of Sources and Sinks (SS’s) for the Baseline 

SS’s were identified for the baseline by reviewing the relevant documents presented in 
APPENDIX C and relevant process flow diagrams pertaining to the operation of UBD-N2. 
This process confirmed that the SS’s in the process flow diagrams covered the full scope of 
eligible project activities under the methodology. 

Based on the process diagrams provided in FIGURE 1.2, the project’s SS’s were organized 
into life cycle categories in FIGURE 2.2, Description of each of the SS’s and their 
classifications as controlled, related or affected are provided in TABLE 2.2. 

In UBD-N2 the produced gas from the formation is separated and sent to a flare. Greenhouse 
gas emissions from the project include combustion of fossil fuels to run rig equipment.    
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FIGURE 2.2 Baseline Element Life Cycle Chart  
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TABLE 2.2 Baseline SS’s  
1. SS 2. Description 3. Controlled, Related or Affected 
Upstream SS’s during Project Operation 
B 4 Fuel Extraction/ 
Processing 

Each of the fuels used throughout the project will need to be sourced and processed. This will 
allow for the calculation of greenhouse gas emissions from the various processes involved in the 
production, refinement, and storage of the fuels. The total volumes of fuel for each of the SS’s in 
this project are considered in this SS. Types and quantities of fuels used would need to be 
tracked. 

Related 

B 5Fuel Delivery Each of the fuels used throughout the project will need to be transported to the site. This may 
include shipments by tanker or by pipeline, resulting in the emissions of greenhouse gases. It is 
reasonable to exclude fuel sourced by taking equipment to an existing commercial fuelling 
station as the fuel used to take the equipment to the site is captured under other SS’s and there is 
no other delivery.  

Related 

B 12 Electricity 
Usage 

Electricity may be required for operating the facility. This power may be sourced either from 
internal generation, connected facilities or the local electricity grid. Metering of electricity may 
be netted in terms of the power going to and from the grid. Quantity and source of the power are 
the important characteristics to be tracked as they directly relate to the quantity of greenhouse gas 
emissions.  

Related 

Onsite SS’s during Project Operation 
B 1 Nitrogen 
Production 

Natural gas and other commercially viable NGL products are received from a pipeline system. 
Pipeline gas is needed to initiate lowering of well borehole pressure so that it is lower than the 
formation pressure. The types and quantities of fuels used to operate this equipment should be 
tracked whenever possible.   

Controlled 

B 2 UBD-N2 Well Equipment needed to run the UBD-NG rig includes screw compressors, rotating equipment, 
boilers, heaters, and others. As such, the primary sources of emissions will come from 
combustion of fossil fuels to provide service for this equipment. Types and quantities of fuels 
used would need to be tracked. 

Controlled 

B 3 Gas Flaring A portion of the gas may be flared for operational reasons if the equipment capacity to process 
and recover the gas is exceeded. Volumes of gas flared would need to be tracked.   Controlled  

Downstream SS’s during Project Operation 
N/A  Related 
Other 
B 6 Construction on 
Site 

The process of construction at the site may require a variety of heavy equipment, smaller power 
tools, cranes, and generators. The operation of this equipment will have associated greenhouse 
gas emissions from the use of fossil fuels and electricity. 

Related 

B 7 Development of 
Site   

The site may need to be developed. This could include civil infrastructure such as access to 
electricity, gas and water supply, as well as sewer. This may also include clearing, grading, 
building access roads, etc. There will also need to be some building of structures for the facility 

Related 
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such as storage areas, storm water drainage, offices, vent stacks, firefighting water storage 
lagoons, etc., as well as structures to enclose, support and house the equipment. Greenhouse gas 
emissions would be primarily attributed to the use of fossil fuels and electricity used to power 
equipment required to develop the site such as graders, backhoes, trenching machines, etc.       

B 8 Building of 
Equipment 

Equipment may need to be built either on-site or off-site. This includes all of the components of 
the storage, handling, processing, combustion, air quality control, system control, and safety 
systems. These may be sourced as pre-made standard equipment or custom built to specification.  
Greenhouse gas emissions would be primarily attributed to the use of fossil fuels and electricity 
used to power equipment for the extraction of the raw materials, processing, fabrication and 
assembly.     

Related 

B 9 Transportation of 
Equipment 

Equipment built off-site and the materials to build equipment on-site will all need to be delivered 
to the site. Transportation may be completed by train, truck, barge, or by some combination, or 
even by courier. Greenhouse gas emissions would be primarily attributed to the use of fossil fuels 
to power the equipment delivering the equipment to the site. 

Related 

B 10 Testing of 
Equipment 

Equipment may need to be tested to ensure that it is operational. This may result in running the 
equipment using test anaerobic digestion fuels or fossil fuels in order to ensure that the 
equipment runs properly. These activities will result in greenhouse gas emissions associated with 
the combustion of fossil fuels and the use of electricity  

Related 

B 11 Site 
Decommissioning 

Once the facility is no longer operational, the site may need to be decommissioned. This may 
involve the disassembly of the equipment, demolition of on-site structures, disposal of some 
materials, environmental restoration, re-grading, planting or seeding, and transportation of 
materials off-site. Greenhouse gas emissions would be primarily attributed to the use of fossil 
fuels and electricity used to power equipment required to decommission the site. 

Related 



UBD-NG-NM- / Version 01 

 12

2.4 Selection of Relevant Project and Baseline SS’s 
Each of the SS’s from the project and baseline condition were compared and evaluated as 
to their relevancy using the guidance provided by ISO 14065 Part 2- Specification with 
guidance at the project level for quantification, monitoring and reporting of greenhouse 
gas emission reductions or removal enhancements . The justification for the exclusion or 
conditions upon which SS’s may be excluded is provided in TABLE 2.3, below. All 
other SS’s listed previously are included.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



UBD-NG-NM- / Version 01 

 13

TABLE 2.3 Comparison of SS’s  

1. Identified SS 2. Baseline  
(C, R, A) 

3. Project  
(C, R, A) 

4. Include or 
Exclude from 
Quantification 

5. Justification for Exclusion 

Upstream SS’s 
P 1 Processed Gas 
Distribution and Sale N/A Related Excluded Excluded as the processed gas distribution and sales is assumed to 

be negligible and is included in P2. 
P 6 Fuel Extraction/ 
Processing N/A Related Included N/A 

B 4 Fuel Extraction/ 
Processing Related N/A Included N/A 

P 7 Fuel Delivery N/A Related Excluded 
B 5 Fuel Delivery Related N/A Excluded 

Excluded as the fuel delivery is not impacted by the implementation 
of the project and as such the baseline and the project conditions 
will be functionally equivalent. 

P 14 Electricity Usage N/A Related  Excluded 
B 12 Electricity Usage Related N/A Excluded 

Excluded as the electricity usage is not impacted by the 
implementation of the project and as such the baseline and the 
project conditions will be functionally equivalent. 

Onsite SS’s 
B 1 Nitrogen Production Controlled N/A Included N/A 
P 2 UBD-NG Well Controlled  N/A Included N/A 
B 2 UBD-N2 Well N/A Controlled Included N/A 
P 3 Raw Gas Processing/ 
Recovery N/A Controlled Included N/A 

P 4 Gas Flaring 
Controlled N/A Excluded 

Excluded as any volumes in gas flaring in the project condition 
would have been flared in the baseline condition and as such the 
baseline and the project conditions will be functionally equivalent. 

B 3 Gas Flaring Controlled N/A Included N/A 
P 5 Gas Venting Controlled N/A Included N/A 
Downstream SS’s 
P 1 Processed Gas 
Distribution and Sale N/A Related Excluded Excluded as the processed gas distribution and sales is assumed to 

be negligible and is included in P3. 
Other 
P 8 Construction on Site N/A Related Excluded Emissions from construction on site are not material given the long 

project life and the minimal construction on site typically required. 
B 6 Construction on Site Related N/A Excluded Emissions from construction on site are not material for the baseline 

condition given the minimal construction on site typically required. 
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P 9 Development of Site   N/A Related Excluded Emissions from development of site are not material given the long 
project life and the minimal development of site typically required. 

B 7 Development of Site   Related N/A Excluded Emissions from development of site are not material for the baseline 
condition given the minimal development of site typically required. 

P 10 Building of 
Equipment N/A Related Excluded 

Emissions from building of equipment are not material given the 
long project life and the minimal building equipment typically 
required. 

B 8 Building of 
Equipment Related N/A Excluded Emissions from building of equipment are not material for the 

baseline given the minimal building equipment typically required. 
P 11 Testing of 
Equipment N/A Related Excluded Emissions from testing of equipment are not material given the long 

project life and the minimal testing of equipment typically required. 
B 9 Testing of 
Equipment Related N/A Excluded Emissions from testing of equipment are not material for the 

baseline given the minimal testing of equipment typically required. 
P 12 Transportation of 
Equipment N/A Related Excluded 

Emissions from transportation of equipment are not material given 
the long project life and the minimal transportation of equipment 
typically required. 

B 10 Transportation of 
Equipment Related N/A Excluded 

Emissions from transportation of equipment are not material for the 
baseline given the minimal transportation of equipment typically 
required. 

P 13  Site 
Decommissioning N/A Related Excluded 

Emissions from decommissioning of site are not material given the 
long project life and the minimal decommissioning typically 
required. 

B 11 Site 
Decommissioning Related N/A Excluded Emissions from decommissioning of site are not material for the 

baseline given the minimal decommissioning typically required. 
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2.5 Quantification of Reduction, Removals, and Reversals of Relevant SS’s 

2.5.1  Quantification Approach 
Quantification of the reductions, removals and reversals of relevant SS’s for each of the 
greenhouse gases will be completed using the methodologies outlined in TABLE 2.4, 
below. These calculation methodologies serve to complete the following three equations 
for calculating the emission reductions from the comparison of the baseline and project 
conditions. 

 Emission Reduction = Emissions Baseline – Emissions Project  
 

Emissions Baseline = Emissions Fuel Extraction / Processing + Emissions Nitrogen Production  
                           + Emissions UBD-N2 Well + Emissions Gas Flaring 

 

Emissions Project = Emissions Fuel Extraction / Processing + Emissions UBD-NG Well      
               + Emissions Raw Gas Processing/Recovery + Emissions Gas Venting 

where: 
 
Emissions Baseline = sum of the emissions under the baseline condition. 
Emissions Fuel Extraction / Processing = emissions under SS B 4 Fuel Extraction and Processing 
Emissions Nitrogen Production = emissions under SS B 1 Nitrogen Production    
Emissions UBD-N2 Well = emissions under SS B 2 UBD-N2 Well 
Emissions Gas Flaring = emissions under SS B 3 Gas Flaring 
 
Emissions Project = sum of the emissions under the project condition. 
Emissions Fuel Extraction / Processing = emissions under SS P 6 Fuel Extraction and Processing 
Emissions UBD-NG Well = emissions under SS P 2 UBD-NG Well 
Emissions Raw Gas Processing/Recovery = emissions under SS P 3 Raw Gas Processing/Recovery  
Emissions Gas Venting = emissions under SS P 5 Gas Flaring 
 

 
Because UBD operations are not continuous over time but rather performed in a matter of 
weeks, fuel consumption and fuel extraction/processing for the project and baseline 
conditions and the net effect are estimated based on actual field data. Project condition 
leaks are also estimated. For further details refer to APPENDIX A and TABLE 2.4, 
below.  
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TABLE 2.4 Quantification Procedures 
1. Project / 
Baseline SS 

2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency  

Project SS’s 

P 6 Fuel 
Extraction/ 
Processing   

An analysis has been carried out to compare emissions from fuel extraction/processing from UBD-N2 and UBD-NG. The analysis 
showed that there were higher emissions from fuel extraction/processing from UBD-N2 when compared to UBD-NG. Emissions 
incurred during fuel extraction and processing are set at 0 tCO2e/well because they are immaterial and would be higher in the 
baseline. Refer to APPENDIX A.2 for details. 

P 2 UBD-NG 
Well 

An analysis has been carried out to compare emissions from UBD-N2 and UBD-NG. The analysis showed that there were higher 
emissions from UBD-N2 when compared to UBD-NG. This value has been set to 0 tCO2e/well following the analysis carried out in 
APPENDIX A 2. Refer to APPENDIX A.2 for details.  

P 3 Raw Gas 
Processing/ 
Recovery 

An analysis has been carried out to compare emissions from UBD-N2 and UBD-NG. Fuel usage for P 3Raw Gas 
Processing/Recovery has been included in fuel usage for P 3UBD-NG Well.   The analysis showed that there were higher 
emissions from UBD-N2 when compared to UBD-NG. This value has been set to 0 tCO2e/well following the analysis carried out in 
APPENDIX A 2. Refer to APPENDIX A.2 for details. 
The value presented here is used to estimate CH4 emissions incurred during drill pipe and drill string tripping, purging, breaking, 
bleed-off, and general connections. As such, these are an estimate of the possible vent sources during UBD-NG. Conservative 
assumptions and values have been used to develop this value. Emissions from pipeline transmission from the rig to the pipeline 
are considered immaterial. Refer to APPENDIX A 3 for details 
           
Emissions Gas Venting = Well Venting 

 

Emissions Gas 

Venting 

kg of CO2; 
CO2e; CH4; 

N2O 
N/A N/A N/A 

Quantity being calculated in 
aggregate form as gas venting 
on site is likely aggregated for 
each of these SS’s.  

P 5 Gas 
Venting 

Volume of Gas 
Vented from the 
Well/ Well Venting 

tCO2e/well Estimated 6.3 tCO2e/well N/A Refer to APPENDIX A 3 for 
details 

Baseline SS’s 
B 4 Fuel 
Extraction/ 
Processing 

An analysis has been carried out to compare emissions from fuel extraction/processing from UBD-N2 and UBD-NG. The analysis 
showed that there were higher emissions from fuel extraction/processing from UBD-N2 when compared to UBD-NG. To assure 
conservativeness and because these emissions are immaterial, emissions incurred during fuel extraction/processing UBD-N2 are 
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set at 0 tCO2e/well. Refer to APPENDIX A.2 for details. 

B 1 Nitrogen 
Production  

Emissions associated with Nitrogen Production are expected to be small and as a conservative simplification, this emission source 
is assumed to be 0 tCO2e/well. This assumption lowers baseline emissions and in turn lowers the net offsets calculated. This 
principle is consistent with several CDM methodologies (i.e. AM0037 Version 02.1).          

B 2 UBD-N2 
Well  

An analysis has been carried out to compare emissions from UBD-N2 and UBD-NG. The analysis showed that there were higher 
emissions from UBD-N2 when compared to UBD-NG. To assure conservativeness and because emissions are immaterial, 
emissions incurred during UBD-N2 are set at 0 tCO2e/well. Refer to APPENDIX A.2 for details. 

Emissions Gas Flaring = (Vol. Raw Gas – Vol. Gas Bought)*
12
⋅carbonw 44

 

Emissions Gas Flaring 
kg of CO2; 
CO2e; CH4; 

N2O 
N/A N/A N/A 

Quantity being calculated in 
aggregate form as gas venting 
on site is likely aggregated for 
each of these SS’s. 

Volume of 
Processed/ 
Recovered Gas 
from the 
Formation Sold to 
Pipeline/ Vol. 
Raw Gas 

m3 

Measured and 
corrected to 
15°C and 

101.325 kPa2

Direct metering or 
reconciliation of 
volumes 

Continuous 
metering or 

monthly  
reconciliation 

from BC S-1 or 
BC S-2 forms  

Both methods are standard 
practice. Frequency of metering 
is highest level possible. 
Frequency of reconciliation 
provides for reasonable 
diligence using filed volumes. 

Both methods are standard 
practice. Frequency of metering 
is highest level possible. 
Frequency of reconciliation 
provides for reasonable 
diligence using filed volumes. 

Volume of 
Pipeline Gas 
Bought to Initiate 
UBD-NG/ Vol. 
Gas Bought  

m3 

Measured and 
corrected to 
15°C and 

101.325 kPa3

Direct metering or 
reconciliation of 
volumes 

Continuous 
metering or 

monthly 
reconciliation 

from BC S-1 or 
BC S-2 forms  

Gas composition of should Continuous Direct Measured 

B 3 Gas 
Flaring 

Average Carbon kg C/m3 gas 

2 Refer to Petroleum and Natural Gas Act 1996 from British Columbia.  
3 Refer to Petroleum and Natural Gas Act 1996 from British Columbia.  
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Content of 
Produced Gas/w 
carbon 

measurement sampling during 
UBD drilling 

remain relatively stable during 
gas processing to upgrade 
formation gas to pipeline 
quality gas. Frequency of 
measurement is highest level 
possible. Frequency of 
reconciliation provides for 
reasonable diligence. 
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2.5.2 Contingent Data Approach 

Contingent means for calculating or estimating the required data for the equations outlined in 
section 2.5.1 are summarized in TABLE 2.5, below. 

2.6 Management of Data Quality 

In general, data quality management must include sufficient data capture such that the mass 
and energy balances may be easily performed with the need for minimal assumptions and use 
of contingency procedures. The data should be of sufficient quality to fulfill the quantification 
requirements and be substantiated by company records for the purpose of verification. 

The project proponent shall establish and apply quality management procedures to manage 
data and information. Written procedures should be established for each measurement task 
outlining responsibility, timing and record location requirements. The greater the rigor of the 
management system data, the more easily an audit will be to conduct for the project.  

2.6.1 Record Keeping 

Record keeping practices should include: 

a.   Electronic recording of values of logged primary parameters for each measurement 
interval; 
b.  Printing of monthly back-up hard copies of all logged data; 
c.  Written logs of operations and maintenance of the project system including notation 
of all shut-downs, start-ups and process adjustments; 
d.  Retention of copies of logs and all logged data for a period of 7 years; and 
e.  Keeping all records available for review by a verification body. 

2.6.2 Quality Assurance/Quality control (QA/QC) 

QA/QC can also be applied to add confidence that all measurements and calculations have 
been made correctly. These include, but are not limited to: 

a.  Protecting monitoring equipment (sealed meters and data loggers); 
b.  Protecting records of monitored data (hard copy and electronic storage); 
c.  Checking data integrity on a regular and periodic basis (manual assessment, 
comparing redundant metered data, and detection of outstanding data/records); 
d.  Comparing current estimates with previous estimates as a  ‘reality check’; 
e.  Provide sufficient training to operators to perform maintenance and calibration of 
monitoring devices; 
f.  Establish minimum experience and requirements for operators in charge of project 
and monitoring; and 
g.  Perform recalculations to make sure no mathematical errors have been made. 
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TABLE 2.5 Contingency Data Collection Procedures 
1. Project / 
Baseline SS 

2. Parameter / 
Variable 3. Unit 4. Measured / 

Estimated 5. Method 6. Frequency 7. Justify measurement or 
estimation and frequency  

Project SS’s 

P 5 Gas 
Venting 

Volume of Gas 
Vented from the 
Well/ Well Venting 

tCO2e/well Estimated From accredited 
sources N/A 

Provides reasonable estimate when 
more accurate and precise method 
cannot be used 

Volume of 
Processed/ 
Recovered Gas 
from the Formation 
Sold to Pipeline/ 
Vol. Raw Gas 

m3 Estimated 
Reconciliation of 

volume within 
given time period 

Within given 
time period 

Provides reasonable estimate when 
more accurate and precise method 
cannot be used 

Volume of Pipeline 
Gas Bought to 
Initiate UBD-NG/ 
Vol. Gas Bought  

m3 Estimated 
Reconciliation of 

volume within 
given time period 

Within given 
time period  

Provides reasonable estimate when 
more accurate and precise method 
cannot be used 

B 3 Gas 
Flaring 

Average Carbon 
Content of 
Produced Gas/w 
carbon 

kg C/m3 gas Estimated From accredited 
sources 

Within given 
time period 

Provides reasonable estimate when 
more accurate and precise method 
cannot be used 
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A 1. Carbon content (w) 

Gas composition data is vital in quantifying greenhouse gas reductions. In the absence of this 
data, other values can be used. The value develop here is based on sample gas analysis data 
form wells form the same basin. As such, they are an excellent proxy for gas composition in 
the absence of the gas composition data for given UBD-NG well. This value is used as part of 
the flexibility mechanism introduced in section 1, Methodology Flexibility.  

The average carbon content (w) is taken from gas samples and analyzed by an independent 
laboratory. The analysis includes all fraction of carbon from produced gas from the reservoir. 
The average carbon content based on eight (8) well samples is detailed in Table A.1. The 
average is adjusted so that conservativeness is assured using two methods: 

1) Subtracting one standard deviation; 
2) Subtracting 10% 

Table A.1 Carbon content of natural gas  
Well w (kg C/m3) 
d-076-D094-I-14 0.656
d-006-E094-I-14 0.506
d-A006-E094-I-14 0.529
d-B006-E094-I-14 0.528
d-C006-E094-I-14 0.519
a-097-K094-I-11 0.669
d-A076-K094-I-11 0.558
d-081-K094-I-11 0.537
Average 0.563

Standard Deviation 0.063
Average Minus Standard Deviation 0.499
 
10% 0.056
minus 10% 0.506

In both cases, w yields about 0.50 kg C/m3. The value of 0.50 kg C/m3 is assumed to be a 
conservative one and applied to a well in the absence of gas composition data to show that the 
recovered gas is of pipeline quality.   

A 2. Fuel Usage and Fuel Extraction/Processing 

Fuel Usage 

UBD-N2 or UBD-NG entails the use of fossil fuels to power compressors and other 
equipment. Table A.2 is a summary of fuel usage from a sample population of UBD wells 
using nitrogen (baseline) and natural gas (project). All engines are operated using diesel in the 
baseline. UBD engines use diesel-fuel gas (recovered from the produced gas in the project) 
mix in the project. This mixed fuel type is referred to as bi-fuel. It is important to note that the 
average diesel usage is comparable (the baseline uses more diesel than the project) because 
the same rig would be used for the baseline and project. In the project, fuel gas is mixed with 
the diesel to lower liquid fuel requirements and takes advantage of recovered gas. Fuel gas 
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use in the baseline is 0. Using EF from Environment Canada4, all fuel usage is converted to 
tCO2e for comparison. CH4 and N2O emissions generated during combustion have been 
omitted for simplicity in this analysis.   

ISO defines materiality as the concept that individual or the aggregation of errors, omission 
and misrepresentations could affect the greenhouse gas assertion and could influence the 
intended users’ decisions.5 The threshold for project greenhouse gas emissions is 5% of the 
assertion as per ISO guidance. Table A.3 summarizes the recovered formation gas from the 
UBD-NG wells, and the gas bought and sold during the drilling process. Assuming the 
assertion is 941.2 tCO2e per well (refer to table A.3, below, for details on calculation of this 
assertion), the difference in the baseline and project emissions from fuel usage and 
combustion is 3.47 tCO2e/day-well or 0.37%/day-well. Note that the use of fossil fuels is 
typically higher and less efficient in UBD-N2

6
 according to expert opinion. For the baseline, a 

value of 0 tCO2e/well has been assigned to assure conservativeness and immateriality. For the 
project, a value of 0 tCO2e/well has been assigned because emissions are immaterial.    

Table A.2 Summary of fuel consumption for UBD 
 Well Identifier Drill Time 

(days) 
Diesel 

Use (L) 
N.G Use 

(m3) 
Total Emissions 

(tCO2e/day-well)b 
c-A35-B / 94-I-13 (summer) 3 23,433 - - 
d-D77-C / 94-I-11 (summer) 3 24,602 - - 
c-43-F / 94-I-11 (winter) 5 49,500 - - 
c-A43-F / 94-I-11 (winter) 4 36,636 - - B

as
el

in
e 

Average 3.75 33,543 - 24.42 
b-D82-J / 94-I-11 (winter) 8 43,400 25,300 - 
b-E82-J / 94-I-11 (winter) 4 22,385 11,200 - 
c-A5-B / 94-I-14 (winter) 6 36,843 36,300 - 
b-37-E / 94-I-14 (summer) 6 40,083 6,681 - 
d-A49-J / 94-I-12 (winter) 5 23,947 15,100 - 
b-34-B / 94-I-12 (winter) 4 25,656 3,200 - 
b-C70-C/94-I-14 (summer) 4 18,526 12,700 - 
b-B39-A / 94-I-14 (summer) 8 54,631 4,800 - 
c-70-C/94-I-14 (summer) 8 35,265 44,300  

Pr
oj

ec
t 

Average 5.89 33,415 16,989 20.95 

Difference 3.47 tCO2e/day-well  
or .37 %/day-well 

a Environment Canada- EF for diesel is 2.73 kg CO2/L 
b Environment Canada- EF for natural gas is 1.891 kg CO2/m3 

 

 

 

 
Table A.3 Summary of Gas Recovered from UBD-NG 
                                                      
4 Environment Canada (2007). National Inventory Report 1990–2005: Greenhouse Gas Sources and Sinks in 
Canada. Greenhouse Gas Division. 
5 ISO (2006). Greenhouse gases-Part 3: Specification with guidance for the validation and verification of 
greenhouse gas assertions. National Standards of Canada, CAN/CSA-ISO 14064-3:06 (ISO 14064-3:2006), p.17. 
6 Chitty, G.H. (2003). Is a Zero AFE Possible with Underbalanced Drilling? Paper presented at the Offshore 
Technology Conference, 5-8 May 2003. Houston, Texas, USA. Retrieved from OnePetro website: 
http://www.onepetro.org/mslib/servlet/onepetropreview?id=OTC-15060-MS&soc=OTC  
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Average  
Carbon 

content w 
(kg C/m3) 

Gas 
Bought 
(103m3) 

Net Gas 
Produced 
(103m3) 

Gas Sold 
(103m3) 

Baseline Gas 
(t CO2e/well) Well 

d-A49-J / 94-I-12 49.4 559.5 0.50 510.1 935.2 
b-D82-J / 94-I-11 10.8 509.0 0.50 498.2 913.4 
b-E82-J / 94-I-11 13.7 232.0 0.50 218.4 400.3 
b-34-B / 94-I-12 8.8 392.4 0.50 383.6 703.3 
c-A5-B / 94-I-14 15.2 569.7 0.50 554.5 1016.5 
b-C70-C/94-I-14  35.7 419.1 0.50 383.4 702.9 
b-B39-A / 94-I-14  4.9 1012.4 0.50 1007.5 1847.1 
c-70-C/94-I-14  13.8 565.0 0.50 551.2 1010.1 
Average 19.04 532.4 0.50 513.4 942.1 

Fuel Extraction/Processing 

A similar approach as the one the one used to determine emission from fossil fuel combustion 
was taken to determine emissions from fuel extraction and processing. Table A.4 summarizes 
the emissions incurred during fuel extraction and processing of fossil fuel volumes in the 
project and baseline condition as presented in Table A.2. The difference between these 
volumes equals 0.145 tCO2e/day-well or 0.016% day using an assertion of 942.1 tCO2e/well. 
As such, these are considered to be immaterial and have been assigned a value of 0 
tCO2e/well for both the baseline and the project.   

Table A.4 Summary of Emissions from Fuel Extraction/Processing 
Fuel Extraction/Processing a (tCO2e/day) 

 Diesel Natural Gas 
 CO2 CH4 N2O Total CO2 CH4 N2O Total 

Baseline 1.231 .282 0 1.513 - - - 1.512 
Project .782 .179 0 .962 .0383 .021 0 1.367 

0.145 tCO2e/day-well
Difference b or 

0.016 %/day-well 

a Emissions Factors for Fuel Extraction/Processing were taken from Environment Canada. 
b  Using a recovered gas volume of 941.2 tCO2e as presented in Table A.3. 

A 3. Vents and Leaks 

UBD is an activity where some leakages are involved due to the use of natural gas as the 
foaming agent. As such, these need to be quantified by estimating leak volumes. Leak 
volumes are calculated using the equation for a volume of space contained within a cylinder 
because the internal space within a pipe takes the shape of a cylinder. The equation for a 
volume contained within a cylinder is: 

hdhAV *
4

**
2

π==   

where 
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V= internal volume of the pipe (m3); 

A = internal area of the pipe (m2); 

h = height of the pipe (m); and  

d = internal diameter of the pipe (m). 

The internal diameter of a drill pipe is 84.8 mm and its area is 5.6*10-5 m2 or 5.6 L/m of drill 
pipe. Table A.5 is a summary of the leak source. They are quantified for a typical well (2800 
m drilling depth and 5.6 L/m). The table is intended to show leak sources and how these 
emerge during drilling. Assuming the assertion is 941.2 tCO2e per well, the impact on 
materiality is only 0.67 % of the assertion per well. Although the 0.67% is immaterial with 
respect to the threshold as aforementioned, it will be included in the quantification of offsets 
to assure conservativeness.        

The transportation of the processed/recovered gas from the formation through a pipeline 
connecting the rig to the main pipeline is a possible source of greenhouse gas emissions in the 
form of vented CH4. However, these will not be considered as a major source of vented 
emissions. The logic behind this assumption is that the distance from the rig to the pipeline is 
less than 100 m and there are constant inspections of the pipeline. All values presented in this 
section are based on EnCana Corporation’s expert technical engineer’s advice involving 
UBD-NG.



UBD-NG-NM- / Version 01 

 26 

Table A.5 Quantification of leakages from UBD with natural gas  
Leakage 

Event Reason for Leakage Number of Events Per 
Well 

Leakage/ 
Event (m3) 

# of 
Events 

Total Leakage/ 
Typical Well 

(m3) 
Explanation of Calculation  

Tripping drill 
pipe 

Drill pipe is bled off and tripped 
out of the hole; all gas inside the 
pipe is vented to atmosphere. 

Once on a single Leg Well, 
1.5 times on a dual, and 1 
in 20 wells requires an 
additional trip for a failure 

15.68 1.5 23.5 
Drill pipe volume (based on 2800 m 
well).  Assumes pressure is 0 when 
tripping begins. 

Purging a 
stand of drill 
pipe prior to 
connection. 

Air from pipe is purged with 
natural gas.  The gas dissipates 
to air. 

Each stand of pipe in 18.9 
m long.  Assuming 1000 m 
in a typical single well, 53 
connections per well. 

0.11 53 5.6 

Drill pipe volume of 2 joints of pipe 
per connection, with a 200% purge 
volume, 53 connections per 1000 m 
drilled. 

Breaking drill 
pipe 
connection at 
surface prior 
to making a 
connection. 

N.G. vents to atmosphere prior 
to covering pipe stump.  
Leakage rate depends on temp, 
speed at which stump is 
covered, cover effectiveness, 
residual pressure prior to 
breaking connection. 

Each stand of pipe in 18.9 
m long.  Assuming 1000 m 
in a typical single well, 53 
connections per well. 

0.11 53 5.9 

Assume that the average length 
from surface to the nearest check 
valve in the drill string is 100 m, 
and that 20% of this volume is lost 
during each connection.  (Another 
check valve is installed every 200 
m while drilling). 

Bleed-off to 
atmosphere 
before  
connection  

Before making a connection, 
drill pipe is bled down to 
separator pressure (50-100 psi) 
with residual pressure vented. 

Each stand of pipe in 18.9 
m long.  Assuming 1000 m 
in a typical single well, 53 
connections per well. 

3.92 53 207.8 Assume a v/v factor of 7, 100 m 
bled off on average. 

Drill string 
bleed off prior 
to tripping out 
of the hole. 

Before tripping, drill string is 
bled down to separator pressure 
before bleeding off to 
atmosphere. 

Once on a single Leg Well, 
1.5 times on a dual, and 1 
in 20 wells requires an 
additional trip for a failure 

109.76 1.5 164.6 Assume a v/v factor of 7, 2800 m 
bled off on average. 

Surface pipe 
bleed-off / 
dissipation 
before rig-out. 

Surface lines and separator 
volume at atmospheric 
conditions escapes during rigout 

One event at the end of 
each well.  1 13.2 

Assume 200 m of pipe with 88.9 
mm ID, plus half the separator 
volume (purged with water prior to 
shutdown). 

Total 420.7 m3/well  
Assumptions: 0.717 kg CH4 /m3,, gas is 100% N.G. 0.302 tCH4/well  
GWP 21 to convert to tCO2e 6.3 tCO2e/well  
Impact on materiality (assuming 941.2 tCO2e/well of recovered gas) 0.67%/well  
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APPENDIX B - Emissions Factor for Selected Fuels7

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
7 Source: Environment Canada (2006). NATIONAL INVENTORY REPORT, 1990-2005: GREENHOUSE 
GAS SOURCES AND SINKS IN CANADA. (Subject to Updates-Project developers should contact 
Environment Canada for the latest factors). 
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Relevant Emission Factors  
TABLE B.1: Emission Intensity of Fuel Extraction and Production (Diesel, Natural Gas and 
Gasoline) 

Diesel 
Production 

Emissions Factor (CO2) 0.138   kg CO2 per Litre 
Emissions Factor (CH4) 0.0109   kg CH4 per Litre 
Emissions Factor (N2O) 0.000004   kg N2O per Litre 

Natural Gas 
Extraction 

Emissions Factor (CO2) 0.043   kg CO2 per m3 
Emissions Factor (CH4) 0.0023   kg CH4 per m3 
Emissions Factor (N2O) 0.000004   kg N2O per m3 

Processing 
Emissions Factor (CO2) 0.090   kg CO2 per m3 
Emissions Factor (CH4) 0.0003   kg CH4 per m3 
Emissions Factor (N2O) 0.000003   kg N2O per m3 

Gasoline 
Production 

Emissions Factor (CO2) 0.138   kg CO2 per Litre 
Emissions Factor (CH4) 0.0109   kg CH4 per Litre 
Emissions Factor (N2O) 0.000004   kg N2O per Litre 
 
TABLE B.2: Emissions Factors for Natural Gas and NGL’s  

Emissions Factor Source CO2 CH4 N2O 
 g/m3 g/m3 g/m3 

Natural Gas 
Electric Utilities 1891 0.49 0.049 

Industrial 1891 0.037 0.033 
Producer Consumption 2389 6.5 0.06 

Pipelines 1891 1.9 0.05 
Cement 1891 0.037 0.034 

Manufacturing Industries 1891 0.037 0.033 
Residential, Construction, 
Commercial/Institutional, 

Agricultural 
1891 0.037 0.035 

 g/L g/L g/L 
Propane 

Residential 1510 0.027 0.108 
All Other Uses 1510 0.024 0.108 

Ethane  976 N/A N/A 
Butane    1730 0.024 0.108 
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TABLE B.3: Emissions Factors for Refined Petroleum Products 

Emissions Factor (g/L) Source CO2 CH4 N2O 
Light Fuel 

Electric Utilities 2830 0.18 0.031 
Industrial 2830 0.006 0.031 

Producer Consumption 2830 0.006 0.031 
Residential 2830 0.026 0.006 

Forestry, Construction, Public 
Administration, and 

Commercial/Institutional 
2830 0.026 0.031 

Heavy Fuel Oil 
Electric Utilities 3080 0.034 0.064 

Industrial 3080 0.12 0.064 
Producer Consumption 3080 0.12 0.064 

Residential 3080 0.057 0.064 
Forestry, Construction, Public 

Administration, and 
Commercial/Institutional 

3080 0.057 0.064 

Kerosene 
Electric Utilities 2550 0.006 0.031 

Industrial 2550 0.006 0.031 
Producer Consumption 2550 0.006 0.031 

Residential 2550 0.006 0.031 
Forestry, Construction, Public 

Administration, and 
Commercial/Institutional 

2550 0.006 0.031 

Diesel    2730 0.133 0.4 
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TABLE C.1: Resources consulted to develop quantification methodology 

1. Document Title 2. Publishing Body/Date 3. Description 
1. AM0009/Version 03.3-
Recovery and utilization of gas 
from oil wells that would 
otherwise be flared or vented 
(Sectoral Scope: 9, EB 44); 

UNFCCC (n/a) 
Provides an overview of associated gas recovered from oil wells that would have been 
vented or flared. Provides a process flow diagram and quantification approach to 
calculate greenhouse gas reduction. 

2. AM-0037/Version 02.1-Flare 
(or vent) reduction and 
utilization of gas from oil wells 
as a feedstock (Sectoral Scope: 
10 and 05, EB 39) 

UNFCCC (n/a) 
Provides an overview of associated gas recovered from oil wells that would have been 
vented or flared and now used as feedstock. Provides a process flow diagram and 
quantification approach to calculate greenhouse gas reduction. 

3. AM-0077/Version 1-
Recovery of gas from oil wells 
that would otherwise be vented 
or flared and its delivery to 
specific end-users (Sectoral 
Scope: 01 and 10, EB 45) 

UNFCCC (n/a) 
Provides an overview of associated gas recovered from oil wells that would have been 
vented or flared and now delivered to a specified end-user. Provides a process flow 
diagram and quantification approach to calculate greenhouse gas reduction. 

4. ISO 14065 Parts 2 and 3 International Standards 
Organization (ISO). 2006 Provides guidance on how to develop, validate and verify greenhouse gas reductions.  

5. Canada’s Offset System for 
Greenhouse Gases- Guide for 
Methodology Developers 

Environment Canada, 2009 Provides guidance on how to develop a quantification methodology for greenhouse gas 
reduction under Canada’s Offset system for greenhouse gases.  

6. Interim Directive ID 94-3 
EUB Alberta Energy and 
Utilities Board (18 July, 
1994) 

Provides and overview of underbalanced drilling and recommended practices,  

7. Supplementary Program 
Information for Drilling with 
Natural Gas  

EnCana Corporation (22 
December 2008) 

Authored by Mr. Adrian Steiner, the document contains key procedures, risk and hazard 
assessment work, as well as service information relevant to the underbalanced natural gas 
drilling project. 

8. Is a zero AFE Possible with 
Underbalanced Drilling  

Offshore Technology 
Conference (OTC), May 5-
8, 2003 

Provides an overview of how UBD emissions are assessed and how these can be used for 
carbon credits in the gas that would have been flared is recovered. Also provides a good 
example of process flow diagrams for UBD-NG and UBD-N2. 

9. BC S 1 and S 2 forms Ministry of Finance, May 
2009 

Provides examples and requirements of gas production quantities to be filed with the 
Ministry of Finance-Mineral, Oil and Gas Revenue Branch. 
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10. The BC Energy Plan Government of British 
Columbia (2009) 

Provides information on oil and gas policy regarding the oil and gas sector and flaring 
reduction  

1. Person 2. Position 3. Description 

Adrian Steiner EnCana Corporation- 
Drilling Engineer Technical expert and manager of the UBD at Jean Marie Basin for EnCana Corporation 

Stephanie Trottier  Alberta Research Council 
(ARC)- Research Scientist Has worked extensively on quantifying flare efficiency and emission    

Jos Jonkers 
Weatherford- Canada 
Region Technology 
Manager 

Technical expert, manages UBD technology provisions for EnCana Corporation 

1. website 2. Program name 3. Description 
http://www.pason.com/ Pason Web site where drilling reports are stored. 
http://webfluids.agatlabs.com/ Agat Laboratories Web site where gas composition reports are stored. 

www.worldbank.org/html/fpd/gg
frforum06/berg/johnson.ppt Global Flaring Forum 

“Quantifying Flare Efficiency and Emissions: Application of Research to Effective 
Management of Flaring”- Presentation downloaded from web site and authored by Dr. 
Mathew R. Johnson, Ph.D. quantifying flaring efficiency with respect to crosswinds and 
energy content of flared gas. 
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