
Supplemental Materials 
 

A Case Study in Competing Methane Regulations: Will Canada’s 
and Alberta’s Contrasting Regulations Achieve Equivalent 

Reductions? 

Matthew R. Johnson*, David R. Tyner 

Energy & Emissions Research Laboratory, 
Department of Mechanical and Aerospace Engineering,  

Carleton University, Ottawa, ON, Canada, K1S 5B6 
 

*Corresponding author: Matthew.Johnson@carleton.ca 

 
 

TABLE OF CONTENTS 
 

S1 Upstream Oil and Gas Site Data.................................................................................... S3 

S1.1 Crude Bitumen Sites in the Peace River Area ................................................................ S5 

S2 Bottom Up Pneumatics Inventory ................................................................................. S7 

S3 Inventory Methane from Fugitive Emissions ............................................................. S10 

S3.1 Inventory Methane from Fugitive Equipment Leaks ................................................... S10 

S3.2 Inventory Methane from Surface Casing Vent Flow ................................................... S13 

S4 Attributing Inventory Storage loss, (Un)Loading, Compressor Start, Compressor 
Seal, and Glycol Dehydrator Emissions to the Site Level ..................................................... S14 

S5 Inventory Methane Emissions from Combustion Sources ........................................ S22 

S6 Federal Venting Regulation Thresholds, Exclusions, and Modeling Assumptions S25 

S6.1 ECCC Potential to Emit (PTE) Threshold ................................................................... S25 
ECCC PTE Modeling Assumptions .................................................................................................. S26 

S6.2 ECCC Vent Inclusion Threshold .................................................................................. S27 

S6.3 ECCC Pneumatic Device Reduction Model ................................................................ S29 
ECCC Pneumatic Instrument Assumptions and Reduction Model ................................................... S30 

ECCC Pneumatic Pump Assumptions and Reduction Model ........................................................... S31 



  S2 

S7 Alberta Venting Regulation Thresholds, Exclusions, and Modeling Assumptions S32 

S7.1 Alberta Pneumatic Venting Regulations ...................................................................... S32 
Pneumatic Instruments Excluding Level Controllers and Pumps ..................................................... S32 

Pneumatic Level Controllers ............................................................................................................. S33 

Pneumatic Pumps .............................................................................................................................. S35 

S7.2 Alberta Venting Limits and Exclusions ....................................................................... S36 
Existing sites (Non-Crude Bitumen Sites) ........................................................................................ S37 

New Sites (Non-Crude Bitumen Sites) ............................................................................................. S37 

Crude Bitumen Sites ......................................................................................................................... S38 

S7.3 Limited Effectiveness of Fleet-Average Limits for Skewed Sources .......................... S39 

S8 Compressor Seal and Glycol Dehydrator Emissions ................................................. S41 

S9 Leak Detection and Repair Modelling and Assumptions .......................................... S42 

S9.1 LDAR Survey Effectiveness ........................................................................................ S43 

S9.2 ECCC LDAR Reduction Model ................................................................................... S44 
ECCC LDAR Model for Equipment Leaks ...................................................................................... S45 

ECCC LDAR Model for Surface Casing Vent Flows ...................................................................... S46 

S9.3 Alberta LDAR Reduction Model ................................................................................. S46 
Alberta LDAR Model for Equipment Leaks ..................................................................................... S47 

Alberta LDAR Model for Surface Casting Vent Flows .................................................................... S48 

S10 Modeling Mitigation During the Phase-In of Regulations to January 1, 2025........ S48 

S11 Sensitivity Analysis Comparing Anticipated Methane Mitigations using 2012, 2017, 
and 2018 Baseline Production and Inventory Data ............................................................... S51 

S12 References ...................................................................................................................... S57 
 

  



  S3 

S1 Upstream Oil and Gas Site Data 

Current and select historical volumetric data for Alberta’s oil and gas sector are publicly available 

through the Petrinex website (Petrinex, 2018).  Within these data, 22837 upstream sites (e.g. oil 

and gas batteries, gas plants, gas gathering systems etc.) were identified as active, defined as 

having reported oil production, gas production, gas receipts, gas flaring, gas venting, or gas 

disposition in at least one month of 2018.  These sites were classified using subtype codes found 

in AER’s Manual 11 (AER, 2016), as summarized in Table S1 for production years 2012, 2017, 

and 2018.     

Table S1. Upstream oil and gas sites in Alberta that reported oil production, gas production, gas receipts, gas 
flaring, gas venting, or gas disposition in at least one month. 

Active Sites  Sub Types 2012 Count 2017 Count 2018 Count 
Gas Batteries 351, 361-367 11,440 9,134 8,808 
Crude Oil Batteries 311, 321, 322 10,100 7,694 7,606 
Crude Bitumen Batteries 331,341-343† 3,985 2,870 2,739 
Gas Gathering Systems 621, 622 2,757 2,757 2,740 
Gas Plants 401-406 617 523 510 
Well Test/Drilling and 
Completing 

371, 381 127 142 195 

Other 501-505, 507,509,902 1378 132 164 
In-Situ Oil Sands 344, 345, 506 54 71 75 
Total  30,649 23,323 22,837 

†Paper oil batteries (Sub Type 343) were disaggregated into 1835, 174, and 110 active paper wells in 2012, 2017, and 2018 
respectively and treated as single well crude bitumen batteries. 

 
In addition, 164,744 active wells (this count includes single well batteries) were identified in the 

Petrinex reporting.  For the purpose of creating a bottom up site-level pneumatic inventory (see 

Section S2), each well was assigned a fluid type (Table S2) based on codes in AER’s Well Status 

History Data, available as part of the General Well Data File (AER, 2018a).  AER’s Manual 11 

(AER, 2016) provides a list of  AER well status assignments including fluid types.  
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Table S2. Active well counts by fluid type in Alberta in 2012, 2017, and 2018. 
Well Type 2012 Count 2017 Count 2018 Count 
Gas 104,233 94,258 92,392 
Crude Oil 38,859 34,633 34,851 
Coalbed Methanea 21,111 21,367 21,445 
Crude Bitumen 8,650 8,013 7,695 
Steam Assisted Gravity Drain 5,478 7,134 7,176 
Shale Gasb 101 609 702 
Water 949 387 412 
Not Available/Other 74 71 65 
Brine 3 6 6 
Total 179,458 166,478 164,744 
a Includes CBM-coals only, CBM-coals and other lithology, etc. 
b Includes “shale gas” and “shale gas and other sources” 

Upstream oil and gas production (excluding mined oil sands) trends between 2012 and 2018 are 

shown in Figure S1.  Overall crude oil production in Alberta in 2018 increased 32% since 2012, 

with the bulk of the increase from in-situ oil sands thermal operations (battery subtypes 344 and 

345).  Indeed, in-situ oil sands production has increased 86% while the combined oil from 

light/medium batteries (subtypes 311, 321, and 322) and cold heavy oil batteries (subtypes 331, 

341, 342, 343) production has decreased 16% since 2012.  These trends in oil production by 

subtype are consistent with the corresponding change in facilities counts since 2012, see Table S1.   
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Figure S1. Gas and oil production trends in Alberta from 2012 to 2018.  

S1.1 Crude Bitumen Sites in the Peace River Area 

Venting and fugitive emissions from crude bitumen sites in the Peace River Area are currently 

regulated by AER’s Directive 84 (AER, 2017) which was designed to address odorous emissions 

generated by heavy oil operations.  The Peace River Area comprises four production regions: 

Three Creeks, Seal Lake, Walrus, and Reno.  Sites in the Peace River Area will be required to 

meet Alberta’s proposed methane regulation in addition to those in Directive 84 with two key 

exceptions – Crude bitumen sites in the Peace River area are exempt from both vent gas limits 

specific to crude bitumen batteries (see Section S7.2) and leak detection and repair (LDAR) 

requirements (see Section S9). 

In 2018, 8% of active crude bitumen sites (212 of 2739) were located in the Peace River Area 

(Figure S2), as defined in Directive 84.  In 2018 these sites accounted for 1.7% of the estimated 
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55 kt of methane attributed to venting at crude bitumen batteries in Alberta.  At this level of 

venting, these sites are largely unaffected by both the federal and the proposed provincial methane 

regulations.  No Peace River Area sites exceeded Alberta’s proposed overall vent gas limit (see 

Section S7.2), and 22 sites exceeded the Environment and Climate Change Canada (ECCC) vent 

limit of 15,000 m3/y (See Section S6.2).       

 
Figure S2. Map of crude bitumen sites in the Peace River Area as defined by AER’s Directive 84. 
The Peace River Area comprises four production regions: Three Creeks, Seal Lake, Walrus and 
Reno. 
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S2 Bottom Up Pneumatics Inventory 

The type and number of pneumatic devices at each oil and gas site in Alberta are not tracked as 

part of industry’s mandatory reporting of production and activity data to the Alberta Energy 

Regulator (AER).  Following a methodology consistent with the National Inventory Report (NIR) 

(Clearstone Engineering Ltd., 2014a) pneumatic site emissions were estimated from site type 

specific pneumatic counts and venting emissions data from field surveys to build a bottom-up site-

by-site inventory.  New pneumatic count data (Clearstone Engineering Ltd., 2018) delineated by 

facility and well type were used, derived from field surveys carried out in Alberta in 2016 

(GreenPath Energy Ltd, 2016) and 2017 (Clearstone Engineering Ltd., 2018) under the authority 

of the AER.  Mean field survey count data were combined to derive mean pneumatic level 

controller counts, mean non-level controller pneumatic instrument counts (e.g. positioners, 

pressure controllers, and transducers) and mean pump counts, matching the pneumatic device 

categorizations found in both methane regulations.  This was completed for all facility types and 

well types found in the 2018 data, as shown in Table S3 and Table S4 respectively.  Note that 

single well oil and gas batteries (subtype 311, 331, and 351), and drilling and completing batteries 

(subtype 371 and 381) do not appear in Table S3 because for these facilities pneumatic counts 

were assigned to the associated well (See Table S4).   

There are some facility types (e.g. type 501-507 gas plants) in the 2018 production data that are 

not contained in the pneumatic count data obtained during the recent field surveys.  These facilities 

are typically large (e.g. underground gas storage, gas plants, disposal sites, etc.) relative to well 

sites and thus are assumed use air driven pneumatics.  This assumption is consistent with the NIR 

where 90% of gas plants are assumed to be air driven (Clearstone Engineering Ltd., 2014a).   
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Table S3. Mean pneumatic device counts by facility type derived from recent field survey count data.  
Facility 

Subtype 
Code 

Mean 
Level 

Controller 
Count 

Mean Pneumatic 
Instrument  

Count excluding 
Level Controllers 

Mean 
Pneumatic 

Pump Count 
Source/Assumptions 

321 1.04 0.63 0.62 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

322 1.85 1.27 0.41 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

341 0.00 0.00 0.00 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

342 0.00 0.00 0.00 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

344 0.00 0.00 0.00 Large Facility - assumed to be air driven 
345 0.00 0.00 0.00 Large Facility - assumed to be air driven 

361 0.54 0.11 0.43 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

362 0.35 0.62 0.35 Derived from Survey data (Table 8)(Clearstone 
Engineering Ltd., 2018) 

363 0.48 0.10 0.00 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

364 0.57 0.68 0.26 Derived from Survey data (Table 8, Clearstone 
Engineering Ltd., 2018) 

365 0.54 0.11 0.43 Same as 361 see AER Manual 11 (AER, 2016) 
366 0.48 0.10 0.00 Same as 363 see AER Manual 11 (AER, 2016) 
367 0.57 0.68 0.26 Same as 364 see AER Manual 11 (AER, 2016) 
401 0.00 0.00 0.00 Large Facility - assumed to be air driven 
402 0.00 0.00 0.00 Large Facility - assumed to be air driven 
403 0.00 0.00 0.00 Large Facility - assumed to be air driven 
404 0.00 0.00 0.00 Large Facility - assumed to be air driven 
405 0.00 0.00 0.00 Large Facility - assumed to be air driven 
406 0.00 0.00 0.00 Large Facility - assumed to be air driven 

501/508 1.04 0.63 0.62 Enhanced Recovery Scheme, assumed same as 
321 

502 0.00 0.00 0.00 Large Facility - assumed to be air driven 
503 0.00 0.00 0.00 Large Facility - assumed to be air driven 
505 0.00 0.00 0.00 Large Facility - assumed to be air driven 
506 0.00 0.00 0.00 Large Facility - assumed to be air driven 
507 0.00 0.00 0.00 Large Facility - assumed to be air driven 

509 0.00 0.00 0.00 
DISPOSAL (ISSUED BY ERCB ONLY) No License 
Required (NLR), Large Facility - assumed to be air 
driven, only 1 in ECCC  

621 1.07 0.98 0.38 Derived from Survey data (Table 8)(Clearstone 
Engineering Ltd., 2018) 

622 1.07 0.98 0.38 Same as 621 see AER Manual 11 (AER, 2016) 
902 0.00 0.00 0.00 Large Facility - assumed to be air driven 
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Table S4. Mean pneumatic device counts by well fluid type derived from recent field survey count data. 

Well Type 

Mean Level 
Controller 

Count 

Mean Pneumatic 
Instrument Count 

excluding Level 
Controllers 

Mean 
Pneumatic 

Pump Count 
Source/Assumptions 

Brine 0.00 0.00 0.00 Assoc. with Large Facility (903); assumed air driven 
Coal bed 
methane 0.06 0.09 0.09 Derived from Survey data (Table 7, Clearstone 

Engineering Ltd., 2018) 
Crude 

Bitumen 0.00 0.00 0.00 Derived from Survey data (Table 7, Clearstone 
Engineering Ltd., 2018) 

Crude Oil 0.23 0.13 0.24 Derived from Survey data (Table 7, Clearstone 
Engineering Ltd., 2018) 

Gas 0.44 0.28 0.45 Derived from Survey data (Table 7, Clearstone 
Engineering Ltd., 2018) 

LPG 0.23 0.13 0.24 Same as CR-OIL 

Shale 0.44 0.28 0.45 
Survey data (Table 7, Clearstone Engineering Ltd., 
2018) only had one sample point, assumed the same as 
Gas. 

Solvent 0.23 0.13 0.24 These are injection wells typically tied to subtype 322 
oil batteries, assumed same as Crude Oil.  

Steam 0.00 0.00 0.00 Associated with Large SAGD operations, Facilities 
(344,345), assumed to be air driven 

Water 0.00 0.00 0.00 Source, Disposal, and Injection associated with Large 
Facility - assumed to be air driven 

SAGD 0.00 0.00 0.00 Part of Large Facility (344,345,506) 
CO2 0.00 0.00 0.00 Injection (only 1 UWI in 2013, part of ABCT) 

 
Baseline pneumatic emissions were calculated site-by-site for facilities and wells on a monthly 

basis and only include active months.  The estimated pneumatic venting emissions from wells were 

aggregated to their respective production reporting facility on a monthly resolution.  Although 

pneumatic counts at each site are assumed to be constant, this monthly analysis approach made it 

possible to account for wells that changed reporting facilities throughout the year such that the 

total aggregated emissions at each facility could vary monthly.  

Baseline mean emission rates for generic pneumatic equipment (excluding controllers and pumps) 

were estimated to be 0.2784 m3/hr, calculated as a weighted average of current emissions factors 

for positioners, pressure controllers, and transducers derived from recent field data and reported in 

the recent Alberta inventory (Clearstone Engineering Ltd., 2019) – refer to Table 26 within, which 

is the same as Table 16 of Clearstone Engineering Ltd. (2018) – according to the distribution of 

pneumatic device types from recent surveys summarized in Figure 16 of Clearstone Engineering 

Ltd. (2018).   
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Consistent with recent inventory reporting for Alberta (Clearstone Engineering Ltd., 2019), 

baseline emissions for pneumatic controllers in Alberta were assumed to be 0.3508 m3/hr (see 

Table 26 of Clearstone Engineering Ltd. (2019) or Table 16 of Clearstone Engineering Ltd. (2018).  

This value was reportedly derived as “a sample-size weighted average” of emission rates from 

recent field studies (Prasino Group, 2013; Spartan Controls, 2018) and manufacturer specifications 

for less common models as summarized therein.   

Pneumatic chemical injection pumps, commonly used to inject methanol to suppress hydrate 

formation during winter temperatures, were assumed to be used 6 months per year (from October 

through March).  During this period, pumps were assumed to emit an average rate of 0.961 m3/hr 

based on a weighted-average of emission factors in AER Manual 15 (AER, 2018b) using device 

distributions from recent field count data in Clearstone Engineering Ltd. (2018). 

S3 Inventory Methane from Fugitive Emissions 

S3.1 Inventory Methane from Fugitive Equipment Leaks  

Fugitive emission estimates for 2012, 2017, and 2018 were derived using active facility counts for 

each month to update detailed ECCC national inventory data for 2011 as prepared by Clearstone 

Engineering Ltd. (2014a).  As shown in  Table S5, Clearstone Engineering Ltd. derived these 2011 

fugitive equipment leak data for Alberta using a bottom up methodology employing major 

equipment, component, and site counts.  The data are reported by facility type (e.g. sweet gas 

plants, gas gathering systems, single or multiwell batteries, etc.) which correspond to AER 

subtypes (AER, 2016) and various well types (oil, deep gas, shallow gas, etc.).   

To estimate fugitive equipment leaks in 2012, 2017, and 2018, for each subtype (having specific 

component counts that vary among subtypes) the 2011 emissions were scaled by the ratio of 

number of active sites in each year relative to 2011 (including wells associated with oil and gas 

batteries) and prorated by the number of months with reported production activity.  Using this 

approach, the total estimated methane emissions from fugitive equipment leaks was 117.7 kt in 

2018.  Notably, this value is lower than the 148 kt that would be estimated using the current ECCC 

NIR method of generating fugitive inventory estimates by projecting 2011 data forward in time 

using gas or oil production data (ECCC, 2018).  There are two key reasons for this difference.  
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First, by projecting on a subtype count basis instead of by volumetric production as prescribed by 

the NIR, the current method is more likely to capture fugitive emission trends driven by changes 

in active major equipment and component populations.  As discussed in Section S1, the number 

of active upstream oil and gas sites has decreased significantly from 2012 to 2018 (see Table S1 

and Table S2) while natural gas production and conventional oil have remained relatively flat (see 

Figure S1).  A projected ECCC fugitive emissions value for 2018 using subtype counts rather than 

gas or oil volumes would be 138.5 kt.  Second, the 2011 NIR inventory data do not account for 

sites which stopped or paused production during the inventory year and thus potentially over 

estimates fugitive leaks from sites where equipment has been shutdown and depressurized 

(Clearstone Engineering Ltd., 2019).  

A recent inventory estimate for Alberta (Clearstone Engineering Ltd., 2019) has suggested an even 

lower methane emissions value from fugitive leaks of 108 kt in 2018.  However, this value was 

derived assuming that equipment remains pressurized only during corresponding reported 

production hours, which may be overly conservative given that sites that regularly cycle 

production may not depressurize during intermittent periods and/or some equipment may remain 

under pressure unless a well is shut-in.  Thus, the updated site-count-based NIR estimate of 138.5 

kt (which assumes equipment is pressurized throughout the year) and Clearstone Engineering Ltd. 

(2019) estimate of 108 kt (based only on hourly production) can be respectively considered as 

upper and lower bounds on estimated methane emissions from fugitive leaks.  The present model, 

which assumes that equipment remains pressurized only during months with reported production 

activity, gives a best estimate of 117.7 kt that falls between the two extremes.  
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Table S5. ECCC 2011 national inventory fugitive equipment leak methane emission data by well and facility type 
for Alberta with projected 2012, 2017, and 2018 emissions. 

SubType Code Name ECCC 2011 
[t CH4] 

Projected 2012 
[t CH4] 

Projected 2017 
[t CH4] 

Projected 2018 
[t CH4] 

 Deep Gas Well 6076.3 5100.6 4879.4 4600.0 
 Heavy Oil Well 864.7 730.9 687.6 651.1 
 In-Situ Oil Sands Well 6.4 6.3 8.0 8.1 

 Light/Medium Crude Oil Well 99.7 79.2 76.7 77.5 
 Shallow Gas Well 7014.4 5888.1 5632.7 5310.2 

207 Oil pipeline 1.2 1.2 1.2 1.2 

208 NGL pipeline 0.6 0.6 0.8 0.8 

209 NEB Regulated Pipeline 0.1 0.1 0.1 0.1 

311 Crude Oil Single Well Battery 27233.1 21555.5 17049.3 17592.0 

321 Crude Oil Multiwell Group 2155.6 1750.5 1194.2 1231.6 

322 Crude Oil Multiwell Proration 8570.9 8050.4 7882.1 8050.7 

331 Crude Bitumen single-well 6464.6 4738.6 5876.8 5963.6 

341 Crude Bitumen Multiwell group 3922.7 4139.2 5736.8 5731.1 

342 Crude Bitumen Multiwell proration 7245.0 6937.2 5733.9 5368.0 

344 In-Situ Oil Sands (OS) battery 3638.4 3499.4 4394.1 4365.0 

345 In-Situ OS (Sulphur Reporting) 29.6 44.0 70.1 77.1 

351 Gas Single Well Battery 16219.6 11918.1 10236.5 9968.2 

361 Gas Multiwell Group 16934.8 13816.5 10693.5 9626.1 

362 Gas Multiwell effluent 2568.9 2539.1 2790.1 2872.9 

363 Gas Multiwell proration SE Alberta 1.0 1.0 0.9 0.9 

364 Gas Multiwell proration outside SE 
Alberta 11.9 11.7 13.2 11.9 

366 Gas Multiwell proration SE AB 1801.1 1696.1 922.2 860.2 

367 Gas Multiwell proration outside SE 
AB 2401.4 3157.7 5281.1 7547.2 

371 Gas test 35.5 8.6 7.8 4.0 

381 Drilling completing testing 
workovers and abandonments 2.1 0.7 1.4 2.3 

401 Gas Plant Sweet 4599.0 4346.4 3755.0 3678.2 

402 Gas Plant Sour (receives <1 t/d 
sulphur). - Flaring 949.1 909.5 769.7 771.7 

403 Gas Plant Sour (receives >1 t/d 
sulphur). - Flaring 609.5 566.7 493.7 499.5 

404 Gas Plant Sour - Injection 324.1 264.7 218.2 187.6 

405 Gas Plant Sour - Recovery 1451.9 1365.4 1127.8 1188.1 

406 Gas Plant Sweet - Straddle 99.8 99.8 74.8 84.9 

407 Gas Plant fractionation 23.8 28.5 34.2 34.2 

501 Enhanced recovery scheme 34.2 30.1 25.1 451.6 

502 Concurrent-cycling scheme 0.1 0.1 0.1 0.1 

503 Water Disposal 1.1 0.7 1.9 42.5 

504 Acid Gas Disposal 9.7 12.9 9.7 62.1 

506 In-Situ oil sands 69.4 60.6 75.5 103.8 
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Table S5. ECCC 2011 national inventory fugitive equipment leak methane emission data by well and facility type 
for Alberta with projected 2012, 2017, and 2018 emissions (continued) 

SubType Code Name ECCC 2011 
[t CH4] 

Projected 2012 
[t CH4] 

Projected 2017 
[t CH4] 

Projected 2018 
[t CH4] 

601 Compressor Station 4886.7 4573.3 4301.4 4095.7 

611 Custom Treating Facility 169.4 183.5 356.3 399.5 

612 Custom Treating Facility (approved 
as waste plant) 23.8 7.3 19.4 19.4 

621 Gas Gathering System 18492.0 17306.0 16277.0 15498.7 

631 Field Receipt meter station 696.2 631.6 490.9 464.2 

632 Interconnected meter station 14.0 10.9 14.5 15.2 

633 Disposition meter station 156.5 154.8 135.5 135.5 

634 Border crossing meter station 32.6 31.9 33.1 33.7 

637 NEB field receipt meter station 7.7 7.3 9.5 9.5 

671 Tank loading and unloading 
terminal 0.3 0.5 0.9 0.9 

673 Third-party tank loading and 
unloading terminal 0.1 0.1 0.3 0.3 

902 Surface Water Source 1.1 0.8 0.9 1.4 

 Total 145952 126265 117396 117700 

 

S3.2 Inventory Methane from Surface Casing Vent Flow 

Surface casing vent flow emissions for  2012, 2017, and 2018 (see Table S6) were projected from 

available ECCC NIR 2011 data and then scaled to reflect emission factor and methodical changes 

used by Clearstone Engineering Ltd. in the recently updated 2018 Alberta methane inventory 

(Clearstone Engineering Ltd., 2019).  The initial projection was performed for each year using the 

ratio of active wells relative to 2011 as prescribed by the NIR (ECCC, 2018).  

Table S6. ECCC 2011 national inventory surface casing vent flow emission data for Alberta with projected 2012, 
2017, and 2018 emissions. 

Source ECCC 2011  
[t CH4] 

Projected 2012 
 [t CH4] 

Projected 2017 
 [t CH4] 

Projected 2018 
 [t CH4] 

Surface casing vent flow 192.8 131.5 122.0 120.8 

 

Finally, methane emissions from accidental venting (including gas migration, pipeline ruptures, 

and spills), which accounted for 0.6% of the methane inventory in 2018 (See Figure 1 and Figure 

S10) and as accidental sources are not covered by either regulation, were estimated as in the NIR.  

A full list of National Inventory Report (NIR) facility, well, and accident and equipment failure 

categories are listed in Table A and Table B of the executive summary in Volume 1 of the technical 

supporting documentation for the NIR (Clearstone Engineering Ltd., 2014b). 
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S4 Attributing Inventory Storage loss, (Un)Loading, Compressor Start, 
Compressor Seal, and Glycol Dehydrator Emissions to the Site Level  

The 2012, 2017, and 2018 baseline emissions from storage loss, loading/unloading, compressor 

start, compressor seal, and glycol dehydrator emissions (see Figure 1 of the manuscript) were 

derived using ECCC detailed national inventory data and methodologies (Clearstone Engineering 

Ltd., 2019, 2014a).  Table S7-Table S9 provide the source ECCC 2011 national inventory data 

(the baseline year for the last full national inventory update) for these sources organized by facility 

subtype alongside projected baseline data for 2012, 2017, and 2018.  To reflect the changes in 

emission factors since the last full national inventory update, compressor emissions were scaled to 

match the most current inventory estimates of Clearstone Engineering Ltd. (2019).  For each 

facility type, the total estimated emissions from each source (Table S7-Table S9) were divided by 

the number of active facilities in Petrinex (Petrinex, 2018) and reporting months for each year 

(Table S12) to produce the average monthly site-level emission volumes shown in Table S13, 

Table S14, and Table S15. 

 

Table S7. ECCC 2011 national inventory storage losses emission data by facility type for Alberta with projected 
2012, 2017, and 2018 emissions. 

SubType 
Code Name ECCC 2011 

[t CH4] 
Projected 2012 

[t CH4] 
Projected 2017 

[t CH4] 
Projected 2018 

[t CH4] 
207 Oil pipeline 4.7 5.3 6.8 7.0 
311 Crude Oil (Medium) Single 1359.9 1545.9 1254.8 1377.9 
321 Crude Oil (Medium) Multiwell Group 163.2 185.5 150.6 165.3 
322 Crude Oil Multiwell Proration 5195.1 5905.9 4793.8 5264.0 
331 Crude bitumen single-well 2152.0 2486.1 1930.5 1817.8 
341 Crude bitumen multiwell group 3607.2 4167.2 3236.0 3047.0 
342 Crude bitumen multiwell proration 5004.9 5781.9 4489.8 4227.7 
344 In-Situ Oil Sands battery 2138.0 2393.8 4349.8 4448.2 
345 In-Situ Oil Sands battery (Sulphur Reporting) 282.7 316.5 575.0 588.1 
351 Gas Single 1264.3 1193.1 1256.5 1266.7 
361 Gas Multiwell Group 2091.0 1973.2 2078.1 2095.0 
362 Gas Multiwell effluent 1199.4 1131.9 1192.1 1201.8 
364 Gas multiwell proration outside SE Alberta 0.2 0.2 0.2 0.2 
366 Gas Multiwell proration SE AB 29.1 27.4 28.9 29.1 
367 Gas Multiwell proration outside SE AB 91.8 86.7 91.3 92.0 
371 Gas test 62.7 54.4 25.5 23.9 

381 Drilling completing testing workovers and 
abandonments 5.3 4.6 2.2 2.0 

401 Gas Plant Sweet 196.8 185.7 195.6 197.2 
402 Gas Plant Sour (receives <1 t/d sulphur). - Flaring 18.1 17.1 18.0 18.1 
403 Gas Plant Sour (receives >1 t/d sulphur). - Flaring 21.7 20.5 21.6 21.8 
404 Gas Plant Sour - Injection 3.1 2.9 3.1 3.1 
405 Gas Plant Sour - Recovery 61.5 58.0 61.1 61.6 
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406 Gas Plant Sweet - Straddle 14.1 13.3 14.0 14.1 
407 Gas Plant fractionation 37.6 35.5 37.3 37.6 
501 Enhanced recovery scheme 4.6 5.2 4.3 4.7 
506 In-Situ oil sands 452.6 506.8 920.9 941.7 
611 Custom Treating Facility 1420.5 1641.1 1274.3 1199.9 
621 Gas Gathering System 638.2 602.3 634.3 639.5 
671 Tank loading and unloading terminal 0.6 0.7 0.9 1.0 
902 Surface Water Source 0.7 0.7 1.4 1.4 

 Total 27522 30349 28648 28795 
 

Table S8. ECCC 2011 national inventory loading/unloading of crude oil and natural gas liquids emission data by 
facility type for Alberta with projected 2012, 2017, and 2018 emissions. 

SubType 
Code Name ECCC 2011 

[t CH4] 
Projected 2012 

[t CH4] 
Projected 2017 

[t CH4] 
Projected 2018 

[t CH4] 
311 Crude Oil (Medium) Single 53.7 61.1 49.6 54.4 
321 Crude Oil (Medium) Multiwell Group 18.7 21.3 17.3 19.0 
322 Crude Oil Multiwell Proration 260.1 295.7 240.0 263.6 
331 Crude bitumen single-well 150.6 174.0 135.1 127.2 
341 Crude bitumen multiwell group 321.8 371.8 288.7 271.8 
342 Crude bitumen multiwell proration 455.4 526.1 408.5 384.7 
344 In-Situ Oil Sands battery 0.1 0.1 0.2 0.2 
351 Gas Single 29.8 28.2 29.7 29.9 
361 Gas Multiwell Group 67.8 64.0 67.4 68.0 
362 Gas Multiwell effluent 3.6 3.4 3.6 3.6 
366 Gas Multiwell proration SE AB 0.3 0.3 0.3 0.3 
367 Gas Multiwell proration outside SE AB 1.5 1.5 1.5 1.5 
371 Gas test 1.9 1.7 0.8 0.7 
381 Drilling completing testing workovers and 

abandonments 0.1 0.1 0.1 0.1 

401 Gas Plant Sweet 546.0 515.3 542.7 547.1 
402 Gas Plant Sour (receives <1 t/d sulphur). - Flaring 6.6 6.2 6.5 6.6 
403 Gas Plant Sour (receives >1 t/d sulphur). - Flaring 26.1 24.6 25.9 26.2 
404 Gas Plant Sour - Injection 0.6 0.5 0.6 0.6 
405 Gas Plant Sour - Recovery 234.7 221.5 233.3 235.2 
407 Gas Plant fractionation 26.0 24.6 25.9 26.1 
621 Gas Gathering System 0.9 0.9 0.9 0.9 

 Total 2207 2343 2079 2068 
 

Table S9. ECCC 2011 national inventory compressor start gas emission data by facility type for Alberta with 
projected 2012, 2017, and 2018 emissions. 

SubType 
Code Name ECCC 2011 

[t CH4] 
Projected 2012 

[t CH4] 
Projected 2017 

[t CH4] 
Projected 2018 

[t CH4] 
311 Crude Oil (Medium) Single 291.5 331.4 269.0 295.4 
321 Crude Oil (Medium) Multiwell Group 80.4 91.4 74.2 81.5 
322 Crude Oil Multiwell Proration 484.2 550.4 446.8 490.6 
331 Crude bitumen single-well 160.9 185.8 144.3 135.9 
341 Crude bitumen multiwell group 164.7 190.3 147.7 139.1 
342 Crude bitumen multiwell proration 64.7 74.7 58.0 54.6 
344 In-Situ Oil Sands battery 115.4 129.2 234.7 240.0 
345 In-Situ Oil Sands battery (Sulphur Reporting) 0.9 1.0 1.7 1.8 
351 Gas Single 470.0 443.6 467.1 470.9 
361 Gas Multiwell Group 973.8 919.0 967.9 975.7 
362 Gas Multiwell effluent 852.2 804.2 847.0 853.8 



  S16 

364 Gas multiwell proration outside SE Alberta 0.9 0.8 0.8 0.9 
366 Gas Multiwell proration SE AB 237.6 224.2 236.1 238.0 
367 Gas Multiwell proration outside SE AB 813.7 767.9 808.7 815.3 
371 Gas test 0.9 0.7 0.3 0.3 
401 Gas Plant Sweet 441.7 416.8 439.0 442.5 
402 Gas Plant Sour (receives <1 t/d sulphur). - Flaring 50.6 47.8 50.3 50.7 
403 Gas Plant Sour (receives >1 t/d sulphur). - Flaring 30.5 28.8 30.3 30.6 
404 Gas Plant Sour - Injection 17.7 16.7 17.6 17.8 
405 Gas Plant Sour - Recovery 346.7 327.2 344.6 347.4 
406 Gas Plant Sweet - Straddle 50.6 47.8 50.3 50.7 
407 Gas Plant fractionation 6.2 5.9 6.2 6.2 
506 In-Situ oil sands 27.5 30.8 55.9 57.2 
601 Compressor Station 431.8 407.5 429.2 432.6 
611 Custom Treating Facility 0.9 1.0 0.8 0.7 
621 Gas Gathering System 7903.5 7458.5 7854.9 7918.7 

 Total 14019 13503 13983 14149 
 

Table S10. ECCC 2011 national inventory compressor seal emission data by facility type for Alberta with projected 
2012, 2017, and 2018 emissions. 

SubType 
Code Name ECCC 2011 

[t CH4] 
Projected 2012 

[t CH4] 
Projected 2017 

[t CH4] 
Projected 2018 

[t CH4] 
311 Crude Oil (Medium) Single 105.9 750.7 609.3 669.1 
321 Crude Oil (Medium) Multiwell Group 29.3 207.9 168.7 185.3 
322 Crude Oil Multiwell Proration 167.8 1189.0 965.1 1059.7 
331 Crude bitumen single-well 96.7 696.6 540.9 509.4 
341 Crude bitumen multiwell group 93.9 676.4 525.2 494.6 
342 Crude bitumen multiwell proration 93.3 671.6 521.5 491.1 
344 In-Situ Oil Sands battery 32.3 225.4 409.6 418.9 
345 In-Situ Oil Sands battery (Sulphur Reporting) 0.4 3.1 5.7 5.8 
351 Gas Single 768.0 4517.9 4758.0 4796.7 
361 Gas Multiwell Group 1315.4 7737.8 8149.1 8215.3 
362 Gas Multiwell effluent 242.7 1427.9 1503.8 1516.0 
364 Gas multiwell proration outside SE Alberta 1.4 8.3 8.8 8.8 
366 Gas Multiwell proration SE AB 80.5 473.3 498.4 502.5 
367 Gas Multiwell proration outside SE AB 239.5 1408.8 1483.7 1495.7 
371 Gas test 1.4 7.6 3.6 3.4 
401 Gas Plant Sweet 95.1 559.3 589.0 593.8 
402 Gas Plant Sour (receives <1 t/d sulphur). - Flaring 5.7 33.8 35.6 35.9 
403 Gas Plant Sour (receives >1 t/d sulphur). - Flaring 23.3 136.9 144.2 145.3 
404 Gas Plant Sour - Injection 5.9 34.9 36.7 37.0 
405 Gas Plant Sour - Recovery 59.5 350.3 368.9 371.9 
501 Enhanced recovery scheme 4.9 35.0 28.4 31.2 
506 In-Situ oil sands 7.7 54.1 98.3 100.5 
601 Compressor Station 739.9 4352.5 4583.8 4621.0 
611 Custom Treating Facility 0.5 3.5 2.7 2.6 
621 Gas Gathering System 2357.0 13865.0 14601.9 14720.6 

 Total 6568 39427 40641 41032 
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Table S11. ECCC 2011 national inventory glycol dehydrator off-gas emission data by facility type for Alberta with 
projected 2012, 2017, and 2018 emissions. 

SubType 
Code Name ECCC 2011 

[t CH4] 
Projected 2012 

[t CH4] 
Projected 2017 

[t CH4] 
Projected 2018 

[t CH4] 
311 Crude Oil (Medium) Single 0.6 0.7 0.6 0.7 
321 Crude Oil (Medium) Multiwell Group 7.0 8.0 6.5 7.1 
322 Crude Oil Multiwell Proration 89.9 102.2 82.9 91.1 
342 Crude bitumen multiwell proration 91.9 106.2 82.4 77.6 
351 Gas Single 63.5 60.0 63.2 63.7 
361 Gas Multiwell Group 2120.9 2001.5 2107.8 2125.0 
362 Gas Multiwell effluent 200.7 189.4 199.4 201.0 
366 Gas Multiwell proration SE AB 275.2 259.7 273.5 275.8 
367 Gas Multiwell proration outside SE AB 240.9 227.3 239.4 241.3 
371 Gas test 0.0 0.0 0.0 0.0 
401 Gas Plant Sweet 78.5 74.1 78.0 78.6 
402 Gas Plant Sour (receives <1 t/d sulphur). - Flaring 6.5 6.1 6.5 6.5 
403 Gas Plant Sour (receives >1 t/d sulphur). - Flaring 7.8 7.3 7.7 7.8 
404 Gas Plant Sour - Injection 1.7 1.6 1.7 1.7 
405 Gas Plant Sour - Recovery 35.2 33.2 35.0 35.3 
621 Gas Gathering System 6868.7 6482.0 6826.5 6882.0 
631 Field Receipt meter station 1264.4 1193.2 1256.6 1266.8 
633 Disposition meter station 0.0 0.0 0.0 0.0 
637 NEB field receipt meter station 26.5 25.0 26.3 26.5 

 Total 11380 10778 11294 11389 
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Table S12. Facility counts and total number of reporting months derived from 2012, 2017, and 2018 Petrinex Data 
for Alberta by facility subtype. 

SubType 
Code 

2012 Facility 
Count 

2012 Total 
Reporting 
Months 

2017 Facility 
Count 

2017 Total 
Reporting 
Months 

2018 Facility 
Count 

2018 Total 
Reporting 
Months 

311 7797 68536 5372 51621 5315 50859 
321 520 4866 430 4290 419 4204 
322 1783 19397 1849 20558 1872 20893 
331 685 5467 577 4671 577 4482 
341 985 10032 1435 15100 1404 14981 
342 448 4812 370 4107 361 3882 
343a 1867 16473 479 4728 397 3852 
344 26 302 32 367 33 377 
345 3 36 3 29 3 29 
351 5984 58385 4837 49755 4650 46926 
361 3351 36289 2693 29823 2561 27032 
362 414 4237 384 4245 382 4157 
363 895 10220 417 4875 412 4533 
364 722 8032 729 8218 732 7133 
365 56 641 56 587 52 591 
366 10 113 6 65 5 60 
367 8 74 11 105 14 132 
371 61 226 70 205 81 199 
381 66 70 46 72 114 155 
401 428 4990 373 4311 363 4066 
402 67 759 56 631 54 621 
403 31 357 26 311 26 303 
404 23 245 18 202 17 164 
405 56 632 44 522 44 526 
406 8 96 6 72 6 70 
501 36 381 42 370 53 489 
502 2 24 2 19 2 24 
503 8 55 38 300 44 377 
505 13 112 15 136 18 160 
506 25 254 36 405 39 443 
507 3 28 3 36 11 87 
509 0 0 1 1 2 11 
621 2938 32523 2716 30566 2698 28955 
622b 10 86 40 422 42 432 
902 27 225 27 267 32 306 

a Combined with 331 in Table S13, Table S14, and Table S15 
b Combined with 621 in Table S13, Table S14, and Table S15 
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Table S13. Average monthly venting emissions by subtype derived from the projected 2012 baseline emissions.  
Facility 

Subtype 
Code 

Mean Storage 
Losses Venting 

[m3/month] 

Mean Loading 
and Unloading 

Venting 
[m3/month] 

Mean 
Compressor Start 

Venting 
[m3/month] 

Mean Glycol 
Dehydrator 

Venting 
[m3/month] 

Mean 
Compressor Seal 

Venting 
[m3/month] 

311 36.2 1.4 7.8 0.02 17.6 
321 61.1 7.0 30.1 2.6 68.5 
322 488 24.4 45.5 8.4 98.2 

331 / 343 182 12.7 13.6 0.0 50.9 
341 666 59.4 30.4 0.0 108 
342 1926 175 24.9 35.4 224 
344 12700 0.6 685 0.0 1196 
345 14090 0.0 42.4 0.0 139 
351 32.8 0.8 12.2 1.7 124 
361 87.1 2.8 40.6 88.4 342 
362 428 1.3 304 71.6 540 
364 0.03 0.0 0.2 0.0 1.7 
366 389 4.5 3180 3683 6712 
367 1877 31.5 16628 4922 30507 
371 386 11.9 5.2 0.01 54.2 
381 106 2.6 0.0 0.0 0.0 
401 59.6 166 134 23.8 180 
402 36.1 13.1 101 13.0 71.3 
403 92.0 111 129 32.9 615 
404 19.1 3.6 109 10.6 228 
405 147 562 830 84.3 888 
406 222 0.0 797 0.0 0.0 
501 22.1 0.0 0.0 0.0 147 
506 3197 0.0 194 0.0 341 

621 / 622 29.6 0.04 387 319 895 
902 5.3 0.0 0.0 0.0 0.0 
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Table S14. Average monthly venting emissions by subtype derived from the projected 2017 baseline emissions.  
Facility 

Subtype 
Code 

Mean Storage 
Losses Venting 

[m3/month] 

Mean Loading 
and Unloading 

Venting 
[m3/month] 

Mean 
Compressor Start 

Venting 
[m3/month] 

Mean Glycol 
Dehydrator 

Venting 
[m3/month] 

Mean 
Compressor Seal 

Venting 
[m3/month] 

311 39.0 1.5 8.4 0.02 18.9 
321 56.2 6.5 27.7 2.4 63.0 
322 374 18.7 34.8 6.5 75.2 

331 / 343 329 23.0 24.6 0.0 92.2 
341 343 30.6 15.7 0.0 55.7 
342 1752 160 22.6 32.2 204 
344 18993 1.0 1025 0.0 1789 
345 31776 0.0 95.7 0.0 313 
351 40.5 1.0 15.1 2.0 153 
361 112 3.6 52.0 113 438 
362 450 1.4 320 75.3 568 
364 0.03 0.0 0.2 0.0 1.7 
366 712 8.3 5821 6744 12288 
367 1393 23.4 12342 3653 22643 
371 198 6.1 2.7 0.00 28.0 
381 48.0 1.2 0.0 0.0 0.0 
401 72.7 202 163 29.0 219 
402 45.7 16.6 128 16.4 90.4 
403 111 134 156 39.8 743 
404 24.4 4.6 140 13.6 291 
405 188 716 1058 108 1132 
406 312 0.0 1120 0.0 0.0 
501 18.5 0.0 0.0 0.0 123 
506 3644 0.0 221 0.0 389 

621 / 622 32.8 0.05 428 353 992 
902 8.1 0.0 0.0 0.0 0.0 
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Table S15. Average monthly venting emissions by subtype derived from the projected 2018 baseline emissions.  
Facility 

Subtype 
Code 

Mean Storage 
Losses Venting 

[m3/month] 

Mean Loading 
and Unloading 

Venting 
[m3/month] 

Mean 
Compressor Start 

Venting 
[m3/month] 

Mean Glycol 
Dehydrator 

Venting 
[m3/month] 

Mean 
Compressor Seal 

Venting 
[m3/month] 

311 43.4 1.7 9.3 0.02 21.1 
321 63.0 7.2 31.1 2.7 70.6 
322 404 20.2 37.6 7.0 81.3 
331 350 24.5 26.1 0.0 97.9 

341 / 343 326 29.1 14.9 0.0 52.9 
342 1745 159 22.6 32.1 203 
344 18907 0.9 1020 0.0 1781 
345 32495 0.0 97.9 0.0 320 
351 43.3 1.0 16.1 2.2 164 
361 124 4.0 57.8 126 487 
362 463 1.4 329 77.5 584 
364 0.04 0.0 0.2 0.0 2.0 
366 778 9.1 6358 7365 13420 
367 1117 18.7 9897 2930 18158 
371 193 5.9 2.6 0.0 27.1 
381 21.1 0.5 0.0 0.0 0.0 
401 77.7 216 174 31.0 234 
402 46.8 17.0 131 16.8 92.6 
403 115 138 162 41.2 769 
404 30.3 5.7 174 16.8 362 
405 188 716 1058 108 1133 
406 323 0.0 1161 0.0 0.0 
501 15.3 0.0 0.0 0.0 102 
506 3406 0.0 207 0.0 364 

621 / 622 34.9 0.05 455 375 1055 
902 7.3 0.0 0.0 0.0 0.0 
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S5 Inventory Methane Emissions from Combustion Sources 

Although methane emissions from combustion sources are not considered by either the ECCC or 

AER regulation, they are an important source in the upstream inventory.  Thus, prior to making 

comparisons of anticipated regulated methane reductions relative to baseline values, it was 

necessary to create updated inventory estimates for combustion-source methane.  This was 

accomplished following the procedures used to create the Canadian and Alberta greenhouse gas 

inventories outlined in (Clearstone Engineering Ltd., 2014a) and (Clearstone Engineering Ltd., 

2019), based on reported volumes use of produced gas used for onsite fuel at different facility 

subtypes.  Using data for the disposition of fuel gas by sub-sector in the upstream oil and gas 

industry (Table 15 in Clearstone Engineering Ltd. (2019) and Table 16 in Clearstone Engineering 

Ltd. (2014a)), the fraction of gas burned in different types of major equipment (reciprocating 

engines, gas turbines, heaters, or boilers) were derived as shown in Table S16. 

Table S16. Percentages of fuel gas burned in the major equipment types at different facility subtypes based on Table 
15 in Clearstone Engineering Ltd. (2019) and Table 16 in Clearstone Engineering Ltd. (2014a) as well as derived 
average gas heating values. 

Reporting 
Facility 

SubType 

HHV 
[MJ/m3] 

Reciprocating 
Engines 

Gas 
Turbines 

Heaters or  
Boilers Notes 

204  40.4  79.2  4.4  16.4   
206  40.4  79.2  4.4  16.4   
209  40.4  25  0  75   
311  40.9  91.4  0  8.6   
321  39.9  91.4  0  8.6   
322  41.3  91.4  0  8.6   
331  37.2  49.8  0  50.2   
341  37.1  49.8  0  50.2   
342  37.4  49.8  0  50.2   
343  36.9  49.8  0  50.2   
344  37.0  0.7  0  99.3   
345  36.4  0.7  0  99.3   
351  41.8  79.2  4.4  16.4   
361  40.9  79.2  4.4  16.4   
362  40.8  79.2  4.4  16.4   
363  38.0  79.2  4.4  16.4   
364  38.4  79.2  4.4  16.4   
365  39.9  79.2  4.4  16.4   
366  36.6  79.2  4.4  16.4   
367  41.3  79.2  4.4  16.4   
371  42.6  79.2  4.4  16.4 Assumed same as Gas Batteries 
381  40.1  79.2  4.4  16.4 Assumed same as Gas Batteries 
401  41.1  84.9  0  15.1   
402  40.5  82  0  18.1   
403  41.3  82  0  18.1   
404  38.5  96.1  0  3.9   
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405  41.0  15.6  10.2  74.3   
406  39.0  0  92.6  7.4   
407  40.4  0  39.2  60.8 Assumed to be Reprocessing 
501  40.9  91.4  0  8.6   
502  43.6  91.4  0  8.6   
503  39.1  96.1  0  3.9 Assumed same as Acid Gas Injection 
504  40.4  96.1  0  3.9   
505  40.0  79.2  4.4  16.4   
506  36.9  0.7  0  99.3   
507  40.9  96.1  0  3.9 Assumed same as Acid Gas Injection 
508  39.9  91.4  0  8.6   
509  37.9  96.1  0  3.9 Assumed same as Acid Gas Injection 
611  40.4  49.8  0  50.2   
612  40.4  49.8  0  50.2 Assumed same as 611 
621  40.7  79.2  4.4  16.4   
622  39.4  79.2  4.4  16.4   
631  40.4  79.2  4.4  16.4   
632  40.4  79.2  4.4  16.4   
633  40.4  79.2  4.4  16.4   
634  40.4  79.2  4.4  16.4   
637  40.4  79.2  4.4  16.4   
640  40.4  79.2  4.4  16.4   
651  40.4  91.4  0  8.6   
671  40.4  25  0  75   
902  40.3  0.7  0  99.3   
903  37.4  91.4  0  8.6 Assumed same as Light/Medium Crude 

Oil Production 
 
The volumes of produced gas used for on-site fuel by facility subtype as reported by industry to 

Petrinex shown in Table S17 combined with the percentages of gas burned in different major 

equipment types and heating values from Table S16 were used to calculate energy consumed.  The 

same emission factors used to calculate methane emissions from combustion sources in the 

Canadian and Alberta upstream oil and gas sector inventories (0.97 ng/J for heaters/boilers, 98.9 

mg/J for reciprocating engines, 3.7 ng/J for turbines) were then used to derive the total combustion-

source methane emissions shown in Table S17.  These calculations were completed using reported 

data for the 2012, 2017, and 2018.  The derived total methane emission were then used in the 

baseline methane inventories shown in Figure 1 of the manuscript and Figure S8 through Figure 

S10. 
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Table S17. Inventory estimate of methane emissions from combustion sources in the upstream oil and gas sector in 
2012, 2017, and 2018. 

Reporting 
Facility 

SubType 

Reported Use of Produced Gas for Onsite 
Fuel [1000 m3]† 

Calculated Methane Emissions from Combustion 
[kt CH4] 

2012 2017 2018 2012 2017 2018 
204 34905.8 0.0 0.0 0.11 0.00 0.00 
206 1677.7 0.0 0.0 0.01 0.00 0.00 
209 905783.2 0.0 0.0 0.93 0.00 0.00 
311 130223.8 152426.2 150324.6 0.48 0.56 0.56 
321 67019.2 65477.1 64247.4 0.24 0.24 0.23 
322 627839.8 777889.2 850980.4 2.34 2.90 3.18 
331 33307.5 77455.2 74443.3 0.06 0.14 0.14 
341 256773.9 541495.9 536252.3 0.47 1.00 0.99 
342 224812.7 169079.0 163556.0 0.42 0.31 0.30 
343 138408.5 10272.3 8501.0 0.25 0.02 0.02 
344 114176.9 184661.7 178398.2 0.01 0.01 0.01 
345 225506.6 206207.3 296376.6 0.01 0.01 0.02 
351 92836.6 79366.3 74767.8 0.31 0.26 0.25 
361 790821.8 479028.3 475286.7 2.54 1.54 1.53 
362 547492.9 572829.5 598048.0 1.76 1.84 1.92 
363 36426.6 49665.1 54919.3 0.11 0.15 0.16 
364 221238.6 343115.3 378168.4 0.67 1.04 1.14 
365 3131.7 11714.5 7244.1 0.01 0.04 0.02 
366 0.0 1.5 0.3 0.000000 0.000004 0.000001 
367 430.2 3172.1 3586.7 0.001 0.010 0.012 
371 253.5 1142.3 2305.8 0.001 0.004 0.008 
381 10.1 1530.6 3810.6 0.00003 0.00482 0.01201 
401 1538620.2 1919044.9 1945000.0 5.32 6.64 6.73 
402 203420.3 135028.2 140706.2 0.67 0.44 0.46 
403 225166.5 182235.7 186568.4 0.76 0.61 0.63 
404 144596.9 222580.7 233367.6 0.53 0.81 0.85 
405 1683543.7 1474921.6 1448894.5 1.14 1.00 0.98 
406 450067.7 394308.9 402443.8 0.06 0.05 0.05 
407 2831.3 0.0 0.0 0.0002 0.0000 0.0000 
501 10938.4 27782.5 26032.9 0.04 0.10 0.10 
502 1036.0 607.1 1751.4 0.004 0.002 0.007 
503 2189.2 2509.2 3223.5 0.01 0.01 0.01 
504 0.0 0.0 81.0 0.0000 0.0000 0.0003 
505 5251.8 6931.8 6392.7 0.02 0.02 0.02 
506 9053223.0 13803413.6 14220915.4 0.55 0.84 0.87 
507 1099.6 1918.3 2160.4 0.004 0.01 0.01 
508 0.0 0.0 0.0 0.00 0.00 0.00 
509 0.0 20.0 225.5 0.0000 0.0001 0.0008 
611 46421.7 0.0 0.0 0.09 0.00 0.00 
612 0.0 0.0 0.0 0.00 0.00 0.00 
621 2881098.3 2523454.4 2408293.8 9.22 8.08 7.71 
622 238.7 267.5 210.2 0.001 0.001 0.001 
631 0.0 0.0 0.0 0.00 0.00 0.00 
632 0.0 0.0 0.0 0.00 0.00 0.00 
633 0.0 0.0 0.0 0.00 0.00 0.00 
634 0.0 0.0 0.0 0.00 0.00 0.00 
637 0.0 0.0 0.0 0.00 0.00 0.00 
640 0.0 0.0 0.0 0.00 0.00 0.00 
651 340653.1 0.0 0.0 1.25 0.00 0.00 
671 0.0 0.0 0.0 0.00 0.00 0.00 
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902 153.5 840.1 761.9 0.00001 0.00006 0.00005 
903 0.0 0.0 0.0 0.00 0.00 0.00 

Total 21043628 24422394 24948247 30.4 28.7 28.9 
† Number of significant figures reflects source data reporting resolution of 0.1 × 1000 m3 as required by AER Directive 17 (AER, 
2018c) 

S6 Federal Venting Regulation Thresholds, Exclusions, and Modeling 
Assumptions 

Thresholds and exclusions in the federal (ECCC) regulations are structured to target and identify 

active sites that have a potential to emit methane based historical or expected monthly production 

activity.  This approach of categorizing potential emitters by natural gas throughput has the 

advantage of being independent of oil and gas sector site classifications.  Thus, the regulation 

applies readily across provincial boundaries and allows for future shifts in oil and gas production.   

S6.1 ECCC Potential to Emit (PTE) Threshold 

Other than venting limits for compressors, the ECCC methane regulations for onshore facilities 

are applied to upstream oil and gas sites that have passed a potential to emit (PTE) threshold.  The 

PTE-threshold, in Section 20(1)(a)-1(c) of the regulation, is assessed for each individual site on a 

monthly basis until passed and is determined for new and existing sites as follows:         

1. Existing sites [regulation section 20(1)(a)] – a facility that is active in the current month 

and has 12 or more, not necessarily consecutive, previously active months passes the PTE-

threshold if the combined sum of gas production and receipts over the most recent 

previously active 12 months is greater than 60,000 m3; 

2. Existing sites [regulation section 20(1)(b)] – a facility that is active in the current month 

and has less than 12, not necessarily consecutive, previously active months passes the PTE-

threshold if the combined sum of gas production and receipts prorated to 12 months is 

greater than 60,000 m3; and 

3. New sites [regulation section 20(1)(c)] – a facility that is active in the current month and 

has no previously active months passes the PTE-threshold if the combined sum of expected 

gas production and receipts over the next consecutive 12 months is greater than 60,000 m3. 
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ECCC PTE Modeling Assumptions 
For oil and gas sites in the 2018 production data, a site was considered active in a given month if 

the site reported volume(s) for one or more of the following activities: oil production, gas 

production, gas receipts, venting, flaring, or gas disposition.  For existing sites, active months 

dating back to January 2011 were considered in the determination of a PTE status.  For a new site 

in the 2018 data (i.e. if there was no reporting history before the current active month), the available 

reported consecutive activity from the next month to the end of 2018 was prorated to 12 months 

consistent with the regulation.  Note that if a site’s first activity was reported in December 2018 

there were zero months to prorate and the site automatically failed to pass the PTE threshold. 

Under these assumptions ~89% (20334 of 22837) of the active sites in the 2018 production data 

passed the PTE threshold with 80% passing in the first month of the simulation.  Figure S3 shows 

a flowchart of the process required to determine the PTE status of an oil and gas site reporting 

activity in the 2018 production data. 
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Figure S3. Flowchart detailing the process used to determine the potential to emit (PTE) status of 
an oil and gas site. 

S6.2 ECCC Vent Inclusion Threshold 

The ECCC venting limit for individual sites, Section 26(1) of the regulation, nominally limits 

facility venting to 15,000 m3/y (excluding emissions from gas well liquids unloading, blowdowns, 

glycol dehydrators, pneumatic devices, compressors, start-up or shutdown of equipment, well 

completions, and emergency procedures as specified in Section 26(2)).  Referring to the baseline 

emission source categories in Figure 1 of the manuscript, the ECCC vent limit described is thus 

understood to apply to current reported venting volumes plus venting estimates of storage losses 

(e.g. tank emissions) and loading and unloading emissions (see Section S3).  However, for any 

given month, this limit is only applicable at sites that pass both the PTE threshold and also a vent 

inclusion threshold as specified in Section 26(3,4) of the regulation.  Assuming the PTE threshold 
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is passed, a facility’s venting in a given month is included in the annual vent limit calculation “if 

the combined volume of hydrocarbon gas that was vented or destroyed at, or delivered from, the 

facility was less than 40,000 standard m3 for the 12 consecutive months before that given month”.  

If a given month does not meet this inclusion threshold, any subsequent month is still automatically 

included “if the combined volume … was equal to or greater that 40,000 standard m3 for the 12 

consecutive months before that subsequent month” (Section 26(4)).   

Figure S4 shows a detailed flowchart of the analysis steps taken to determine if vent volumes at a 

facility in any given month were required to be included in the calculation of total venting to 

compare with the 15,000 m3/y limit.  All monthly volumes meeting the inclusion threshold were 

summed for the calendar year of 2018 and site reductions were computed assuming the minimum 

compliance (i.e. total yearly venting subject to regulation is reduced to 15,000 m3/y.).  Considering 

active sites in 2018, 18599 of the 22837 oil and gas sites had months in which they passed the vent 

inclusion threshold, of which 2266 had included annual venting in excess of 15,000 m3/y.  From 

these sites, the ECCC vent limit reduces venting by 51% (74.5 ktCH4 of 146.0 ktCH4).  
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Figure S4. Flowchart depicting the process to determine which months are included when 
calculating site venting to compare with the ECCC vent limit and relevant mitigation for sites 
exceeding this limit. 

 

S6.3 ECCC Pneumatic Device Reduction Model 

The ECCC regulations addressing venting from pneumatic devices (Section 37 of the regulation) 

are applicable once a site has passed the PTE and are structured such that estimated reduction from 

pneumatic devices are obtainable independent of other site-level venting emissions.  Methane 

regulations apply to pneumatic devices starting on January 1, 2023 (full implementation) and target 

continuous bleed instruments (e.g. level controllers, positioners, pressure controllers, and 

transducers) and chemical injection pumps separately.  
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ECCC Pneumatic Instrument Assumptions and Reduction Model 
In the ECCC regulations, continuous bleed pneumatic instruments must be reduced below a low 

bleed threshold of 0.17 m3/h.  However, manufacture specifications for low-bleed devices are 

typically much lower than 0.17 m3/h.  In the present calculations it is assumed that replacement 

pneumatics (excluding level controllers) installed by operators will have average emissions 

matching the default U.S. EPA emission factor for low continuous bleed pneumatic device vents 

of 0.039 m3/h (converted from the value of 1.39 scf/h found in U.S. EPA (2013)).  This matches 

the assumptions for low-bleed pneumatic instrument replacements (excluding level controllers and 

pumps) in the AER regulations as discussed below.  The ECCC pneumatic instrument (excluding 

level controllers) venting reduction at each site is thus equal to the change in emissions from 

switching to low bleed devices after a site has passed the PTE, 

ReductionPneu.Instru. = Baseline emissions − Emissions with Switch to Low Bleed  

=
# of PTE months
# active months

× � count × (𝐸𝐸𝐹𝐹baseline − 𝐸𝐸𝐹𝐹Low Bleed)
Active 
Months

. 

 

For pneumatic level controllers, whose total emissions are comprised of static and dynamic 

components (D’Antoni, 2018; Spartan Controls, 2018), the ECCC regulations can be expected to 

reduce methane emissions only by the differences between manufacturer specified steady bleed 

rates when moving from high- to low-bleed alternatives.  Recent field counts suggest that 9% of 

currently installed level controllers in Alberta are high-bleed variants (Clearstone Engineering 

Ltd., 2019), consisting of 6% Fisher 2900 and 3% Fisher 2500 models.  Manufacturer 

specifications suggest these would have steady bleed rates of 0.71 and 0.73 m3/h respectively, 

based on an average of air consumption specifications for normal operating pressures converted to 

natural gas consumption using a typical gas flow correction factor of 1.27.  Following replacement 

with a low-bleed alternative, these static bleed rates should be reduced to below 0.03 m3/h (Spartan 

Controls, 2018).  This reduction would be independent of any change in dynamic emissions, which 

are assumed to be unaffected by the ECCC regulations. 

Using the count data and methodology outlined in Section S2 it is estimated that 85% (19368 of 

22837) sites emitted unreported venting from pneumatic instruments, totaling 103.2 kt of methane 
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from level controllers and 54.3 kt from non-level controller pneumatic instruments in 2018.  After 

applying the PTE threshold, the ECCC regulation affects 17275 sites venting 156.0 kt of methane. 

ECCC Pneumatic Pump Assumptions and Reduction Model 
Pneumatic chemical injection pumps are commonly used to prevent potential line “freeze–off” 

from hydrate formation during the winter production months (October to March) and are regulated 

based on methanol throughput as outlined in Section 39(1) of the regulation.  Venting from 

pneumatic pumps or pump groups located on a common production site with an average pumping 

volume greater than 20 liters of methanol a day must be reduced to zero after January 1, 2023.  

Estimating vented emissions from pumps that exceeding the 20 L/d threshold requires modeling 

assumptions since methanol injection volumes and frequencies are not part of the current reporting 

requirements in Alberta.   

Consistent with ECCC modeling, injected methanol volumes at well sites are estimated by 

modeling the volume of methanol required to prevent line “freeze–offs” using the Nielsen–Bucklin 

relation (Nielsen and Bucklin, 1983).  This relation estimates the minimum weight fraction, 

denoted by W, of inhibitor in liquid water to prevent hydrate formation by   

𝑊𝑊 =
�1 − exp �−Δ𝑇𝑇72 ��𝑀𝑀MeOH

18.015 + �1 − exp �−Δ𝑇𝑇72 �� (𝑀𝑀MeOH − 18.015)
 

where 𝑀𝑀MeOH = 32.04 g/mol is the molar mass of methanol and Δ𝑇𝑇 = 𝐻𝐻𝐹𝐹𝑇𝑇 − 𝑇𝑇min is the hydrate 

temperature depression defined as the difference of the hydrate formation temperature (𝐻𝐻𝐹𝐹𝑇𝑇) and 

the minimum system temperature (𝑇𝑇min).   

Considering just over 94,000 active gas wells in Alberta, a hydrate formation temperature 

difference is obtained for methane (Handbook of Natural Gas Engineering, figure 5-37, Katz et 

al., 1959) for each well using the reported well depth (a surrogate for pressure) and assuming a 

minimum average surface temperature of –20 degrees Celsius.  Using the Nielsen–Bucklin relation 

an average volume of methanol injected per day was estimated for each gas well by multiplying 

the derived weight percent of methanol to prevent line “freeze–offs” by the average daily reported 

produced water at each well and assuming the density of methanol is 792 kg/m3.  Using this model, 
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approximately 24% of the gas wells, representing 59% of the gas production, require methanol 

injection volumes greater than 20 L/d.  

From the bottom-up pneumatic inventory derived following Section S2, it is estimated that 84% 

(19126 of 22837) sites had unreported venting from pneumatic pumps, totaling 135.5 kt of 

methane in 2018.  After applying the PTE threshold, the ECCC regulation is applicable to 17141 

sites venting 134.2 kt of methane.  Given the above estimate that 59% of gas production is at wells 

requiring methanol injection volumes >20L/d, the overall venting reduction from pneumatic 

pumps is estimated to be 79.2 kt of methane (i.e. 59% of the baseline pneumatic pump emissions 

passing the PTE or 79.2 of the applicable 134.2 kt methane).        

S7 Alberta Venting Regulation Thresholds, Exclusions, and Modeling 
Assumptions 

S7.1 Alberta Pneumatic Venting Regulations 

Regulations for pneumatics devices, see Section 8.6.1(1)-(7) of AER Directive 60 (D60)(AER, 

2018d), depend on the type of pneumatic (level controller, pneumatic instrument other than a level 

controller, or pump) and the installation date.   

Pneumatic Instruments Excluding Level Controllers and Pumps 
At full implementation of the AER rules on January 1, 2023, an operator has two options for 

existing (i.e. installed before January 1, 2022) pneumatic instruments other than level controllers 

and pumps.  These devices must either be switched to a low-bleed alternative (matching the ECCC 

regulations), or the emitted gas must be controlled to an effective 85.5% destruction rate (95% 

destruction efficiency, 90% of the time in operation).  The present analysis conservatively assumes 

that operators will fully switch to low-bleed devices such that emission rates per device would fall 

to 0.039 m3/h (see also discussion of ECCC pneumatic regulations in Section S6.3).  Anticipated 

reductions for these devices via the AER regulations would thus match those of the ECCC 

regulations.  This may slightly overestimate the AER reductions, since if operators choose instead 

to control emissions by a net 85.5% destruction, residual emissions per device would be slightly 

higher at 0.0404 m3/h. 
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For new pneumatic instruments (i.e. installed on or after January 1, 2022), the AER regulations 

require operators to (i) choose low bleed alternatives (8.6.1(3)) and (ii) prevent or control vent gas 

by conserving or destroying at least 95 per cent of the vent gas, 90% of the time that vent gas is 

emitted, for at least 90% of an operator’s instrument inventory (see Section 8.6.1(1)).  Combined 

this corresponds to a net reduction of 95% × 90% × 90% = 77% assuming large emitters aren’t 

preferentially excluded from the 90% of an operator’s inventory (which would reduce the 

effectiveness).  Thus, in the present analysis, emissions from newly installed pneumatic devices 

(excluding level controllers and pumps) are assumed to fall to 0.0090 m3/h (0.039 m3/h × (1 – 0.95 

× 0.9 × 0.9)) under the AER rules.   

Pneumatic Level Controllers 
The AER rules for pneumatic level controllers depend on whether their actuation period is shorter 

or longer than every 15 minutes.  For exiting pneumatic level controllers (i.e. installed before 

January 1, 2022), at full implementation of the regulations (by January 1, 2023) controllers 

actuating at <15 minute intervals must either have this period increased to >15 minutes, must be 

modified to minimize transient venting (D’Antoni, 2018; Spartan Controls, 2018), or must have 

their methane emissions controlled to an effective 85.5% destruction (i.e. 95% destruction, 90% 

of the time).  By contrast, pneumatic controllers actuating less frequently than every 15 minutes 

require no specific action.  Thus, modelling the AER rules required estimation of the proportion 

of installed level controllers actuating at < or > 15-minute intervals.   

The frequency of level controller actuation at a well is directly related to the produced volumes of 

separated liquid and also on the separator type (i.e. vertical or horizontal) (D’Antoni, 2018; Spartan 

Controls, 2018).  Higher liquid throughputs equate to higher frequency actuations, and for a given 

volume of separated liquid, vertical separators actuate more frequently because the surface area to 

volume ratio is much lower than that for horizontal separators.  In the present analysis, types of 

separators and level controller actuation frequencies were estimated using production data for 

individual wells and facilities.  Firstly, if a well or facility reported only one of water or 

oil/condensate production volumes, that site was conservatively assumed to employ a two-stage 

vertical separator.  Conversely, sites reporting production of both water and oil or condensate 

volumes were assumed to employ a 3-stage horizontal separator.   
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For vertical separators, typical inner diameters of 23 inches were assumed.  Given the suggestion 

that “(i)n Alberta, it is industry’s preference to use level controllers that maintain a tight level band 

with high gain snap acting relays” (Spartan Controls, 2018), it was further assumed that controllers 

were set to maintain liquid levels within 1 inch within the vessel.  Thus, a one-inch level change 

every 15 minutes sufficient to actuate the level controller would equate to an annualized liquids 

production (water or oil/condensate) of ~240 m3/yr.  Larger diameter vessels or larger liquid level 

tolerances would only lead to longer intervals between actuations. 

For horizontal separators, typical inner diameters of 35 inches and lengths of 10 feet were assumed, 

with baffles or weirs between separated oil/condensate and water placed at the midpoint along the 

vessel.  Levels on either side were again assumed to be tightly controlled within 1 inch, operating 

at the mid-point of the height of the vessel.  Thus, for either side of the separator, a one-inch level 

change every 15 minutes sufficient to actuate the level controller would equate to an annualized 

liquids production (water or oil/condensate) of ~1200 m3/yr.  Again, larger volume vessels or 

larger liquid level tolerances would only lead to longer intervals between actuations. 

Using 2018 reported production volumes for individual wells and facilities in Alberta, it was thus 

estimated that 11.3% of installed level controllers would be actuating at intervals of <15 minutes.  

Although from the above discussion it is expected that in aggregate this result is most likely fair 

or conservatively high, the sensitivity of this result was nevertheless considered in a separate 

scenario (See Figure S14) where the fraction of <15 minute level controllers was raised to 44%.  

A recent survey of 72 Fisher L2 level controllers found that 32 (44%) were operating at <15 minute 

intervals (Spartan Controls, 2018).  However, this (newer) brand of controller is likely not 

normally distributed among newer and older sites, which is important given that “(l)evel 

controllers that dump more than once every 15 minutes are typically found at sites that are newer, 

produce more liquids and are higher pressure than older sites that produce less liquids at lower 

pressure” (Spartan Controls, 2018). 

An average emission rate of level controllers actuating at <15 minute intervals was determined to 

be 0.6279 m3/hr, based on field measurement data from two recent Alberta studies (D’Antoni, 

2018; Spartan Controls, 2018).  Spartan Controls (2018) reported average emission rates of 

0.46 m3/hr for Fisher L2 controllers, further segregated to average rates of 0.75 m3/hr and 
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0.19 m3/hr for controllers actuating at < or > 15 minute intervals respectively.  In an augmented 

sample (139 vs. 72), D’Antoni (2018) reported 15% lower average emissions of 0.389 m3/hr for 

the same Fisher L2 type controllers as well as average emissions of 0.193 m3/hr for Norriseal 1001 

controllers.  Unfortunately D’Antoni (2018) did not derive separate emission factors for controllers 

operating above and below the 15-minute threshold, so the same relative split as reported by 

Spartan Controls (2018) was necessarily assumed.  The 0.6279 m3/hr factor was then derived based 

on the relative proportions of Fisher L2 (72%) and Norriseal 1001a (28%) controllers observed in 

recent field surveys (Clearstone Engineering Ltd., 2018), conservatively using the higher rate 

Fisher L2 emission rates from (Spartan Controls, 2018).  Following replacement or retrofit with 

an alternative to minimize transient venting, emissions were assumed to fall to 0.10 m3/hr 

consistent with recent field measurement data for two different solutions (D’Antoni, 2018; Spartan 

Controls, 2018).   

It should be noted that the available emission factors (D’Antoni, 2018; Spartan Controls, 2018) 

may overestimate emissions for normally operating level controllers.  The field data from Spartan 

Controls (2018) include abnormally operating “level controllers remaining in transient vent state 

(that) can be reset to steady state in the field without hardware changes” (See Figure 15 of Spartan 

Controls, 2018).  Similarly, recent comprehensive multiday field measurements of pneumatic 

controllers by Luck et al. (2019) found level controller emissions were much more strongly 

influenced by abnormally operating devices than actuation frequency.  This is consistent with 

results from Figure 16 in Spartan Controls (2018) that show poor correlation (R2=0.42) of 

pneumatic controller emissions with actuation frequency.  By contrast, the emission factor of 

0.1 m3/hr derived for newly retrofitted level controllers at the time of retrofit (D’Antoni, 2018; 

Spartan Controls, 2018) is not (yet) expected to be influenced by abnormal operations.  Thus, the 

present model likely overestimates the net methane mitigation in retrofitting <15 minute level 

controllers with models intended to minimize transient venting.   

Pneumatic Pumps 
Existing pneumatic pumps are not directly regulated in AER D60 in contrast to the ECCC 

regulations.  This is the reason for the noted mitigation difference for pneumatic pumps seen in 

Figure 3 of the manuscript.  However, under AER rules, new pneumatic pumps that operate more 

than 750 hours per calendar year must have zero emissions, see Section 8.6.1(4).  To be consistent 
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with the baseline pneumatics inventory in which chemical injection pumps were assumed to 

operate six months of the year, all pumps installed at new sites would thus be expected to exceed 

the 750 h/y threshold (8.6.1(4) of D60) and were modeled to have zero emissions under the AER 

regulations. 

S7.2 Alberta Venting Limits and Exclusions 

In the AER regulations, the overall vent gas (OVG) limit of 15,000 m3/month is applicable to “all 

routine and non-routine vent gas” at upstream oil and gas facilities (see Section 8 of AER D60 

(AER, 2018d)).  Initially this limit excludes pneumatic devices, compressor seals, and glycol 

dehydrators, but these sources are included in the limit starting on January 1, 2023.  A further 

“defined vent gas” (DVG) limit of 3000 m3/mo is applicable at new sites reporting first production 

or receipt volumes on or after January 1, 2022, where DVG includes “routine venting, excluding 

vent gas from pneumatic devices, compressor seals, and glycol dehydrators” (Section 8.4 of D60) 

(AER, 2018d).  There is an additional “fleet average” venting limit for crude bitumen batteries 

(excluding thermal in-situ oil sands batteries and oil batteries in the Peace River area as defined 

by Directive 84).  In addition to adhering to the OVG limit, effective January 1, 2022 included 

crude bitumen batteries must either each meet the DVG limit or groups of commonly-owned 

batteries must adhere to an operator–based fleet average of 3,000 m3/month.  Sites reporting 

venting or production in the given month are included in the fleet average as outlined in Section 

8.5 of D60.  

At full implementation one or more of the three vent limits in the Alberta regulation (the OVG 

limit, the DVG limit, and the operator–based fleet average limit for crude bitumen sites) are 

applicable to all 22837 sites in the 2018 baseline data.  Referring to Figure 1 in the manuscript and 

discussion above, for these sites the estimated baseline venting emissions include currently 

reported sources (116.1 kt), storage losses (28.8 kt), loading and unloading (2.1 kt), glycol 

dehydrators (11.4 kt), compressor seals (41.0 kt), compressor starts (14.1 kt), and pneumatic 

venting (293.0 kt).  Application of the vent limits and modelling details to calculate achieved 

methane mitigation are discussed below under separate headings for crude bitumen sites and 

existing and new non-crude bitumen sites.  
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Existing sites (Non-Crude Bitumen Sites) 
Estimated venting reductions at existing sites were obtained by first considering the impact of the 

proposed regulations on pneumatic, glycol dehydrator, and compressor seal emissions and then 

applying the OVG limit site-by-site.  The modeling assumptions for glycol dehydrator and 

compressor seal emissions are detailed in Section S8.  Baseline estimates in Figure 1 of the 

manuscript suggest the maximum reductions from compressor seals and glycol dehydrators are 

bounded at approximately 5.3% and 1.5% of the total upstream stream methane inventory for 

Alberta in 2018 respectively.  Accordingly, the average monthly emissions at each site from these 

sources are small (see Table S14) and did not significantly impact site-level reductions.   

Considering production data back to January 2011, a site was considered existing if the site 

reported activity in at least one month on or before January 2018.  This criterion defines 93% 

(18970 of 20359) of the sites not in the crude bitumen operator–based fleet averages as existing. 

These sites combine for 149.7 kt of methane from venting sources (reported sources, storage 

losses, loading and unloading, compressor starts and seals, and glycol dehydrators), 101.6 kt of 

methane from pneumatic level controllers, 53.5 kt from non-level controller pneumatic instrument 

venting, and 133.5 kt of methane from pneumatic pump venting.  The total reduction in methane 

emissions from these sources was estimated to be 175.0 kt.  The majority the reduction, 64% (111.4 

kt of 175.0 kt), was obtained by reducing the combined venting from pneumatic pumps, venting 

sources, and reduced pneumatic instrument venting below the OVG limit of 15,000 m3/month.  

The remaining 63.6 kt. results from converting continuous bleed non-level controller pneumatic 

instruments to low bleed devices (46 kt), extending level controller actuation times to greater than 

15 minutes (17 kt), and reducing compressor seal venting (0.6 kt).  

New Sites (Non-Crude Bitumen Sites)  
New sites were defined as facilities reporting first production activity on or after February 2018. 

In addition to the OVG limit, new sites were subject to the DVG limit reducing individual venting 

(from reported sources, storage losses, loading and unloading, and compressor starts) to 

3,000 m3/month, as well as, separate restrictions on venting from pneumatic instruments and 

pumps.  It is assumed operators have designed new sites with pneumatics that comply with Section 

8.6.1(1)-(4) of D60 as outlined above.  
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Approximately 7% (1389 of 20359) of sites not considered in a crude bitumen fleet average were 

consider new sites within the methane reduction model for Alberta’s regulations.  These sites 

accounted for 10.8 kt of vented methane: 6.4 kt from venting sources (reported sources, storage 

losses, loading and unloading, compressor starts and seals, and glycol dehydrators), 1.7 kt from 

pneumatic level controllers, 0.8 kt from non-level controller pneumatic instrument venting, and 

2.0 kt from pneumatic pump venting.  Methane reductions from the DVG limit, pneumatic 

instruments (including level controllers), pneumatic pumps, compressor seals, glycol dehydrators, 

and finally the OVGL were estimated to be 3.1 kt, 2.2 kt, 2.0 kt, 0.03 kt, 0.0 kt and 0.04 kt 

respectively. 

Crude Bitumen Sites  
Mitigation calculations assume that crude bitumen operators will choose the less restrictive fleet-

average vent limit of 3,000 m3/month over the individual DVG site limit of 3,000 m3/month at 

each of their sites.  As outlined in Section S2, crude bitumen sites on average are not expected to 

utilize pneumatic devices in significant number and the average monthly compressor seal and 

glycol dehydrator emissions (see Section S3) for crude bitumen subtypes are far below AER 

venting regulations.  Under these assumptions new and existing crude bitumen sites are effectively 

treated the same in the regulations.      

Overall reductions from crude bitumen sites were calculated by first applying the OVG limit of 

15,000 m3/month at individual sites before sites were grouped by operator in a fleet average.  The 

fleet average for each operator was calculated monthly including sites that reported venting or oil 

production in the given month and excluding sites in the Peace River area as defined by Directive 

84 and specified by the AER regulation.  Potential vent reductions for each Peace River Area site 

were calculated following the appropriate procedure for either a new or existing non-crude bitumen 

site as outlined above.  In general site-level venting estimates in the Peace River Area were 

insignificant relative to applicable AER venting limits.  Most (92%) of Peace River Area facilities 

did not report venting and thus their exclusion by the regulation has the potential to increase the 

effectiveness of the fleet average.  Of these sites in the Peace River area, zero exceeded the OVG 

limit and zero new sites exceeded the DVG limit.  
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Of the 2739 bitumen sites in the 2018 baseline, 90% (2478) were outside the Peace River Area 

and subject to the fleet-average venting limits.  Table S18 shows data for these included sites which 

accounted for 99.8% (44.35 of 44.46 ktCH4) of the reported venting emissions from crude bitumen 

sites in Alberta.  These sites were linked to 32 different operators in 2018.  Note facility ownership 

was tracked and updated in each month of the calculation when determining the monthly fleet 

average for each operator.  

Table S18. Detailed breakdown of site counts, reported venting, and total estimated venting for crude bitumen 
facilities subject to fleet-average venting limits (i.e. not in the Peace River area) in 2018. Total estimated venting 
includes additional average venting from storage losses, loading and unloading, glycol dehydrators, compressor 
seals, and compressor starts. 

Crude Bitumen Sites subject to fleet-average venting limits  
(not in the Peace River area) 

# of active sites 2,478 
# of sites reporting venting 2,217 
# of sites reporting neither venting nor oil production  
(not included in fleet-average calculation) 

49 

# of sites exceeding OVG limit 381 
# of sites in fleet-averages exceeding limit  
(after OVG limit sites are reduced) 

1,987 

Total reported venting [ktCH4] 44.4 
Total unreported venting [ktCH4] 9.6 
Total estimated venting [ktCH4] (sum of reported and unreported) 54.0 
Anticipated mitigation via the OVG limit [ktCH4] 9.36 
Anticipated additional mitigation via the fleet-average limit [ktCH4] 4.45 
Total anticipated venting mitigation [ktCH4] 13.8 

 

It is notable that of the 13.8 ktCH4 reduction in venting at crude bitumen sites subject to fleet-

average limits (i.e. outside of the Peace River area), 68% (9.4 ktCH4) is obtained from the overall 

vent gas limit (exceeded at 381 sites).  Only 32% of the mitigation (4.5 ktCH4) is attributable to 

the fleet-average limit.  The reduced effectiveness of fleet-average type limits for facilities or 

sources with highly-skewed distributions (which is characteristic of venting at crude bitumen 

batteries) is further discussed below.   

S7.3 Limited Effectiveness of Fleet-Average Limits for Skewed Sources 

The muted impact of the fleet-average venting limit for crude bitumen sites exemplifies the limited 

effectiveness of the fleet-average limit approach in general when sites have skewed emissions 

distributions.  This underlying reasons for this are illustrated in Figure S5, which plots the 

distribution of monthly vent volumes at crude bitumen sites in 2018.  The distribution is highly 
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skewed, with a mean of 3607 m3, a median of 1278 m3, and a mode of 378 m3.  While the maximum 

monthly vent volume for all sites was 289,791 m3, 72% vented volumes of <3,000 m3/month.   

Under the fleet-average limit an operator can keep some high-emitting sites so long as there are 

sufficient corresponding low emitting sites to counterbalance, allowing the fleet-average limit to 

be met.  Alternatively, if the same limit value is prescribed for all sites, then low-emitting sites 

below the limit still do not have to take any mitigation action, but all sites above the limit would 

be required to reduce emissions.  At a minimum these high-emitting sites would need to reduce to 

the limit, even though in practice it would be expected that emissions would be reduced further 

(since most mitigation actions like capturing gas into a pipeline are likely to generate a finite 

reduction that wouldn’t likely be adjusted to achieve a specific value).   

For the data shown in Figure S5, if sites are required to reduce to a fleet-average limit of 

3000 m3/mo, then a total mitigation of 13.8 ktCH4 would be expected.  Alternatively, if a simple 

site limit of 3000 m3/mo were applied to all sites, then a total mitigation of 29.4 ktCH4 would be 

expected – more than double (2.1×) the fleet average limit.  
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Figure S5. Distribution of monthly vent volumes (including reported volumes and estimated 
average monthly volumes from storage losses, loading and unloading, glycol dehydrators, 
compressor seals, and compressor starts) at crude bitumen sites.  Monthly volumes were rounded 
to 100 m3 increments. 

 

S8 Compressor Seal and Glycol Dehydrator Emissions 

As presented in Figure 1 of the manuscript (and also Figure S10), compressor seal emissions are a 

minor contributor to the Alberta oil and gas sector methane inventory.  This is reflected in the 

relatively small average monthly vent volumes associated with these sources, estimated for each 

subtype in Table S15.  With a small to insignificant potential impact on equivalency, a first order 

approach for modeling regulated compressor seal and glycol dehydrator methane reductions was 

adopted. 
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In both regulations centrifugal and reciprocating compressors have separate emission limits 

dictated by installation date and physical parameters such as the number of cylinders/throws.  

These limits were converted to common units and compared in Table 1 of the manuscript.  

Unfortunately, compressor emissions estimates, as derived from the national inventory data, are 

not categorised by compressor type.  However, in the upstream oil and gas sector in Alberta 

reciprocating compressors are the most commonly found unit at compressor stations, gas gathering 

systems, and production sites(Clearstone Engineering Ltd., 2018, 2014c).  Thus, to assess the 

effectiveness of the two regulations all compressor emissions were attributed to reciprocating 

compressors.  Finally, estimated average site-level compressor emission volumes in Table S15 

were divided by 3.05 (the average number throws observed for reciprocating compressors in the 

most recent field survey of Alberta’s oil and gas sites(Clearstone Engineering Ltd., 2018)) and 

compared to individual reciprocating compressor vent limits.  

Glycol dehydrator methane emissions are only covered in the AER regulations.  At full 

implementation all dehydrator emissions are subject to a fleet average of less than 6633 m3/month 

(converted from 136 kg CH4/day, Section 8.6.3(2) in D60) with individual dehydrators installed 

or relocated after January 1, 2022 limited to 3317 m3/month (converted from 68 kg CH4/day, 

Section 8.6.3(1) in D60).  From Figure 1 in the manuscript and field survey data(Clearstone 

Engineering Ltd., 2018), an average dehydrator was estimated to emit 1337 m3/month (i.e. an 

estimated 1139 dehydrators emitted 11.4 kt of methane in 2018), which is far below the fleet 

average limit of  6633 m3/month.  Thus, it is expected AER’s proposed glycol dehydrator venting 

requirements will have limited impact on dehydrator emissions, overall provincial methane 

reduction, and equivalency between regulations.  However, glycol dehydrator emissions in Table 

S15 were still included in the site-level calculations of the overall vent gas (OVG) limits, which 

allows for the additional mitigation that may be achieved under AER rules at sites where vented 

emissions must be reduced to this limit. 

S9 Leak Detection and Repair Modelling and Assumptions 

Leak detection and repair (LDAR) surveys in both regulations target fugitive emissions starting 

on January 1, 2020.  These fugitive sources include equipment leaks (e.g. leaks from thread 

connectors, flanges, valves, regulators, tank-top equipment etc.) at upstream oil and gas facilities 
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and wellhead specific emissions from unintended (accidental) surface casing vent flows (SCVF).  

Following the methodology in Section S3 baseline fugitive equipment leak and SCVF emissions 

were derived for 2012, 2017, and 2018 from 2011 ECCC detailed national inventory data.  Recall 

that unlike the pneumatic inventory (see Section S2), these data are only available in aggregate, 

see Table S5 and Table S6. Since the data do not exist at a site-by-site resolution, reduction and 

site count estimates for both regulations were modelled as further detailed in Section S9.2 and 

Section S9.3.  Baseline emissions in Alberta from equipment leaks and SCVF were estimated to 

be 15.0% (117.7 of 787 ktCH4) and 15.3% (120.8 of 787 ktCH4) of upstream oil and gas emissions 

in 2018 respectively as shown in Figure 1 of the manuscript. 

S9.1 LDAR Survey Effectiveness 

Although both regulations have provisions allowing for “alternative” leak detection and repair 

(LDAR) programs, it is assumed that surveys will be conducted using optical gas-imaging (OGI) 

cameras following procedures and best practices outlined by AER in Manual 16 (AER, 2018e).  

The effectiveness of OGI-based LDAR to detect leaks and reduce emissions depends on factors 

such as environmental conditions (e.g. temperature, wind etc.), thermal contrast, imaging distance, 

surveyor competency (e.g. specific LDAR training, camera operation, etc.), frequency of surveys 

and is currently an open and evolving area of research.  For this equivalency analysis, LDAR 

effectiveness was modeled following recent OGI simulation results for a typical gas well 

battery(Ravikumar and Brandt, 2017). Figure S6(a) reproduces results from a simulation 

considering the effect of zero, 1, 2, and 4 LDAR surveys per year on the mean fugitive site 

emissions over an eight-year time period.  Relative to the mean baseline site emissions under no 

LDAR, the percent reduction in mean site emissions for each LDAR survey frequency was derived 

(Figure S6(b)).  As both regulations require triannual surveys for at least some facilities, the 

simulation data in Figure S6(a) were fit with a 3rd order polynomial to obtain a mean triannual-

LDAR emission reduction of 68%, plotted as a red dot in Figure S6(b). 
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Figure S6. (a) Reproduced simulation results estimating LDAR effectiveness with survey frequency(Ravikumar 
and Brandt, 2017) (b) Derived percent reductions relative to mean site emissions without a LDAR program. 

 

S9.2 ECCC LDAR Reduction Model  

The ECCC LDAR regulations prescribe triannual surveys at all facilities passing the potential to 

emit (PTE) threshold (see Section S6.1) and “non-isolated” well sites that consist of more than one 

wellhead or that have production equipment other than gathering pipelines or a meter (see Section 

28(1)(a) and Section 30(3)(b) of the regulation).  As discussed in Section S6.1, 20334 active sites 

in the 2018 data pass the PTE threshold.  Matching these sites by subtype to the 2018 baseline 

fugitive equipment leak emission estimates aggregated at the facility subtype (Table S5), and 

removing short-term batteries associated with well completions (i.e. gas test and drill and 

completing batteries, subtypes 371 and 381 respectively), results in 20155 active sites subject to 

triannual surveys.  Note that the available 2018 Petrinex data (as of April 2019) did not include 

metering stations (subtypes 631-634 and 637), see Table S1.  The majority of these metering 

stations are likely to pass the PTE threshold based on received gas volumes, and therefore the 

above site estimate (which does not include metering stations) may underestimate the number of 

LDAR sites in the ECCC regulations.  There were estimated to be 1122 metering stations in 

Alberta using 2016 Petrinex data obtained directly from AER prior to the launch of the public data 

portal.  
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To estimate how many of the 164,744 active wells in Alberta in 2018 (including those at single 

well batteries) (see Table S2) would be subject to ECCC LDAR regulations, it was assumed any 

well reporting under a multi-well proration battery (i.e. Subtypes 322, 342, 363, 364, 366, and 

367)(AER, 2016) was “isolated”.  Under this assumption, using 2018 volumetric production data, 

it was estimated that approximately 31% (51451 of 164,744) of the wells were subject to ECCC 

LDAR as summarized in Table S19.   

ECCC LDAR Model for Equipment Leaks 
The ECCC LDAR methane reductions from fugitive equipment leaks were calculated by 

multiplying baseline emissions by a triannual survey reduction factor of 0.68 (see Section S9.1) 

and an emission inclusion factor for each facility subtype and NIR well category.  The inclusion 

factor estimates the fraction of the aggerate baseline emissions that were expected to pass the PTE 

threshold.  For facilities, this inclusion factor was derived assuming the emissions from equipment 

leaks were correlated with onsite gas.  Thus, for each subtype in the 2018 production data, an 

inclusion factor was defined as the fraction of produced and received gas passing the PTE 

threshold.  For wells, the inclusion factor is the fraction of each well type that is not isolated.  

Combining well types from Table S2, well depth information from AER’s General Well Data File 

(AER, 2018a), and considering subtype of the facility associated with each well, appropriate well 

inclusion factors were derived as summarized in Table S19. 

Table S19. Derived baseline emission inclusion factor for simplified NIR well categories. Isolated wells were 
defined as those linked to proration type production facilities.  

Baseline Well Category Total Count Isolated Count LDAR Inclusion Factor 
Light/Medium Crude Oil 34,914 28,777 0.18 
Heavy Oil 7,827 2,799 0.64 
Deep Gas (>1000 m) 38,838 16,584 0.57 
Shallow Gas 75,650 65,132 0.14 
In-Situ Oil Sands 7,382 0 1 
Other 133 -- -- 
Total/Average 164,744 113,292 0.31 

 

From this analysis, 94% of the total baseline volume of fugitive equipment leaks were estimated 

to be subject to LDAR in the ECCC regulation.  This comprises 3.8 ktCH4 at wells and 106.5 

ktCH4 at facilities, which sum to 110.3 ktCH4 of the 117.7 ktCH4 of fugitives in the baseline.  The 

total ECCC LDAR reduction shown in Figure 3 of the manuscript was 74.7 ktCH4 (63% of the 

baseline), consisting of a 2.6 ktCH4 reduction at wells and a 72. ktCH4 reduction at facilities. 
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ECCC LDAR Model for Surface Casing Vent Flows 
Surface casing vent flows (SCVF) are categorized under “Accidents and Equipment failures” in 

the NIR data and are not specifically allocated to well types.  To model SCVF reductions from 

wells, the average LDAR inclusion factor of 0.31 (see Table S19) was multiplied by the 2018 

baseline SCVF emissions (120.8 ktCH4) and the triannual LDAR reduction factor of 0.68 to obtain 

a total estimated reduction of 25.5 ktCH4. 

S9.3 Alberta LDAR Reduction Model  

The LDAR program requirements in the AER regulations (see Table 4 of D60, Section 8.10.2), 

excluding Peace River Area sites (see Section S1.1) and facilities that are designed to vent (see 

Section 8.10.2.1(1) of the regulation), specify annual and triannual surveys based on facility 

subtype.  Specifically, D60 prescribes triannual surveys for sweet gas plants, sweet compressor 

stations, sweet gas gathering systems and sites with controlled hydrocarbon or produced water 

storage tanks.  Annual surveys are specified for other facilities, which include sour gas plants, sour 

compressor stations, sour gas gathering systems, gas straddle and gas fractionation plants, oil and 

gas batteries, enhanced recovery schemes, custom treating facilities, injection/disposal facilities, 

tank loading/unloading facilities, and wells located on the same pad as their linked facility surveys.  

As noted in D60 (footnote 2 of Table 4 in D60), AER subtype codes for compressor stations and 

gas gathering systems do not specify whether the facility receives sweet or sour gas for processing.  

Similarly, the NIR does not differentiate.  However, this sweet/sour distinction is required to 

estimate both the number of sites and the magnitude of baseline fugitive equipment leaks under an 

annual or triannual LDAR survey program.  To model site counts and reductions, it was assumed 

that the fraction of emissions from sour facilities must be proportional to the fraction of sour gas 

received at gas plants.  In 2018 27.9% of the reported received gas was at sour gas plants.  

LDAR surveys under AER D60, like the ECCC LDAR program requirements, only apply to a 

subset of the total number of active wells (see footnote 3 of Table 4 in D60, Section 8.10.2).  As 

mentioned above, wells sharing the same physical location as their linked facilities are included in 

AER LDAR surveys.  In addition to single well batteries, it was expected that wells linked to 

multiwell group batteries shared the same pad location(AER, 2016).  Accordingly, to model D60 
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LDAR reduction from wells it was assumed that wells linked to proration batteries are not subject 

to LDAR identical to the isolated well exclusion for the ECCC rules (See Section S9.2).    

Finally, sites that were “designed to vent” were defined as sites that did not report natural gas fuel 

use, gas disposition, or flaring as an end use for produced or received gas.  Considering reporting 

activity back to January 1, 2011 there were 648 sites design to vent in the 2018 data.  The majority, 

54% (353 of 648) of sites design to vent were single well crude oil batteries (subtype 311).      

Alberta LDAR Model for Equipment Leaks  
The AER D60 LDAR methane reductions from fugitive equipment leaks were calculated, 

mirroring ECCC reductions, by multiplying baseline emissions by an appropriate reduction factor 

based on Table 4 in D60 (0.4 for annual surveys and 0.68 for triannual surveys, see Section S9.1) 

and an emission inclusion factor for each facility subtype and NIR well category.  The inclusion 

factor estimates the fraction of the aggerate baseline emissions for each subtype or well type 

accounting for excluded sites (e.g. sites designed to vent, isolated wells etc.).  At compressor 

stations and gas gathering systems a sweet/sour split of 0.721/0.279 was assumed (see above). 

Mirroring ECCC modeling, the inclusion factor at facilities was defined as the fraction of produced 

and received gas subject to LDAR surveys for each subtype.  Finally, as discussed above, the AER 

D60 inclusion factors for wells are the same that of the ECCC model in Table S19.   

Under these assumptions to total methane from fugitive equipment leaks in 2018 covered by the 

AER D60 LDAR programs was 100.7 ktCH4, distributed over an estimated 21915 sites and 51451 

associated wells.  As shown in Figure 2 of the manuscript, it was estimated that 19607 sites 

(emitting 83.0 ktCH4) were subject to annual surveys and 2308 sites (emitting 17.7 ktCH4) were 

subject to triannual screening.   

In essence, the site coverage for the equivalency model was effectively the same for both 

regulations and the main difference in reductions was a result of survey frequency.  The total 

methane reduction from fugitive equipment leaks (see Figure 3 of the manuscript) from the AER 

D60 LDAR program was estimated to be 45.2 ktCH4, which is 38% of the baseline fugitive 

emissions.  
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Alberta LDAR Model for Surface Casting Vent Flows  
Surface casing vent flow (SCVF) reductions from wells were based on the average LDAR 

inclusion factor of 0.31 (see Table S19 and the ECCC model) multiplied by the 2018 baseline 

SCVF emissions (120.8 ktCH4) and an annual LDAR reduction factor of 0.4 (see Figure S6), 

resulting in a total estimated reduction of 15.1 ktCH4. 

S10 Modeling Mitigation During the Phase-In of Regulations to January 1, 
2025 

Methane regulations from both ECCC and AER are scheduled to take effect January 1, 2020 and 

will be phased-in over three years, coming to full implementation on January 1, 2023.  As 

discussed in the manuscript both regulations have a target year of 2025 to achieve a 40-45% 

reduction from oil and gas sector methane emissions.  As an additional comparison of the two 

regulations, the aggregate methane mitigation achieved by each regulation over the five-year 

period from January 1, 2020 to January 1, 2025 was modelled as outlined in Table S20.  In this 

scenario activity and production in the upstream oil and gas sector were assumed to remain stable 

(i.e. no growth or decline) over the five-year period.  Recent production trends shown in Figure 

S1 show that if fact production at conventional oil sites has decreased since 2012, while total gas 

production has remained stable.  Correspondingly, baseline methane emissions prior to any 

mitigation actions were assumed to match the 2018 inventory.  The impact of AER’s strengthened 

venting limits for new sites, starting in 2022, was incorporated into the simulation by reassigning 

new and existing site classifications within the 2018 data to match the historical reported 

occurrence rates of new sites observed in Alberta between 2016 and 2018.  For the simulation year 

2022, a site was defined as “new” if the site’s first active month was reported after January 1, 2018.  

Then, in each subsequent year after 2022, the date defining a new site decreased by one year.  For 

example, in 2023 new sites within the base 2018 data set were defined as those having their first 

active month reported after January 1, 2017.  This approach meant that new sites in the 2022 

simulation year were still tracked and identified as new sites in 2023, while additional new sites 

could appear in 2023 and beyond in the exact patterns as rates as they did in the most recent five-

year period.  Under these assumptions new sites increased from 1389 sites in 2022 to 3407 sites in 

2024.   



  S49 

Table S20. Modelling assumptions used to compare the aggerate methane mitigation achieved from ECCC and 
AER methane regulations phased-in over a five-year period.  

YEAR OF DATA SIMULATES 
YEAR COMPONENT FEDERAL 

(ECCC) 

Provincial (ALBERTA) 

EXISTING 
(before January 1, 

2022) 

NEW 
(on or after January 1, 

2022) 

2018 2020 & 
2021 

Venting 

N/A 

15000 m3/moa 

N/A  

Pneu. Inst. & Pumps N/A 

Crude Bit. Batteries 15000 m3/moa 
Glycol dehydrators N/A 
Compressor Seals Section S8 N/A 
LDAR Section S9.2 Section S9.3 

 2018 
(New facilities 
have first active 
month after Jan. 
1, 2018) 

2022 

Venting 

N/A 

15000 m3/moa 3000 m3/mob 

Pneumatic Inst. 
excluding Level 
Controllers 

N/A 

Control to 85.5% 
destructionc for 90% of 

installed pneumatics 
and ≤124.1 m3/mo  

(low bleed) 

Pneumatic 
Level Controllers 

Control to 85.5% 
destructionc for 90% of 

installed controllers 
and if actuation period 

is <15 min, minimize 
transient venting or 
increase to >15 min 

Pneumatic Pumps N/A 0 m3/mo if operating 
>750h 

Crude Bit. Batteries 3000 m3/mo (fleet average) 
Glycol dehydrators 

N/A Section S8 
Compressor Seals Section S8 
LDAR Section S9.2 Section S9.3 

2018  
(New facilities 
have first active 
month after Jan. 
1, 2017 & 2016) 

2023 & 
 2024 

Venting 

1250 m3/mod 
*excl. 

pneumatics, 
compressor 
seals, glycol 
dehydrators 

15000 m3/mo 
*incl. pneumatics, 
compressor seals, 
glycol dehydrators 

15000 m3/mo 
*incl. pneumatics, etc. 

3000 m3/mo 
*excl. pneumatics etc. 

Pneumatics Inst. 
Manufacturer’s 

documented 
operational 
bleed rate 
must be  

≤124.1 m3/mo 
(low bleed) 

Control to 85.5% 
destructionc or 
≤124.1 m3/mo  

(low bleed) 

Control to 85.5% 
destructionc for 90% of 

installed pneumatics 
and ≤124.1 m3/mo 

(low bleed) 

Pneumatic 
Level Controllers 

If actuation period is <15 
min: control to 85.5% 

destructionc or minimize 
transient venting or 

increase actuation period 
to >15 min 

Control to 85.5% 
destructionc for 90% of 
installed controllers and 

if actuation period is 
<15 min, minimize 

transient venting or 
increase to >15 min 
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Pneumatic Pumps 
0 m3/mo for 
pumps > 20L 

methanol/day 
N/A 0 m3/mo if operating 

>750 hours 

Crude Bit. Batteries 1250 m3/mod 3000 m3/mo (fleet average) 
Glycol dehydrators N/A 

Section S8 
Compressor Seals Section S8 
LDAR Section S9.2 Section S9.3 

a Excludes pneumatics, compressor seals, glycol dehydrators 
b Includes routine venting excluding pneumatics, compressor seals, and glycol dehydrators 
c  Control is defined as 95% destruction 90% of the time in operation, thus 90% × 95% = 85.5% 
d Rules applicable to sites that vented, destroyed, or delivered >40,000 m3 of gas in the prior consecutive 12-month period, where venting 

volumes in any given month are considered if they pass this vent inclusion threshold (See SI, Section S4.2)  The ECCC regulation specifies a 
vent limit of 15,000 m3/y, which is equivalent to 1250 m3/mo assuming all months meet the vent inclusion threshold. 

 

Figure S7 compares anticipated methane reductions during the five-year phase-in from January 1, 

2020 to January 1, 2025.  Consistent with the results of Figure 3 in the manuscript, the ECCC 

regulations achieve greater mitigation in each year.  The gap closes very slightly in 2022 as AER 

fleet average limits for crude bitumen facilities kick in and the AER defined vent gas limit for new 

facilities becomes active.  However, these additional venting limits alone cannot close the gap 

since the AER fleet-average and defined vent gas limits of 3000 m3/mo venting are weaker than 

the ECCC limit of 1250 m3/mo for all sites passing the relevant thresholds.  In 2023, as all 

components of both regulations become active, there is a sharp jump in anticipated methane 

mitigation.  However, the gap at full implementation remains, consistent with Figure 3 of the 

manuscript.  Similarly, the right vertical axis of Figure S7 shows the anticipated percentage 

reductions in total oil and gas sector methane emissions in each year.  In year 5, ECCC achieves a 

reduction of 320 kt below the baseline at the start of regulation vs. a 268 kt reduction with the AER 

rules.  The 257 kt increase for the AER rules relative to Figure 3 in the manuscript is due to the 

cumulative impact of new site additions during the five years (with associated stricter limits).  Past 

the 5-year phase-in period the impact of new sites continues to close the gap in anticipated 

mitigation between the two regulations.  Ultimately the stricter limits on pneumatic pumps and 

level controller at new sites closes the yearly mitigation gap in 2033.  By matching the historical 

reported occurrence rates of new sites, it is estimated that roughly two-thirds of sites would be 

considered new in 2033.  Finally, the anticipated yearly methane reduction under AER rules 

plateaus at 372.1 kt in 2041 when all production sites are considered new.  The cumulative 

mitigation of both regulations becomes equal by 2043.       
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Figure S7. Anticipated mitigation of each regulation over a 5-year phase-in period starting in 
January 1, 2020.  Regulations come into full implementation on January 1, 2023.   

 

S11 Sensitivity Analysis Comparing Anticipated Methane Mitigations using 
2012, 2017, and 2018 Baseline Production and Inventory Data  

To assess the impact of inventory trends and changing production patterns on the anticipated 

methane reductions achieved by both ECCC’s and AER’s methane regulations, the complete 

equivalency analysis was repeated for production years 2012 and 2017.  Baseline methane 

inventories for these additional years (Figure S8-Figure S10) were derived following the same 

procedures described in the manuscript for Figure 1.  The dashed and solid red outlines indicate 

sources included in the ECCC vent limit and AER overall vent gas limit for existing sites 

respectively.  The AER “defined vent gas limit” for new sites applies to the same portion of 

emissions as the ECCC limit (dashed red line).  Sources shown in grey are not considered by either 

regulation. 
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Emissions from mined oil sands production increased from 128 kt to 197 kt from 2012 to 2018, 

such that methane emissions from sources not covered by either the ECCC or AER regulations 

(i.e. mined oil sands plus downstream refining, transmission, and distribution of oil and gas; the 

three broken out sections in each inventory figure) increased by 44% during this period.  However, 

the total methane emission from the oil and sector deceased by 13.4% from 1194.0 kt to 1034.4 kt 

over the same period, primarily driven by a decrease in reported venting (AER, 2018f) (light 

green).  This is largely attributable to a decrease in cold heavy oil production.  Smaller decreases 

are also apparent in pneumatic emissions, consistent with the large drop in number of active 

production sites from 30,649 to 22,837 (See Table S1).   

 
Figure S8. Detailed breakdown of Alberta oil and gas methane emissions in 2012.  Left panel (totaling 1194 
kt of methane) shows methane emissions by sub-sector – in 2012 the ECCC and AER regulations would 
broadly apply to ~86% of total emissions while excluding mined oil sands and upgrading and downstream 
refining, transmission, and distribution.  The right panel (totaling 1021.6 kt of methane) shows the breakdown 
of emissions nominally covered by both regulations by source category.   
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Figure S9. Detailed breakdown of Alberta oil and gas methane emissions in 2017.  Left panel (totaling 
1045.5 kt of methane) shows methane emissions by sub-sector – in 2017 the ECCC and AER regulations 
broadly apply to ~77% of total emissions while excluding mined oil sands and upgrading and downstream 
refining, transmission, and distribution.  The right panel (totaling 810.1 kt of methane) shows the breakdown 
of emissions nominally covered by both regulations by source category.   

 
Figure S10. Detailed breakdown of Alberta oil and gas methane emissions in 2018.  Left panel (totaling 
1034.4 kt of methane) shows methane emissions by sub-sector – in 2018 the ECCC and AER regulations 
broadly apply to ~76% of total emissions while excluding mined oil sands and upgrading and downstream 
refining, transmission, and distribution.  The right panel (totaling 787 kt of methane) shows the breakdown of 
emissions nominally covered by both regulations by source category.   
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Figure S11 to Figure S13 show results of the sensitivity analysis in which the entire analysis was 

repeated using baseline production and inventory data from 2012 and 2017.  As discussed in the 

manuscript, the analysis shows consistent differences in methane mitigation between the two 

regulations across all years (2012, 2017, and 2018).  This is true even with the significant changes 

in production patterns and numbers of active sites described above.  Comparing the results for the 

2012 and 2018 baselines, it is apparent that both regulations would have the ability to adapt to 

production changes, achieving larger mitigations in the presence of higher venting levels and larger 

numbers of pneumatic equipment similar to those seen in 2012.  However, as concluded in the 

manuscript, the gap between the regulations would remain in all cases and ranges from 63.0 kt in 

2018 to 96.1 kt in 2012. 

 

 
Figure S11. Anticipated methane reductions from the ECCC and AER regulations at full implementation 
calculated using 2012 production and inventory data.  The colours and legend illustrate portions of the total 
reduction achieved from specific components of each regulation.  The right axis shows the percentage 
reduction in total oil and gas sector methane emissions achieved by each regulation.  Note that mitigations 
from compressor seals are plotted but are too insignificant to be seen relative to other sources in the figure. 
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Figure S12. Anticipated methane reductions from the ECCC and AER regulations at full implementation 
calculated using 2017 production and inventory data.  The colours and legend illustrate portions of the total 
reduction achieved from specific components of each regulation.  The right axis shows the percentage 
reduction in total oil and gas sector methane emissions achieved by each regulation.  Note that mitigations 
from compressor seals and glycol dehydrators are plotted but are too insignificant to be seen relative to other 
sources in the figure. 

 
Figure S13. Anticipated methane reductions from the ECCC and AER regulations at full implementation 
calculated using current (2018) production and inventory data.  The colours and legend illustrate portions of 
the total reduction achieved from specific components of each regulation.  The right axis shows the 
percentage reduction in total oil and gas sector methane emissions achieved by each regulation.  Note that 
mitigations from compressor seals and glycol dehydrators are plotted but are too insignificant to be seen 
relative to other sources in the figure. 
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In addition to inventory trends and production pattern changes, the sensitivity of the present 

analysis to level controller actuation frequency was considered for 2018 data.  Unlike inventory 

and production changes that in general affect both regulations, level controller actuation frequency 

only impacts the anticipated methane reduction from the AER regulation.  In the present analysis 

(See Figure 3 in the manuscript and Figure S13 above) an estimated 11.3% of level controllers 

(See Section S7.1) would be actuating more often than once every 15 minutes based on site level 

monthly reported produced water and liquid hydrocarbon volumes.  In Figure S14 this fraction of 

level controllers was raised, independent of reported liquid volumes, to 44% to match the fraction 

of controllers with high actuation frequencies found in a recent survey of 72 Fisher L2 level 

controllers (Spartan Controls, 2018).  This increase reduces the difference between the two 

regulations, but a gap of 38.1 kt remains.  However, as noted in Section S7.1 level controllers with 

a high actuation frequency are likely not normally distributed and are more likely to be found at 

newer sites with higher liquid production volumes.  Moreover, the available emission factor data 

used in the present analysis likely overestimate the reductions achieved in retrofitting high 

actuation frequency level controllers as discussed in Section S7.1 above.  Thus, the scenario of 

Figure S14 is likely overstating the anticipated methane reduction from level controllers under the 

AER rules and suggests the uncertainty in level controller actuation frequency would not be 

sufficient to close the gap between the two regulations.    
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Figure S14. Anticipated methane reductions from the ECCC and AER regulations at full implementation 
calculated using current (2018) production and inventory data.  The colours and legend illustrate portions of 
the total reduction achieved from specific components of each regulation.  The right axis shows the 
percentage reduction in total oil and gas sector methane emissions achieved by each regulation.  Note that 
mitigations from compressor seals and glycol dehydrators are plotted but are too insignificant to be seen 
relative to other sources in the figure. 
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