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Quantification of Area Fugitive Emissions at Oil Sands Mines 

1. Purpose 
This directive provides a standard minimum procedure for flux chamber measurements and alternative method to quantify 
area fugitive greenhouse gas emissions from mine faces and tailings ponds at oil sands mines. This directive is to be applied 
for reporting under the Technology Innovation Emission Reduction Regulation and the Specified Gas Reporting Regulation.  

2. Summary 
Estimations of fugitive emissions from large area sources such as tailings ponds and mine faces carry a large amount of 
uncertainty, which is amplified at the sector level when different methods, area delineations and procedures are applied. This 
directive provides a consistent, minimum procedure for flux chamber measurements that requires sampling on a coarse grid, 
and then focuses on areas requiring greater sampling to reduce uncertainty. The minimum requirements for area fugitive 
sampling are as follows: 

Tailings Ponds 

• If you choose to use previous year survey result:  
- Compute maximum and minimum number of sample locations for each zone based on area. 
- Compute number of sample locations based on previous year standard error and current year surface area of the same 

zone. 
- Choose proper number of sample locations by comparing the number of sample locations at previous year standard error, 

maximum and minimum number of sample locations, as required in Section 7.1. 
- Conduct sampling at targeted number of sample locations.  

• If you choose to use real time data gathering:  
- Compute maximum and minimum number of sample locations for each zone based on area. 
- Conduct sampling in each zone at minimum number of sample locations. 
- Compute number of sample locations for each zone, based on real time data gathered. Choose proper number of sample 

locations by comparing the number of sample locations at current year standard error, maximum and minimum number of 
sample locations 

- Conduct extra sampling as required in Section 7.1. 
 

Mine Faces: 

• Divide into zones based on time of exposure, and other physical characteristics (if applicable). 

• Conduct sampling in freshly exposed areas (<1 week) where safely possible at the greater of one sample location per 
500,000 m2 (50 hectares) and three sample locations per zone. 

• Conduct sampling on zones that have been exposed for greater than one week and less than six months, at the greater of 
one sample location per 1,000,000 m2 (100 hectares) and three sample locations per zone.  

• Conduct sampling on zones that have been exposed for greater than six months, with a minimum of three sample locations 
per zone. 

3. Scope 
This directive is to be used at all oil sands mining facilities regulated under the Technology Innovation Emission Reduction 
Regulation and the Specified Gas Reporting Regulation in the quantification of area fugitive emissions – specifically those from 
mine faces and tailings ponds.  



6 © 2023 Government of Alberta | Quantification of Area Fugitive Emissions at Oil Sands Mines, Version 2.2 
Classification: Public 

Unless otherwise specified, all portions of this directive apply to both mine faces and tailings ponds. Both carbon dioxide (CO2) 
and methane (CH4) must be sampled in all area fugitive emissions sampling. Coordination of other air sampling requirements, 
such as those to measure Volatile Organic Compound emissions, is strongly encouraged. 

If other sources of area fugitive emissions (e.g. landfill sites, separators, alternative tailings treatment or deposition areas, 
overburden, interburden, reject ore, topsoil storage areas and beaching area, etc.), exist at facilities, they must also be 
quantified and reported in the compliance submissions.  

This directive may assist in quantifying emissions from sources other than mine faces and tailings ponds, but using flux 
chamber methods may not be relevant for some sources and therefore this directive is not a requirement.  

Remote sensing or engineering calculation options may be more appropriate in the quantification of emissions when it is 
unsafe or impossible to apply a flux chamber method. If flux chambers are being used for other sources, this directive should 
be utilized to the extent applicable. 

This directive has also been incorporated in the Standard for Completing Greenhouse Gas Compliance and Forecasting 
Reports and the Specified Gas Reporting Standard.  

4. Effective Date 
This version of the directive is to be implemented starting in the 2022 calendar year (compliance reports due June 30, 2023 
under the Technology Innovation and Emission Reduction Regulation).  

New facilities are required to implement this directive starting in 2022, or the first full year of commercial operation (whichever 
comes later).  

This document will continue to evolve in collaboration with stakeholders as additional understanding of the emissions sources 
and measurement approaches is developed. 

Facilities must contact Alberta Environment and Protected Areas (AEPA) to discuss any requests for exceptions or 
adjustments needed in the directive or to obtain site-specific sampling plan approvals.  

The director under the Technology Innovation and Emission Reduction Implementation Act retains discretion to approve site-
specific plans or accommodate deviations from the directive with due consideration to fair treatment and reasonable 
justification. 
5. Definitions 
Area Fugitive Emissions: Greenhouse gas emissions from non-point sources related to industrial activity including, but not 
limited to, exposure and disturbance of mine faces, product, by-product and waste handling, and storage and disposal in non-
enclosed spaces. 

Chemical Additive: All substances that could influence water chemistry (i.e. pH value) and therefore have implications on 
fugitive emissions. Those additives include alum, acids, boiler treatment chemicals, other inorganic chemicals lost to ponds or 
process water pond, etc. 

Cumulative Standard Error: The total standard error for a survey, calculated as the sum of the standard errors for each 
sample zone, as shown in the example in Section 6. 

Fermentable Substrate: All substances that can be reasonably expected to be fermented by microbial activity in tailings 
ponds, process water ponds or deposition areas. The lower molecular weight portion of bitumen has been shown to be 
fermentable and must also be included. The fermentable substrates include, but are not limited to, solvent, diluent, frother, 
defrother, demulsifier, tailing additives (PAM or other organic polymers/flocculants, coagulants), glycol, citrate, 
grease/oil/lubricants and emulsions (% hydrocarbon/oil), bitumen lost to froth treatment tailings, drilling cuts (%/quantity of 
diesel or similar additive), de-icing agents, other organic chemicals lost to ponds or process water, and those used for dust 
suppression and road treatment.  

Source: An area fugitive emissions source is a distinct region with a clearly identifiable and relatively stable boundary, such as 
a single pond or mine face which may contain one or more emission zones. 
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Standard Error (SE): Provides a measure of the standard deviation of the error from the mean. SE is estimated based on 
sampling a population and the true (unbiased) mean of the population. Reducing standard error in measuring flux rate for an 
area increases the accuracy of the estimate of the flux rate for that area in the time period measured. SE is estimated by the 
sample standard deviation divided by the square root of the sample size (assuming statistical independence of the values in 
the sample): 

𝑆𝑆𝑆𝑆𝑋𝑋� =
𝑠𝑠
√𝑛𝑛

 

Where:  

s is the sample standard deviation, that is the sample-based estimate of the standard deviation of the population as expressed 
in the following equation: 

𝑠𝑠 = � 1
𝑛𝑛−1

∑(𝑥𝑥𝑖𝑖 − 𝑥𝑥)2   

n is the size (number of observations) of the sample. 

The above equations can be rewritten as: 

𝑆𝑆𝑆𝑆𝑋𝑋� = �∑(𝑥𝑥𝑖𝑖−𝑥𝑥)2

𝑛𝑛×(𝑛𝑛−1)
 

Tailings Ponds: For the purposes of this directive, tailings ponds are tailings deposition areas with liquid surfaces. Other 
tailings-related emissions sources (such as alternative tailings deposition areas, sand dumps, etc.) are expected to be 
quantified (or justified as negligible) to the best of a facility’s ability and included in the emissions inventory. This directive may 
not be applicable to quantifying all of these related sources. 

Uncertainty: For the purposes of this directive, uncertainty is a general term incorporating the accuracy and precision of an 
estimate including effects inherent in the measurement method as well as the effects of spatial and temporal variability of the 
area fugitive emissions. Actual uncertainty is not quantifiable with existing techniques. Standard error will be used to estimate 
the uncertainty of the quantification method. 

Zones: For the purposes of this directive, a zone is a region of fugitive emissions that is assumed to have similar emissions 
flux and is sampled with the intent of determining average flux for that area at the time of sampling, such as a bubbling zone. 
Zones are delineated to allow sampling effort to be prioritized for zones with the greatest contribution to total emissions and 
emissions uncertainty. A single zone cannot span more than one source. 

High Priority Zones for Mine Faces: Regions that have been disturbed in the last one week. Priority zones have increased 
sampling requirements as outlined in Section 7.2.  

Normal Priority Zone for Mine Faces: Regions that were last disturbed in the last one week to six months.  

Low Priority Zone for Mine Faces: Regions that have not been disturbed in the last six months.  

6. Measurement and Calculation Methods 

6.1 General Description  

A standardized flux chamber measurement technique1 has been used historically, which has reasonably well understood 
measurement uncertainty. 

Total flux rate estimates are formed based on averaging point sampling of mass flux rates within the zones of different types 
over the time interval between sampling programs using the following equation.  

  𝑆𝑆𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑛𝑛𝑠𝑠 (𝑆𝑆) = ∑ 𝐹𝐹𝑗𝑗 × 𝐴𝐴𝑗𝑗𝑛𝑛
𝑗𝑗=1   

 
1 Klenbusch, M.R. 1986, Measurement of Gaseous Emissions Rates from Land Surfaces Using an Emission Isolation Flux Chamber, User’s Guide 

United States. 
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Where:  

j is a type of emissions zone such as a bubbling zone on a tailings pond or the pit floor at the mine face. 

F is equal to the average of the measured flux for a given emissions zone per emissions survey expressed in tonnes 
CO2e/m2/year (see example in Section 6.3). 

A is the surface area of the emissions zone. 

6.2 Method Enhancements 

Enhanced technology has been widely adopted to allow real time concentration analysis and thus real time flux measurement 
for CO2 and CH4. This represents a significant improvement over the historic grab sample method in terms of speed and 
quantity of data collection, analysis costs and detection limits. The practitioner shall reference to B. Eklund 1992 for the 
technical details of the application of real time measurements.2  

For each real time measurement, minimum purge time is four times residence time of the chamber applied as required by US 
EPA’s Users Guide. Sampling time at each location is 30 to 90 minutes of data as required by this directive. Real time 
measurement enables the practitioner to observe flux variability during the sampling period to determine if the data collection 
is sufficient or if the sampling period should be extended up to a maximum of 90 minutes.  

If a practitioner decides to use grab samples to replace a real time measurement, three grab samples are required at each 
sample location.   

6.3 Uncertainty Assessment 

All estimates of emissions from area fugitive sources must be accompanied by quantification of standard error for each sample 
location as well as the cumulative standard error for each zone and source. 

The standard error is first quantified for each zone by gas species and on a CO2e basis and is then rolled up to a total for each 
area fugitive emission source. The standard error for each zone is used to inform future sampling requirements and may also 
help guide the appropriate selection of zones.  

Where a parameter is multiplied or divided by a scalar, the standard error should be multiplied or divided equally. Where 
parameters are added or subtracted, the standard error associated with the emissions should be added. Therefore, where 
parameters are averaged, the standard error values should also be averaged.  

Example: 

Consider combining flux measurements from a source with two zones (j) [with area A and flux F] and locations (i) were 
sampled in each zone. The area fugitive emissions are calculated as the average flux from each zone: 

𝑧𝑧𝐸𝐸𝑛𝑛𝑧𝑧 𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥 �𝐹𝐹𝑗𝑗� =
∑ 𝑓𝑓𝑖𝑖,𝑗𝑗𝑛𝑛
𝑖𝑖=1
(𝑛𝑛)  

Where: 

i is a sample location within an emissions zone j. 

f is the average of the measured flux for a given sample location for real time flux measurement, or a single flux measurement 
with the grab sample method, in tonnes CO2e/m2/year. 

The total standard error would be calculated as the standard error from each zone, multiplied by the area of the zone, added 
together with the standard error from other zones: 

 

2 Eklund, B. 1992, Practical Guidance for Flux Chamber Measurements of Fugitive Volatile Organic Emission Rates, Journal of the Air & Waste 
Management Association, 42:12, 1583-1591. 
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𝑧𝑧𝐸𝐸𝑛𝑛𝑧𝑧 𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥 𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑧𝑧𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠 �𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥,𝑗𝑗� = �∑ �𝑓𝑓𝑖𝑖,𝑗𝑗 − 𝐹𝐹𝑗𝑗�
2𝑛𝑛

𝑖𝑖=1
(𝑛𝑛)(𝑛𝑛 − 1)

 

𝑠𝑠𝐸𝐸𝑓𝑓𝑠𝑠𝑠𝑠𝑧𝑧 𝑧𝑧𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑛𝑛𝑠𝑠 𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑧𝑧𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠 (𝑆𝑆𝑆𝑆𝑘𝑘) =  �𝐴𝐴𝑗𝑗 × 𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥,𝑗𝑗

2

𝑗𝑗=1

 

Where: 

k is a emission source, which zone j belongs to. 

Note that the standard error should be calculated for each gas species independently, scaled by the global warming potential 
(GWP) and summed to give the cumulative standard error for the zone. The GWP from the Standard for Completing 
Greenhouse Gas Compliance and Forecasting Reports applies.  

6.4 Outlier Treatment 

Any direct measurement technique has the possibility of erroneous results or statistical outliers. Since the statistical methods 
for determining and dealing with outliers in small sample sizes are not robust, no data point will be considered an outlier on a 
numeric basis alone. There may be qualitative causes for considering a sample erroneous, such as if the sampling equipment 
has malfunctioned or a sample has been compromised in transport. Exclusion of samples on this basis is permissible and 
should be documented in the report or appendices, with any associated data still reported for information purposes. 

6.5 Sample Dates and Frequency 

Complete area fugitive emissions surveys will be conducted annually at minimum. There are times where the surface flux may 
be low due to low surface temperature or ice formation, yet the temperature at depth in a tailings pond remains relatively 
constant and therefore the biogenic gas formation continues. For mine faces, the amount of methane and CO2 present in the 
formation in situ does not vary with temperature, but the observed surface flux may vary with time of exposure or 
meteorological conditions. Therefore, measurements of surface flux will only be taken in the summer and fall (June to 
September) and the observed average flux will be extrapolated over the remaining months. No reduction factor will be used in 
extrapolating emissions over the winter months.   

Area fugitive emissions sources that have had relatively constant flux on a CO2e basis over three years (cumulative standard 
error over time of less than 10 per cent of emission flux of the same source from most recent years) can be assumed to have 
the same flux on a CO2e basis as the maximum from the previous three years, for a period of up to two years (scale total 
emissions by change in area); therefore, these sources may be excluded from the annual sampling requirement.  

The total emissions from sources assumed constant must not exceed one per cent of total regulated emissions from the 
previous calendar year, or 30,000 tonnes CO2e – whichever is lower. 

Example: 

Consider fugitive emission measurements were performed on source k in year 1, year 2 and year 3 (n=3).  

𝐴𝐴𝐴𝐴𝑧𝑧𝑠𝑠𝑠𝑠𝐴𝐴𝑧𝑧 𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥 𝑓𝑓𝐸𝐸𝑠𝑠 𝑠𝑠𝐸𝐸𝑓𝑓𝑠𝑠𝑠𝑠𝑧𝑧 𝑘𝑘 𝑠𝑠𝑠𝑠 𝑦𝑦𝑧𝑧𝑠𝑠𝑠𝑠 𝑦𝑦 �𝐹𝐹�𝑘𝑘,𝑦𝑦� =
∑ 𝐹𝐹�𝑗𝑗,𝑦𝑦 × 𝐴𝐴𝑗𝑗,𝑦𝑦
𝑚𝑚
𝑗𝑗=1

∑ 𝐴𝐴𝑗𝑗,𝑦𝑦
𝑚𝑚
𝑗𝑗=1

 

𝑇𝑇ℎ𝑠𝑠𝑧𝑧𝑧𝑧 𝑦𝑦𝑧𝑧𝑠𝑠𝑠𝑠 𝑠𝑠𝐴𝐴𝑧𝑧𝑠𝑠𝑠𝑠𝐴𝐴𝑧𝑧 𝐸𝐸𝑓𝑓 𝑠𝑠𝐸𝐸𝑓𝑓𝑠𝑠𝑠𝑠𝑧𝑧 𝑧𝑧𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑛𝑛 (𝐹𝐹�𝑘𝑘) =
∑ 𝐹𝐹�𝑘𝑘,𝑦𝑦
𝑛𝑛
𝑦𝑦=1

(𝑛𝑛)
 

𝑇𝑇ℎ𝑠𝑠𝑧𝑧𝑧𝑧 𝑦𝑦𝑧𝑧𝑠𝑠𝑠𝑠 𝑠𝑠𝑓𝑓𝐸𝐸𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝐸𝐸𝐴𝐴𝑧𝑧 𝑠𝑠𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑧𝑧𝑠𝑠𝑠𝑠𝐸𝐸𝑠𝑠 �𝑆𝑆𝑆𝑆𝐹𝐹�𝑘𝑘� = �∑ �𝐹𝐹�𝑘𝑘,𝑦𝑦 − 𝐹𝐹�𝑘𝑘�
2𝑛𝑛

𝑦𝑦=1

(𝑛𝑛)(𝑛𝑛 − 1)
 

Where:  

j is the zone in the source (j=1,m). 

𝑨𝑨𝒋𝒋,𝒚𝒚 is the surface area for zone j at year y.  
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If 𝑆𝑆𝑆𝑆𝐹𝐹�𝑘𝑘 is less than 10% of 𝐹𝐹�𝑗𝑗,𝑦𝑦3
, the facility may assume the maximum of 𝐹𝐹�𝑗𝑗,𝑦𝑦1

  𝐹𝐹�𝑗𝑗,𝑦𝑦2  and 𝐹𝐹�𝑗𝑗,𝑦𝑦3   for year 4 and year 5, using 

actual surface area for year 4 and year 5 respectively.  

 
6.5.1 Flow Chart for Determining Candidate to Apply Constant Emission Flux 
 

 

 

 

 

 

6.6 Combining Multiple Surveys 

Multiple quantification surveys may be taken within the sampling window (June to September) to increase the accuracy of the 
emissions quantification for one or more sources or zones.  

The scope of repeat surveys can be limited to areas of high emissions and/or variability, if desired.  

EXAMPLE OF AVERAGE FLUX AND STANDARD ERROR WITH CONSTANT ZONES CALCULATION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Data from additional surveys shall be included on a straight averaging basis for a given zone, as shown in simplified form in 
the example described below. 

SURVEY ANALYSIS 
SURVEY 1: June SURVEY 2: 

August Formula 

Zone 1 Zone 2 Zone 1 Zone 2 

Sample Flux 1 (t/m2/y) 6 10 6 10  

Sample Flux 2 (t/m2/y) 5 12 5 12  

Sample Flux 3 (t/m2/y) 5 15 5 15  

Sample Flux 4 (t/m2/y) 9 14 4 -  

Sample Flux 5 (t/m2/y) 3 - 3 -  

Sample Flux 6 (t/m2/y) 8 - 2 -  

Sample Flux 7 (t/m2/y) 7 - - -  

Sample Flux 8 (t/m2/y) 4 - - -  

Sample Count (#) 8 4 6 3 =count() 

Average Flux (t/m2/y) 5.88 12.75 4.17 12.33 =average() 

Zone Flux Standard Error (t/m2/y) 0.72 1.11 0.60 1.45 =stdev()/sqrt(sample count) 

Zone Area (m2) 100 10 95 10  

Zone % Area 91% 9% 90% 10% = zone area / source area 
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If zone definition has changed significantly between surveys (i.e. if more or fewer zones are identifiable or if the zones have 
significantly changed in size and location), then the average flux for the source will be calculated on a sample location 
weighted average basis.  

The provision of Section 6.8 for non-detect results is to be applied across all surveys if multiple surveys are conducted. 

COMBINED SURVEY ANALYSIS Zone 1 Zone 2 Overall Formula 

Zone Average Flux (t/m2/y) 5.14 12.57 - =AVERAGE(all flux data for zone) 

Zone Flux Standard Error(t/m2/y) 0.52 0.81 - =stdev(all data points for zone)/sqrt(num data points) 

Average Zone % Area 0.91 0.09 - =average(zone % area) 

Source Average Annual Flux (t/m2/y) - - 5.83 =sumproduct(zone flux, zone % area) 

Source Annual Flux Standard Error 
(t/m2/y) 

- - 0.55 =sumproduct(zone flux standard error, zone % area) 

6.7 Surface Area Measurement and Calculation 

All surface area measurements should be calculated as the average annual area based on interpolation between the best 
available surface area data using, at minimum, data near the beginning and end of year, and the date the survey was 
conducted. For tailings ponds, if the total water surface area is available but zone area data is not, the zones are assumed to 
scale equally with the total water surface area.  

For mine pits, if detailed mine shovel/pit report outputs are used along with high-resolution imaging, the surface areas may be 
calculated annually as an interpolation between year-end reports. 

Simplified Example of Average Annual Source Surface Area Calculation 

 A B C D  

1 
Area Survey Date 
(month/day/year) 

Source Surface 
Area (Ha) 

Days from Previous 
Data Point (days) 

Contribution to Annual 
Average Area (Ha) Formula  

2 10/1/2012 0 - - B3 = (B4-B2)*C3/(C4+C3) 

3 1/1/2013 12 92 -  

4 3/10/2013 20 68 3 Di=Ci*Average(Bi,Bi-1) /365 

5 5/8/2013 50 59 6  

6 9/1/2013 80 116 21  

7 11/12/2013 90 72 17  

8 12/31/2013 97 49 13 B8=MAX(B7,(C8+C7)/C7*(B7-
B6)+B6) 

9 
Annual Average 
Area (m2) - - 59 D9=SUM(D4:D8) 

 

The area at January 1 of the calendar year is calculated as a linear interpolation between the previous and subsequent area 
measurement. The area at December 31 is calculated in the same way if two data points to interpolate between are available.  

If no surface area data after the end of the reporting year is available at the time of reporting (e.g. if reporting for 2013 and no 
measurement has been conducted in 2014 yet), then the surface area for the source at December 31 is assumed to be the 
greater of the last measurement or a linear extrapolation from the last two measurements.  

When a new source is started (new pond activated or new mine pit opened), the area is taken as zero on the day prior to 
commissioning. Once the area at the start and end of the year has been calculated, the time weighted average area for the 
year can be calculated. The example above shows the area calculation for a source measured multiple times in a year. 
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6.8 Concentration Analysis  

CO2 can have a relatively high detection limit for the flux chamber method. In the area fugitive emissions surveys conducted to 
date it is common to see wide variations in CO2 flux within a single location, even multiple zero or non-detection readings 
along with high fluxes. Therefore, for zones where one or more non-zero concentrations are measured, any readings with no 
detected concentration will be assumed to have a concentration equal to the detection limit. This limitation is expected to 
improve significantly with the real time concentration measurement technology now available.  

7. Sample Locations and Emissions Zones 
The determination of zone boundaries relies heavily on practitioner judgement. The advantage of defining distinct emissions 
zones is that increased sampling effort can then be used in quantification of zones that contribute more to the total emissions, 
or have more uncertainty, such as bubbling zones.  

In some past survey results, emissions flux has been reported for equal area zones which are not based on physical 
characteristics, but rather the way sample locations and samples are distinguished and rolled up to calculate total emissions. 
This does not typically affect the total emissions or average flux but does affect the standard error.  

Where past results are reported in equal area zones not based on observed characteristics, the source emissions and 
standard error should be calculated on an aggregate basis for the source as a single zone.  

In case of temporary zone accessibility issue, facility shall plan field measurement early to allow second field measurement 
within the same reporting year. If there is still an unmeasured zone after the second campaign, the facility shall contact AEPA 
to discuss resolution as soon as possible.  

7.1 Tailings Ponds 
Historically, flux chamber sampling programs at tailings ponds have identified three types of zones: bubbling; hydrocarbon 
slicks; and quiescent zones (area with no visible bubbling or hydrocarbon slicks at time of sampling). If distinct, homogeneous 
zones cannot be identified, then at minimum, each tailings pond will be considered a source with a single zone and sampled 
as such. If the previously defined zones are no longer appropriate due to changing site conditions or new observations, 
facilities can adjust their zone definitions.  

A minimum of three samples are required per sample location. More samples should be taken if outliers are likely. When using 
continuous flux measurement, 30 to 90 minutes of data must be collected for each sample location. 

Zones that had standard error and total emissions less than one per cent of total area fugitive emissions (including all area 
fugitive sources) in the previous survey can be considered low priority zones. Low priority zones are required to have three 
sample locations per zone (three samples per location), but do not have a sample area density requirement.  

Sample locations should be distributed throughout a zone, such as through a grid type sampling plan. Any area of visible 
bubbling, hydrocarbon slicks and the area surrounding outfalls or other disturbances (barges, etc.) must be used as a 
preferential sample location within the sample grid. The sample location should be as close as safely possible to the outfall or 
disturbance.  

7.1.1 Flux-based Sample Requirements  
The goal of the sample campaign is to focus sampling effort in the areas of greatest uncertainty and emissions. As such, a 
fully variable sample density is more favorable than a simple split into broad zone types. 

The minimum sampling requirement for ponds is one sample location per 400,000 m2 (40 hectares), or three locations per 
zone – whichever is greater.  

The recommended approach for real time flux measurement is: 

Sample the zone/source at the minimum sample density in grid pattern. 
Calculate average flux and standard error based on samples taken. 
Determine if additional samples, are required. 
Conduct sampling in an additional overlaid grid pattern. 
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The maximum sampling requirement for ponds is one sample location per 40,000 m2 (4 hectares) or three locations per zone – 
whichever is greater.  

Facilities can add additional sample locations at their discretion if desired. 

If standard error data is available, the required number of samples for a zone is calculated as: 

𝑁𝑁 =
𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥
1000 × 𝐴𝐴𝑠𝑠𝑧𝑧𝑠𝑠 

Where:  

N is the number of sample locations. 

SEflux is the cumulative standard error for the flux from the zone (tonnes CO2e/m2/year). SE can be calculated based on the 
previous survey or calculated in the field for the present survey after sampling the minimum grid to determine if sampling 
requirements have been reduced. 

Area is the area of the zone (m2). 

The corresponding sample density can be calculated as: 

𝐴𝐴𝑠𝑠𝑧𝑧𝑠𝑠
𝑁𝑁 =

1000
𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑥𝑥

 

If standard error data is not available from either the current or previous survey, the required number of samples for a zone is 
calculated as: 

𝑁𝑁 =  
𝐹𝐹𝑓𝑓𝑓𝑓𝑥𝑥
4000 ∗ 𝐴𝐴𝑠𝑠𝑧𝑧𝑠𝑠

 

Where:  

N is the number of sample locations. 

Flux is the flux for the zone (tonnes CO2e/m2/year). 

4000 is a calculation constant (samples/(tonne CO2e/year). 

Area is the area of the zone (m2).  
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7.1.2 Flow Chart for Determining Sampling Requirement for Tailings Ponds 
 

 

7.2 Mine Faces 

Historically, mine face emissions zones have been determined by the grade of ore (e.g. overburden, high grade, low grade, 
etc.). Little correlation has been shown between ore grade and total greenhouse gas emissions, but additional analysis is 
needed. Data on ore quality can be generated by taking actual ore samples for analysis, or by drawing on ore quality data 
used for other purposes at the facility. For this directive, zones are to be defined based on the length of time the face has been 
exposed or a combination of length of exposure and ore quality. Flux data should be accompanied by an estimate of duration 
of mine face exposure at the time of sampling. If stronger correlations are observed between emissions and ore grade or 
location than time of exposure, this data can be used to refine the total flux estimate. 

A minimum of three flux measurements are required per sample location or, where continuous concentration measurement is 
possible, 30 to 90 minutes of data must be collected. 

Zones that have been exposed for less than one week are to be considered high priority zones. Zones with visible bubbling 
shall also be considered high priority zones. High priority zones must have at least one sample location per 500,000 m2 (50 
hectares), or three locations per zone –whichever is greater. Samples should be taken preferentially on newly exposed 
materials, recognizing that there are safety limitations to what is possible. Additional technology such as plume-based 
sampling may help identify priority zones for sampling, and this type of screening is encouraged and should be documented in 
as much detail as possible.  

Zones that have been exposed and not disturbed for greater than six months can be considered low priority zones. Low 
priority zones are required to have three sample locations per zone (three samples per location), but do not have an area 
requirement.  
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Zones that do not meet the definition of low or high priority zones must have at least one sample location per 1,000,000 m2 
(100 hectares), or three sample locations per zone – whichever is greater. 

Sample locations should be distributed throughout a zone, such as through a grid type sampling plan.  

Bench tops are to be considered separate sources from bench toes and mine faces. 

7.2.1 Flow Chart for Determining Sampling Requirement for Mine Faces 
 

 

8. Reporting 
All facilities must provide the following information to support the review of their area fugitive emissions and evaluation of the 
directive: 

• Provide the completed Area Fugitive Reporting Form for the current reporting year, including:  
- Fully detailed zone and emission sources associated with area fugitive emissions and calculations of standard error for 

each sample location. 
- Calculation of surface area for each zone/subarea. 
- A summary of all fermentable substrates (such as diluent, citrate, glycol etc.), and additives lost into tailings pond, process 

water pond or other ponds used in extraction processes, expressed in total quantity of substance and total carbon mass. 
When direct measurement data are not available for fermentable substrate and chemical additives, estimation using 
purchase invoices and inventory and estimated lost to pond percentage is acceptable. When the waste lost to the pond is 
a mixture, percentage, empirical formula and density of all hydrocarbon may be used. The methodology for quantifying 
each component must be documented in the quantification method document and must be confirmed by the verifier. Any 
assumptions shall be documented. 

• Polygonal features of the full mine lease, including overlays of tailings ponds, mine faces, mine dump area, reclaimed areas, 
beaching area, areas where material has been placed, ore processing areas, and other potential sources, as well as 
sampling locations as point features are to be included. Geodatabase should be generated between June and August. If 
multiple maps are generated through the year, the submitted map should be the closest in time to when the fugitive survey 
was conducted. The maps should cover the entire lease with minimum resolution of 20x20 meters. At minimum, the 
following feature classes in the ESRI geodatabase (.gdb) shall be included:  
- Area Fugitives Directive: Four feature classes include all subareas listed in the area fugitives reporting template under the 

Directive. Name areas consistently in the geodatabase file as they are in the fugitive emissions template. 
Mine Faces: The subareas representing mining activity by zone. 
Tailings Ponds: The subareas representing tailings ponds by zone.  
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Other Areas: Other areas reported in the area fugitives reporting form. 
Sample Locations: Sites where samples were taken for the reporting period. 

- Other Emissions Estimated: Areas whose emissions are included in annual reporting, but not quantified using the 
directive.  

- No Emission Areas: Areas which do not report emissions, including a description of each such area.  

• Annual survey report on area fugitive emissions measurement including: 
- Total area fugitive emission estimate over the reporting year.  
- Full list of all area fugitive emissions estimates. 
- Summary of zone definition and surface areas of mine face and tailings pond.   
- Identify any zone which no longer exists, any not measured and any new zone formed. 
- Descriptions of large features within the tailings ponds such as internal dykes, whether the pond is active as well as the 

number, location and activities of tailing outfalls to the tailing ponds. 
- Time of exposure for mine faces. 
- Flag any erroneous results, outlier results, measurement below detection limit or any abnormal observations.  
- All supporting raw survey data. 

• Facility may propose site specific emission factor based on historic measurement for: 
- Emission source that emits less than 500 tonnes/year, 
- Emission zone with significant safety concerns for direct measurement by no later than August 30 of the compliance year.  
- The total greenhouse gas emissions under this category shall not exceed 50,000 tonnes CO2e each compliance year and 

the application of such emission factor is subject to the director’s approval. 

9. Alternative Methods 
AEPA encourages the exploration of alternative methods of emissions quantification that can improve the accuracy and 
reduce the uncertainty of area fugitive emission quantification including, but not limited to, input-based quantification tools for 
tailings ponds, inverse dispersion modelling approaches, and other continuous measurement techniques (especially for high 
emission zones). Methods for the mine face emissions such as in situ gas analysis prior to disturbance should also be 
explored.  

Scientific advances have allowed spatial measurements of gas concentrations and quantification of area emission sources 
through optical remote sensing (ORS) technologies, Vertical Radial Plume Mapping (VRPM), aircraft measurement by flight 
around perimeter of an interested area or a combination of flights both upwind and downwind of emission sources, Differential 
Absorption Lidar (DIAL) technique, mobile tracer correlation, discrete area source Eddy covariance, and airborne and satellite 
measurements.3, 4, 5 Each method has its own advantages, strengths and limitations. Facilities that consider applying 
alternative methods to quantify area fugitive emissions at oil sands mines shall work with AEP to form monitoring plans and 
appropriately address any questions.  

For quantifying area fugitive emissions at non-oil sands mines, please contact AEPA for further information as some of the 
conditions may not apply.  

9.1 Approval Pathways 

There are two pathways to obtain approval for an alternative method, prototyping pathway and two-stage approval pathway.  

9.1.1 Prototyping Pathway 
For prototyping pathway, a project proposal is required, detailing the proposed method, preliminary results and implementation 
plan for a compliance year. In this pathway, a preliminary study shall be completed onsite before the submission and the 
facility is seeking approval for full implementation of the approach for compliance reporting. The requirements of a project 
proposal can be found in Section 9.2. AEPA will review the project proposal and provide questions, comments, and 

 

3 U.S. EPA. 2011. Handbook: Optical Remote Sensing for Measurement and Monitoring of Emissions Flux. December. 
4 U.S. EPA. 2006. ORS Protocol, Optical Remote Sensing for Emission Characterization from Non-point Sources. June 14.  
5 Thomas, E. D., Green, R. B., Hater, G. R., Goldsmith, C. D., Swan, N. d., Chase, M. J.,Hashmonay, R. A. 2009. Development of EPA OTM 10 for 

Landfill Applications. Journal of Environmental Engineering, 10.1061/(ASCE)EE.1943-7870.0000157. EPA/600/R-07/032 
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recommendations to the facility. The proponent shall address all questions and comments before finalizing the project 
proposal. Once the project proposal is reviewed and approved by AEPA, field measurements should be conducted according 
to the finalized project proposal and the approval conditions, if applicable. Note that the finalized project proposal is also 
considered a work plan. At the end of each field measurement event, the facility shall submit a survey report as required in 
Section 8, Reporting. The report shall provide a section to discuss the level of assurance achieved and lessons learned.  

The approval process ensures that any required discussion on the specifics of the campaign can occur in advance of field 
measurements. The department may choose to publish a new method if it has demonstrated success through the prototyping 
pathway.  

9.1.2 Two-Stage Approval Pathway 
The two-stage approval pathway includes: (1) Request for approval for the new method; and (2) If approved, submit a project 
proposal for the approved method. Facility using this pathway will first provide to AEPA a method summary proposal for 
review. The method summary describes the applicability of a new method in quantifying area fugitive emissions. AEPA will 
review the method summary proposal and provide questions, comments, and recommendations to the facility. The facility shall 
address all questions and comments before approval is granted to the method summary proposal. Once approved, the facility 
may submit a project proposal on how the approved method will be used for quantifying area fugitive emissions for compliance 
reporting. The project proposal for using the approved method shall focus on how the method will be implemented at the oil 
sands facility for the compliance year.  

The two-stage approval pathway maximizes flexibility for facilities to adopt new and advanced technologies to quantify area 
fugitive emissions. Approved methods will be published by the department. Prior to proceeding with the second stage, the 
facility will need determine how and when the approved method may be applied to their facility. The facility may also consider 
adopting a hybrid approach, which includes using multiple approved methods to quantify area fugitive emissions at the facility. 

The department will periodically review approved methods to ensure applicability in quantifying area fugitive emissions at oil 
sands mines. This may result in the withdrawal of previously approved methods. Facilities that are approved to use previously 
published methods may continue to do so. The department will work with these facilities to phase out withdrawn methods, as 
needed. 
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9.1.3 Flow Chart of Approval Pathways 
 

 

 

9.2 Project Proposal   

9.2.1 Overall Method 
The proposed method shall be able to differentiate area fugitive emissions from other emission sources on site. The proponent 
shall provide explanation of how the proposed method improves the accuracy and reduces the uncertainty of area fugitive 
emission quantification. 

9.2.2 Monitoring Instrumentation and Sampling 
The choice of monitoring instrumentation and quantification software is left to the discretion of the user. The user shall 
demonstrate the chosen instrumentation and method is able to provide real time measurement and differentiate the source 
concentration from the background with reasonable sensitivity for the chosen monitoring site for each gas component. The 
monitoring equipment shall have reasonable stability to handle variation in temperature, pressure, precipitation and other 
influencing factors.  

The facility needs to decide on the number and the location of the sampling sites with the goal to achieve 80 per cent of spatial 
coverage for each monitoring area for each pollutant. The facility shall also propose the criteria that constitutes valid data and 
the minimum hours of valid data which will be collected for each monitoring site. Meteorology data should be collocated with at 
least one sampling site per monitoring area. Proponents should follow sampling site selection criteria described in the 2016 Air 
Monitoring Directive.6  

9.2.3 Characterization of Site 

 

6 http://aep.alberta.ca/air/legislation/air-monitoring-directive/documents/AMD-Chapter3-SiteSelection-Dec16-2016A.pdf 
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For any new proposal using an alternative method for area fugitive emission quantification, the proponent is required to 
perform a preliminary study at the potential monitoring site to better understand site-specific challenges, identify optimum 
monitoring locations to capture emission hotspots, and validate the overall method. The study must include meteorology 
measurement and onsite monitoring. 7, 8 For changes to site configuration or monitoring, please contact AEPA to confirm if 
another pilot study is required.   

9.2.4 Dispersion modeling  
If the alternative method proposed includes modeling approach, modeling should be transparent and well documented with a 
clear explanation of all parameters used and assumptions made. Forward dispersion modelling for regulatory purposes must 
follow the Alberta Air Quality Model Guideline. 9  

9.2.5 Work plan 
The user of this directive needs to identify the achievable and targeted assurance level of the overall method as part of overall 
work plan. The plan shall include quality assurance and quality control method /procedure for monitoring and ground truthing 
and approach for verifying modeling results if modeling is used. The site characterization study could be part of the quality 
assurance plan. The work plan shall address issues below if applicable.  

9.2.5.1 Monitoring location and duration 

For monitoring large areas, it is important to choose monitoring locations and duration properly in order to capture emission 
hotspots and obtain sufficient data for quantification. The monitoring should be conducted over Summer and Fall (i.e., between 
June and September) and the measured emission flux shall be applied to the full year. However, if the alternative method 
allows for measurements to be collected over other periods, the facility may choose to include additional measurement period 
over Spring and/or Winter. In that case, the measured emission flux will be applied to the period when measurements were 
conducted only.  

9.2.5.2 Background concentrations 

If the proposed method includes the estimation of background concentration, the quality assurance plan shall include a 
method of validation to confirm the background concentration profile is properly chosen for the proposed method.   

9.2.5.3 Adjacent emission sources 

The facility should avoid a measurement site with adjacent emission sources as much as possible. When this cannot be 
avoided, such emissions could only be removed from the total emission during the period the background was influenced. In 
that case, the emissions from the adjacent emission sources should be clearly documented and reported with all assumptions 
and estimation results. If the emission areas are divided into multiple subareas, the user should assume the overall emission 
are cumulative from all emission subareas. All the assumptions made in defining the subareas shall be clearly documented.  

The quality assurance plan shall include method of validation if source apportionment will be used. The facility has to ensure 
no double discounting of any emissions. 

If the adjacent emissions are reported in annual compliance reporting10 or equivalent, the estimation of the emissions should 
use the same method as described in facility’s quantification method documentation.   
Otherwise, the emissions should be based on the same method as used for the overall area fugitive emissions when it is an 
area emission. For non-area fugitive emissions, the emission quantification should be based on the best available emission 
data.  
9.2.5.4 Complex topography 

If the change in elevation of total monitoring area is higher than 50 meters, the proponent needs to demonstrate that the 
overall method is able to handle such topography variation and address it in the quality assurance plan.  

 

7 Eastern Research Group, Inc. 2010. Evaluation of Large Area Methane Emission Source Methods: Mobile and Stationary Plume Measurements 
Using the Tracer Correlation Approach. Final Report for U.S. EPA. May 30. 

8 U.S. EPA, Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV: Meteorological Measurements, Version 2.0, EPA-454/B-
08-002, March 2008. 

9 https://open.alberta.ca/publications/air-quality-model-guideline-2021 
10 http://aep.alberta.ca/climate-change/guidelines-legislation/specified-gas-emitters- 

regulation/documents/TechGuidanceCompletingSpecGasComplianceRpts-Feb2014.pdf 
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9.2.5.5 Method validation 

The proponent shall propose method to validate quantification results. At minimum, the proponent shall provide estimates of 
annual area fugitive emissions using the most recent flux chamber measurement, the current year surface area and zone 
definition as the point of comparison.  

AEPA will work with facilities whenever possible to evaluate alternatives and to stay appraised of and promote the exploration 
of improved methods for estimating these area emissions sources. Where alternative methods are being deployed, the 
alternative methods shall be demonstrably more accurate and conservative or conducted in conjunction with approved 
methods. Should any of the above requirement not be possible to follow due to field issues or emerging approaches, the 
facility shall contact AEPA at the earliest possible time.  

9.3 Method Summary   

A method is the application of one or more data measurement instruments as well as any required data processing and 
additional information used to quantify CO2 and methane emissions estimates. The method summary shall include the 
following details: 

• Scope of the method: Identify the emission sources and areas where the method will be applied, the greenhouse gas 
species being quantified, and the limitation of the method. 

• Health and safety considerations: Provide details on how the method will be applied safely at the facility. 
• Temporal coverage: A minimum 3 days of QAQC-ed data will be collected for each subarea for each campaign. A minimum 

of one campaign between June and September is required. Longer duration and surveys across different seasons are 
preferred. 

• Spatial coverage: Sampling area is representative of the emission source types and characteristics. The measurement 
results will be extrapolated with the goal to achieve full coverage of the emissions at the oil sands facility. 

• Accuracy:  
o Achieve absolute accuracy of 25% for methane and 35% for carbon dioxide. The accuracy shall be demonstrated by 

controlled release tests or comparing with direct flux measurements through parallel measurements at a mine face or 
at comparable location or tailings pond if the method scope is limited.  

o Ability to differentiate adjacent emission sources and background concentrations. 
o Ability to quantify emissions accurately over complex topographical/meteorological conditions, i.e. plume inversions 

or emissions cycling. Demonstrating a history of successful prototyping is acceptable too.  
• Sensitivity: Method should function across the expected range of emissions rates for the sources covered. 
• Flexibility: Method is able to adapt to onsite changes such as mine expansion and closure, weather changes. Identify any 

options or accompany monitoring activities to quantify challenges emission sources and areas.  

9.4 Approved Method 

9.4.1 Ambient Measurement with CALPUFF- Inverse Dispersion Modeling 
Ambient measurement with CALPUFF-inverse dispersion modeling (CALPUFF- IDM) is an approved alternative method for oil 
sands area fugitive emissions quantification. There are four key components required to carry out the CALPUFF-IDM: onsite 
measurement, net impact analysis, CALPUFF forward air dispersion modeling, and statistical inversion. 

Alternative 
method Ambient Measurement with CALPUFF- Inverse Dispersion Modeling 

(CALPUFF-IDM) 

Scope Methane emissions from mine face emissions, tailings ponds emissions, and other area fugitive emission sources 
such as landfills and coal mines.  

Minimum 
qualification for 
practitioner 

Successful completion of meteorology modelling (Weather Research and Forecasting modeling), 3-D CALMET 
modeling, CALPUFF inverse dispersion modelling. 

Proficiency in air monitoring data analysis, calibration and validation as well as data QAQC management. 
Expertise in air monitoring data analysis and interpretation and handling complicated dispersion modeling files.  

Expertise and knowledge of industry sectors and air emission sources in upstream oil and gas sector or relevant 
sector. 

In-depth knowledge of statistical data modeling, data visualization and evaluation.  
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Key components There are 4 key components listed below. Although they are described in sequences, feedback loops shall be 
implemented to ensure accuracy of the emissions estimates. 

Onsite 
measurement 

Description: Ambient methane concentration and meteorology information shall be collected at the perimeter of 
the monitoring area during the onsite measurements. Both point measurements and open path measurements11 of 
ambient methane concentrations are acceptable.  

Requirement:  

Meteorological data collection  

- Location and density of the meteorological monitoring stations should be decided based on on-site assessment 
prior to monitoring 

- Minimum of 4 meteorological measurement locations with two at upwind and two at downwind of each monitoring 
area 

- The height of wind measurement is set at 10 meters. If mine pit elevation is above 50 meters, extra 
meteorological measurements within the mine pit is required. 

- Minimum of meteorological parameters are wind speed, wind direction and temperature. 

- Meteorological measurement should be conducted during the onsite ambient concentration measurements.  

Ambient concentration measurement 

The measurement locations should be selected to capture emissions from all parts of the area emission sources.  

Ensure open and simple terrain between emissions sources and measurement locations. Measurement locations 
should be isolated or has low impact from other emission resources. The distances of monitors should be typically 
between 150 m to 400 m away from the interested area sources, adjusted with nearby conditions and emission 
sources.  

Minimum of 4 concentration measurement locations in each area for point concentration measurements and 2 
concentration measurement locations in each area for open path measurement.  

Detection limit and sensitivity limit: 0.01 ppm of CH4.  

72 hour of QAQC-ed data is required for ambient concentration measurements at each monitoring area.  

Quality assurance and quality control 

Onsite calibration of monitor with standard gas is required each time the monitors are deployed for monitoring. 

Different instruments may be used for monitoring. However, biases among the measurement instruments should 
be similar. Cross calibration among monitoring instruments is required for each campaign. Systematic bias should 
be kept below 5%. 

Generally, ten times the number of sub-sources is the minimum required number of valid data points.  A data point 
is deemed valid if:  

• The model predicts an impact at the location of measurement;  

• Background concentration is known/measured at the same time of measurement; and,  

• Influence from external sources can be deemed negligible or is accurately accounted for. 

Consideration: When deciding the location and the number of ambient concentration measurements and 
meteorological measurements, the practitioner shall consider factors such as  local terrain features, adjacent 
emission sources, background concentration, onsite emission sources and any other factors that may impact 
modeling and estimation. 

Net impact 
analysis 

Description: This step is to identify the impact from adjacent emission sources, natural background and onsite 
emission sources. If any of the impact is shown to be significant, the impact can be removed from the total 
measured results. 

Requirement: Double discounting should be avoided. Net impact assessment of methane shall be based on 
daytime measurement due to the complex situations during night time. The method of emission quantification, 
impact removal and all assumptions shall be clearly documented. 

 
11 Open path measurements provide spatially averaged concentrations, by measuring an optical absorption spectrum along a path between a light 

source and the measuring instrument and retrieving component concentrations from the spectra. 
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Consideration: The natural background of methane concentration, the adjacent emission and regional emission 
may be removed through up-wind and down-wind subtraction. This may require extra quantification of emissions 
within the monitoring area such as tailings pond outfall emissions, onsite transportation emissions, and onsite 
operation emissions.  

CALPUFF forward 
air dispersion 
modeling 

Description: CALPUFF model consists of meteorology modeling, land use and topography modeling, and 
CALPUFF air dispersion modeling. The air metrological modelling shall refer to the current Alberta Air Quality 
Model Guideline.9 

Meteorology Modeling Requirement: 

A hybrid approach of Weather Research and Forecasting (WRF) model as a prognostic model and CALMET model 
in full observational mode with detailed high-resolution land use and topography.  

Meteorological modelling shall be performed to incorporate meteorological observations at each site and detailed 
high-resolution at 15-minute timestep over the entire field measurement period. 

Micrometeorological properties, such as albedo, Bowen ratio, and surface roughness, shall be assigned to each 
land use category according to the AEPA and BC MOE dispersion modelling guidance documents.  

WRF resolutions should be optimized, and the optimization process should be documented. 

Vertical layers should be set up based on sensitivity analysis of resulting WRF fields. 

CALMET should use all the representative surface meteorological data measured at the measurement stage. 

CALMET set-up should be capable to address fine-scale terrain driven circulation in the area. 

CALMET should run in full observational mode with WRF as upper air soundings, and a maximum of 50 meters 
resolution is recommended. If this set-up is not sufficient to catch the circulations, refinement should be performed. 

CALPUFF Modeling Requirement: The air dispersion modelling must follow the current Alberta Air Quality Model 
Guideline.9 The parameter set up of CALPUFF transport and dispersion models must be appropriate to resolve the 
specifics of the emission sources and the surrounding environment.  

Slug mode is suggested to address short range impact close to area sources. 

Area sources can be divided into subarea sources based on the dominant wind directions, land use, activity in the 
mine and tailing zones, etc. The subarea should have relatively constant emission rates. 

CALPUFF model runs for comparison with observed concentrations through the inversion procedure. 

Land use and topography with resolution of 50 meters or better for complex surfaces and variable elevations of 
area sources 

Modeling should run at 15-minute timesteps, using regulatory model options as per Alberta Air Quality Modelling 
Guideline. 9 

Consideration: 

Parameters in the meteorology model should be set up to reflect the wind field and micrometeorology impact by 
surrounding terrain, land use and topography. 

The modeled area should be delineated to subareas. Emission source delineation need to base on quantification 
objectives, evaluation of location, activity level, similarity of the anticipated area’s emission profile and qualitative 
assessment criteria required to generate meaningful results.  

Statistical 
inversion 

Description: The inversion step consists of comparing modelled concentrations resulting from unit emission fluxes 
with net observed methane concentrations and estimating actual emission fluxes that best explains the 
observations. 

Requirement:  

A statistical approach such as Bayesian approach or equivalent is required to enable the retrieval of the best 
estimates, and associated uncertainties of the fluxes. 

To ensure conservativeness of the estimate, emission flux cannot be negative.  

Micrometeorological properties, such as albedo, Bowen ratio, and surface roughness, shall be assigned to each 
land use category according to the AEPA and BC MOE dispersion modelling guidance documents. 
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Consideration: Factors such as initial vertical dispersion coefficient, outlier treatment, field data QAQC, data 
filtering, spatial correlation, and extra measurements to avoid bias could all impact the accuracy of the final results 
and should be handled carefully.   

Sensitivity test such as subarea options, data subset tests and background concentrations can provide useful 
information, identify parameters and reduce risk.   
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10. Appendix A: Proposal of Alternative Methods for Measuring and Quantifying Fugitive 
Emissions from Area Sources  

A1. Method Overview 

A1.1 Proposed Method:  
Describe the emission quantification proposed. Describe the suitability of the proposed method in quantifying emission from 
mine face, tailing ponds and other area emission sources. If modeling will be used, provide a description of the method and 
references. Identify the equipment to be used for on-site monitoring. Demonstrate the capability in differentiating and 
quantifying emission sources that are adjacent to each other.  

A1.2 Previous Application: 
 Explain if this is a mature technology for some applications and, where possible, provide a standardized process or protocol to 
use. Provide published certainty/accuracy level for the measurements, modeling (if applicable) and the overall flux 
quantification method(s). 

A1.3 Advantages and Challenges of Proposed Method:  
List the potential advantages and disadvantages over other flux (or concentration) quantification technologies and any 
strategies to resolve/address the challenges.  

A2. Area Fugitive Emission Quantification  

A2.1 Standard Protocol and Validation 
Identify if this method has been adopted/accepted by a government agency for quantifying real area emission sources and 
provide example/examples. Explain if standard protocol is available and if it will be followed for this application. Explain in plain 
language if the proposed method has been validated in a referenced study and provide examples and the accuracy shown in 
the study.  

A2.2 Assurance Level 
Demonstrate how the overall method improves the accuracy and reduces the uncertainty of area fugitive emission 
quantification compared with flux chamber measurement. Identify the expected level of assurance to be achieved for the 
overall method.  

A2.3 Monitoring Equipment 
For each type of equipment, identify the minimum and maximum emissions measurable, and the accuracy, sensitivity and 
detection limit. Explain the expected performance of the instrument at ambient condition. Explain how the instrument handles 
variation in temperature, pressure, precipitation and other influencing factors.  If a backup instrument is available at the time of 
monitoring, please identify.  

A2.4 Spatial and Temporal Coverage 
Explain the spatial coverage of the proposed method and the proposed duration of onsite monitoring. Explain if and how 
seasonal variation and how daytime vs nighttime will be considered.  

A3 Implementation Approaches 

A3.1 Site Description 
Describe mine face, tailing pond, and other area emissions on site. Identify all other emission sources including mobile 
emission and point emission sources in, or adjacent to, the monitoring area. Provide map to demonstrate locations. Provide 
zone definition of mine face and tailing pond, and surface area of each zone based on most recent surface area measurement.  

A3.2 Site Characterization 
Explain the preliminary study that was performed, concentration and meteorology results, and whether the results validate the 
proposed approach.  
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A3.3 Monitoring Locations, Configuration and Schedule 
Identify locations with high emission rate at the mine face and tailing pond. Include proposed number of monitoring locations. 
Explain the sufficiency of the number of monitoring locations in order to reach expected spatial coverage. Explain how the 
proposed quantification method characterize and handles complex topography of mine face and potential emission 
recirculation. Propose monitoring schedule. 

A3.4 Background Concentration (if applicable) 
Identify the strategy to establish background concentrations for each gas component. If a designated site will be used as a 
background site, explain the site suitability. 

A3.5 Modeling Approach (if applicable) 
If modeling will be applied in estimating final emission flux, explain the choice of the model, overall modeling approach, input 
data quality control and quality assurance process.   

A3.6 Other Area Fugitive Emissions 
Provide a description of the other area emission sources on sites and explain how each of these emission areas will be 
quantified. 

A3.7 Quality Assurance Plan 
Explain the proposed quality assurance plan, how the plan will be implemented and how the overall method will be ground-
truthed.  
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