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U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions % of total
PRODUCTION OFFSHORE Nationally Tonnes |% of Sector| Inventory | Activity Leak Direct Engineering | Accesible
(MMcfiyear) CO2e/ Year | Emissions | Emissions | Factors Detection | Measurement Estimate Source

Amine gas sweetening unit 0.2 80 0.01% 0.0001% NE c c a n
Boilerheater/bumer 0.8 332 0.05% 0.0002% c d a n
Diesel or gasoline engine 0.01 5] 0.001%| 0.000004% c d a n
Crrilling rig 3 1,134 0.17% 0.001% C d a n
Flare 24 9,583 1.47% 0.01% c [ b n
Centrifugal Seals 358 144,547 22% 0.10% a a a b
Connectors 0.8 309 0.05% 0.0002% b b b b
Flanges 2.38 960 0.15% 0.001% b b b b
OEL 0.1 32 0.005% 0.00002% b b b b
Other 44 17,576 2.70% 0.01% b b b b
Pump Fugitive 0.5 191 0.03% 0.0001% b b a b
Valves 19 7,758 1% 0.01% b b b b
Glycol dehydrator 25 9,914 2% 0.01% c [ b n
Loading operation 0.1 51 0.01% 0.00004% c d a n
Separator 796 321,566 49% 0.23% c c b b
Mud degassing 8 3,071 0.47% 0.002% c d a n
Natural gas engines 191 77,000 12% 0.05%

Matural gas turbines 3 1,399 0.22% 0.001%

Pneumatic pumps 7 2,682 0.41% 0.002% c b a b
Pressure/level controllers 2 636 0.10% 0.0005% c b a b
Storage tanks 7 2,933 0.45% 0.002% c c a n
VENM exhaust gas 121 48,814 8% 0.03% [ C b n

NOTES: Leak Detection: a — Yes and cost effective: b — Yes but cost burden ¢ - No. Cost effectiveness based on expert judgment.

Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.
Engineering Estimate: a — Exists; b — does not exist.
Accessible Source: y — Yes, n—No; b — Both.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).

Montana, North Dakota, and South Dakota BLM A-3



Climate Change Supplementary Information Report

U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions % of total
PRODUCTION ONSHORE Nationally Tonnes |% of Sector| Inventory Activity Leak Direct gi ing | A ibl
{MMcfiyear) CO2e/ Year | Emissi Emissi Factors Detection Measurement E stimate Source
|I\lon'nal Fugitives
Gas Wells
Non-associated Gas Wells {less Unconventional) 2,682 1,083,539 2% 0.77% 376784 b b b b
Unconventional Gas Wells 69 27,690 0.06% 0.02% 35440 a b b b
Field Separation Equipment 0
Heaters 1463 591,023 1% 0.42% 89720 a b b b
Separators 4,718 1,906,206 4% 1% 247919 b b b b
Dehydrators 1,297 524,154 1% 0.37% 37925 a b b b
Meters/Piping 4 556 1,840,683 4% 1% 315487 b b b b
Gathering Compressors 0
Small Reciprocating Comp. 2,926 1,182,062 2% 1% 28490 a a b b
Large Reciprocating Comp. 664 268,133 0.54% 0.19% 112 a a b b
Large Reciprocating Stations 45 18,178 0.04% 0.01% 14 a a b b
Pipeline Leaks 8.087 3,267,306 7% 2% 392624 b b b n
|vented and Combusted

Drilling and Well Com pletion
Completion Flaring 0 188 0.00% 0.00% 597 c [ c n
Well Drilling 96 38,946 0.08% 0.03% 35600 c [ a ¥
Coal Bed Methane

Powder River 2,924 1,181,246 2% 1% 396920 [ [ a n

Black Warrior 543 219,249 0.44% 0.16% c c a n
Normal Operations
Pneumatic Device Vents 52,421 21,178,268 43% 15% c b a b
Chemical Injection Pumps 2,814 1,136,867 2% 0.81% C b a b
Kimray Pumps 11,572 4,674,913 9% 3% [ b a n
Dehydrator Vents 3,608 1,457,684 3% 1% [ C a n
Condensate Tank Vents
Condensate Tanks without Control Devices 1,225 494,787 1% 0.35% 4 c a b
Condensate Tanks with Control Devices 245 98,957 0.20% 0.07% c d a b
Compressor Exhaust VYented
Gas Engines 11,680 4,718,728 9% 3%
Well Workovers
Gas Wells 47 18,930 0.04% 0.01% [ d b
Well Clean Ups (LP Gas Wells) 9,008 3,639,271 7% 3% [ d a n
Blowdowns
Vessel BD 31 12,563 0.03% 0.01% c d a n
Pipeline BD 129 52,040 0.10% 0.04% C d a b
Compressor BD 113 45,648 0.09% 0.03% C d a n
Compressor Stars 253 102,121 0.20% 0.07% [ d a n
Upsets
Pressure Relief Valves 29 11,566 0.02% 0.01% [4 d b n
Mishaps 70 28,168 0.06% 0.02% [ d b n

Notes:  Leak Detection: a — Yes and cost effective; b — Yes but cost burden; ¢ - No. Cost effectiveness based on expert judgment.
Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.
Engineering Estimate: a — Exusts; b — does not exist.
Accessible Source: ¥y — Yes, n —No; b — Both.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).

A-4 Montana, North Dakota, and South Dakota BLM



Climate Change Supplementary Information Report

U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions % of total
GAS PROCESSING PLANTS Nationally Tonnes |% of Sector| Inventory | Activity Leak Direct Engineering | Accesible
{MMciiyear) CO2e/ Year| Emissions | Emissions Factors Detection Measurement Estimate Source
|Norma|f Fugitives
Plants 1,634 660,226 5% 0.47% a a b b
Recip. Compressors 17,351 7,009,755 48% 5% a a b b
Centrifugal Compressors 5,837 2,358,256 16% 2% a a b b
|Venied and Combusted
Normal Operations
Compressor Exhaust
Gas Engines 6,913 2,792,815 19% 2%
Gas Turbines 195 78,635 1% 0.06%
AGR Vents 643 259,592 2% 0.18% [ c a n
Kimray Pumps 177 71,374 0.49% 0.05% C b a b
Dehydrator Vents 1,088 439,721 3% 0.31% c = a n
Pneumatic Devices 33 37,687 0.3% 0.03% c b a b
|Rouh'ne Maintenance
| Blowdowns/\enting 2,299 928,900 6% 1% c d a n

Notes: Leak Detection: a — Yes and cost effective; b — Yes but cost burden; ¢ - No.  Cost effectiveness based on expert judgment.

Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.
Engineening Estimate: a — Exists; b — does not exast.

Accessible Source: v — Yes, n—No; b — Both.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).
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Climate Change Supplementary Information Report

U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions % of total
TRANSMISSION Nationally Tonnes |% of Sector| Inventory Activity Leak Direct Engineering | Accesible
(MMcflyear) CO2e/ Year| Emissions | Emissions | Factors | Detection | Measurement Estimate Source
|Fum'ﬁves
Pipeline Leaks 166 67,238 0.17% 0.05% a c a n
Compressor Stations (Transmission)
Station 5619 2270177 6% 2% a a b b
Recip Compressor 38,918 | 15,722,907 40% 11% a a b b
Centifugal Compressor 7,769 3,138,795 8% 2% a a b b
ME&R {Trans. Co. Interconnect) 3,798 1,534,238 4% 1% a a b b
M&R (Farm Taps + Direct Sales) 853 344,646 1% 0.25% b b b b
|Vented and Combusted
Normal Operation
Dehydrator vents (Transmission) 105 42,329 0.11% 0.03% C [ a n
Compressor Exhaust
Engines (Transmission) 10,820 4,371,314 11% 3%
Turbines (Transmission) 61 24,772 0.06% 0.02%
Generators (Engines) 529 213,91 0.55% 0.15%
Generators (Turbines) 0 60 0.0002% 0.00004%
Pneumatic Devices Trans + Stor
Pneumatic Devices Trans 11,393 4,602,742 12% 3% [ b a b
Routing Maintenance/Upsets
Pipeline venting 9,287 3,762,013 10% 3% C d a b
Station venting Trans + Storage
Station Venting Transmission 7,645 3,088575 8% 2% c d a n
Notes: Leak Detection: a — Yes and cost effective; b — Yes but cost burden; ¢ - No. Cost effectiveness based on expert judgment.
[Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.

Engineering Bstimate: a — Exists, b — does not exist.
Accessible Source: v — Yes; n — No; b~ Both.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).
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Climate Change Supplementary Information Report

U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions % of total
STORAGE Nationally Tonnes | % of Sector| Inventory | Activity Leak Direct Engineering | Accesible
(MMcfiyear) CO2e/ Year| Emissions | Emissions Factors Detection Measurement Estimate Source
[Fugitives
Compressor Stations (Storage)
Station 2,801 1,131,492 16% 1% a a b b
Recip Compressor 8,093 3,269,454 45% 2% a a b n
Centrifugal Compressor 1,149 464 354 6% 0.33% a a b n
Wells (Storage) 695 280,891 4% 0.20% a a b y
| Vented and Combusted
Normal Operation
Dehydrator vents (Storage) 217 87,514 1% 0.06% c [ a n
Compresseor Exhaust
Engines (Storage) 1,092 441,108 6% 0.31%
Turbines (Storage) 9 3,680 0.05% 0.003%
Pneumatic Devices Trans + Stor
Pneumatic Devices Storage 2318 936,324 13% 1% c b a b
Station venting Trans + Storage
Station Venting Storage 1,555 628,258 9% 0.45% c d a n

Notes:

Leak Detection: a — Yes and cost effective; b — Yes but cost burden; ¢ - No. Cost effectiveness based on expert judgment.

Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.

Engineering Bstimate: a — Exists; b — does not exist.

Accessible Source: v — Yes;n - No b

Both.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).
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Climate Change Supplementary Information Report

U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions % of total
LNG STORAGE Nationally Tonnes |% of Sector| Inventory | Activity Leak Direct Engineering | Accesible
(MMcflyear) CO2e/ Year| Emissions | Emissions | Factors | Detection | Measurement Estimate Source
|LNG Storage
LNG Stations 552 222,824 14% 0.16% b b b b
LNG Reciprocating Compressors 2,084 842,118 54% 1% b b b b
LNG Centrifugal Compressors 715 288,756 19% 0.21% b b b b
LNG Compressor Exhaust
LNG Engines 172 69,632 5% 0.05%
LNG Turbines 1 261 0.02% 0.0002%
LNG Station venting 306 123,730 8% 0.09% = d a n
LNG IMPORT AND EXPORT Total Emissions % of total
Nationally Tonnes |% of Sector| Inventory Activity Leak Direct Engineering | Accesible
TERMINALS (MMcflyear) CO2e/ Year| Emissions | Emissions | Factors | Detection Measurement Estimate Source
|LNG tmport Terminals
LNG Stations 22 5,880 3% 0.01% b b b b
LNG Reciprocating Compressors 105 42,347 14% 0.03% b b a b
LNG Centrifugal Comprassors 27 10,820 4% 0.01% b b a b
LNG Compressor Exhaust
LNG Engines 586 236,647 78% 0.17%
LNG Turbines 3 1,370 0.45% 0.001%
LNG Station venting 12 4,931 2% 0.004% C d a n

Notes: Leak Detection: a — Yes and cost effective; b — Yes but cost burden; ¢ - No.

Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.
Engineering Hstimate: a — Exists; b — does not exist.

Accessible Source: y

Yes;n - Nob

Both.

Export Terminals are not currently included in the U.S. GHG Inventory, therefore they were not included in this analysis. There is currently only one export

terminal, located in Alaska.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).
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Climate Change Supplementary Information Report

U.S. Detailed Inventory of Methane Emissions from Natural Gas Systems

Total Emissions Tonnes % of total
DISTRIBUTION Nationally CO2e/ |% of Sector| Inventory Activity Leak Direct Engineering | Accesible
{MMcf/year) Year Emissions | Emissions | Factors | Detection| Measurement Estimate Source
|Normal Fugitives
Pipeline Leaks
Mains - Cast Iron 9,222 | 3,725,675 14% 3% a b b n
Mains - Unprotected steel 6,515 | 2,632,209 10% 2% a b b n
Mains - Protected steel 1,422 574,528 2% 0.41% a b b n
Mains - Plastic 6,871 | 2,775,759 10% 2% a b b n
Total Pipeline Miles 36% 7%
Services - Unprotected steel 7,322 | 2,957,970 11% 2% a b b n
Services Protected steel 2,863 1,156,473 4% 1% a b b n
Services - Plastic 315 127,210 0.47% 0.09% a b b n
Services - Copper 47 19,076 0.07% 0.01% a b a n
Total Services 16% 3%
Meter/Regulator (City Gates) 37% 7%
M&R =300 5,037 | 2,034,986 7% 1% 3,198 a a b b
M&R 100-300 10,322 | 4,170,101 15% 3% 12,325 b b b b
M&R <100 249 100,480 0.37% 0.07% 6,587 a C b b
Reg =300 5237 | 2,115,726 8% 2% 3,693 a a b b
R-Vault >300 25 9,978 0.04% 0.01% 2,168 a a b b
Reg 100-300 4,025 | 1,625,929 6% 1% 11,344 b b b b
R-Vault 100-300 8 3,247 0.01% 0.002% 5,097 a c b b
Reg 40-100 306 123,586 0.45% 0.08% 33,578 b b b b
R-Vault 40-100 23 9,115 0.03% 0.01% 29,776 b b b b
Reg <40 17 6,690 0.02% 0.005% 14,213 b b b b
Customer Meters
Residential 5304 | 2,142615 8% 2%| 37017342 b b a y
Commercial/Industry 203 81,880 0.30% 0.06%] 4231191 b b a y
|Vented
Rountine Maintenance
Pressure Relief Valve Releases 63 25,346 0.09% 0.02% c d b n
Pipeline Blowdown 122 49,422 0.18% 0.04% c d a n
Upsets
Mishaps (Dig-ins) 1,907 770,405 3% 1% c d b n

NOTES: Leak Detection: a — Yes and cost effective; b — Yes but cost burden; ¢ - No. Cost effectiveness based on expert judgment.
Direct Measurement: a — Accurate and cost effective; b — Accurate but cost burden; ¢ — Questionable; d — No direct measurement.
Engineering Estimate: a — Exists; b — does not exist.
Accessible Source: v — Yes, n —No; b — Both.

Source: Greenhouse Gas Emissions Reporting from the Petroleum and Natural Gas Industry: Background Technical Support
Document, Appendix A (USEPA, undated).
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Billings Planning Area GHG Emission Inventory
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Billings Planning Area
Oil Well Emissions

Billings input parameters for calculating oil wells emissions

Climate Change Supplementary Information Report

Maximum Annual Wells Drilled - Federal (RMP

Maximum Annual Wells Drilled - Non-Federal (RMP

estimate) 4 estimate) 4
Federal Producing Wells - RMP Year 20 84 Non-Federal Producing Wells - RMP Year 20 84
Average Well Barrel Oil Per Day (BOPD) 20 Average Well Barrel Oil Per Day (BOPD) 20

Montana, North Dakota, and South Dakota BLM
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Billings Planning Area
Oil Well Emissions

Federal Oil Wells Summaries

Total Annual Emissions from Federal Oil Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co, CH, N,O COyeq 024
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 2200.40 0.02 0.02 2208.29 2003.89
Commuting Vehicles - Construction 2.67 0.00 0.00 2.68 2.43
Wind Erosion
Sub-total: Construction 2,203.07 0.02 0.02 2,210.97 2,006.33
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 882.63 0.01 0.01 885.86 803.87
Well Workover Operations - On-road Exhaust 0.52 0.00 0.00 0.52 0.48
Well Visits for Inspection & Repair - Operations 1.06 0.00 0.00 1.07 0.97
Recompletion Traffic 1.06 0.00 0.00 1.06 0.96
Water Tanks & Traffic 8.23 9.60 0.00 209.85 190.43
Oil Tanks & Traffic 20.69 33.85 0.00 731.60 663.89
Venting 0.10 4.00 0.00 84.09 76.31
Compression and Well Pumps 5,198.78 0.10 0.01 5203.88 4722.21
Dehydrators 5.71 5.91 0.00 129.92 117.89
Compression Station Fugitives 0.01 0.37 0.00 7.77 7.05
Sub-total: Operations 6,118.79 53.85 0.02 7,255.64 6,584.07
Road Maintenance 21.55 0.00 0.00 21.63 19.63
Sub-total: Maintenance 21.552 0.000 0.00 21.63 19.63
Road Reclamation 0.31 0.00 0.00 0.32 0.29
Well Reclamation 9.20 0.00 0.00 9.27 8.42
Sub-total: Reclamation 9.5109 0.0002 0.0002 9.5904 8.7027
Total Emissions 8,352.92 53.87 0.04 9,497.84 8,618.73
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Billings Planning Area

Oil Well Emissions

Climate Change Supplementary Information Report

TPY

8,192.00000
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0.00098
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Billings Planning Area
Oil Well Emissions

Non-Federal Oil Wells Summaries

Total Annual Emissions from Non-Federal Oil Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co, CH, N,O COseq €Oz
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 2200.40 0.02 0.02 2208.29 2003.89
Commuting Vehicles - Construction 2.67 0.00 0.00 2.68 2.43
Wind Erosion
Sub-total: Construction 2,203.07 0.02 0.02 2,210.97 2,006.33
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 882.63 0.01 0.01 885.86 803.87
Well Workover Operations - On-road Exhaust 0.52 0.00 0.00 0.52 0.48
Well Visits for Inspection & Repair - Operations 1.06 0.00 0.00 1.07 0.97
Recompletion Traffic 1.06 0.00 0.00 1.06 0.96
Water Tanks & Traffic 8.23 9.60 0.00 209.85 190.43
Oil Tanks & Traffic 20.69 33.85 0.00 731.60 663.89
Venting 0.10 4.00 0.00 84.09 76.31
Compression and Well Pumps 5,198.78 0.10 0.01 5203.88 4722.21
Dehydrators 5.71 5.91 0.00 129.92 117.89
Compression Station Fugitives 0.01 0.37 0.00 7.77 7.05
Sub-total: Operations 6,118.79 53.85 0.02 7,255.64 6,584.07
Road Maintenance 21.55 0.00 0.00 21.63 19.63
Sub-total: Maintenance 21.552 0.000 0.00 21.63 19.63
Road Reclamation 0.31 0.00 0.00 0.32 0.29
Well Reclamation 9.20 0.00 0.00 9.27 8.42
Sub-total: Reclamation 9.5109 0.0002 0.0002 9.5904 8.7027
Total Emissions 8,352.92 53.87 0.04 9,497.84 8,618.73
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Billings Planning Area

Oil Well Emissions

Climate Change Supplementary Information Report

TPY

8,192.00000
4,096.00000
2,048.00000
1,024.00000
512.00000
256.00000
128.00000
64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000

Billings RMP Non-Federal Oil Wells Emissions (TPY)
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Billings Planning Area

Oil Well Emissions Climate Change Supplementary Information Report

Exhaust Emissions from W ell Pad Construction Heavy Equipment and Drilling Equipment

Emission Factors for Construction Equipment

. Emission Factors (g/hp-hr) .
Equipment Equipment Catego
quip co; CHa N,O° aue 9on
Dozer - 175 Hp 535.76 0.005 0.006 TrackType Tractor
Blade - 150 Hp 594.65 0.008 0.006 Motor Grader

Source: EPA NONROADS 2008a
NOTE: Use emission factors for 2008 for all project years = conservative estimate of fleet turnover

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas
Industry," Table 4-17 (2009).

Emission Estimations for Construction Equipment (using 2008 emission factors)

. # of # of # of Max. Annual Emissions
i ) Equipment 3 3 Avg. Load A i i -
Construction Site Twe Capacity(hp) # of Units Factor (%) Operating | Operating Operating |#of Wells (tons/equipment type/well)
w ° Hours/Day | Days/Well | Hours/Well CO; CH, N.O
Improved & Blade 150 1 75 10 2 20 1 LATE+00 1.87E-05 1.43E-05
Two-Track Road
Well Pad Blade 175 1 75 10 3 30 1 2.58E+00 3.28E-05 2.50E-05
Dozer 175 1 80 10 3 30 1 2.75E+00 3.50E-05 2.67E-05
Subtotal| 6.81E+00 8.64E-05 6.61E-05

Exhaust Emission Factors for Diesel Powered Bore/Drill Rig Engin

es

Project Year/Hp Emission Factors (g/hp-hr)
Category CO, CH, N.O°
Year 2018

50to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100 to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission
Methodologies for the Oil and Gas Industry,” Table 4-17 (2009).

Montana, North Dakota, and South Dakota BLM
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Billings Planning Area
Oil Well Emissions

Combustive Emissions Estimation for Industrial Engines

Climate Change Supplementary Information Report

Max. Annual Emissions
i #of #of #of -
Construction Site Equipment Capacity(hp) # of Units Avg. Looad Operating | Operating Operating |#of Wells (tons/equipment type/well)
Tye Factor (%) Hours/Day | Days/Well | Hours/Well co, CH, N,O
Rig-up, Drilling, Mai.n- Deck 1,000 3 70 24 16 384 1 4.71E+02 5.02E-03 5.13E-03
and Rig-down Auxiliary Pump 600 1 80 8 15 120 1 3.37E+01 2.51E-04 3.66E-04
Generators 150 2 75 24 8 192 1 2.52E+01 2.26E-04 2.75E-04
Main Deck 600 1 50 11 5 55 1 9.64E+00 7.19E-05 1.05E-04
Auxiliary Pump 225 1 80 8 2 16 1 1.68E+00 1.37E-05 1.83E-05
Power Swivel 150 1 75 8 2 16 1 1.05E+00 9.42E-06 1.14E-05
Well Completion & Equi ¢ Avg. Load # of # of # of
Testing quipmen Capacity(hp) # of Units o \b| Operating | Operating Operating |#of Wells
Type Factor (%) | yours/ Day | Days/Well | Hours/Well
Field 55 1 75 12 3 36 1 9.64E-01 1.05E-05 9.44E-06
Generators for
Subtotal| 5.43E+02 5.60E-03 5.91E-03
Total 5.50E+02 5.69E-03 5.98E-03
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Construction and Drilling Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class co, CH, N,O0*
Light-Duty Diesel
LDDT 4095 0.0020 00155

Truck

Heavy-Duty Diesel
HDDV 7918 0.0370 0.0058
Truck

Source:MOBILE6.2.03

@ Compendium of Greenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst LDDT moderate

control) ,Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic

Vehicle Round Trip # of Round Emissions
Construction Site Miles Traveled| Total# of
Distance TripsWell
Destination ; WellYear Wells (tonsiwell)
Type Class (miles) Year
co, CH, N,O
Improved & SemiTrucks HDDV 2 47 94 1 8.20E-02 3.83E-06 5.98E-07
Two-Track Road Pickup Trucks LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
SemiTrucks HDDV 2 5 10 1 8.73E-03 4.08E-07 6.36E-08
Well Pad
Pickup Trucks LDDT 2 4 8 1 3.61E-03 1.76E-08 137E-07
5 SemiTrucks HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Other Construction
o Haul Trucks HDDV 2 2 4 1 349E-03 1.63E-07 254E-08
Activities
Pickup Trucks LDDT 2 1 2 1 9.03E-04 441E-09 3.42E-08
Subtotal| 1.05E-01 4.60E-06 9.86E-07

Combustive Emissions Estimation Road Traffic

. y Vehicle Round Trip # of Round y Emissions
Construction Site Miles Traveled| Total# of
L Di TripsWell
Destination WellYear Wells (tons/well)
Type Class (miles) Year
Cco, CH, N,O
Semi Rig Transport, Drill
HDDV 2 44 88 1
Rig 7.68E-02 3.59E-06 5.60E-07
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
- Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig-up, Drilling,and
Rig Mechanics HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Rig-down
Co.Supervisor LDDT 2 20 40 1 1.81E-02 8.82E-08 6.83E-07
Tool Pusher LDDT 2 8 16 1 7.22E-03 3.53E-08 2.73E-07
Mud Logger LDDT 2 6 12 1 542E-03 2.65E-08 2.05E-07
Mud Engineer LDDT 2 15 30 1 135E-02 6.61E-08 5.13E-07
Logger, Engr Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Drill BitDelivery LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
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Billings Planning Area
Oil Well Emissions

Combustive Emissions Estimation Road Traffic (cont.)

Climate Change Supplementary Information Report

Vehicle Emissions
. y Round Trip # of Round y
Construction Site Miles Traveled| Total# of
L Di TripsWell
Destination WellYear Wells (tons/well)
(miles) Year
Type Class
co, CH, N,O
SemiCasing Haulers HDDV 2 6 12 1
1.05E-02 4.89E-07 7.63E-08
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 127E-08
SemiFracing, Blender HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 489E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 1.63E-07 254E-08
Haul Cementer,Cemen HDDV 2 3 6 1 5.24E-03 2A45E-07 3.82E-08
Haul Completion, Equip HDDV 2 3 6 1 5.24E-03 245E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
Haul Perforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 127E-08
Haul Anchor, Installaon| HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
Haul Anchor, Testing HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Pump HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
WellCompletion & |HaulFracing,Chemicall HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
Testing
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
HaulWelders HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
HaulWater Truck HDDV 2 150 300 1 2.62E-01 1.22E-05 191E-06
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Casing Crew HDDV 2 2 4 1
349E-03 1.63E-07 254E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion, LDDT 2 5 10 1 451E-03 2.20E-08 171E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Fracing,
HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 127E-08
Pickup Co.Supervisor LDDT 2 10 20 1
9.03E-03 441E-08 3.42E-07
Pickup Miscellaneous
N LDDT 2 3 6 1
Supplies
2.71E-03 1.32E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal| 5.62E-01 2.15E-05 7.57E-06
Total 6.67E-01 2.61E-05 8.56E-06
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Well Work Overs

Emission Factors Bore/Drill Rig Engines 300-600 Hp

Emission Factors (gm/hp-hr)
Fuel Type co, CH, N
Diesel 529.5755 0.0074 0.0058

Source: EPA NONROADS 2008a. Year 2008.
@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and
Gas Industry," Table 4-17 (2009).

Emission Estimations for Engines

Max. Annual Emissions
# of
. . Capacity |# of Operating | # of Operating . Total # of (tons/year/well)
Activity Equipment Type (hp) Hours/Day | Days/Well &pizw:’" Wells Drilled
u co, CH, N,O
Well Workover Truck-Mounted Unit 600 10 3 30 1 1.05E+01 1.46E-04 1.14E-04

Exhaust emission factors for commuting vehicles

Vehicle Emission Factors (g/mi)

Type Class co, CH, N,O?
Light-Duty Diesel LDDT 409.5 0.0020 0.0155
Truck
Heavy-Duty Diesel HDDV 791.8 0.0370 0.0058
Truck

Source: MOBILE 6.2.03
Emission factors for 2008 used for all project years = conservative estimate of vehicle fleet turnover

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile
Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic

Activity - Round Trip | # of Round Miles Max. Annual Emissions
Vehicle . . Total # of
Distance Trips/Well/ Traveled/ . (tons/year/well)
il Y. Well/Y Wells Drilled
Type Class (miles) ear elliYear CO, CH, N,O

Well Workover WO Rig HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Haul Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Pickup Truck LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Performed once in the first year of well operation Total 6.20E-03 1.76E-07 1.28E-07

Number of wells is based on peak year applied to all project years (provides for a conservative estimate).
Round trip distance = 2 based on data found in the SEIS
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Site Visits and Inspections

Emission factors for Commuting Vehicles Exhaust
Emission Factors (g/mi)

Vehicle Class co, CH, N.,O°
Light-Duty Gasoline 476.9 0.0680 0.0154
Truck

Source: MOBILE 6.2.03
Emission factors for 2008 used for all years = conservative estimate for fleet vehicle turnover
& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source

Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

. Emissions
o Vehicle Round Trip # of Round Miles Federal Wells
Activity . . Trips/Well/ | Traveled/ . (tonslyr/well)
Distance (miles) Year Well/Year Producing
Type Class COZ CH4 N20
:/r\'lserl’lzc“on Visits for| - pickup Truck LDGT2 2 12 24 1 1.26E-02 1.80E-06 4.07E-07
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Heavy Equipment and Support Vehicles for Road Maintenance

Given Data
. a Equipment/Vehicle Road Length # of Operating
Maintenance’ W orked on/Day Hours/Day
Type Fuel Capacity (hp) (miles)
i b Diesel-30 gpd 135 6 10
Summer Heawy Eq wpmerﬁ lesel-sU gp
Commuting Vehicle Gas-5gpd 225 6 1°
Winter Heaw Equi pmentb Diesel-30 gpd 135 5 10
Commuting Vehicle Gas-5gpd 225 6 1.5°
# Road maintenance would be made twice in summer and once in winter every year
> Assume a motor grader 135 Hp.
© Assume three round trips per two days.
Estimation of Total and Cumulative Length of Roads for the Project - RMP Year 20
Length of Improved Roads per Well (miles) * 1.00
Number of Wells 1
Cumulative Length of Roads b (miles/operation) 1
# Source: SEIS
® miles of road built per well * No. of operating wells/year
Estimation of Total Operation Days and Hours - RMP Year 20
. Cumulative Length |Road Length | # of Operating Total # of Total # of
# of Operations i i
Season per Season of Roads W orked On Hours Operating Operating
(miles/operation) (mil/day) per Day Days Hours
Summer 2 1 6 10 0.3 3
Winter 1 1 5 10 0.2 2
Total 1 5
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Emission Factors for Construction Equipment Exhaust

. Emission Factors (g/hp-hr)
Equipment
aup co, CH, N,O’
Grader 100-175 Hp 535.77 0.0053 0.006

Source: EPA NONROADS 2008a
Use emission factors for 2008 for all project years - conservative estimate of vehicle turnover

Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil
and Gas Industry," Table 4-17 (2009).

Emission Estimations for Grader: RMP Year 20

Total # of Emissions
Activity Vehicle Type Capacity(hp) Operating (tons/well)
Hours" CO; CH, N.O
Road Maintenance Grader 135 3 2.55E-01 2.52E-06 2.75E-06

# Assume grader operates at 60% of the time (minus hours for clothing change, breaks, etc.)

Emission Factors for Commuting Vehicles Exhaust
Emission Factors (g/mi)
CO; CH, N,O*

Vehicle Class

Light-Duty Diesel
Truck

Source: MOBILE 6.2.03

# Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxdation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

400.5 0.002 0.016

Emission Estimations for Road Traffic - RMP Year 20

L Vehicle Rot_md Trip Total # of Total Miles Emissions (tons/yr)
Activity Distance . Traveled
. Operating Days
Type Class (miles/day) (VMT/yr) CO; CH, N.O
Road Maintenance Pickup Truck LDGT2 6 0.5 3 1.44E-03 7.05E-09 5.47E-08
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Water Tank and Hauling Emissions

Oil Well Water Tank Flashing Emissions

Flashing Loss
Emission Factor Water CH, Emissions
(Ibs CH,/1000 bbl of Production (ton/yriwell)
Project Year water) ? (bbl/year/well)
All 31.31 7300 1.14E-01

& Average Conditions for Table 5-10 of the API Compedium of GHG Emissions Methodologies for the Oil and Gas Industry, August 2009.

Emission Factors for Work Over Vehicles - Road Traffic
Emission Factors (g/mi)

Vehicle Class co, CH, N.0°
Heavy-Duty Diesel
Truck (HDDV) 918 . o

Source: MOBILE6.2.03
@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry,"
Table 4-17 (2009).

On-Road Exhaust Emission Estimations for Road Traffic - Based on Water Produced Per Barrel of Qil

Vehicle Round Trip Annual # of Miles Emissions
Activity Type Class Distance (miles) |Round Trips/Well| Traveled/Wel | 1ot # of Wells (tons/yriwell)
co, CH, N,O
ﬁg)u‘]:;zed Water | aul Truck (130 bbl) HDDV 2 56 112 1 9.80E-02 4.58E-06 7.14E-07
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Billings Planning Area
Oil Well Emissions

Oil Tank, Loadout and Hauling Emissions

Oil Well Oil Seperator Flashing and Tank Emissions®

Emissions®
HAPs Emissions VOC Emissions | CO, Emissions CH, Emissions
(ton/yriwell) (ton/yr/well) (ton/yriwell) (ton/yriwell)
Project Year
All 1.77E-01 3.18E+00 1.82E-01 4.03E-01

Climate Change Supplementary Information Report

@ Based on average of data from Montana BLM (Laakso, 2010) and calculations using E&P Tanks, July, 2010. Assumes 20 BOPD per well.

P Assumes no emissions control.

Oil Well Oil Truck Loadout VOC Emissions
Emissions were estimated based on EPA, AP-42 Section 5.2.2.1.1 Equation 1

L = 12.46 SPM
T
L, = Loading Loss pounds per 1000 gallons (Ib/lO3 gal) of liquid loaded

S = a saturation factor

P = true vapor pressure of liquid loaded, pounds per square inch absolute (psia)
M = molecular weight of vapors, pounds per pounds-mole (Ib/lb-mole)

T = temperature of bulk liquid loaded (F+460)

S= 0.6 from EPA, AP-42 Section Table 5.2-1
P= 3.4 from EPA, AP-42 Section Table 7.2-1
M= 50 from EPA, AP-42 Section Table 7.2-1
T= 540 ave. temp.

L. = 2.35

Oil Well Oil Truck Loadout Emissions - All Project Years®

Annual Oil voC CO; Emissions | CH, Emissions
Emission Factor Volume (bbl) - Oil (1,000 Emissions (tpy/well) (tpy/well)
Project Year (Ibs/1,000 gallons) per well gallons) (tpy/well)
All 2.35 7,300 307 3.61E-01 6.47E-04 1.05E-07

#Uses E&P Tanks Stream Data for W&S Gas mol % (shown below). E&P Tanks input data from Montana BLM (Laakso, 2010)
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Emission Factors for Work Over Vehicles - Road Traffic
Emission Factors (g/mi)
co, CH, N,0°

Vehicle Class

Heavy-Duty Diesel
Truck (HDDV)
Source: MOBILE6.2.03

@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-17
(2009).

791.8 0.037 0.006

On-Road Exhaust Emission Estimations for Road Traffic - Based on Produced Per Barrel of Oil

. Vehicle Round Trip # of Round Miles Emissions
Activity . . R Total # of Wells tons/year/well)
Type Class Distance (miles) Trips/Well Traveled/Well
co, CH, N,O
E'Z’udlﬁ]‘;ed oil Haul Truck (200 bbl) HDDV 2 37 73 1 6.37E-02 2.98E-06 4.64E-07
TOTAL 6.37E-02 2.98E-06 4.64E-07
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Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

W&S Composition for Truck Load Out Emissions

W&S Gas Molecular
Component Mole Fraction® Weight Gas Weight  Weight Percent
(%) (Ib/lb-mol) (Ib/lb-mol) (Wt%)

Methane 0.000 16.040 0.000 0.000
Ethane 4.732 30.070 1.423 2.476
Nitrogen 0.000 28.020 0.000 0.000
Water 0.000 18.015 0.000 0.000
Carbon Dioxide 0.224 43.990 0.098 0.171
Nitrous Oxide 0.000 44.020 0.000 0.000
Hydrogen Sulfide 1.018 34.060 0.347 0.603
Non-reactive, non-HAP 5.974 --- 1.868 3.250
Propane 27.635 44.100 12.187 21.203
Iso-butane 10.353 58.120 6.017 10.468
n-butane 25.191 58.120 14.641 25.473
i-pentane 8.741 72.150 6.307 10.972
n-pentane 9.278 72.150 6.694 11.647
Hexanes 3.874 100.210 3.882 6.754
Heptanes 2.680 100.200 2.685 4.671
Octanes 1.820 114.230 2.079 3.616
Nonanes 0.302 128.258 0.388 0.675
Decanes+ 0.000 142.29 0.000 0.000
Reactive VOC 89.873 54.879 95.481
Benzene 0.325 78.110 0.254 0.441
Ethylbenzene 0.011 106.160 0.012 0.021
n-Hexane 3.334 100.210 3.341 5.813
Toluene 0.350 92.130 0.322 0.560
Xylenes 0.133 106.160 0.141 0.246
HAPs 4.153 4.070 7.082
Totals 100.000 - 57.476 100.000

#E&P Tanks Stream Data for W&S Gas mol %. E&P Tanks input data from Montana BLM (Laakso, 2010)
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Billings Planning Area
Oil Well Emissions

Exhaust Emissions from Recompletion Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class co, CH, N,O0*

Light-Duty Diesel

LDDT 4095 0.002 0016
Truck
Heavy-Duty Diesel

HDDV 7918 0.04 0.006
Truck

Source:MOBILE6.2.03

@ Compendium ofGreenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDVmoderate control, LDGT oxidation catalyst LDDT moderate

control) , Mobile Source Combustion Factors, American Petroleum Insfitute (2009).

Combustive Emissions Estimation Road Traffic - Based on Peak Wells Drilled each Alternative

Climate Change Supplementary Information Report

Emissions
. 5 Vehicle Round Trip Miles
Construction Site #of Round Total# of
. Distance . Traveled/
Destination TripsWell Year Wells (tons/well)
Type Class (miles) WellYear <o
2 CH, N,O
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 489E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
Rig Crew LDDT 2 51 102 1 4 .60E-02 2.25E-07 1.74E-06
Rig Mechanics HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Co.Supervisor LDDT 2 20 40 1 181E-02 8.82E-08 6.83E-07
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 127E-08
Semi Fracing, Blender HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 4 .89E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 1.63E-07 254E-08
Haul Cementer, Cemenf
HDDV 2 3 6 1
Truck 5.24E-03 2A45E-07 3.82E-08
Haul Completion, Equi
i auip HDDV 2 3 6 1
Truck 5.24E-03 2A45E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
Haul Perforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 127E-08
WellRecompletion  |Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Pump HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Chemical HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Water Truck HDDV 2 50 100 1 8.73E-02 4.08E-06 6.36E-07
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion,
LDDT 2 5 10 1
Pusher 451E-03 2.20E-08 171E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
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Billings Planning Area
Oil Well Emissions

Climate Change Supplementary Information Report

Pickup Fracing,
HDDV 1 2
Engineer 1.75E-03 8.16E-08 127E-08
Pickup Co.Supervisor LDDT 10 20
9.03E-03 441E-08 3.42E-07
Pickup Miscellaneous
LDDT 3 6
Supplies 2.71E-03 132E-08 1.03E-07
Pickup Roustabout
HDDV 4 8
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal 2.52E-01 8.17E-06 445E-06
Total 2.52E-01 8.17E-06 4.45E-06
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Billings Planning Area

Oil Well Emissions

Venting Emissions from Well Completion Activities (applied to all wells drilled)

Climate Change Supplementary Information Report

Venting Emissions from Well Re-Completion Activities (applied to 5% of operating wells)

Molecular Gas Weight Emissions Molecular Gas Weight Emissions
Gas Component Mole Fraction Weight Weight  Percent Weight  Mass Flow Gas Component Mole Fraction Weight Weight  Percent Weight Mass Flow
(%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt%) (Ib/MMscf)) (ton/well) (%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt%) (Ib/MMscf)) (ton/well)
Methane 65.450 16.040 10.498 42.544  18064.029 0.488 Methane 65.450 16.040 10.498 42.544  18064.029 0.488
Ethane 15.330 30.070 4.610 18.681 7931.881 0.214 Ethane 15.330 30.070 4.610 18.681 7931.881 0.214
Nitrogen 3.260 28.020 0.913 3.702 1571.760 0.042 Nitrogen 3.260 28.020 0.913 3.702 1571.760 0.042
Water 0.000 18.015 0.000 0.000 0.000 0.000 Water 0.000 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 0.620 43.990 0.273 1.105 469.295 0.013 Carbon Dioxide 0.620 43.990 0.273 1.105 469.295 0.013
Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000 Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000 Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000
Non-reactive, non-HAP 84.660 - 16.294 66.031 0.757 Non-reactive, non-HAP 84.660 - 16.294 66.031 0.757
Propane 7.890 44.100 3.479 14.101 5987.096 0.162 Propane 7.890 44.100 3.479 14.101 5987.096 0.162
Iso-butane 1.370 58.120 0.796 3.227 1370.083 0.037 Iso-butane 1.370 58.120 0.796 3.227 1370.083 0.037
n-butane 3.360 58.120 1.953 7.914 3360.203 0.091 n-butane 3.360 58.120 1.953 7.914 3360.203 0.091
i-pentane 1.000 72.150 0.722 2.924 1241.472 0.034 i-pentane 1.000 72.150 0.722 2.924 1241.472 0.034
n-pentane 1.040 72.150 0.750 3.041 1291.131 0.035 n-pentane 1.040 72.150 0.750 3.041 1291.131 0.035
Hexanes 0.680 100.210 0.681 2.761 1172.521 0.032 Hexanes 0.680 100.210 0.681 2.761 1172.521 0.032
Heptanes 0.000 100.200 0.000 0.001 0.529 0.000 Heptanes 0.000 100.200 0.000 0.001 0.529 0.000
Octanes 0.000 114.230 0.000 0.000 0.000 0.000 Octanes 0.000 114.230 0.000 0.000 0.000 0.000
Nonanes 0.000 128.258 0.000 0.000 0.000 0.000 Nonanes 0.000 128.258 0.000 0.000 0.000 0.000
Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000 Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000
Reactive VOC 15.340 --- 8.382 33.969 0.389 Reactive VOC 15.340 --- 8.382 33.969 0.389
Benzene 0.000 78.110 0.000 0.000 0.000 0.000 Benzene 0.000 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000 Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000
n-Hexane 3 0.680 100.210 0.681 2.761 1172.521 0.032 n-Hexane 3 0.680 100.210 0.681 2.761 1172.521 0.032
Toluene 0.000 92.130 0.000 0.000 0.000 0.000 Toluene 0.000 92.130 0.000 0.000 0.000 0.000
Xylenes 0.000 106.160 0.000 0.000 0.000 0.000 Xylenes 0.000 106.160 0.000 0.000 0.000 0.000
HAPs 0.680 --- 0.681 2.761 0.032 HAPs 0.680 === 0.681 2.761 0.032
Totals 100.000 24.676 100.000 1.146 Totals 100.000 24.676 100.000 1.146
Oil well natural gas analysis for Formation: Madison, Lease: Berry 11-4
Volume Flow: 900 SCF / bbl oil
BBL oil / day: 20 bbl oil / day
Completion activity duration: 3 days
Total Completion/Recompletion
Volume Flow per Well 0.054 MMSCF/well
Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).
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Oil Well Emissions

Compressor Stations Emissions

Emission Factors for Natural Gas-Fired Compressors and Pumps

Climate Change Supplementary Information Report

Horse-Power

Emission Factors

Compressor / Pump Rating Units CO, CH/ N,O*
- gm/bhp-hr 134.94 2.55E-03 2.55E-04
Corgprgssmn Lean Burn 300
tation Ib/MMBTU 116.89 2.20E-03 2.20E-04
Qil Pump at Well gm/bhp-hr 134.94 2.55E-03 2.55E-04
Head Lean Burn 40
ea lb/MMBTU 116.89 2.20E-03 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.
@ EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors and Pumps - All Years

Type of Annual # of Operating Emissions (tons/year/well)
Compressors / Wells in Annual Hours/Year co, CH, N,O
Pumps Rate (Hp/well) Production | Compression (Hp)
Compression 75 1.00 75 8,760 9.77E+00 1.84E-04 1.84E-05
Station
S'e';”mp at Well 40 1.00 40 8,760 5.21E+01 9.83E-04 9.83E-05
Total 6.19E+01 1.17E-03 1.17E-04

Compression rate of 5 compressors (300 hp each) per 200 wells based on BLM survey (Laakso, 2010)
Typical oil well head pump of 40 hp per BLM survey (Laakso, 2010)

Montana, North Dakota, and South Dakota BLM
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Compressor Station Fugitives
Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wt% =
CO2 Wt% =
CH4 Wt% =
N20 Wt% =

33.97
111

42.54
0.00

Emissions from Equipment Leaks at Compressor Station per Well

. . - TOC VOC CO, CH,
. Emission . . Ave. #in Emission . . . .
Ave. #in Ave. #in Emission factor . emissions |[emissions per| emissions | emissions
. factor L . Water/Qil factor
Gas Service (Ib/hr) Liquid service (Ib/hr) Service (Ib/hr) per well well per well per well
Component (Ib/hr) (lb/hr) (|b/hl’) (|b/hl’)
valves 0.175 0.0099 0 0.0055 0 0.0002 1.74E-03 5.90E-04 1.92E-05 | 7.39E-04
pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00
others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00
connectors 0.250 0.0004 0 0.0005 0 0.0002 1.10E-04 3.74E-05 1.22E-06 | 4.69E-05
flanges 0.600 0.0009 0 0.0002 0 0.0000 5.16E-04 1.75E-04 5.70E-06 | 2.19E-04
open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00
TOTAL emissions/well/hr = 2.36E-03 8.02E-04 2.61E-05 | 1.00E-03
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Year Number of Operating VOC emissions em\i/s(::ins COZ _CO_Z _CH_4 _CH_4
Producing Wells Hours (Iblyr) emissions emissions emissions | emissions
(tonlyr) (Iblyr) (ton/yr) (Iblyr) (ton/yr)
Year 20 1 8760 7.03E+00 3.51E-03 2.29E-01 1.14E-04 8.80E+00 4.40E-03
Montana, North Dakota, and South Dakota BLM B-24




Billings Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Emissions for Road and Well Pad Reclamation

; Equipment/Vehicle Total Miles | 4 of Operating
ype
Type Fuel Capacity (hp) V::/g(:; Hours/Day

Heavy Equipment Diesel 80 6 10
Roads

Commuting Vehicle Gasoline 225 6 15

Heavy Equipment Diesel 100 N/A 10
Wells?

Commuting Vehicle Gasoline 225 6 2

& Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.
Source: values from SEIS

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.250
Number of Roads Reclaimed Annually Per Well 0.274
Annual Miles of Roads reclaimed Per Well 0.068
Number of wells reclaimed (per well) 0.274

Reclaimation rates derived from RMP (total Federal and non-Federal)

Estimation of Total Operation Days and Hours
Annual Miles of Daily Miles of Total # of OAnm:?I
Roads Reclaimed Road Work Operating Days T_Ie‘;'jrlsng
Total 0

Assume average miles/day = 6

Emission Factors for 75-100 hp Off-Road Engines

Emission Factors (g/hp-hr)
Year co, CH, N.OF
2008 600.507 0.010 0.016
2018 613.888 0.006 0.016
2027 608.641 0.003 0.016

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,
Mobile Source Combustion Factors, American Petroleum Institute (2009).
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Oil Well Emissions

Exhaust Emissions Estimation for Grader Road Reclaim

Climate Change Supplementary Information Report

Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tons/year/well)
Hours® Co, CH, N,O
Road Reclamation Grader 80 0.1 3.71E-03 3.33E-08 9.36E-08

Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffi

Emission Factors (g/mi)

Vehicle Class

Co,

CH,

N90a

Light-Duty Diesel
Truck

409.5

0.002

0.016

Source: MOBILE6.2.03

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,

Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Vehicle Round Trip Total # of . Emissions
- . . Total Miles
Activity Distance Operating Traveled (tonslyear/well)
Type Class (miles/day) Days Cco, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.01 0.07 3.09E-05 1.51E-10 1.17E-09
Estimation of Annual Days and Hours for Well Reclamation
. # of Wells Annual # of | Annual Hours
Equipment Reclaimed/Year # of Hours/Day Days of Operation
Grader 0.274 10 0.274 2.738
Assume grader works 0.5 day as a blade and tractor each per well.
Exhaust Emissions Estimation for Grader: Well Reclamation
Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tonsl/year/well)
Hours ? CO, CH, N,O
Well Reclamation |Grader 100 1.6 1.09E-01 1.81E-06 2.81E-06
Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamation
Vehicle Round Trip Total # of . Emissions
. . . . Total Miles (tonsl/year/well)
Activity Tvpe Class Distance Operating Traveled
P (miles/day) Days co, CH, N,O

Well Reclamation Pickup Truck LDDV 6 0.3 1.6 7.42E-04 3.62E-09 2.81E-08

Montana, North Dakota, and South Dakota BLM
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Oil Well Emissions

Emissions for Gas Dehydration

Emission Factors for Dehydrator Heaters

Climate Change Supplementary Information Report

Unit (oo CH, N,O
Ib/MMSCF 120000 23 2.2
Ib/MMBTU 117.647 0.002 0.002
Source: EPA, AP-42 Section 1.4 Natural Gas Combustion
Emission Estimate for Dehydrator Heaters
Operating Hours Dehydra?or Fuel Usage Number of Emissions (tons/year/well)
Year® Heater Size MMCE/Year Dehydrator
per Year MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.001 6.79E-02 1.30E-06 1.25E-06
Values from Montana BLM (Laakso, 2010)
Annual Dehydrator Venting and Tank Flashing Emissions
Annual Well Gas CH, CH, voC vVOoC
Production Emission Factor| Emissions | Emission Factor Emissions
MMscf (ton per MMscf) | (TPY/well) | (ton per MMscf) (TPY/well)
6.57 1.07E-02 7.04E-02 1.60E-02 1.05E-01

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (no control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with Oil well specific gas composition analysis to derive

dehydrator emissions:

per dehydrator:

wet gas temperature:

wet gas pressure:

gas is saturated
dry gas flow rate:

dry gas water content:
lean glycol water content:
lean glycol circulation rate:
flash tank temperature:
flash tank pressure:
stripping gas source:
stripping gas flow rate:

dry gas

Montana, North Dakota, and South Dakota BLM

108 degrees F
450 psi
35 MMCFD
3.2 Ibs/MMscf
0.2 wt%
5 gpm

108 degrees F
60 psi

17 scfm

Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
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Natural Gas Emissions

Billings input parameters for calculating NG wells GHG emissions

Climate Change Supplementary Information Report

Maximum Annual Wells Drilled - Federal (RMP

Maximum Annual Wells Drilled - Non-Federal (RMP

estimate) 0 estimate) 2
Federal Producing Wells - RMP Year 20 9 Non-Federal Producing Wells - RMP Year 20 69
Average Gas Production Per Well (MCFD) 40 Average Gas Production Per Well (MCFD) 40

Montana, North Dakota, and South Dakota BLM
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Natural Gas Emissions

Federal NG Wells Summaries

Total Annual Emissions from Federal NG Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co, CH, N,O COseq t‘_’otzeq
Activity metric tons
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 0.00 0.00 0.00 0.00 0.00
Commuting Vehicles - Construction 0.00 0.00 0.00 0.00 0.00
Wind Erosion
Completion Venting 0.00 0.00 0.00 0.00 0.00
Sub-total: Construction 0.00 0.00 0.00 0.00 0.00
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 94.57 0.00 0.00 94.91 86.13
Well Workover Operations - On-road Exhaust 0.06 0.00 0.00 0.06 0.05
Well Visits for Inspection & Repair - Operations 0.11 0.00 0.00 0.12 0.10
Wellhead and Compressor Station Fugitives 0.01 3.18 0.00 66.87 60.68
Compression 251.03 0.00 0.00 251.28 228.02
Station Visits - Operations 0.06 0.00 0.00 0.06 0.06
Dehydrators 1.36 2.04 0.00 44.22 40.13
Sub-total: Operations 347.20 5.23 0.00 457.52 41517
Road Maintenance 231 0.00 0.00 2.32 2.10
Sub-total: Maintenance 2.309 0.000 0.00 2.32 210
Road Reclamation 0.17 0.00 0.00 0.17 0.15
Well Reclamation 4.89 0.00 0.00 4.93 4.48
Sub-total: Reclamation 5.0576 0.0001 0.0001 5.0999 4.6279
Total Emissions 354.57 5.23 0.00 464.93 421.90

Montana, North Dakota, and South Dakota BLM
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Natural Gas Emissions

Climate Change Supplementary Information Report

TPY

256.00000
128.00000
64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000

Billings FO RMP Federal NG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Completion
Venting

Well Workover
Operations -
On-site
Exhaust

Well Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Wellhead and
Compressor
Station
Fugitives

Compression

Station Visits -
Operations

Dehydrators

Road
Maintenance

Road
Reclamation

Well
Reclamation

Cco2

0.00

0.00

0.00

94.57

0.06

0.11

0.01

251.03

0.06

1.36

231

0.17

4.89

CH4

0.00

0.00

0.00

0.00

0.00

0.00

3.18

0.00

0.00

2.04

0.00

0.00

0.00

N20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CO2eq

0.00

0.00

0.00

94.91

0.06

0.12

66.87

251.28

0.06

44.22

2.32

0.17

4.93

CO2eq
metric tons

0.00

0.00

0.00

86.13

0.05

0.10

60.68

228.02

0.06

40.13

2.10

0.15

4.48
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Natural Gas Emissions

Non-Federal NG Wells Summaries

Total Annual Emissions from Non-Federal NG Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co
CO, CH, N,O COy¢q 7 2eq
. metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 1226.72 0.01 0.00 1226.99 1113.42
Commuting Vehicles - Construction 1.49 0.00 0.00 1.49 1.35
Wind Erosion
Completion Venting 0.02 5.06 0.00 106.20 96.37
Sub-total: Construction 1,228.23 5.07 0.00 1,334.67 1,211.14
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 725.01 0.01 0.01 727.67 660.32
Well Workover Operations - On-road Exhaust 0.43 0.00 0.00 0.43 0.39
Well Visits for Inspection & Repair - Operations 0.87 0.00 0.00 0.88 0.80
Wellhead and Compressor Station Fugitives 0.08 24.41 0.00 512.64 465.19
Compression 1,924.58 0.04 0.00 1,926.47 1748.16
Station Visits - Operations 0.48 0.00 0.00 0.48 0.44
Dehydrators 10.41 15.65 0.00 339.04 307.66
Sub-total: Operations 2,661.87 40.10 0.01 3,507.63 3,182.96
Road Maintenance 17.70 0.00 0.00 17.77 16.12
Sub-total: Maintenance 17.704 0.000 0.00 17.77 16.12
Road Reclamation 1.28 0.00 0.00 1.29 1.17
Well Reclamation 37.50 0.00 0.00 37.81 34.31
Sub-total: Reclamation 38.7750 0.0006 0.0010 39.0994 35.4804
Total Emissions 3,946.57 4517 0.01 4,899.17 4,445.70
Montana, North Dakota, and South Dakota BLM B-31
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2048.00000
1024.00000
512.00000
256.00000
128.00000
64.00000
32.00000
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8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000

TPY

Billings FO RMP Non-Federal NG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Completion
Venting

Well
Workover
Operations -
Fugitive Dust

Well
Workover
Operations -
On-site
Exhaust

Well
Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Wellhead and
Compressor
Station
Fugitives

Compression

Station Visits -
Operations

Dehydrators

Road
Maintenance

Road
Reclamation

Well
Reclamation

m CO2

1226.72

1.49

0.02

725.01

0.43

0.87

0.08

1,924.58

0.48

10.41

17.70

1.28

37.50

mCH4

0.01

0.00

5.06

0.01

0.00

0.00

24.41

0.04

0.00

15.65

0.00

0.00

0.00

mN20

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

m CO2eq

1226.99

1.49

106.20

0.00

727.67

0.43

0.88

512.64

1,926.47

0.48

339.04

17.77

1.29

37.81

m  CO2eq
metric tons

1113.42

1.35

96.37

660.32

0.39

0.80

465.19

1748.16

0.44

307.66

16.12

34.31

Montana, North Dakota, and South Dakota BLM

B-32




Billings Planning Area
Natural Gas Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Well Pad Construction Heavy Equipment and Drilling Equipment

Emission Factors for Construction Equipment

. Emission Factors (g/hp-hr) .
Equipment Equipment Catego
quip co, CH, N,O® quip egory
Dozer - 175 Hp 535.76 0.005 0.006 Track-Type Tractor
Blade - 150 Hp 594.65 0.008 0.006 Moator Grader

Source: EPANONROADS 2008a
NOTE: Use emission factors for 2008 for all project years = conservative estimate of fleet turnover

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-
17 (2009).

Emission Estimations for Construction Equipment (using 2008 emission factors)

Avg. Load # of # of # of Max. Annual Emissions
Construction Site| Equipment Type | Capacity(hp) # of Units Factor (%) Operating | Operating Operating |#of Wells (tons/equipment type/well)
Hours/Day | Days/Well | Hours/Well CO; CH, N.O
Improved & Blade 150 1 75 10 2 20 1 L47E+00 1.87E-05 1.43E-05
Two-Track Road
Well Pad Blade 175 1 75 10 3 30 1 2.58E+00 3.28E-05 2.50E-05
Dozer 175 1 80 10 3 30 1 2.75E+00 3.50E-05 2.67E-05
Subtotal 6.81E+00 8.64E-05 6.61E-05

Exhaust Emission Factors for Diesel Powered Bore/Drill Rig Engines

Project Year/Hp Emission Factors (g/hp-hr)
Category CO, | CH, | N,O?
Year 2018

50to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for
the Oil and Gas Industry," Table 4-17 (2009).
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Combustive Emissions Estimation for Industrial Engines

Max. Annual Emissions
Avg. Load # of # of # of (tons/equipment type/well)
Construction Site| Equipment Type | Capacity(hp) # of Units o Operating | Operating Operating |#of Wells
Factor (%) Hours/Day | Days/Well | Hours/Well co, CH, N.O
Rig-up, Drilling, Mai.n- Deck 1,000 3 70 24 16 384 1 4.71E+02 5.02E-03 5.13E-03
and Rig-down Auxiliary Pump 600 1 80 8 15 120 1 3.37E+01 2.51E-04 3.66E-04
Generators 150 2 75 24 8 192 1 2.52E+01 2.26E-04 2.75E-04
Main Deck 600 1 50 11 5 55 1 9.64E+00 7.19E-05 1.05E-04
Auxiliary Pump 225 1 80 8 2 16 1 1.68E+00 1.37E-05 1.83E-05
Power Swivel 150 1 75 8 2 16 1 1.05E+00 9.42E-06 1.14E-05
Well Completion & Avg. Load # of # of # of
Testing Equipment Type | Capacity(hp) # of Units o, \b| Operating | Operating Operating |# of Wells
Factor (%) Hours/ Day | Days/Well | Hours/ Well
Field Generators 55 1 75 12 3 36 1 9.64E-01 1.05E-05 9.44E-06
for Pumps &
Subtotal 5.43E+02 5.60E-03 5.91E-03
| Total 5.50E+02 5.69E-03 5.98E-03
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Exhaust Emissions from Construction and Drilling Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class Co, CH, N,0°
Light-Duty Diesel
LDDT 409500 0.002 0016
Truck

Heavy-Duty Diesel
HDDV 791.800 0.037 0.006
Truck

Source:MOBILE6.2.03

2 CompendiumofGreenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,LDDT moderate
control) ,Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic

Vehicle Round Trip # of Round Emissions
Construction Site . . Miles Traveled] Total# of
D TripsWell
Destination B WelllYear Wells (tons/well)
Type Class (miles) Year
co, CH, N0
Improved & SemiTrucks HDDV 2 a7 94 1 8.20E-02 3.83E-06 5.98E-07
Two-Track Road Pickup Trucks LDDT 2 3 6 1 271E-03 132E-08 1.03E-07
SemiTrucks HDDV 2 5 10 1 8.73E-03 4.08E-07 6.36E-08
Well Pad
Pickup Trucks LDDT 2 4 8 1 361E-03 1.76E-08 137E-07
SemiTrucks HDDV 2 2 4 1 3.49E-03 1.63E-07 2.54E-08
Other Construction
o Haul Trucks HDDV 2 2 4 1 349E-03 1.63E-07 254E-08
Activities
Pickup Trucks LDDT 2 1 2 1 9.03E-04 441E-09 3.42E-08
Subtotal 1.05E-01 4.60E-06 9.86E-07

Combustive Emissions Estimation Road Traffic

. 5 Vehicle Round Trip # of Round N Emissions
Construction Site Miles Traveled] Total# of
. Di TripsWell
Destination WelllYear Wells (tons/well)
Type Class (miles) Year
Cco, CH, N,O
SemiRig Transport, Drill
HDDV 2 44 88 1
Rig 7.68E-02 3.59E-06 5.60E-07
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4 89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
. - Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig-up, Driling,and
. Rig Mechanics HDDV 2 2 4 1 3.49E-03 1.63E-07 2.54E-08

Rig-down
Co.Supervisor LDDT 2 20 40 1 181E-02 8.82E-08 6.83E-07
Tool Pusher LDDT 2 8 16 1 7.22E-03 3.53E-08 2.73E-07
Mud Logger LDDT 2 6 12 1 542E-03 2.65E-08 2.05E-07
Mud Engineer LDDT 2 15 30 1 1.35E-02 6.61E-08 5.13E-07
Logger, Engr Truck HDDV 2 1 1 1.75E-03 8.16E-08 1.27E-08
Drill BitDelivery LDDT 2 2 4 1 1.81E-03 8.82E-09 6.83E-08
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Combustive Emissions Estimation Road Traffic (cont.)

Climate Change Supplementary Information Report

Vehicle Emissions
. 5 Round Trip # of Round N
Construction Site Miles Traveled]| Total# of
. Di TripsWell/
Destination WelllYear Wells (tons/well)
(miles) Year
Type Class
co, CH, N,O
SemiCasing Haulers HDDV 2 6 12 1
1.05E-02 489E-07 7.63E-08
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 1.27E-08
SemiFracing, Blender HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 4 .89E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 1.63E-07 254E-08
Haul Cementer,Cemen HDDV 2 3 6 1 524E-03 245E-07 3.82E-08
Haul Completion, Equip HDDV 2 3 6 1 5.24E-03 2A45E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
Haul Perforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 1.27E-08
Haul Anchor, Installaton| HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
Haul Anchor, Testing HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Pump HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
WellCompletion & |Haul Fracing, Chemical HDDV 2 1 2 1
. 1.75E-03 8.16E-08 1.27E-08
Testing
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
HaulWelders HDDV 2 6 12 1 1.05E-02 4 89E-07 7.63E-08
HaulWater Truck HDDV 2 150 300 1 2.62E-01 122E-05 191E-06
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Casing Crew HDDV 2 2 4 1
349E-03 1.63E-07 254E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion, LDDT 2 5 10 1 451E-03 2.20E-08 1.71E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
Pickup Fracing,
HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 1.27E-08
Pickup Co.Supervisor LDDT 2 10 20 1
9.03E-03 441E-08 3.42E-07
Pickup Miscellaneous
. LDDT 2 3 6 1
Supplies
271E-03 132E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal 5.62E-01 2.15E-05 7.57E-06
Total 6.67E-01 2.61E-05 8.56E-06
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Exhaust Emissions from Well Work Overs

Emission Factors Bore/Drill Rig Engines 300-600 Hp

Emission Factors (gm/hp-hr)
Fuel Type co, CH, N.O®
Diesel 529.58 0.007 0.006

Source: EPA NONROADS 2008a. Year 2008.

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for the Oil
and Gas Industry," Table 4-17 (2009).

Emission Estimations for Engines

Max. Annual Emissions
# of
L Equipment . # of Operating | # of Operating . Total # of (tons/year/well)
Activity Type Capacity (hp) Hours/Day Days/Well I_? pera/:’l\;\gil Wells Drilled
oursi¥ie co, CH, N,O
Well Workover Truck-Mounted 600 10 3 30 1 1.05E+01 1.46E-04 1.14E-04

Exhaust emission factors for commuting vehicles

Vehicle Emission
Type Class Co, CH, N,O°
Light-Duty Diesel LDDT 409.500 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 791.800 0.037 0.006
Truck

Source: MOBILE 6.2.03

Emission factors for 2008 used for all project years = conservative estimate of vehicle fleet turnover

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic

Activity . Round Trip # of Round Miles Max. Annual Emissions
Vehicle ) . Total # of
Distance Trips/Well/ Traveled/ . (tons/year/well)
il Y Well/Y Wells Drilled
Type Class (miles) ear ell/Year CO, CH, N,O

Well Workover WO Rig HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Haul Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Pickup Truck LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Performed once in the first year of well operation Total 6.20E-03 1.76E-07 1.28E-07

Number of wells is based on peak year applied to all project years (provides for a conservative estimate).
Round trip distance = 2 based on data found in the SEIS
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Exhaust Emissions from Site Visits and Inspections

Emission factors for Commuting Vehicles Exhaust

. Emission Factors
Vehicle Class co, CH, N.O°
Light-Duty Gasoline 476.90 0.07 0.02
Truck

Source: MOBILE 6.2.03
Emission factors for 2008 used for all years = conservative estimate for fleet vehicle turnover

alCompendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile
Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

: Emissions
. Vehicle Round Trip # ‘?f Round Miles Federal Wells
Activity . . Trips/Well/ | Traveled/ . (tons/yriwell)
Distance (miles) Year Well/Year Producing
Type Class CO, CH, N,O
:,r\'lse‘ilic“on Visits for | o1y up Truck LDGT2 2 12 24 1 1.26E-02 1.80E-06 4.07E-07
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Exhaust Emissions from Heavy Equipment and Support Vehicles for Road Maintenance

Given Data

Maintenance®

Equipment/Vehicle

Road Length
Worked on/Day

# of Operating

Climate Change Supplementary Information Report

- ] Hours/Day
Type Fuel Capacity (hp) (miles)
Heavy Equipment® Diesel-30 gpd 135 6 10
Summer - -
Commuting Vehicle Gas-5 gpd 225 6 1°
Winter Heavy Equipment® Diesel-30 gpd 135 5 10
Commuting Vehicle Gas-5 gpd 225 6 1.5°
# Road maintenance would be made twice in summer and once in winter every year
® Assume a motor grader 135 Hp.
¢ Assume three round trips per two days.
Estimation of Total and Cumulative Length of Roads for the Project - RMP Year 20
Length of Improved Roads per Well (miles) ? 1.00
Number of Wells 1
Cumulative Length of Roads P (miles/operation) 1
% Source: SEIS
® miles of road built per well * No. of operating wells/year
Estimation of Total Operation Days and Hours - RMP Year 20
Cumulative .
# of Operations Length of Road Length | # of Operating Total #fof Total # of
Season per Season Roads Wor!(ed On Hours Operating Operating
(miles/operatio (mi/day) per Day Days Hours
Summer 2 1 6 10 0.3 3
Winter 1 1 5 10 0.2 2
Total 1 5

Montana, North Dakota, and South Dakota BLM
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Emission Factors for Construction Equipment Exhaust

. Emission Factors (g/hp-hr)
Equipment 3
CO, CH4 N-2O
Grader 100-175 Hp 535.770 0.005 0.006

Source: EPA NONROADS 2008a
Use emission factors for 2008 for all project y ears - conserv ative estimate of vehicle turnover
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating v alue of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for

the Oil and Gas Industry," Table 4-17 (2009).

Emission Estimations for Grader: RMP Year 20

Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tons/well)
Hours® CO; CH, N,O
Road Maintenance Grader 135 3 2.55E-01 2.52E-06 2.75E-06

2 Assume grader operates at 60% of the time (minus hours for clothing change, breaks, etc.)

Emission Factors for Commuting Vehicles Exhaust
Emission Factors (g/mi)

Vehicle Class
CO: CH4 N20°
Light-Duty Diesel 409.500 0.002 0.016
Truck

Source: MOBILE 6.2.03

&Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

. Vehicle R°l_md Trip Total # of Total Miles Emissions (tons/yr)
Activity Distance . Traveled
. Operating Days
Type Class (miles/day) (VMT/yr) CcO, CH, N.O
Road Maintenance Pickup Truck LDGT2 6 0.5 3 1.444E-03 7.055E-09 5.467E-08

Montana, North Dakota, and South Dakota BLM B-40



Billings Planning Area
Natural Gas Emissions Climate Change Supplementary Information Report

Emissions for Road and Well Pad Reclamation

Equipment/Vehicle
Type Total Miles # of Operating
Type Fuel Capacity (hp) Worked on/Day Hours/Day

Heavy Equipment Diesel 80 6 10
Roads

Commuting Vehicle Gasoline 225 6 1.5

Heavy Equipment Diesel 100 N/A 10
Wells?

Commuting Vehicle Gasoline 225 6 2

& Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.
Source: values from SEIS

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.250
Number of Roads Reclaimed Annually Per Well 1.359
Annual Miles of Roads reclaimed Per Well 0.340
Number of wells reclaimed (per well) 1.359

Reclaimation rates derived from RMP (total Federal and non-Federal)

Estimation of Total Operation Days and Hours
Annual Miles of Daily Miles of Road Total # of Annual
Roads Reclaimed Work Operating Days |Operating Hours
0.34 6 0.1 1
Total 1

Assume average miles/day = 6

Emission Factors for 75-100 hp Off-Road Engines

Emission Factors (g/hp-hr)
Year co, CH, N,O°
2008 600.507 0.010 0.016
2018 613.888 0.006 0.016
2027 608.641 0.003 0.016

& Emissions of PM, 5 were assumed to be the same as those for PMy,,.

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,
Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Grader Road Reclaim

Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tons/year/well)
Hours® co, CH, N,O
Road Reclamation Grader 80 0.3 1.84E-02 1.65E-07 4.64E-07
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Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffic
Emission Factors (g/mi)
CO, CH, N,0?

409.5 0.002 0.016

Vehicle Class

Light-Duty Diesel
Truck

Source: MOBILE6.2.03

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,
Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Vehicle Emissions
. RoE.md Trip Total # of Total Miles (tons/year/well)
Activity Distance .
. Operating Days Traveled
Type Class (miles/day) CO, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.06 0 1.53E-04 7.49E-10 5.80E-09

Estimation of Annual Days and Hours for Well Reclamation

# of Wells # of Hours/Da Annual # of |Annual Hours of
Reclaimed/Year y Days Operation

Grader 1.3590 10 1.3590 13.5897
Assume grader works 0.5 day as a blade and tractor each per well.

Equipment

Exhaust Emissions Estimation for Grader: Well Reclamation

Total # of Emissions
Activity Vehicle Type Capacity (hp) |Operating Hours (tons/year/well)
2 CO, CH, N,O
Well Reclamation [Grader 100 8 5.40E-01 8.99E-06 1.39E-05

Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamation

Vehicle Round Tri Emissions
L X P Total # of Total Miles (tons/year/well)
Activity Type Class Distance Operating Days Traveled
yp (miles/day) | - Peraing bay co, CH, N,O
Well Reclamation Pickup Truck LDDV 6 1 8 3.68E-03 1.80E-08 1.39E-07
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Emission Factors for Dehydrator Heaters

Unit [ofo CH, N,O
Ib/MMSCF 120000.0 2.3 2.2
Ib/MMBTU 117.647 0.002 0.002
Source: EPA, AP-42 Section 1.4 Natural Gas Combustion
Emission Estimate for Dehydrator Heaters
Operating Hours| Dehydrator Fuel Usage Number of Emissions (tons/year/well)
Year® Heater Size MMCF/Year Dehydrator
per Year MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.001 1.51E-01 2.89E-06 2.77E-06
Values from Montana BLM (Laakso, 2010)
Annual Dehydrator Venting and Tank Flashing Emissions
Annual Well Gas CH, .. voC voC
. L. CH, Emissions L. e
Production Emission Factor TPY/well Emission Factor Emissions
MMscf (ton per MMscf) ( well) (ton per MMscf) (TPY/well)
14.60 1.55E-02 2.27E-01 2.13E-05 3.11E-04

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (no control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with Oil well specific gas composition analysis to derive dehydrator emissions:

per dehydrator:

wet gas temperature:

wet gas pressure:

gas is saturated

dry gas flow rate:

dry gas water content:
lean glycol water content:
lean glycol circulation rate:
flash tank temperature:
flash tank pressure:
stripping gas source:
stripping gas flow rate:

dry gas

108 degrees F
450 psi
35 MMCFD
3.2 Ibs/MMscf
0.2 wt%
5 gpm

108 degrees F
60 psi

17 scfm

Montana, North Dakota, and South Dakota BLM

Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
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Wellhead Fugitives

Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wit% =
CO2 Wt% =
CH4 Wit% =
N20 Wt% =

0.68
0.30
89.00
0.00

Emissions from Equipment Leaks at Wellhead per Well

. Emission . Emission Ave. #in Emission TOC . V_OC CO, emissions| CH, emissions
Ave. #in Ave. #in . emissions | emissions per
Gas Service factor Liquid service factor Water/Oil factor per well well per well per well
Ib/hr Ib/hr Service Ib/hr Ib/hr Ib/hr
component (Ib/hry (Io/hn) (1b/hr) (Ib/hr) (Ib/hr) (lb/hr) (Ib/hr)
valves 7 0.0099 1 0.0055 0 0.0002 7.50E-02 5.12E-04 2.25E-04 6.67E-02
pump seals 0 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 24 0.0004 0 0.0005 0 0.0002 1.06E-02 7.22E-05 3.17E-05 9.42E-03
flanges 2 0.0009 0 0.0002 0 0.0000 1.72E-03 1.17E-05 5.15E-06 1.53E-03
open-ended lines 0 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL emissions/well/hr = 8.73E-02 5.96E-04 2.61E-04 7.77E-02
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Number of . voC voC CoO, CO, CH, CH,
. Operating e e L L . .
Year Producing Hours emissions emissions emissions emissions emissions emissions
Wells (Iblyr) (tonlyr) (Iblyr) (tonlyr) (Iblyr) (tonlyr)
Year 20 1 8760 5.22E+00 2.61E-03 2.29E+00 1.14E-03 6.80E+02 3.40E-01
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Speciated Analysis - NG & Venting Emissions from Well Completion Activities (applied to all wells

drilled)
Molecular Gas Weight Emissions
Gas Component Mole Fraction Weight Weight Percent Weight  Mass Flow

(%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt%) (Ib/MMscf)) (ton/well)
Methane 93.716 16.040 15.032 88.998 37788.643 2.267
Ethane 1.624 30.070 0.488 2.891 1227.616 0.074
Nitrogen 4.297 28.020 1.204 7.128 3026.751 0.182
Water 0.000 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 0.115 43.990 0.051 0.300 127.173 0.008
Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.000 34.067 0.000 0.000 0.000 0.000
Non-reactive, non-HAP 99.752 --- 16.775 99.317 2.530
Propane 0.211 44.100 0.093 0.551  233.918 0.014
Iso-butane 0.019 58.120 0.011 0.065 27.760 0.002
n-butane 0.015 58.120 0.009 0.052 21.916 0.001
i-pentane 0.002 72.150 0.001 0.009 3.628 0.000
n-pentane 0.001 72.150 0.001 0.004 1.814 0.000
Hexanes 0.000 86.180 0.000 0.000 0.000 0.000
Heptanes 0.000 100.200 0.000 0.002 0.781 0.000
Octanes 0.000 114.230 0.000 0.000 0.000 0.000
Nonanes 0.000 128.26 0.000 0.000 0.000 0.000
Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000
Reactive VOC 0.248 0.115 0.683 0.017
Benzene 0.000 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 0.000 106.167 0.000 0.000 0.000 0.000
n-Hexane ° 0.000 100.210 0.000 0.000 0.000 0.000
Toluene 0.000 92.140 0.000 0.000 0.000 0.000
Xylenes 0.000 106.160 0.000 0.000 0.000 0.000
HAPs 0.000 0.000 0.000 0.000
Totals 100.000 16.890 100.000 2.548

Sample taken 03-09-2010 at Baker South 7 W 0429 (Miles City)

Volume Flow: 40
Completion activity duration: 3
Total Volume Flow per Well 0.12

Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).

BTU value = 994 BTU/scf

Montana, North Dakota, and South Dakota BLM
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Compressor Station Emissions

Emission Factors for Natural Gas-Fired Compressors

Horse-Power

Emission Factors

C
ompressor Rating Units co,’ CH/ N,0°
; f gm/bhp-hr 134.9 2.55E-03 2.55E-04
Field Compre33|0n Rich Burn 300
Station Ib/MMBTU 116.9 2.20E-03 2.20E-04
Sales gm/bhp-hr 134.9 2.55E-03 2.55E-04
Compression Rich Burn 1,680
Station Ib/MMBTU 116.9 2.20E-03 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.
# EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors

Climate Change Supplementary Information Report

Emissions (tons/year/well)
Type of Annual # of Operating
Compressors | Compression Rate Wells in [ Total Compression| Hours/Year co, CH, N,O
(Hp/well) Production (Hp)

Field Compression 11 1 11 8,760 1.44E+01 | 2.72E-04 | 2.72E-05
Station
Sales
Compression 10 1 10 8,760 1.35E+01 2.54E-04 2.54E-05
Station

Total 2.79E+01 | 5.26E-04 | 5.26E-05

Compression rate of 36 - 300 hp field compressors, and 6 - 1680 hp sales compressors per 867 CBNG
wells based on BLM survey (Laakso, 2010). Values were scaled based on per well NG production.

Montana, North Dakota, and South Dakota BLM
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Billings Planning Area
Natural Gas Emissions

Compressor Station Fugitives
Fugitive Emissions from Equipment Leaks

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Io/hr) (kg/hr) (Io/hr) (kg/hr) (Ib/hr) (kg/hn) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wt% = 0.68
CO2 Wt% = 0.30
CH4 Wit% = 89.00
N20 Wt% = 0.00

Emissions from Equipment Leaks at Compressor Station per Well

Climate Change Supplementary Information Report

Montana, North Dakota, and South Dakota BLM

. Emission . Emission Ave. #in Emission TOC VOC emissions| CO, emissions | CH,emissions
Ave. #in Ave. #in . emissions
Gas Service factor Liquid service factor Water_/OlI factor per well per well per well per well
(Ib/hr) (Ib/hr) Service (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)
component (Ib/hr)
valves 0.258 0.0099 0 0.0055 0 0.0002 2.56E-03 1.75E-05 7.68E-06 2.28E-03
pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 0.369 0.0004 0 0.0005 0 0.0002 1.63E-04 1.11E-06 4.87E-07 1.45E-04
flanges 0.886 0.0009 0 0.0002 0 0.0000 7.62E-04 5.20E-06 2.28E-06 6.78E-04
open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL emissions/well/hr = 3.49E-03 2.38E-05 1.04E-05 3.10E-03
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Year Num.ber of Operating VOC emissions em}/sgi?)ns emizgii)ns emizgii)ns emi(s::iAOns CH, emissions
Producing Wells Hours (tbiyr) (tonlyr) (Iblyr) (ton/yr) (Iblyr) (tonfyr)
Year 20 1 8760 2.09E-01 1.04E-04 9.15E-02 4.58E-05 2.72E+01 1.36E-02
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Billings Plann
Natural Gas E

ing Area
missions

Compressor Station Inspection Traffic Exhaust Emissions

Emission factors for Commuting Vehicles Exhaust

Vehicle Emission Factors (g/mi)
Type Class CO, CH, N,0?
Light-Duty Diesel LDDT 409.5 0.002 0.016
Truck

Source: MOBILEG6.2.03

Climate Change Supplementary Information Report

# Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile
Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Road Traffic

Vehicle # of # of Emissions
.. . Compressor . # of Inspection Total Miles/
Activity Compressor Station . Inspection e - (tons/year/well)
Type Class Stations | |\ ite/ Station Visits/Well/Year Inspection
Well CO, CH, N,O
gtpa ﬁo?mpressor Pickup Truck |  LDGT2 0.04 12 0.4 20 4.00E-03 1.95E-08 1.51E-07
Inspection Visits for
Compressor Stations Primary Compressor
Stationy P Pickup Truck LDGT2 0.01 52 0.3 20 2.89E-03 1.41E-08 1.09E-07
Total| 6.89E-03 3.36E-08 2.61E-07

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area GHG Emission Inventory
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Butte Planning Area
Oil Well Emissions

Butte input parameters for calculating oil wells emissions

Climate Change Supplementary Information Report

Maximum Annual Wells Drilled - Federal (RMP

Maximum Annual Wells Drilled - Non-Federal

estimate) 0.0 (RMP estimate) 3.0
Federal Producing Wells - RMP Year 20 0.0 Non-Federal Producing Wells - RMP Year 20 3.0
Average Well Barrel Oil Per Day (BOPD) 20.0 Average Well Barrel Oil Per Day (BOPD) 20.0

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area

Oil Well Emissions

Federal Oil Wells Summaries

Total Annual Emissions from Federal Oil Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co

co, CH, N,O COyeq - 2ed
. metric tons
Activity

Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 0.00 0.00 0.00 0.00 0.00
Commuting Vehicles - Construction 0.00 0.00 0.00 0.00 0.00

Wind Erosion
Sub-total: Construction 0.00 0.00 0.00 0.00 0.00

Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 0.00 0.00 0.00 0.00 0.00
Well Workover Operations - On-road Exhaust 0.00 0.00 0.00 0.00 0.00
Well Visits for Inspection & Repair - Operations 0.00 0.00 0.00 0.00 0.00
Recompletion Traffic 0.00 0.00 0.00 0.00 0.00
Water Tanks & Traffic 0.00 0.00 0.00 0.00 0.00
Oil Tanks & Traffic 0.00 0.00 0.00 0.00 0.00
Venting 0.00 0.00 0.00 0.00 0.00
Compression and Well Pumps 0.00 0.00 0.00 0.00 0.00
Dehydrators 0.00 0.00 0.00 0.00 0.00
Compression Station Fugitives 0.00 0.00 0.00 0.00 0.00
Sub-total: Operations 0.00 0.00 0.00 0.00 0.00
Road Maintenance 0.00 0.00 0.00 0.00 0.00
Sub-total: Maintenance 0.000 0.000 0.00 0.00 0.00
Road Reclamation 0.00 0.00 0.00 0.00 0.00
Well Reclamation 0.00 0.00 0.00 0.00 0.00

Sub-total: Reclamation 0.0000 0.0000 0.0000 0.0000 0.0000

Total Emissions 0.00 0.00 0.00 0.00 0.00

Montana, North Dakota, and South Dakota BLM



Butte Planning Area

Oil Well Emissions

Non-Federal Oil Wells Summaries

Total Annual Emissions from Non-Federal Oil Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)
co, CH, N,O COseq COzq
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 1650.30 0.02 0.00 1650.66 1497.87
Commuting Vehicles - Construction 2.00 0.00 0.00 2.00 1.82
Wind Erosion
Sub-total: Construction 1,652.30 0.02 0.00 1,652.66 1,499.69
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 31.52 0.00 0.00 31.64 28.71
Well Workover Operations - On-road Exhaust 0.02 0.00 0.00 0.02 0.02
Well Visits for Inspection & Repair - Operations 0.04 0.00 0.00 0.04 0.03
Recompletion Traffic 0.04 0.00 0.00 0.04 0.03
Water Tanks & Traffic 0.29 0.34 0.00 7.49 6.80
Oil Tanks & Traffic 0.74 1.21 0.00 26.13 23.71
Venting 0.04 1.54 0.00 32.30 29.31
Compression and Well Pumps 185.67 0.00 0.00 185.85 168.65
Dehydrators 0.20 0.21 0.00 4.64 4.21
Compression Station Fugitives 0.00 0.01 0.00 0.28 0.25
Sub-total: Operations 218.56 3.32 0.00 288.43 261.73
Road Maintenance 0.77 0.00 0.00 0.77 0.70
Sub-total: Maintenance 0.770 0.000 0.00 0.77 0.70
Road Reclamation 0.63 0.00 0.00 0.63 0.57
Well Reclamation 18.39 0.00 0.00 18.55 16.83
Sub-total: Reclamation 19.0217 0.0003 0.0005 19.1808 17.4055
Total Emissions 1,890.66 3.33 0.00 1,961.04 1,779.53

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Oil Well Emissions

Climate Change Supplementary Information Report

TPY
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Butte RMP Non-Federal Oil Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Well Workover
Operations -
On-site Exhaust

Well Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
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Operations

Recompletion
Traffic

Water Tanks &
Traffic

Oil Tanks &
Traffic

Venting

Compression
and Well
Pumps

Dehydrators

Road
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Road
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Well
Reclamation

mCOo2

1650.30

2.00

31.52

0.02

0.04

0.04

0.29

0.74

0.04

185.67

0.20

0.77

0.63

18.39

mCH4

0.02

0.00

0.00

0.00

0.00

0.00

0.34

121

1.54

0.00

0.21

0.00
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= N20
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0.00

0.00
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m CO2eq

1650.66

2.00

31.64

0.02

0.04

0.04

7.49

26.13

32.30

185.85

4.64

0.77

0.63

18.55

m  CO2eq
metric tons

1497.87

1.82

28.71

0.02

0.03

0.03

6.80

23.71

29.31

168.65

4.21

0.70

0.57

16.83
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Butte Planning Area
Oil Well Emissions

Exhaust Emissions from W ell Pad Construction Heavy Equipment and Drilling Equipment

Emission Factors for Construction Equipment

Equipment

Emission Factors (g/hp-hr)

Equipment Category

CO; CH, N,0O°
Dozer - 175 Hp 535.760 0.005 0.006 Track-Type Tractor
Blade - 150 Hp 594.650 0.008 0.006 Motor Grader

Source: EPANONROADS 2008a

NOTE: Use emission factors for 2008 for all project years = conservative estimate of fleet turnover
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas

Industry," Table 4-17 (2009).

Emission Estimations for Construction Equipment (using 2008 emission factors)

Climate Change Supplementary Information Report

. # of # of # of Max. Annual Emissions
) ) i Capacity 3 Avg. Load ) A ) -
Construction Site| Equipment Type (hp) # of Units Factor (%) Operating | Operating Operating |#of Wells (tons/equipment type/well)
° Hours/Day | Days/Well | Hours/Well CO, CH, N.O
Improved & Blade 150 1 75 10 2 20 1 1A7E+00 1.87E-05 1.43E-05
Two-Track Road
Well Pad Blade 175 1 75 10 3 30 1 2.58E+00 3.28E-05 2.50E-05
Dozer 175 1 80 10 3 30 1 2.75E+00 3.50E-05 2.67E-05
Subtotal| 6.81E+00 8.64E-05 6.61E-05

Exhaust Emission Factors for Diesel Powered Bore/Drill Rig Engines

Project Year/Hp Emission Factors (g/hp-hr)
Category co, [ cH [ N0°
Year 2018

50to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100 to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines
Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission
Methodologies for the Oil and Gas Industry," Table 4-17 (2009).

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Oil Well Emissions

Combustive Emissions Estimation for Industrial Engines

Climate Change Supplementary Information Report

Max. Annual Emissions
) #of #of #of -
Construction Site| Equipment Type Capacity # of Units Avg. Lofd Operating | Operating Operating |#of Wells (tonslequipment type/well
(hp) Factor (%) Hours/Day | Days/Well | Hours/Well Cco, CH, N,O
Rig-up, Drilling, Mai.n. Deck 1,000 3 70 24 16 384 1 4.71E+02 5.02E-03 5.13E-03
and Rig-down Auxiliary Pump 600 1 80 8 15 120 1 3.37E+01 2.51E-04 3.66E-04
Generators 150 2 75 24 8 192 1 2.52E+01 2.26E-04 2.75E-04
Main Deck 600 1 50 11 5 55 1 9.64E+00 7.19E-05 1.05E-04
Auxiliary Pump 225 1 80 8 2 16 1 1.68E+00 1.37E-05 1.83E-05
Power Swivel 150 1 75 8 2 16 1 1.05E+00 9.42E-06 1.14E-05
Well Completion & c it Avg. Load # of # of # of
Testing Equipment Type apactty # of Units o, \b| Operating | Operating Operating |#of Wells
(hp) Factor (%) Hours/ Day | Days/Well | Hours/ Well
Field Generators for | g 1 75 12 3 36 1 9.64E-01 1.05E-05 9.44E-06
Pumps & Lighting
Subtotal| 5.43E+02 5.60E-03 5.91E-03
Total 5.50E+02 5.69E-03 5.98E-03

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Oil Well Emissions

Exhaust Emissions from Construction and Drilling Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class Co, CH, N.0*

Light-Duty Diesel

LDDT 4095 0.002 0016
Truck
Heavy-Duty Diesel

HDDV 7918 0.04 0.006
Truck

Source:MOBILE6.2.03

2 Compendium of Greenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,LDDT

moderate control) ,Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic

Climate Change Supplementary Information Report

Vehicle RoundTrip | #of Round Emissions
Construction Site . . Miles Traveled]| Total# of
Distance TripsWelll
Destination : WellYear Wells (tons/well)
Type Class (miles) Year
co, CH, N0
Improved & SemiTrucks HDDV 2 a7 94 1 8.20E-02 3.83E-06 5.98E-07
Two-Track Road Pickup Trucks LDDT 2 3 6 1 2.71E-03 132E-08 1.03E-07
SemiTrucks HDDV 2 5 10 1 8.73E-03 4.08E-07 6.36E-08
Well Pad
Pickup Trucks LDDT 2 4 8 1 3.61E-03 1.76E-08 137E-07
SemiTrucks HDDV 2 2 4 1 349E-03 1.63E-07 2.54E-08
Other Construction
. Haul Trucks HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Activities
Pickup Trucks LDDT 2 1 2 1 9.03E-04 441E-09 3.42E-08
Subtotal| 1.05E-01 4.60E-06 9.86E-07
Combustive Emissions Estimation Road Traffic
. 5 Vehicle Round Trip # of Round N Emissions
Construction Site Miles Traveled]| Total# of
L Distance TripsWell
Destination WelllYear Wells (tons/well)
Type Class (miles) Year
Cco, CH, N,O
SemiRig Transport, Drill
HDDV 2 44 88 1
Rig 7.68E-02 3.59E-06 5.60E-07
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
5 - Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig-up, Driling, and
. Rig Mechanics HDDV 2 2 4 1 349E-03 1.63E-07 2.54E-08
Rig-down
Co.Supervisor LDDT 2 20 40 1 181E-02 8.82E-08 6.83E-07
Tool Pusher LDDT 2 8 16 1 7.22E-03 3.53E-08 2.73E-07
Mud Logger LDDT 2 6 12 1 5.42E-03 2.65E-08 2.05E-07
Mud Engineer LDDT 2 15 30 1 1.35E-02 6.61E-08 5.13E-07
Logger, Engr Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Drill BitDelivery LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08

Montana, North Dakota, and South Dakota BLM



Butte Planning Area
Oil Well Emissions

Combustive Emissions Estimation Road Traffic (cont.)

Climate Change Supplementary Information Report

Vehicle Emissions
) y Round Trip # of Round ;
Construction Site Miles Traveled]| Total# of
Distance TripsWell
Destination WelllYear Wells (tons/well)
(miles) Year
Type Class
co, CH, N,O
SemiCasing Haulers HDDV 2 6 12 1
1.05E-02 4.89E-07 7.63E-08
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 1.27E-08
Semi Fracing, Blender HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 4.89E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 1.63E-07 254E-08
Haul Cementer, Cemen HDDV 2 3 6 1 5.24E-03 245E-07 3.82E-08
Haul Completion, Equip HDDV 2 3 6 1 5.24E-03 245E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
HaulPerforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 1.27E-08
Haul Anchor, Installaion] HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
Haul Anchor, Testing HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Pump HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
WellCompletion & |HaulFracing, Chemical HDDV 2 1 2 1
. 1.75E-03 8.16E-08 1.27E-08
Testing
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
HaulWelders HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
HaulWater Truck HDDV 2 150 300 1 262E-01 122E-05 191E-06
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Casing Crew HDDV 2 2 4 1
3.49E-03 1.63E-07 254E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion, LDDT 2 5 10 1 451E-03 2.20E-08 1.71E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
Pickup Fracing,
HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 1.27E-08
Pickup Co.Supervisor LDDT 2 10 20 1
9.03E-03 441E-08 342E-07
Pickup Miscellaneous
LDDT 2 3 6 1
Supplies
2.71E-03 132E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal] 562E-01 2.15E-05 7.57E-06
Total 6.67E-01 2.61E-05 8.56E-06

Montana, North Dakota, and South Dakota BLM



Butte Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Well Work Overs

Emission Factors Bore/Drill Rig Engines 300-600 Hp

Fuel T Emission Factors
ne vee co, CH, N,O’
Diesel 529.575 0.007 0.006

Source: EPA NONROADS 2008a. Year 2008.
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and
Gas Industry," Table 4-17 (2009).

Emission Estimations for Engines

Max. Annual Emissions
# of # of
i i tons/year/well
Activity Equipment Type Capacity Operating # of Operating Operating Total #.Of ( y )
(hp) Hours/Da Days/Well Hours/Well Wells Drilled
v co, CH, N,O
Well Workover Truck-Mounted Unit 600 10 3 30 1 1.05E+01 1.46E-04 1.14E-04

Exhaust emission factors for commuting vehicles

Vehicle Emission Factors (g/mi)
Type Class CO, CH, N,O®
Light-Duty Diesel LDDT 409.5 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 791.8 0.04 0.006
Truck

Source: MOBILE 6.2.03

Emission factors for 2008 used for all project years = conservative estimate of vehicle fleet turnover

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,
Mobile Source Combustion Factors. American Petroleum Institute (2009).

Emission Estimations for Road Traffic

Activity . . . Max. Annual Emissions
Vehicle RoEmd Trip| # c?f Round Miles Total # of
Distance Trips/Well/ Traveled/ . (tonslyear/well)
il Y WelllY Wells Drilled
Type Class | (miles) ear ellYear co, CH, N,O

Well Workover WO Rig HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Haul Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Pickup Truck LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Performed once in the first year of well operation Total 6.20E-03 1.76E-07 1.28E-07

Number of wells is based on peak year applied to all project years (provides for a conservative estimate).
Round trip distance = 2 based on data found in the SEIS

Montana, North Dakota, and South Dakota BLM C-11



Butte Planning Area

Oil Well Emissions

Exhaust Emissions from Site Visits and Inspections

Emission factors for Commuting Vehicles Exhaust

Emission Factors (g/mi)

Vehicle Class

co,

Nzoa

Light-Duty Gasoline
Truck

476.9

0.07

0.02

Source: MOBILE 6.2.03

Emission factors for 2008 used for all years = conservative estimate for fleet vehicle turnover
@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate

control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

: : Emissions
N Vehicle Ro_und Trip | # c_’f Round Miles Federal Wells
Activity Distance Trips/Well/ | Traveled/ . (tonslyr/well)
(miles) Year Well/Year Producing
Type Class Co, CH, N.O
Inspection Visits for| o, 1 Truck | LDGT2 2 12 24 1 1.26E-02 1.80E-06 4.07E-07

Wells

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Oil Well Emissions

Exhaust Emissions from Heavy Equipment and Support Vehicles for Road Maintenance

Given Data
. a Equipment/Vehicle Road Length # of Operating
Maintenance’ W orked on/Day Hours/Day
Type Fuel Capacity (hp) (miles)
i b Diesel-30 gpd 135 6 10
Summer Heawy Eq wpmerﬁ lesel-sU gp
Commuting Vehicle Gas-5gpd 225 6 1°
Winter Heaw Equi pmentb Diesel-30 gpd 135 5 10
Commuting Vehicle Gas-5gpd 225 6 1.5°
# Road maintenance would be made twice in summer and once in winter every year
> Assume a motor grader 135 Hp.
¢ Assume three round trips per two days.
Estimation of Total and Cumulative Length of Roads for the Project - RMP Year 20
Length of Improved Roads per Well (miles) * 1.00
Number of Wells 1
Cumulative Length of Roads b (miles/operation) 1
# Source: SEIS
® miles of road built per well * No. of operating wells/year
Estimation of Total Operation Days and Hours - RMP Year 20
. Cumulative Road Length | # of Operating Total # of Total # of
# of Operations . .
Season per Season Length of Roads| W orked On Hours Operating Operating
(miles/operation) (mi/day) per Day Days Hours
Summer 2 1 6 10 0.3 3
Winter 1 1 5 10 0.2 2
Total 1 5
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Butte Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Emission Factors for Construction Equipment Exhaust

. Emission Factors (g/hp-hr)
Equipment
aup co, CH, N,O°
Grader 100-175 Hp 535.77 0.0053 0.006

Source: EPANONROADS 2008a

Use emission factors for 2008 for all project years - conservative estimate of vehicle turnover

Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and
Gas Industry," Table 4-17 (2009).

Emission Estimations for Grader: RMP Year 20

Total # of Emissions
Activity Vehicle Type Capacity(hp) Operating (tons/well)
Hours® CO, CH, N.O
Road Maintenance Grader 135 3 2.55E-01 2.52E-06 2.75E-06

? Assume grader operates at 60% of the time (minus hours for clothing change, breaks, etc.)

Emission Factors for Commuting Vehicles Exhaust
Emission Factors (g/mi)
CO, CH, N.O*

Vehicle Class

Light-Duty Diesel
Truck
Source: MOBILE 6.2.03

# Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxdation catalyst, LDDT moderate control)
, Mobile Source Combustion Factors, American Petroleum Institute (2009).

409.5 0.002 0.016

Emission Estimations for Road Traffic - RMP Year 20

L Vehicle ROL_md Trip Total # of Total Miles Emissions (tons/yr)
Activity Distance . Traveled
) Operating Days
Type Class (miles/day) (VMT/yr) CO, CH, N.O
Road Maintenance Pickup Truck LDGT?2 6 0.5 3 1.44E-03 7.05E-09 5.47E-08

Montana, North Dakota, and South Dakota BLM C-14



Butte Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Water Tank and Hauling Emissions

Oil Well Water Tank Flashing Emissions

Flashing Loss
Emission Factor CH, Emissions
(Ibs CH,/ 1000 bbl of | water Production (ton/yriwell)
Project Year water) ° (bbl/year/well)
All 31.31 7300 1.14E-01

@ Average Conditions for Table 5-10 of the APl Compedium of GHG Emissions Methodologies for the Oil and Gas Industry, August 2009.

Emission Factors for Work Over Vehicles - Road Traffic

Emission Factors (g/mi)
CO, CH, N,0*

Vehicle Class

Heavy-Duty Diesel

Truck (HDDV) 791.8 0.04 0.006

Source: MOBILE6.2.03

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table
4-17 (2009).

On-Road Exhaust Emission Estimations for Road Traffic - Based on Water Produced Per Barrel of Oil

Vehicle . . Emissions
. Round Trip Annual # of Miles
Activity Type Class Distance (miles) |Round Trips/Well| Traveled/Well Total # of Wells (tonslyriwell)
CO, CH, N,O
ﬁ:ﬁ;"ged Water 14 1aul Truck (130 bbl) HDDV 2 56 112 1 9.80E-02 | 4.58E-06 7.14E-07
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Butte Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Oil Tank, Loadout and Hauling Emissions

Oil Well Oil Seperator Flashing and Tank Emissions®

Emissions”
HAPs Emissions VOC Emissions | CO, Emissions | CH, Emissions
(ton/yriwell) (ton/yr/well) (ton/yriwell) (ton/yriwell)
Project Year
All 1.77E-01 3.18E+00 1.82E-01 4.03E-01

& Based on average of data from Montana BLM (Laakso, 2010) and calculations using E&P Tanks, July, 2010. Assumes 20 BOPD per well.

® Assumes no emissions control.

Oil Well Oil Truck Loadout VOC Emissions
Emissions were estimated based on EPA, AP-42 Section 5.2.2.1.1 Equation 1

L = 12.46 SPM
T
L, = Loading Loss pounds per 1000 gallons (Ib/10° gal) of liquid loaded
S = a saturation factor
P = true vapor pressure of liquid loaded, pounds per square inch absolute (psia)
M = molecular weight of vapors, pounds per pounds-mole (Ib/lb-mole)
T = temperature of bulk liquid loaded (F+460)

S= 0.6 from EPA, AP-42 Section Table 5.2-1
P= 3.4 from EPA, AP-42 Section Table 7.2-1
M= 50 from EPA, AP-42 Section Table 7.2-1
T= 540 ave. temp.

L = 2.35

Oil Well Oil Truck Loadout Emissions - All Project Years®

Annual Oil VOC CO, Emissions | CH, Emissions
Emission Factor Volume (bbl) - 0il (1,000 Emissions (tpy/well) (tpy/well)
Project Year (Ibs/1,000 gallons) per well gallons) (tpy/well)
All 2.35 7,300 307 3.61E-01 6.47E-04 1.05E-07

#Uses E&P Tanks Stream Data for W&S Gas mol % (shown below). E&P Tanks input data from Montana BLM (Laakso, 2010)
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Oil Well Emissions Climate Change Supplementary Information Report

Emission Factors for Work Over Vehicles - Road Traffic

Emission Factors (g/mi
CO, CH, N,0?

Vehicle Class

Heavy-Duty Diesel

Truck (HDDV) 791.8 0.037 0.006

Source: MOBILE6.2.03
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-1

On-Road Exhaust Emission Estimations for Road Traffic - Based on Produced Per Barrel of Oil

Vehicle . . Emissions
Activity . Round Tr!p # o.f Round Miles Total # of Wells tonsl/year/well)
Type Class Distance (miles) Trips/Well Traveled/Well
CO, CH, N,O
ﬁ:;‘::r’;ed oil Haul Truck (200 bbl) HDDV 2 37 73 1 6.37E-02 2.98E-06 4.64E-07
TOTAL 6.37E-02 2.98E-06 4.64E-07
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W&S Composition for Truck Load Out Emissions

WE&S Gas Molecular
Component Mole Fraction® Weight Gas Weight  Weight Percent
(%) (Ib/lb-mol) (Ib/lb-mol) (Wt9%)
Methane 0.000 16.040 0.000 0.000
Ethane 4,732 30.070 1.423 2.476
Nitrogen 0.000 28.020 0.000 0.000
Water 0.000 18.015 0.000 0.000
Carbon Dioxide 0.224 43.990 0.098 0.171
Nitrous Oxide 0.000 44.020 0.000 0.000
Hydrogen Sulfide 1.018 34.060 0.347 0.603
Non-reactive, non-HAP 5.974 1.868 3.250
Propane 27.635 44.100 12.187 21.203
Iso-butane 10.353 58.120 6.017 10.468
n-butane 25.191 58.120 14.641 25.473
i-pentane 8.741 72.150 6.307 10.972
n-pentane 9.278 72.150 6.694 11.647
Hexanes 3.874 100.210 3.882 6.754
Heptanes 2.680 100.200 2.685 4.671
Octanes 1.820 114.230 2.079 3.616
Nonanes 0.302 128.258 0.388 0.675
Decanes+ 0.000 142.29 0.000 0.000
Reactive VOC 89.873 54.879 95.481
Benzene 0.325 78.110 0.254 0.441
Ethylbenzene 0.011 106.160 0.012 0.021
n-Hexane 3.334 100.210 3.341 5.813
Toluene 0.350 92.130 0.322 0.560
Xylenes 0.133 106.160 0.141 0.246
HAPs 4.153 4.070 7.082
Totals 100.000 57.476 100.000

#E&P Tanks Stream Data for W&S Gas mol %. E&P Tanks input data from Montana BLM (Laakso, 2010)
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Exhaust Emissions from Recompletion Support Vehicles

Emission Factors for Commuting Vehicles
Vehicle Emission Factors (g/mi)
Type Class Co; CH, N,0?

Light-Duty Diesel

LDDT 409.5 0.002 0.016
Truck
Heavy-Duty Diesel

HDDV 791.8 0.037 0.006
Truck
Source: MOBILE6.2.03

2Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20O (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,
Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic - Based on Peak Wells Drilled each Altemative

i Vehicle Round # of Round Miles Emissions
Construction Trip Total # of
Site Destinati Trips/Well/ Traveled/ well
ite stination i ells
Type Class Distance Year Well/Year {tons/well)
(miles) CO, CH, N,O
Fuel Haul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck,
HDDV 2 4 8 1
Water Hauling 6.98E-03 3.26E-07 5.09E-08
Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig Mechanics HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Co. Supervisor LDDT 2 20 40 1 1.81E-02 8.82E-08 6.83E-07
Semi Completion,
o HDDV 2 1 2 1
Unit Rig 1.75E-03 8.16E-08 1.27E-08
Semi Fracing,
HDDV 2 1 2 1
Blender 1.75E-03 8.16E-08 1.27E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 4.89E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 2.54E-08
Haul Cementer,
HDDV 2 2 4 1
Pump Truck 3.49E-03 1.63E-07 2.54E-08
Haul Cementer,
HDDV 2 3 6 1
Cement Truck 5.24E-03 2.45E-07 3.82E-08
Haul Completion,
) HDDV 2 3 6 1
Equip Truck 5.24E-03 2.45E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 1.81E-03 8.82E-09 6.83E-08
Haul Perforators
. HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 1.27E-08
Well Recompletion |Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Pump HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing,
HDDV 2 1 2 1
Chemical 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Water Truck HDDV 2 50 100 1 8.73E-02 4.08E-06 6.36E-07
Pickup Cementer,
. LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
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Oil Well Emissions Climate Change Supplementary Information Report
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion,
LDDT 2 5 10 1
Pusher 4.51E-03 2.20E-08 1.71E-07
Pickup Perforators,
) LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
Pickup Fracing,
. HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 1.27E-08
Pickup Co.
) LDDT 2 10 20 1
Supervisor 9.03E-03 4.41E-08 3.42E-07
Pickup Miscellaneous
) LDDT 2 3 6 1
Supplies 2.71E-03 1.32E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal 2.52E-01 8.17E-06 4.45E-06
Total 2.52E-01 8.17E-06 4.45E-06
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Butte Planning Area

Oil Well Emissions Climate Change Supplementary Information Report
Venting Emissions from Well Completion Activities (applied to all wells drilled) Venting Emissions from Well Re-Completion Activities (applied to 5% of operating wells)
Molecular Gas Weight Emissions Molecular Gas Weight Emissions
Gas Component Mole Fraction Weight Weight Percent Weight Mass Flow Gas Component Mole Fraction Weight Weight Percent Weight Mass Flow

(%) (Ib/lb-mol) (Ib/lb-mol) (Wt%) (Ib/MMscf)) (ton/well) (%) (Ib/lb-mol) (Ib/lb-mol) (Wt%) (Ib/MMscf)) (ton/well)
Methane 65.450 16.040 10.498 42.544  18064.029 0.488 Methane 65.450 16.040 10.498 42.544 18064.029 0.488
Ethane 15.330 30.070 4.610 18.681  7931.881 0.214 Ethane 15.330 30.070 4.610 18.681 7931.881 0.214
Nitrogen 3.260 28.020 0.913 3.702 1571.760 0.042 Nitrogen 3.260 28.020 0.913 3.702 1571.760 0.042
Water 0.000 18.015 0.000 0.000 0.000 0.000 Water 0.000 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 0.620 43.990 0.273 1.105 469.295 0.013 Carbon Dioxide 0.620 43.990 0.273 1.105 469.295 0.013
Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000 Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000 Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000
Non-reactive, non-HAP 84.660 - 16.294 66.031 0.757 Non-reactive, non-HAP 84.660 === 16.294 66.031 0.757
Propane 7.890 44.100 3.479 14.101  5987.096 0.162 Propane 7.890 44.100 3.479 14.101 5987.096 0.162
Iso-butane 1.370 58.120 0.796 3.227 1370.083 0.037 Iso-butane 1.370 58.120 0.796 3.227 1370.083 0.037
n-butane 3.360 58.120 1.953 7.914 3360.203 0.091 n-butane 3.360 58.120 1.953 7.914 3360.203 0.091
i-pentane 1.000 72.150 0.722 2.924 1241.472 0.034 i-pentane 1.000 72.150 0.722 2.924 1241.472 0.034
n-pentane 1.040 72.150 0.750 3.041 1291.131 0.035 n-pentane 1.040 72.150 0.750 3.041 1291.131 0.035
Hexanes 0.680 100.210 0.681 2.761 1172.521 0.032 Hexanes 0.680 100.210 0.681 2.761 1172.521 0.032
Heptanes 0.000 100.200 0.000 0.001 0.529 0.000 Heptanes 0.000 100.200 0.000 0.001 0.529 0.000
Octanes 0.000 114.230 0.000 0.000 0.000 0.000 Octanes 0.000 114.230 0.000 0.000 0.000 0.000
Nonanes 0.000 128.258 0.000 0.000 0.000 0.000 Nonanes 0.000 128.258 0.000 0.000 0.000 0.000
Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000 Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000
Reactive VOC 15.340 8.382 33.969 0.389 Reactive VOC 15.340 8.382 33.969 0.389
Benzene 0.000 78.110 0.000 0.000 0.000 0.000 Benzene 0.000 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000 Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000
n-Hexane * 0.680 100.210 0.681 2.761 1172.521 0.032 n-Hexane ° 0.680 100.210 0.681 2.761 1172.521 0.032
Toluene 0.000 92.130 0.000 0.000 0.000 0.000 Toluene 0.000 92.130 0.000 0.000 0.000 0.000
Xylenes 0.000 106.160 0.000 0.000 0.000 0.000 Xylenes 0.000 106.160 0.000 0.000 0.000 0.000
HAPs 0.680 0.681 2.761 0.032 HAPs 0.680 0.681 2.761 0.032
Totals 100.000 == 24.676 100.000 1.146 Totals 100.000 - 24.676 100.000 1.146

Oil well natural gas analysis for Formation: Madison, Lease: Berry 11-4

Volume Flow: 900 SCF / bbl oil
BBL oil/ day: 20 bbl oil / day
Completion activity duration: 3 days

Total Completion/Recompletion
Volume Flow per Well 0.054 MMSCF/well

Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).

Montana, North Dakota, and South Dakota BLM C-21



Butte Planning Area
Oil Well Emissions

Compressor Stations Emissions

Emission Factors for Natural Gas-Fired Compressors and Pumps

Horse-Power

Emission Factors

c /P .
ompressor [ Fump Rating Units co,? CH, N,0°
Compression gm/bhp-hr 134.936 2.55E-03 2.55E-04
- Lean Burn 300
Station Ib/MMBTU 116.887 2.20E-03 2.20E-04
Oil Pump at Well gm/bhp-hr 134.936 2.55E-03 2.55E-04
Lean Burn 40
Head Ib/MMBTU 116.887 2.20E-03 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.

2 EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors and Pumps - All Years

Climate Change Supplementary Information Report

Emissions (tons/year/well)
Type of .
Annual # of Operating
Compressors / .
Pumps Wells in Annual Hours/Year CO, CH, N,O
Rate (Hp/well) Production Compression (Hp)
Compression 7.5 1.00 75 8,760 9.77E+00 1.84E-04 1.84E-05
Station
Oil Pump at Well 40 1.00 40 8,760 5.21E+01 9.83E-04 9.83E-05
Head
Total 6.19E+01 1.17E-03 1.17E-04

Compression rate of 5 compressors (300 hp each) per 200 wells based on BLM survey (Laakso, 2010)
Typical oil well head pump of 40 hp per BLM survey (Laakso, 2010)

Montana, North Dakota, and South Dakota BLM
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Oil Well Emissions

Compressor Station Fugitives
Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wt% =
CO2 Wt% =
CH4 Wt% =
N20 Wit% =

33.97
111
42.54
0.00

Emissions from Equipment Leaks at Compressor Station per Well

Ave. #in Emission factor Ave. #in Emission factor Ave. # in Emission [TOC emissions emis\s/ic;r?s per CO, emissions per|CH, emissions per
Gas Service (Ib/hr) Liquid service (Ib/hr) Water/Oil factor per well well well well
Service (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)
component (Ib/hr)
valves 0.175 0.0099 0 0.0055 0 0.0002 1.74E-03 5.90E-04 1.92E-05 7.39E-04
pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 0.250 0.0004 0 0.0005 0 0.0002 1.10E-04 3.74E-05 1.22E-06 4.69E-05
flanges 0.600 0.0009 0 0.0002 0 0.0000 5.16E-04 1.75E-04 5.70E-06 2.19E-04
open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL emissions/well/hr = 2.36E-03 8.02E-04 2.61E-05 1.00E-03
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Number of . VOC emissions VOC COZ C02 .CH.4 .CH.4
Year Producing Wells Operating Hours (Iblyr) emissions emissions emissions emissions emissions
(ton/yr) (Iblyr) (tonlyr) (Iblyr) (tonlyr)
Year 20 1 8760 7.03E+00 3.51E-03 2.29E-01 1.14E-04 8.80E+00 4.40E-03
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Oil Well Emissions

Emissions for Road and Well Pad Reclamation

Equipment/Vehicle Total Miles # of
Type Tvoe Fuel Capacity Worked Operating
yp (hp) on/Day | Hours/Day
Heavy Equipment Diesel 80 6 10
Roads - - -
Commuting Vehicle Gasoline 225 6 15
Wells® Heavy Equipment Diesel 100 N/A 10
ells
Commuting Vehicle Gasoline 225 6 2

& Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.

Source: values from SEIS

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.250
Number of Roads Reclaimed Annually Per Well 15.333
Annual Miles of Roads reclaimed Per Well 3.833
Number of wells reclaimed (per well) 15.333

Reclaimation rates derived from RMP (total Federal and non-Federal)

Estimation of Total O

eration Days and Hours

Annual Miles of | Daily Miles of Road |  Total # of Annual
Roads Reclaimed Work Operating Days Operating
Hours
3.83 6 0.6 6
Total 6
Assume average miles/day = 6
Emission Factors for 75-100 hp Off-Road Engines
Emission Factors (g/hp-hr)
Year co, CH, N.OF
2008 600.507 0.010 0.016
2018 613.888 0.006 0.016
2027 608.641 0.003 0.016

Climate Change Supplementary Information Report

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,
LDDT moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).
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Oil Well Emissions

Exhaust Emissions Estimation for Grader Road Reclaim

Climate Change Supplementary Information Report

Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating tons/year/well)
Hours? co, CH, N,O
Road Reclamation Grader 80 3.8 2.08E-01 1.87E-06 5.24E-06

Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffic

Emission Factors (g/mi)

Vehicle Class

CO,

CH,

N,O*

Light-Duty Diesel
Truck

409.5

0.002

0.016

Source: MOBILEG6.2.03

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,
LDDT moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Vehicle Round Trip | Total # of . Emissions
.. . . Total Miles
Activity Distance Operating Traveled (tonslyear/well)
Type Class (miles/day) Days co, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.64 4 1.73E-03 8.45E-09 6.55E-08
Estimation of Annual Days and Hours for Well Reclamation
Annual
. # of Wells Annual # of
Equipment Reclaimed/Year # of Hours/Day Days Hours.of
Operation
Grader 15.33 10 15.33 153.33
Assume grader works 0.5 day as a blade and tractor each per well.
Exhaust Emissions Estimation for Grader: Well Reclamation
Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating tons/year/well)
Hours ? CO, CH, N,O
Well Reclamation |Grader 100 92 6.09E+00 1.01E-04 1.57E-04
Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamation
Vehicle Round Trip | Total # of . Emissions
- . . Total Miles (tons/year/well)
Activity Tvpe Class Distance Operating Traveled
yp (miles/day) Days Co, CH, N,O

Well Reclamation Pickup Truck LDDV 6 15 92 4.15E-02 2.03E-07 1.57E-06

Montana, North Dakota, and South Dakota BLM
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Oil Well Emissions

Emissions for Gas Dehydration

Emission Factors for Dehydrator Heaters

Climate Change Supplementary Information Report

Unit CO, CH, N,O
Ib/MMSCF 120000 23 2.2
Ib/MMBTU 117.647 0.002 0.002
Source: EPA, AP-42 Section 1.4 Natural Gas Combustion
Emission Estimate for Dehydrator Heaters
Operating Hours |  Dehydrator Fuel Usage Number of Emissions (tons/year/well)
Year® Heater Size MMCE/Year Dehydrator
per Year MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.001 6.79E-02 1.30E-06 1.25E-06
Values from Montana BLM (Laakso, 2010)
Annual Dehydrator Venting and Tank Flashing Emissions
Annual Well Gas CH, CH, vOoC voC
Production Emission Factor| Emissions | Emission Factor Emissions
MMscf (ton per MMscf) | (TPY/well) (ton per MMscf) (TPY/well)
6.57 1.071E-02 7.040E-02 1.600E-02 1.051E-01

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (no control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with Oil well specific gas composition analysis to derive dehydrator emissions:

per dehydrator:

wet gas temperature:

wet gas pressure:
gas is saturated
dry gas flow rate:

dry gas water content:

lean glycol water content:
lean glycol circulation rate:
flash tank temperature:
flash tank pressure:
stripping gas source:
stripping gas flow rate:

Montana, North Dakota, and South Dakota BLM

108 degrees F
450 psi

35 MMCFD

3.
0.

2 lbs/MMscf
2 wt%
5 gpm

108 degrees F
60 psi

dry gas

17 scfm

Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
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Butte Planning Area
Natural Gas Emissions

Butte input parameters for calculating NG wells emissions

Climate Change Supplementary Information Report

Maximum Annual Wells Drilled - Federal (RMP

Maximum Annual Wells Drilled - Non-Federal (RMP

estimate) 0.3 estimate) 0.5
Federal Producing Wells - RMP Year 20 6 Non-Federal Producing Wells - RMP Year 20 9
Average Gas Production Per Well (MCFD) 179 Average Gas Production Per Well (MCFD) 179

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions

Federal NG Wells Summaries

Total Annual Emissions from Federal NG Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

CO
co, CH, N,O COyeq _ - 2ed
. metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 165.03 0.00 0.00 165.62 150.29
Commuting Vehicles - Construction 0.20 0.00 0.00 0.20 0.18
Wind Erosion
Completion Venting 0.78 1.93 0.00 41.26 37.44
Sub-total: Construction 166.01 1.93 0.00 207.08 187.92
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 63.04 0.00 0.00 63.28 57.42
Well Workover Operations - On-road Exhaust 0.04 0.00 0.00 0.04 0.03
Well Visits for Inspection & Repair - Operations 0.08 0.00 0.00 0.08 0.07
Wellhead and Compressor Station Fugitives 0.54 1.34 0.00 28.77 26.11
Compression 167.36 0.00 0.00 167.52 152.01
Station Visits - Operations 0.04 0.00 0.00 0.04 0.04
Dehydrators 4.05 6.09 0.00 131.93 119.72
Sub-total: Operations 235.15 7.44 0.00 391.65 355.40
Road Maintenance 1.54 0.00 0.00 1.54 1.40
Sub-total: Maintenance 1.539 0.000 0.00 1.54 1.40
Road Reclamation 0.58 0.00 0.00 0.58 0.53
Well Reclamation 16.95 0.00 0.00 17.10 15.51
Sub-total: Reclamation 17.5331 0.0003 0.0005 17.6797 16.0433
Total Emissions 420.23 9.37 0.00 617.96 560.76

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions

Climate Change Supplementary Information Report

TPY

256.00000
128.00000
64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Butte FO RMP Federal NG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Well Workover
Operations - On-
site Exhaust

Well Workover
Operations - On-
road Exhaust

Well Visits for
Inspection &
Repair -
Operations

Wellhead and
Compressor
Station Fugitives

Compression

Station Visits -
Operations

Dehydrators

Road
Maintenance

Road
Reclamation

Well
Reclamation

Cco2

165.03

0.20

63.04

0.04

0.08

0.54

167.36

0.04

4.05

154

0.58

16.95

CH4

0.00

0.00

0.00

0.00

0.00

1.34

0.00

0.00

6.09

0.00

0.00

0.00

N20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CO2eq

165.62

0.20

63.28

0.04

0.08

28.77

167.52

0.04

131.93

154

0.58

17.10

CO2eq
metric tons

150.29

0.18

57.42

0.03

0.07

26.11

152.01

0.04

119.72

1.40

0.53

1551

Montana, North Dakota, and South Dakota BLM

C-29




Butte Planning Area
Natural Gas Emissions

Non-Federal NG Wells Summaries

Total Annual Emissions from Non-Federal NG Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co
co, CH, N,O COyeq _ - 2ed
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 247.54 0.00 0.00 248.15 225.19
Commuting Vehicles - Construction 0.30 0.00 0.00 0.30 0.27
Wind Erosion
Completion Venting 1.17 2.89 0.00 61.89 56.16
Sub-total: Construction 249.02 2.89 0.00 310.35 281.62
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 94.57 0.00 0.00 94.91 86.13
Well Workover Operations - On-road Exhaust 0.06 0.00 0.00 0.06 0.05
Well Visits for Inspection & Repair - Operations 0.11 0.00 0.00 0.12 0.10
Wellhead and Compressor Station Fugitives 0.82 2.02 0.00 43.15 39.16
Compression 251.03 0.00 0.00 251.28 228.02
Station Visits - Operations 0.06 0.00 0.00 0.06 0.06
Dehydrators 6.08 9.13 0.00 197.90 179.58
Sub-total: Operations 352.73 11.15 0.00 587.48 533.10
Road Maintenance 231 0.00 0.00 2.32 2.10
Sub-total: Maintenance 2.309 0.000 0.00 2.32 2.10
Road Reclamation 0.87 0.00 0.00 0.87 0.79
Well Reclamation 25.43 0.00 0.00 25.64 23.27
Sub-total: Reclamation 26.2996 0.0004 0.0007 26.5196 24.0649
Total Emissions 630.35 14.05 0.00 926.66 840.89
Montana, North Dakota, and South Dakota BLM C-30




Butte Planning Area

Natural Gas Emissions

Climate Change Supplementary Information Report

TPY

256.00000
128.00000
64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000

Butte FO RMP Non-Federal NG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Completion
Venting

Well Workover
Operations -
On-site
Exhaust

Well Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Wellhead and
Compressor
Station
Fugitives

Compression

Station Visits -
Operations

Dehydrators

Road
Maintenance

Road
Reclamation

Well
Reclamation

mCOo2

247.54

0.30

117

94.57

0.06

0.11

0.82

251.03

0.06

6.08

231

0.87

25.43

CH4

0.00

0.00

2.89

0.00

0.00

0.00

2.02

0.00

0.00

9.13

0.00

0.00

0.00

N20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

CO2eq

248.15

0.30

61.89

94.91

0.06

0.12

43.15

251.28

0.06

197.90

2.32

0.87

25.64

CO2eq
metric tons

225.19

0.27

56.16

86.13

0.05

0.10

39.16

228.02

0.06

179.58

2.10

0.79

23.27

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions

Exhaust Emissions from Well Pad Construction Heavy Equipment and Drilling Equipment

Emission Factors for Construction Equipment

Emission Factors (g/hp-hr)

Equipment Equipment Category
CO, CH, N,0?
Dozer - 175 Hp 535.760 0.005 0.006 Track-Type Tractor
Blade - 150 Hp 594.650 0.008 0.006 Motor Grader

Source: EPANONROADS 2008a

NOTE: Use emission factors for 2008 for all project years = conservative estimate of fleet turnover
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas

Industry," Table 4-17 (2009).

Emission Estimations for Construction Equipment (using 2008 emission factors)

Climate Change Supplementary Information Report

Equipment | Capacity Avg. Load # of # of # of Max. Annual Emissions
Construction Site Type (hp) # of Units Factor (%) Operating | Operating Operating |#of Wells (tons/equipment type/well)
Hours/Day | Days/Well | Hours/Well CO, CH, N.O
Improved & Blade 150 1 75 10 2 20 1 147E+00 1.87E-05 1.43E-05
Two-Track Road
Well Pad Blade 175 1 75 10 3 30 1 2.58E+00 3.28E-05 2.50E-05
Dozer 175 1 80 10 3 30 1 2.75E+00 3.50E-05 2.67E-05
Subtotal| 6.81E+00 8.64E-05 6.61E-05

Exhaust Emissi

on Factors for Diesel Powered Bore/Drill Rig Engines

Project Year/Hp Emission Factors (g/hp-hr)
Category CO; CH, N,O?
Year 2018

50to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission
Methodologies for the Oil and Gas Industry," Table 4-17 (2009).

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions

Combustive Emissions Estimation for Industrial Engines

Climate Change Supplementary Information Report

Max. Annual Emissions
. .. | Equipment | Capacity . Avg. Load # Of. # Of. # Of. (tons/equipment type/well)
Construction Site # of Units o Operating | Operating Operating |# of Wells
Type (hp) Factor (%) Hours/Day | Days/Well | Hours/Well CcO, CH, N.O
Rig-up, Drilling, Mai‘n. Deck 1,000 3 70 24 16 384 1 4.71E+02 5.02E-03 5.13E-03
and Rig-down Auxiliary 600 1 80 8 15 120 1 3.37E+01 2.51E-04 3.66E-04
Generators 150 2 75 24 8 192 1 2.52E+01 2.26E-04 2.75E-04
Main Deck 600 1 50 11 5 55 1 9.64E+00 7.19E-05 1.05E-04
Auxiliary 225 1 80 8 2 16 1 1.68E+00 1.37E-05 1.83E-05
Power Swivel 150 1 75 8 2 16 1 1.05E+00 9.42E-06 1.14E-05
Well Completion & . i #of # of # of
Testing Equipment | - Capacity # of Units Avg. L<:adb Operating | Operating Operating |# of Wells
Type (hp) Factor (%)" [ Hours/Day | Days/Well | Hours/Well
Field 55 1 75 12 3 36 1 9.64E-01 1.05E-05 9.44E-06
Generators
Subtotal] 5.43E+02 5.60E-03 5.91E-03
Total 5.50E+02 | 5.69E-03 | 5.98E-03

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Construction and Drilling Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class co, CH, N,O°
Light-Duty Diesel
LDDT 4095 0.002 0016

Truck

Heavy-Duty Diesel
Truck
Source:MOBILE6.2.03

HDDV 7918 0.037 0.006

2 Compendium of Greenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst LDDT
moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic

Vehicle Round Trip | #of Round Emissions
Construction Site Miles Traveled]| Total# of
Distance TripsWell
Destination ; WellYear Wells (tonsiwell)
Type Class (miles) Year
co, CH, N,O
Improved & Semi Trucks HDDV 2 47 94 1 8.20E-02 3.83E-06 5.98E-07
Two-Track Road Pickup Trucks LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Semi Trucks HDDV 2 5 10 1 8.73E-03 4.08E-07 6.36E-08
Well Pad
Pickup Trucks LDDT 2 4 8 1 3.61E-03 1.76E-08 1.37E-07
5 Semi Trucks HDDV 2 2 4 1 349E-03 1.63E-07 254E-08
Other Construction
» Haul Trucks HDDV 2 2 4 1 3.49E-03 1.63E-07 2.54E-08
Activities
Pickup Trucks LDDT 2 1 2 1 9.03E-04 441E-09 342E-08
Subtotal| 1.05E-01 4.60E-06 9.86E-07

Combustive Emissions Estimation Road Traffic

. y Vehicle Round Trip # of Round . Emissions
Construction Site Miles Traveled]| Total# of
L Distance TripsWell
Destination WellYear Wells (tons/well)
Type Class (miles) Year
Cco, CH, N,O
Semi Rig Transport, Drill
HDDV 2 44 88 1
Rig 7.68E-02 3.59E-06 5.60E-07
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
. - Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig-up, Drilling,and
. Rig Mechanics HDDV 2 2 4 1 349E-03 1.63E-07 254E-08
Rig-down
Co.Supervisor LDDT 2 20 40 1 1.81E-02 8.82E-08 6.83E-07
Tool Pusher LDDT 2 8 16 1 7.22E-03 3.53E-08 2.73E-07
Mud Logger LDDT 2 6 12 1 5.42E-03 2.65E-08 2.05E-07
Mud Engineer LDDT 2 15 30 1 135E-02 6.61E-08 5.13E-07
Logger, Engr Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Drill BitDelivery LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08

Montana, North Dakota, and South Dakota BLM C-34



Butte Planning Area
Natural Gas Emissions

Combustive Emissions Estimation Road Traffic (cont.)

Climate Change Supplementary Information Report

Vehicle Emissions
. y Round Trip # of Round .
Construction Site Miles Traveled]| Total# of
L Distance TripsWell
Destination WellYear Wells (tons/well)
(miles) Year
Type Class
co, CH, N,O
Semi Casing Haulers HDDV 2 6 12 1
1.05E-02 4.89E-07 7.63E-08
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 1.27E-08
Semi Fracing, Blender HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 489E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 349E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 349E-03 1.63E-07 254E-08
Haul Cementer, Cemen HDDV 2 3 6 1 5.24E-03 2A45E-07 3.82E-08
Haul Completion, Equip HDDV 2 3 6 1 524E-03 245E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
Haul Perforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 127E-08
Haul Anchor, Installaon|] HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
Haul Anchor, Testing HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Pump HDDV 2 1 2 1
1.75E-03 8.16E-08 1.27E-08
WellCompleton & |Haul Fracing,Chemicall] HDDV 2 1 2 1
. 1.75E-03 8.16E-08 1.27E-08
Testing
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Welders HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Haul Water Truck HDDV 2 150 300 1 262E-01 1.22E-05 191E-06
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Casing Crew HDDV 2 2 4 1
3.49E-03 1.63E-07 2.54E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion, LDDT 2 5 10 1 451E-03 2.20E-08 171E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Fracing,
HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 1.27E-08
Pickup Co.Supervisor LDDT 2 10 20 1
9.03E-03 441E-08 342E-07
Pickup Miscellaneous
5 LDDT 2 3 6 1
Supplies
2.71E-03 1.32E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal| 5.62E-01 2.15E-05 757E-06
Total 6.67E-01 | 2.61E-05 | 8.56E-06

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions

Exhaust Emissions from Well Work Overs

Emission Factors Bore/Drill Rig Engines 300-600 Hp

Fuel Type

Emission Factors (gm/hp-hr)

Cco,

Nzoa

Diesel

529.575

0.007

0.006

Source: EPA NONROADS 2008a. Year 2008.
@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil
and Gas Industry," Table 4-17 (2009).

Emission Estimations for Engines

Climate Change Supplementary Information Report

# of #of Max. Annual Emissions
o o
i i tons/year/well
Activity Equipment Type Capacity Operating # of Operating Operating Total #.Of ( y )

(hp) Days/Well Wells Drilled

Hours/Day Hours/Well co, CH, N,O

Well Workover Truck-Mounted Unit 600 10 3 30 1 1.05E+01 1.46E-04 1.14E-04
Exhaust emission factors for commuting vehicles

Vehicle Emission Factors (g/mi)
Type Class co, CH, N,O?
Light-Duty Diesel LDDT 409.5 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 791.8 0.04 0.006

Truck

Source: MOBILE 6.2.03
Emission factors for 2008 used for all project years = conservative estimate of vehicle fleet turnover

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic

Activity - Round Trip | # of Round Miles Max. Annual Emissions
Vehicle . . Total # of
Distance Trips/Well/ Traveled/ . (tons/year/well)
il Y. Well/Y Wells Drilled
Type Class (miles) ear elliYear Cco, CH, N,O

Well Workover WO Rig HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Haul Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Pickup Truck LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Performed once in the first year of well operation Total 6.20E-03 1.76E-07 1.28E-07

Number of wells is based on peak year applied to all project years (provides for a conservative estimate).
Round trip distance = 2 based on data found in the SEIS

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area

Natural Gas Emissions

Exhaust Emissions from Site Visits and Inspections

Emission factors for Commuting Vehicles Exhaust

Emission Factors (g/mi)

Vehicle Class

co,

Nzoa

Light-Duty Gasoline
Truck

476.9

0.07

0.02

Source: MOBILE 6.2.03

Emission factors for 2008 used for all years = conservative estimate for fleet vehicle turnover
@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate

control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

: : Emissions
N Vehicle Ro_und Trip | # c_’f Round Miles Federal Wells
Activity Distance Trips/Well/ | Traveled/ . (tonslyr/well)
(miles) Year Well/Year Producing
Type Class Co, CH, N.O
Inspection Visits for| o, 1 Truck | LDGT2 2 12 24 1 1.26E-02 1.80E-06 4.07E-07

Wells

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area
Natural Gas Emissions

Exhaust Emissions from Heavy Equipment and Support Vehicles for Road Maintenance

Given Data

Maintenance®

Equipment/Vehicle

Road Length
W orked on/Day

# of Operating

Climate Change Supplementary Information Report

Hours/Da
Type Fuel Capacity (hp) (miles) v
i b Diesel-30 gpd 135 6 10
Summer Heaw Eq wpmer?t iese gp
Commuting Vehicle Gas-5gpd 225 6 1°¢
Winter Heaw Equi pmentb Diesel-30 gpd 135 5 10
Commuting Vehicle Gas-5gpd 225 6 1.5°
? Road maintenance would be made twice in summer and once in winter every year
® Assume a motor grader 135 Hp.
© Assume three round trips per two days.
Estimation of Total and Cumulative Length of Roads for the Project - RMP Year 20
Length of Improved Roads per Well (miles) * 1.00
Number of Wells 1
Cumulative Length of Roads o (miles/operation) 1
? Source: SEIS
® miles of road built per well * No. of operating wells/year
Estimation of Total Operation Days and Hours - RMP Year 20
40f O ti Cumulative Length |Road Length | # of Operating Total # of Total # of
Season ° gera lons of Roads W orked On Hours Operating Operating
per Season (miles/operation) (milday) per Day Days Hours
Summer 2 1 6 10 0.3 3
Winter 1 1 5 10 0.2 2
Total 1 5

Montana, North Dakota, and South Dakota BLM
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Butte Planning Area

Natural Gas Emissions

Emission Factors for Construction Equipment Exhaust

Emission Factors (g/hp-hr)

Equipment

CO,

CH,

N,O°

Grader 100-175 Hp

535.77

0.0053

0.006

Source: EPANONROADS 2008a
Use emission factors for 2008 for all project years - conservative estimate of vehicle turnover
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btw/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas
Industry,” Table 4-17 (2009).

Emission Estimations for Grader: RMP Year 20

Climate Change Supplementary Information Report

Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tons/well)
Hours® CO; CH,4 N.O
Road Maintenance Grader 135 3 2.55E-01 2.52E-06 2.75E-06

& Assume grader operates at 60% of the time (minus hours for clothing change, breaks, etc.)

Emission Factors for Commuting Vehicles Exhaust

Emission Factors (g/mi)

Vehicle Class

CO;

CH.

N,O?

Light-Duty Diesel
Truck

400.5

0.002

0.016

Source: MOBILE 6.2.03

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,

Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

L Vehicle Rm_md Trip Total # of Total Miles Emissions (tons/yr)
Activity Distance Operating Da Traveled
Type Class (miles/day) 9B vmTiyn co, CH. N;O
Road Maintenance Pickup Truck LDGT?2 6 0.5 3 1.44E-03 7.05E-09 5.47E-08

Montana, North Dakota, and South Dakota BLM
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Emissions for Road and Well Pad Reclamation

Equipment/Vehicle

Type # of Operating
Capacit
Type Fuel (I:m) v Total Miles Hours/Day
Worked on/Day

Heavy Equipment Diesel 80 6 10
Roads

Commuting Vehicle Gasoline 225 6 15

Heavy Equipment Diesel 100 N/A 10
Wells®

Commuting Vehicle Gasoline 225 6 2

2 Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.
Source: values from SEIS

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.250
Number of Roads Reclaimed Annually Per Well 7.067
Annual Miles of Roads reclaimed Per Well 1.767
Number of wells reclaimed (per well) 7.067

Reclaimation rates derived from RMP (total Federal and non-Federal)

Estimation of Total Operation Days and Hours

Annual Miles of | Daily Miles of Road |  Total # of Annual
Roads Reclaimed Work Operating Days Operating
Hours
1.77 6 0.3 3
Total 3
Assume average miles/day = 6
Emission Factors for 75-100 hp Off-Road Engines
Emission Factors (g/hp-hr)
Year co, CH,§ NGO
2008 600.507 0.010 0.016
2018 613.888 0.006 0.016
2027 608.641 0.003 0.016

@ Emissions of PM, s were assumed to be the same as those for PMyg,.

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source
Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Grader Road Reclaim

Climate Change Supplementary Information Report

Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tons/year/well)
Hours® co, CH, N,O
Road Reclamation Grader 80 1.8 9.56E-02 8.60E-07 2.41E-06

Montana, North Dakota, and South Dakota BLM
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Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffic

Emission Factors (g/mi)

Vehicle Class

co,

CH,

N,0O?

Light-Duty Diesel
Truck

409.5

0.002

0.016

Source: MOBILE6.2.03

Climate Change Supplementary Information Report

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source
Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Activit Vehicle Rgi”s't':nzzp Total # of Total Miles Emissions
y . Operating Days Traveled (tons/year/well)
Type Class (miles/day) co, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.29 2 7.97E-04 3.89E-09 3.02E-08
Estimation of Annual Days and Hours for Well Reclamation
. # of Wells Annual # of | Annual Hours of
Equipment Reclaimed/Year # of Hours/Day Days Operation
Grader 7.066666667 10 7.066666667 70.66666667
Assume grader works 0.5 day as a blade and tractor each per well.
Exhaust Emissions Estimation for Grader: Well Reclamation
Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tonsl/year/well)
Hours ? CO, CH, N,O
Well Reclamation _|Grader 100 42 2.81E+00 4.68E-05 7.24E-05
Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamatio
Vehicle Round Tri Emissions
. . P Total # of Total Miles (tons/year/well)
Activity Type Class Distance Operating Days Traveled
yp (miles/day) | —Perating bay co, CH, N,O

Well Reclamation Pickup Truck LDDV 6 7 42 1.91E-02 9.35E-08 7.24E-07

Montana, North Dakota, and South Dakota BLM
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Emission Factors for Dehydrator Heaters

Climate Change Supplementary Information Report

Unit CO, CH, N,O
Ib/MMSCF 120000.0 2.3 2.2
Ib/MMBTU 117.647 0.002 0.002
Source: EPA, AP-42 Section 1.4 Natural Gas Combustion
Emission Estimate for Dehydrator Heaters
. Dehydrator Number of _—
Operating Hours . Fuel Usage Emissions (tons/year/well)
Year® Heater Size MMCF/Year Dehydrator
per Tea MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.005 6.75E-01 1.29E-05 1.24E-05
Values from Montana BLM (Laakso, 2010)
Annual Dehydrator Venting and Tank Flashing Emissions
Annual Well Gas CH, CH, voC vOoC
Production Emission Factor| Emissions | Emission Factor Emissions
MMscf (ton per MMscf) | (TPY/well) (ton per MMscf) (TPY/well)
65.34 1.55E-02 1.01E+00 2.13E-05 1.39E-03

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (ho control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with Oil well specific gas composition analysis to derive dehydrator emissions:

per dehydrator:

wet gas temperature:

wet gas pressure:
gas is saturated
dry gas flow rate:

dry gas water content:
lean glycol water content:
lean glycol circulation rate:
flash tank temperature:

flash tank pressure:

stripping gas source:
stripping gas flow rate:

Montana, North Dakota, and South Dakota BLM

108 degrees F
450 psi

35 MMCFD
3.2 lbs/MMscf
0.2 wt%

5 gpm

108 degrees F
60 psi

dry gas

17 scfm

Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
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Wellhead Fugitives
Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis
13.56
22.83
56.36
0.00

VOC Wit% =
CO2 Wt% =
CH4 Wt% =
N20 Wt% =

Emissions from Equipment Leaks at Wellhead per Well

. Emission . Emission Ave. #in . TOC VOC emissions | CO, emissions | CH, emissions
Ave. #in Ave. #in . Emission factor| emissions
Gas Service factor Liquid service factor Water_/O|I (Ib/hr) per well per well per well per well
(Ib/hr) (Ib/hr) Service (Ib/hr) (Ib/hr) (Ib/hr)
component (Ib/hr)
valves 7 0.0099 1 0.0055 0 0.0002 7.50E-02 1.02E-02 1.71E-02 4.22E-02
pump seals 0 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 24 0.0004 0 0.0005 0 0.0002 1.06E-02 1.43E-03 2.42E-03 5.96E-03
flanges 2 0.0009 0 0.0002 0 0.0000 1.72E-03 2.33E-04 3.93E-04 9.69E-04
open-ended lines 0 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL emissions/well/hr = 8.73E-02 1.18E-02 1.99E-02 4.92E-02
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Numbel_' of Operating VOC VOC CO, emissions COZ _CH_“ CH, emissions
Year Producing Hours emissions emissions (Iblyr) emissions emissions (tonlyr)
Wells (Iblyr) (tonlyr) (tonlyr) (Iblyr)
Year 20 1 8760 1.04E+02 5.18E-02 1.75E+02 8.73E-02 4.31E+02 2.15E-01
Montana, North Dakota, and South Dakota BLM C-43
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Speciated Analysis - NG & Venting Emissions from Well Completion Activities (applied to all wells

drilled)
Molecular Gas Weight Emissions
Gas Component Mole Fraction Weight Weight Percent Weight  Mass Flow

(%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt%) (Ib/MMscf)) (ton/well)
Methane 77.690 16.040 12.461 56.359 23930.150 6.425
Ethane 5.265 30.070 1.583 7.160 3040.239 0.816
Nitrogen 0.000 28.020 0.000 0.000 0.000 0.000
Water 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 11.475 43.990 5.048 22.830 9693.544 2.603
Nitrous Oxide 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.060 34.067 0.020 0.092 39.252 0.011
Non-reactive, non-HAP 94.490 --- 19.113 86.442 9.855
Propane 2.515 44.100 1.109 5.016 2129.867 0.572
Iso-butane 0.810 58.120 0.471 2.129 904.038 0.243
n-butane 1.190 58.120 0.692 3.128 1328.154 0.357
i-pentane 0.600 72.150 0.433 1.958 831.311 0.223
n-pentane 0.335 72.150 0.242 1.093 464.149 0.125
Hexanes 0.060 86.180 0.052 0.234 99.296 0.027
Heptanes 100.200 0.000 0.000 0.000 0.000
Octanes 114.230 0.000 0.000 0.000 0.000
Nonanes 128.26 0.000 0.000 0.000 0.000
Decanes+ 142.29 0.000 0.000 0.000 0.000
Reactive VOC 5.510 --= 2.998 13.558 1.546
Benzene 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 106.167 0.000 0.000 0.000 0.000
n-Hexane 3 0.060 86.180 0.052 0.234 99.296 0.027
Toluene 92.140 0.000 0.000 0.000 0.000
Xylenes 106.160 0.000 0.000 0.000 0.000
HAPs 0.060 === 0.052 0.234 0.027
Totals 100.000 - 22.111 100.000 11.401
Volume Flow: 179 MSCF/day/well
Completion activity duration: 3 days
Total Volume Flow per Well 0.537 MMSCF/well

Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).

BTU value = 994 BTU/scf
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Compressor Station Emissions

Emission Factors for Natural Gas-Fired Compressors

Horse-Power

Emission Factors

c
ompressor Rating Units co,° CH/S N,0°

Field Compression _ gm/bhp-hr 134.936 2.55E-03 2.55E-04
. Rich Burn 300

Station Ib/MMBTU 116.887 2.20E-03 2.20E-04

Sales gm/bhp-hr 134.936 2.55E-03 2.55E-04
Compression Rich Burn 1,680

Station Ib/MMBTU 116.887 2.20E-03 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.

#EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors

Climate Change Supplementary Information Report

Emissions (tons/year/well)

Type of Annual # of Operating
Compressors | Compression Rate Wells in [ Total Compression| Hours/Year co, CH, N,O
(Hp/well) Production (Hp)

Field Compression 11 1 11 8,760 1.44E+01 | 2.72E-04 | 2.72E-05
Station

Sales

Compression 10 1 10 8,760 1.35E+01 2.54E-04 2.54E-05
Station

Total 2.79E+01 | 5.26E-04 5.26E-05

Compression rate of 36 - 300 hp field compressors, and 6 - 1680 hp sales compressors per 867 CBNG
wells based on BLM survey (Laakso, 2010). Values were scaled based on per well NG production.

Montana, North Dakota, and South Dakota BLM

C-45



Butte Planning Area
Natural Gas Emissions Climate Change Supplementary Information Report

Compressor Station Fugitives
Fugitive Emissions from Equipment Leaks

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/h) (Ib/hr) (kg/hn) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wit% = 13.56
CO2 Wt% = 22.83
CH4 Wit% = 56.36
N20 Wt% = 0.00

Emissions from Equipment Leaks at Compressor Station per Well

. Emission . Emission Ave. #in Emission | TOC emissions . V.OC CO, emissions | CH,emissions
Ave. #in Ave. #in . emissions per
Gas Service factor Liquid service factor Water_/OlI factor per well well per well per well
(Ib/hr) (Ib/hr) Service (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)
component (Ib/hr)
valves 0.258 0.0099 0 0.0055 0 0.0002 2.56E-03 3.48E-04 5.85E-04 1.44E-03
pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 0.369 0.0004 0 0.0005 0 0.0002 1.63E-04 2.21E-05 3.72E-05 9.17E-05
flanges 0.886 0.0009 0 0.0002 0 0.0000 7.62E-04 1.03E-04 1.74E-04 4.29E-04
open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL emissions/well/hr = 3.49E-03 4.73E-04 7.96E-04 1.97E-03
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Number of Operating VOC emissions VOC COz COZ CH, emissions _CH_“
Year Producing Wells Hours (Iblyr) emissions emissions | emissions (Iblyr) emissions
(tonlyr) (Iblyr) (tonlyr) (tonlyr)
Year 20 1 8760 4.14E+00 2.07E-03 6.97E+00 3.49E-03 1.72E+01 8.61E-03
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Compressor Station Inspection Traffic Exhaust Emissions

Emission factors for Commuting Vehicles Exhaust

Vehicle Emission Factors (g/mi)
Type Class Cco, CH, N,O*
Light-Duty Diesel LDDT 409.5 0.002 0.016
Truck

Source: MOBILE6.2.03

Climate Change Supplementary Information Report

#Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source
Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Road Traffic

Vehicle # of Emissions
Activit Compressor Station Compressor |# of Inspection # of Inspection Total Miles/
Y P Type Class Stations / | Visits/ Station |  Visits/Well/Year Inspection (tons/year/well)
Well co, CH, N,O
gt'; zocnompressor Pickup Truck | LDGT2 0.04 12 0.4 20 4.00E-03 1.95E-08 151E-07
Inspection Visits for
Compressor Stations | oo
Stationy P Pickup Truck LDGT2 0.01 52 0.3 20 2.89E-03 1.41E-08 1.09E-07
Total 6.89E-03 3.36E-08 2.61E-07

Montana, North Dakota, and South Dakota BLM
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Butte input parameters for calculating CBNG wells emissions

Peak Year Federal Producing Wells Drilled 0 Peak Year Non-Federal Producing Wells Drilled 3
Federal Producing Wells - Year 20 0 Non-Federal Producing Wells - Year 2027 30
Average Gas Production Per Well (MCFD) 0 Average Gas Production Per Well (MCFD) 45
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Federal CBNG Wells Summaries

Total Annual Emissions from Federal CBNG Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co.
. co CH N,O co 2eq
Activity 2 4 z 2ed metric tons
Well Pad & Station Construction - Fugitive Dust
Wind Erosion
Heavy Equipment Combustive Emissions 0.00 0.00 0.00 0.00 0.00
Commuting Vehicles - Construction 0.00 0.00 0.00 0.00 0.00
Completion Venting 0.00 0.00 0.00 0.00 0.00
Sub-total: Construction 0.00 0.00 0.00 0.00 0.00
Natural Gas Compression - Operations 0.00 0.00 0.00 0.00 0.00
Dehydrators 0.00 0.00 0.00 0.00 0.00
Wellhead and Compressor Station Fugitives 0.00 0.00 0.00 0.00 0.00
Station Visits - Operations 0.00 0.00 0.00 0.00 0.00
Well Workover - Operations 0.00 0.00 0.00 0.00 0.00
Operations 0.00 0.00 0.00 0.00 0.00
Sub-total: Operations 0.00 0.00 0.00 0.00 0.00
Road Maintenance 0.00 0.00 0.00 0.00 0.00
Sub-total: Maintenance 0.00 0.00 0.00 0.00 0.00
Road Reclamation 0.00 0.00 0.00 0.00 0.00
Well Reclamation 0.00 0.00 0.00 0.00 0.00
Sub-total: Reclamation 0.0000 0.0000 0.0000 0.0000 0.0000
Total Emissions 0.00 0.00 0.00 0.00 0.00
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Non-Federal CBNG Wells Summaries

Total Annual Emissions from Non-Federal CBNG Wells - RMP Year 20

Annual Emissions (Tons)
CO,q
Activity co; CH. N0 C0zeq metric tons
Well Pad & Station Construction - Fugitive Dust
Wind Erosion
Heavy Equipment Combustive Emissions 69.24 0.00 0.00 69.48 63.05
Commuting Vehicles - Construction 1.75 0.00 0.00 1.76 1.60
Completion Venting 0.00 0.00 0.00 0.00 0.00
Sub-total: Construction 70.99 0.00 0.00 71.24 64.65
Natural Gas Compression - Operations 941.37 0.02 0.00 942.30 855.08
Dehydrators 0.00 0.00 0.00 0.00 0.00
Wellhead and Compressor Station Fugitives 0.24 59.56 0.00 1251.06 1135.26
Station Visits - Operations 0.23 0.00 0.00 0.24 0.21
Well Workover - Operations 169.64 0.00 0.00 170.08 154.34
Operations 0.10 0.00 0.00 0.10 0.09
Sub-total: Operations 1111.59 59.58 0.00 2363.77 2144.99
Road Maintenance 1.96 0.00 0.00 1.97 1.79
Sub-total: Maintenance 1.96 0.00 0.00 1.97 1.79
Road Reclamation 1.13 0.00 0.00 1.14 1.04
Well Reclamation 33.19 0.00 0.00 33.47 30.37
Sub-total: Reclamation 34.3218 0.0006 0.0009 34.6089 31.4055
Total Emissions 1,218.86 59.58 0.00 2,471.59 2,242.83
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Climate Change Supplementary Information Report

TPY

2,048.00000
1,024.00000
512.00000
256.00000
128.00000
64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000
0.00000
0.00000

Butte RMP Non-Federal CBNG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Completion
Venting

Natural Gas
Compression -
Operations

Dehydrators

Wellhead and
Compressor
Station
Fugitives

Station Visits -
Operations

Well Workover
- Operations

Well &
Pipeline visits
for Inspection

& Repair -
Operations

Road
Maintenance

Road
Reclamation

Well
Reclamation

mCO2

69.24

1.75

0.00

941.37

0.00

0.24

0.23

169.64

0.10

1.96

113

33.19

mCH4

0.00

0.00

0.00

0.02

0.00

59.56

0.00

0.00

0.00

0.00

0.00

0.00

mN20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

mCO2eq

69.48

1.76

0.00

942.30

0.00

1251.06

0.24

170.08

0.10

1.97

1.14

33.47

m CO2eq
metric tons

63.05

1.60

0.00

855.08

1135.26

0.21

154.34

0.09

1.79

1.04

30.37
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Exhaust Emissions from Heavy Construction Equipment

Exhaust Emission Factors for Diesel-Powered Off-Road Construction Equipment

Project Year/Hp Category

Emission Factors (g

/hp-hr)

CO, CH, N,0?
Year 2018

50to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100 to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission

Methodologies for the Oil and Gas Industry," Table 4-17 (2009).

Climate Change Supplementary Information Report

Exhaust Emission Estimations for Construction Equipment - Based on Peak Wells Drilled each Alternative (using 2008 emission factors)

. . # of Oper. i Emissions
Construction Activity Equipment | Capacity # of Units Av. Loetd # of Oper. Days/ # of Opcjzr: # of Activities (tons/year/well)
Type (hp) Factor (%)| Hours/Day Activity Hours/Activity [ Well co, CH, N,O
- Blade 100 1 80 10 0.2 2 1.0000 9.35E-02 8.37E-07 1.02E-06
Drilling Roads

Backhoe 80 1 75 10 0.1 1 1.0000 3.90E-02 4.20E-07 3.82E-07
Drilling Well Pad Backhoe 80 1 75 10 0.5 5 1.0000 1.95E-01 2.10E-06 1.91E-06
Water Disposal well pad Backhoe 80 1 75 10 2 20 0.0050 3.90E-03 4.20E-08 3.82E-08
Blade 100 1 80 10 5 50 0.1108 2.88E-01 3.10E-06 2.82E-06
New Pipeline Intermediate [Trencher 175 1 80 10 5 50 0.1108 4.53E-01 4.06E-06 4.93E-06
Backhoe 80 1 75 10 10 100 0.1108 4.32E-01 4.65E-06 4.23E-06
Blade 100 1 80 10 43 430 0.0002 3.68E-03 3.96E-08 3.60E-08
New Sales Pipeline Trencher 175 1 80 10 43 430 0.0002 5.79E-03 5.18E-08 6.30E-08
Backhoe 80 1 75 10 65 650 0.0002 4.17E-03 4.49E-08 4.08E-08
Booster Compression Dozer 350 1 80 10 2 20 0.1108 3.63E-01 2.70E-06 3.95E-06
Station Backhoe 80 2 80 10 3 30 0.1108 2.76E-01 2.98E-06 2.71E-06
. . Dozer 350 1 80 10 2 20 0.0110 3.61E-02 2.69E-07 3.93E-07

Sales Compression Station
Backhoe 80 2 80 10 3 30 0.0110 2.75E-02 2.96E-07 2.69E-07
Subtotal| 2.22E+00 2.16E-05 2.28E-05

Activity rates based on values shown in SEIS. Water disposal well pad development rates provided by Montana BLM (Laakso, 2010).
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Exhaust Emission Factors for Diesel Powered Bore/Drill Rig Engines

Project Year/Hp Category

Emission Factors (g/hp-hr)

Co, | CH, | N,0°
Year 2018

50 to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100 to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission
Methodologies for the Oil and Gas Industry," Table 4-17 (2009).

Climate Change Supplementary Information Report

Combustive Emissions Estimation for Industrial Engines - Based on Peak Wells Drilled each Alternative
Emissions
Construction Activity Equipment | Capacity # of Units Avg. Load | # of Oper. # of Oper. # of Oper. # of Wells (tons/year/well)
Type (hp) Factor (%)| Hours/Day | Days/ Well Hours/Well
CO, CH, N,O
Rig-up, Drilling, and Rig- 'l;/lauf\”Deck 400 1 60 18 3 54 1.0000 7.58E+00 5.65E-05 8.24E-05
down uxillary
W Pump 200 ! 90 18 2 36 1.0000 3.79E+00 3.09E-05 4.12E-05
Main Deck 400 1 60 18 1 18 1.0000 2.53E+00 1.88E-05 2.75E-05
Well Completion & Testing  [Auxillary
Pump 125 ! 90 18 L 18 1.0000 1.18E+00 1.06E-05 1.29E-05
. - Generator 1476 1 40 24 30 720 0.0050 1.24E+00 1.32E-05 1.35E-05
Water Disposal well drilling
Generator 1476 1 40 24 30 720 0.0050 1.24E+00 1.32E-05 1.35E-05
Subtotal 1.76E+01 1.43E-04 1.91E-04
Total 1.98E+01 | 1.65E-04 | 2.14E-04

Equipment type, Hp ratings, and operational hours based on information shown in SEIS. No flaring per Montana BLM (Laakso, 2010). Water disposal well pad development rates

provided by Montana BLM (Laakso, 2010).

Temporary Emission Estimations for Field Generators: Based on Peak Wells Drilled each Alternative

Emissions
. L Equipment | Capacity |# of Wells | Avg. Load| # of Oper. | # of Oper. # of Oper.
Construction Activity Type (hp) Served® |Factor (%)| Hours/Day | Days/Well Hours/Well # of Wells (tons/year/well)
co, CH, N,O

Field

Generators 21 1 75 24 15 360 1.0000 3.31E+00 | 2.96E-05 | 3.60E-05
for Pumps &

Field Generators Lighting
3.31E+00 | 2.96E-05 | 3.60E-05

Values shown in SEIS per well.
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CBNG Emissions

Exhaust Emissions from Construction and Drilling Support Vehicles

Emission factors for Commuting Vehicles Exhaust

Vehicle E Factors (g/mi)
Type Class Co, CH, N,0?
Light-Duty Diesel LDDT 4095 | 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 7918 | 0037 0.006
Truck

Source: MOBIL

E6.2.03

Climate Change Supplementary Information Report

#Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT
moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive E 1s Esti ion Road Traffic - Based on Peak Wells Drilled
: Round -
Construction Vehicte Trip # of Round Miles ;;ti::t?e:fl Emissions
Activity T Distance | Trips/Activity |Traveled/Activity (tons/year/well)
ype Class ) Well
(miles) CcO, CH, N,O
Drilling Roads Semi Trucks HDDV 6 3 18 1.0000 1.57E-02 7.34E-07 1.14E-07
Drilling Well Pad Haul Trucks HDDV 6 2 12 1.0000 1.05E-02 4.89E-07 7.63E-08
Pickup Trucks LDDT 6 2 12 1.0000 5.42E-03 2.65E-08 2.05E-07
Water Disposal Haul Trucks HDDV 100 5 500 0.0050 2.18E-03 1.02E-07 1.59E-08
Well Pad Pickup Trucks LDDT 25 5 125 0.0050 2.82E-04 1.38E-09 1.07E-08
New Pipeline Haul Trucks HDDV 6 40 240 0.1108 2.32E-02 1.08E-06 1.69E-07
Intermediate Pickup Trucks LDDT 6 160 960 0.1108 4.80E-02 2.34E-07 1.82E-06
New Sales Haul Trucks HDDV 35 94 3290 0.0002 4.73E-04 2.21E-08 3.44E-09
Pipeline Pickup Trucks LDDT 50 94 4700 0.0002 3.49E-04 1.71E-09 1.32E-08
Electric Line Haul Trucks HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Pickup Trucks LDDT 6 2 12 1.0000 5.42E-03 2.65E-08 2.05E-07
. . |Semi Trucks HDDV 10 15 150 0.1108 1.45E-02 6.78E-07 1.06E-07
g'f;'l‘ijoﬁ‘)mpress'on Haul Trucks HDDV 10 8 480 01108 4.64E-02 217E-06 3.38E-07
Pickup Trucks LDDT 10 192 1920 0.1108 9.60E-02 4.69E-07 3.63E-06
Sales Semi Trucks HDDV 10 19 190 0.0110 1.83E-03 8.55E-08 1.33E-08
Compression Haul Trucks HDDV 10 48 480 0.0110 4.62E-03 2.16E-07 3.37E-08
Station Pickup Trucks LDDT 10 192 1920 0.0110 9.56E-03 4.67E-08 3.62E-07
Semi Rig
Transport i N t 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Fuel Haul Truck HDDV 6 2 12 1.0000 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck,
Water Hauling HDDV 6 ’ 42 1.0000 3.67E-02 1.71E-06 2.67E-07
Rig-up, Drilling, Rig Crew LDDT 6 3 18 1.0000 8.13E-03 3.97E-08 3.08E-07
and Rig-down Rig Mechanics HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Co. Supervisor LDDT 6 8 48 1.0000 2.17E-02 1.06E-07 8.20E-07
Tool Pusher LDDT 6 6 36 1.0000 1.63E-02 7.94E-08 6.15E-07
Mud Logger LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Mud Engineer LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Logger, Engr HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Drill Bit Delivery LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Subtotal 4.07E-01 9.83E-06 9.66E-06

Activity rates based on values shown in SEIS. Water disposal well pad development rates provided by Montana BLM (Laakso, 2010).
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CBNG Emissions Climate Change Supplementary Information Report
Combustive Emissi i ion Road Traffic - Based on Peak Wells Drilled
. Round .
Vehicl Ei
Construction ehicle Trip | #of Round Miles ;1\-::.:: t’i‘e(s,fl missions
Activity Type Class | Distance | Trips/Activity | Traveled/Activity| "\ (tons/year)
(miles) CO, CH, N,O
Semi Casing
Haulers HDDV 6 ! 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Semi Completion,
Unit Rig HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Semi Fracing
Blender HDDV 6 ! 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Semi Pumping
Tank Battery HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Tubing Truck HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Cementer,
Pump Truck HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Cementer,
Cement Truck HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Completion,
Equip Truck HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Service Tools| LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Haul Perforators
Logging Truck HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Anchor
Installation HDDV 6 ! 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Anchor
Testing HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Well Completion & :23: E[zg::g Tank | HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Testing Pump HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Fracing
Chemical HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Fracing Sand| HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Fracing HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Welders HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Water Truck | HDDV 6 9 54 1.0000 4.71E-02 2.20E-06 3.43E-07
Pickup Cementer,
Engineer LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Completion
Crew HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Pickup Completion
Pusher LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Perforators
Engineer LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Fracing
Engineer HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Pickup Co.
Supervisor LDDT 6 2 12 1.0000 5.42E-03 2.65E-08 2.05E-07
Pickup Misc.
Supplies LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Roustabout
Crew HDDV 6 2 12 1.0000 1.05E-02 4.89E-07 7.63E-08
Drill Rig Transport
truck HDDV 10 10 100 0.0050 4.36E-04 2.04E-08 3.18E-09
Mud Haul Truck,
Water Hauling HDDV 10 5 50 0.0050 2.18E-04 1.02E-08 1.59E-09
Rig Crew LDDT 10 10 100 0.0050 2.26E-04 1.10E-09 8.54E-09
Water Disposal Co. Supervisor LDDT 10 5 50 0.0050 1.13E-04 5.51E-10 4.27E-09
Well Drilling Tool Pusher LDDT 10 5 50 0.0050 1.13E-04 5.51E-10 4.27E-09
Tubing Truck HDDV 10 1 10 0.0050 4.36E-05 2.04E-09 3.18E-10
Haul Cementer,
Pump Truck HDDV 10 1 10 0.0050 4.36E-05 2.04E-09 3.18E-10
Haul Cementer,
Cement Truck HDDV 10 1 10 0.0050 4.36E-05 2.04E-09 3.18E-10
Subtotal|  1.77E-01 7.47E-06 1.89E-06
Total 5.84E-01 1.73E-05 1.15E-05

Activity rates based on values shown in SEIS. Water disposal well pad development rates provided by Montana BLM (Laakso, 2010).
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Exhaust Emissions from Construction and Drilling Support Vehicles

Emission factors for Commuting Vehicles Exhaust

Vehicle Emission Factors (g/mi)
Type Class CO, CH, N,O?
Light-Duty Diesel LDDT 4095 | 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 7918 | 0.037 0.006
Truck

Source: MOBILEG6.2.03

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT
moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic - Based on Peak Wells Drilled

: Round L
Construction Vehicle Trip # of Round Miles ::;)ttisli:e(s)fl Emissions
Activity Type Class Distance | Trips/Activity | Traveled/Activity Well (tonslyear/well)
(miles) CO, CH, N,O
Drilling Roads Semi Trucks HDDV 6 3 18 1.0000 1.57E-02 7.34E-07 1.14E-07
Drilling Well Pad ngl Trucks HDDV 6 2 12 1.0000 1.05E-02 4.89E-07 7.63E-08
Pickup Trucks LDDT 6 2 12 1.0000 5.42E-03 2.65E-08 2.05E-07
Water Disposal Haul Trucks HDDV 100 5 500 0.0050 2.18E-03 1.02E-07 1.59E-08
Well Pad Pickup Trucks LDDT 25 5 125 0.0050 2.82E-04 1.38E-09 1.07E-08
New Pipeline Haul Trucks HDDV 6 40 240 0.1108 2.32E-02 1.08E-06 1.69E-07
Intermediate Pickup Trucks LDDT 6 160 960 0.1108 4.80E-02 2.34E-07 1.82E-06
New Sales Haul Trucks HDDV 35 94 3290 0.0002 4.73E-04 2.21E-08 3.44E-09
Pipeline Pickup Trucks LDDT 50 94 4700 0.0002 3.49E-04 1.71E-09 1.32E-08
Electric Line Haul Trucks HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Pickup Trucks LDDT 6 2 12 1.0000 5.42E-03 2.65E-08 2.05E-07
. . [Semi Trucks HDDV 10 15 150 0.1108 1.45E-02 6.78E-07 1.06E-07
g't‘;'t?oﬁompress'on Haul Trucks HDDV 10 48 480 0.1108 4.64E-02 2.17E-06 3.38E.07
Pickup Trucks LDDT 10 192 1920 0.1108 9.60E-02 4.69E-07 3.63E-06
Sales Semi Trucks HDDV 10 19 190 0.0110 1.83E-03 8.55E-08 1.33E-08
Compression Haul Trucks HDDV 10 48 480 0.0110 4.62E-03 2.16E-07 3.37E-08
Station Pickup Trucks LDDT 10 192 1920 0.0110 9.56E-03 4.67E-08 3.62E-07
Semi Rig

Transport HDDV 6 ! 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Fuel Haul Truck HDDV 6 2 12 1.0000 1.05E-02 4.89E-07 7.63E-08

Mud Haul Truck,
Water Hauling HDDV 6 ! 42 1.0000 3.67E-02 1.71E-06 2.67E-07
Rig-up, Drilling, R!g Crew . LDDT 6 3 18 1.0000 8.13E-03 3.97E-08 3.08E-07
and Rig-down Rig Mechanics HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Co. Supervisor LDDT 6 8 48 1.0000 2.17E-02 1.06E-07 8.20E-07
Tool Pusher LDDT 6 6 36 1.0000 1.63E-02 7.94E-08 6.15E-07
Mud Logger LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Mud Engineer LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Logger, Engr HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Drill Bit Delivery LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Subtotal 4.07E-01 9.83E-06 9.66E-06

Activity rates based on values shown in SEIS. Water disposal well pad development rates provided by Montana BLM (Laakso, 2010).
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Combustive Emissions Estimation Road Traffic - Based on Peak Wells Drilled

. Round o
Vehicle Emissions
Construction : Trip # of Round Miles :;ti?/li:egf/ st
Activity Type Class Distance | Trips/Activity | Traveled/Activity Well (tons/year)
(miles) CO, CH, N,O

Semi Casing
Haulers HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Semi Completion,
Unit Rig HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Semi Fracing
Blender HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Semi Pumping
Tank Battery HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Tubing Truck HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Cementer,
Pump Truck HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Haul Cementer,
Cement Truck HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Haul Completion,
Equip Truck HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Haul Service Tools| LDDT 6 1 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Haul Perforators HDDV 6 1 6 1.0000
Logging Truck ) 5.24E-03 2.45E-07 3.82E-08
Haul Anchor
Installation HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Haul Anchor
Testing HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08

Well Completion & :ZE: E:gg::g Tank [ HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08

Testing Pump HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Haul Fracing
Chemical HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Haul Fracing Sand | HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Fracing Other| HDDV 6 1 6 1.0000 5.24E-03 2.45E-07 3.82E-08
Haul Welders HDDV 6 1 5 1.0000 5 24E-03 2 45E-07 3.82E-08
Haul Water Truck HDDV 6 9 54 1.0000 4.71E-02 2.20E-06 3.43E-07
Pickup Cementer,
Engineer LDDT 6 L 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Completion
Crew HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Pickup Completion
Pusher LDDT 6 L 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Perforators
Engineer LDDT 6 L 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Fracing
Engineer HDDV 6 1 6 1.0000 5.24E-03 2 45E-07 3.82E-08
Pickup Co.
Supervisor LDDT 6 2 12 1.0000 5.42E-03 2 65E-08 2.05E-07
Pickup Misc.
Supplies LDDT 6 L 6 1.0000 2.71E-03 1.32E-08 1.03E-07
Pickup Roustabout
Crew HDDV 6 2 12 1.0000 1.05E-02 4.89E-07 7.63E-08
Drill Rig Transport
truck HDDV 10 10 100 0.0050 4.36E-04 2.04E-08 3.18E-09
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: Round L
Construction Vehicle Trip # of Round Miles ::;)ttislit?e(s)fl Emissions
Activity Type Class | Distance | Trips/Activity | Traveled/Activity| "\ (tons/year)
(miles) co, CH, N,O
Mud Haul Truck,
Water Hauling HDDV 10 5 50 0.0050 2.18E-04 1.02E-08 1.59E-09
Rig Crew LDDT 10 10 100 0.0050 2.26E-04 1.10E-09 8.54E-09
Water Disposal  |Co. Supervisor LDDT 10 5 50 0.0050 1.13E-04 5.51E-10 4.27E-09
Well Drilling Tool Pusher LDDT 10 5 50 0.0050 1.13E-04 5.51E-10 4.27E-09
Tubing Truck HDDV 10 1 10 0.0050 4.36E-05 2.04E-09 3.18E-10
Haul Cementer,
Pump Truck HDDV 10 ! 10 0.0050 4.36E-05 2.04E-09 3.18E-10
Haul Cementer,
Cement Truck HDDV 10 ! 10 0.0050 4.36E-05 2.04E-09 3.18E-10
Subtotal 1.77E-01 7.47E-06 1.89E-06
Total 5.84E-01 1.73E-05 1.15E-05

Activity rates based on values shown in SEIS. Water disposal well pad development rates provided by Montana BLM (Laakso, 2010).
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Compressor Stations Emissions

Emission Factors for Natural Gas-Fired Compressors

Horse-Power

Emission Factors

Compressor Rating Units C0,? CH,* N,O?
Field gm/bhp-hr 134.936 2.55E-03 | 2.55E-04
Compression Rich Burn 300
Station Ib/MMBTU 116.887 2.20E-03 | 2.20E-04
Sales gm/bhp-hr 134.936 2.55E-03 | 2.55E-04
Compression Rich Burn 1,680
Station Ib/MMBTU 116.887 2.20E-03 | 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.
2EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors

Climate Change Supplementary Information Report

Emissions (tons/year/well)

Type of Annual # of Operating
Compressors | Compression Rate |  Wells in Total Hours/Year co, CH, N,O
(Hp/well) Production [ Compression (Hp)
Field
Compression 12 1 12 8,760 1.62E+01 3.06E-04 3.06E-05
Station
Sales
Compression 12 1 12 8,760 1.51E+01 2.86E-04 2.86E-05
Station
Total 3.14E+01 | 5.92E-04 | 5.92E-05

Compression rate of 36 - 300 hp field compressors, and 6 - 1680 hp sales compressors per
867 CBNG wells based on BLM survey (Laakso, 2010)
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CBNG Emissions

Compressor Station Fugitives
Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Qil
Component (kg/hr) (Io/hr) (kg/hr) (Io/hr) (kg/hr) (Io/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995

Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis
0.00
2.28

95.72
0.00

VOC Wt% =
CO2 Wt% =
CH4 Wt% =
N20 Wt% =

Emissions from Equipment Leaks at Compressor Station per Well

. Emission . . Ave. #in Emission TOC . V.OC CO, emissions | CH, emissions
Ave. #in Ave. #in Emission factor . emissions |emissions per
. factor Lo . Water/QOil factor per well per well
Gas Service (Ib/hr) Liquid service (Ib/hr) Service (Ib/hr) per well well (Ib/hr) (Ib/hr)
component (Ib/hr) (Ib/hr)
valves 0.291 0.0099 0 0.0055 0 0.0002 2.88E-03 5.46E-08 6.58E-05 2.76E-03
pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 0.415 0.0004 0 0.0005 0 0.0002 1.83E-04 3.47E-09 4.18E-06 1.75E-04
flanges 0.997 0.0009 0 0.0002 0 0.0000 8.57E-04 1.62E-08 1.95E-05 8.20E-04
open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00
TOTAL emissions/well/hr = 3.92E-03 7.43E-08 8.95E-05 3.76E-03
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Number of Operating VOC emissions |VOC emissions COZ COZ _CH_4 _CH_4
Year Producing Wells Hours (Iblyr) (tonlyr) emissions | emissions | emissions emissions
(Iblyr) (tonlyr) (Iblyr) (tonlyr)
Year 20 1 8760 6.51E-04 3.25E-07 7.84E-01 3.92E-04 3.29E+01 1.64E-02

Montana, North Dakota, and South Dakota BLM
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Dehydrator Emissions

Emission Factors for Dehydrator Heaters

Unit CO, CH, N,O
Ib/MMSCF 120000.0 2.3 2.2
Ib/MMBTU 117.647 0.002 0.002

Source: EPA, AP-42 Section 1.4 Natural Gas Combustion

Emission Estimate for Dehydrator Heaters

Operating Hours Dehydrator Fuel Usage Number of Emissions (tons/year/well)
Year® Heater Size MMCF/Year Dehydrator
per Year MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.001 1.70E-01 3.25E-06 3.11E-06

Values from Montana BLM (Laakso, 2010)

Annual Dehydrator Venting and Tank Flashing Emissions

Annual Well Gas (?H“_ CH, voC vocC
. Emission .. . ..
Production Factor Emissions |Emission Factor| Emissions
MMscf MM TPY/well
sc (ton per MMscf) (TPY/well) | (ton per MMscf) (TPY/well)
16.43 1.59E-02 2.61E-01 0.00E+00 0.00E+00

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (no control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with CBNG specific gas composition analysis to derive
dehydrator emissions:

per dehydrator:

wet gas temperature: 108 degrees F Laakso, 2010 - South Baker Compressor Station
wet gas pressure: 450 psi Laakso, 2010 - South Baker Compressor Station
gas is saturated Laakso, 2010 - South Baker Compressor Station
dry gas flow rate: 35 MMCFD Laakso, 2010 - South Baker Compressor Station
dry gas water content: 3.2 Ibs/MMscf Laakso, 2010 - South Baker Compressor Station
lean glycol water content: 0.2 wt% Laakso, 2010 - South Baker Compressor Station
lean glycol circulation rate: 5 gpm Laakso, 2010 - South Baker Compressor Station
flash tank temperature: 108 degrees F Laakso, 2010 - South Baker Compressor Station
flash tank pressure: 60 psi Laakso, 2010 - South Baker Compressor Station
stripping gas source: dry gas Laakso, 2010 - South Baker Compressor Station
stripping gas flow rate: 17 scfm Laakso, 2010 - South Baker Compressor Station
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Compressor Stations Inspection Traffic Exhaust Emissions

Emission factors for Commuting Vehicles Exhaust

Vehicle Emission Factors (g/mi)
Type Class CO, CH, N,0?
Light-Duty Diesel LDDT 409.5 0.002 0.016

Truck

Source: MOBILEG6.2.03

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,
Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Road Traffic

Climate Change Supplementary Information Report

Vehicle # of #of of " Total Miles/ Emissions
ivi : Compressor - of Inspection otal Miles
Activity Compressor Station 3 Inspection . . (tonslyear/well)
Type Class Stations / Visits/ Station Visits/Well/Year Inspection
Well Co, CH, N0
CPF Compressor |5y up Truck | LDGT2 0.04 12 0.5 20 4.50E-03 2.20E-08 1.70E-07
. - Station
Inspection Visits for
Compressor Stations| .
2[';2;?’ COMPIessor | oyovup Truck |  LDGT2 0.01 52 0.4 20 3.25E-03 1.59E-08 1.23E-07
Total| 7.75E-03 | 3.78E-08 2.93E-07

Montana, North Dakota, and South Dakota BLM
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CBNG Well Work-Over Emissions

Emission Factors for Off-Road Engines of 300 to 600 hp

Emission Factors (g/hp-hr)

Year co, CH, N.O°
2008 529.575 0.007 0.006
2018 530.255 0.004 0.006
2027 530.521 0.003 0.006

Source: EPA NONROADS 2008a
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies
for the Oil and Gas Industry," Table 4-17 (2009).

On-Site Exhaust Emission Estimations for Well Workover

Climate Change Supplementary Information Report

Emissions
Activity Equipment Capacity (hp) : pera/tlljng Opc‘eAr’atlllonal (tons/year)
ours/Day ells co, CH, N,O
Well Workover | Truck-Mounted Unit® 400 24 1 5.61E+00 4.19E-05 6.11E-05
Activity rates based on values shown in SEIS
Emission Factors for Road Traffic
. Emission Factors (g/mi)
Vehicle Class co, CH, N,O°
Heavy-Duty
Diesel Truck 791.8 0.04 0.006
Source: MOBILE6.2.03
On-Road Exhaust Emissions Estimation for Road Traffic
Vehicle i Emissions
Activity Rgius'::nzp Round Miles Operational (tons/year)
Type Class (miles) Trips/Well | Traveled/Well Wells co, CH, N0
Well Workover Bobtail Truck HDDV 50 1 50 1 4.36E-02 2.04E-06 3.18E-07

Activity rates based on values shown in SEIS

Montana, North Dakota, and South Dakota BLM
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Traffic Exhaust Emissions for Well and Pipe Inspections

Exhaust Emission Factors for Road Traffic

. (g/mi)
Vehicle CI
ehicle Class co, CH, NG
Light-Duty Diesel 2095 0.002 0.016
Truck

Source: MOBILE6.2.03
& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile
Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emission Estimations for Road Traffic: Well & Pipeline

Vehicle Round Trip - Total # of . Emissions
. . # of Visits/ . Miles
Activity Type Class Distance Well/Year Operating Traveled/Year (tons/yeariwell
yp (miles) Wells co, CH, N,O
Visits for Inspection 200-hp Pickup LDDT 0.625 12 1 8 3.39E-03 1.65E-08 1.28E-07
and Repair

Activity rates based on values shown in SEIS
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Exhaust Emissions for Road Maintenance

Estimation of Total and Cumulative Length of Roads

Length of Roads Built per Well 0.25

Cumulative Length of Roads Maintained (miles) 0.25

Based on values shown in SEIS

Estimation of Total Operation Days and Hours

# of Operations/ Cumulative Miles of Road # of Operating Total #.Of Total # of
Season Length of Roads Worked Operating .
Year . Hours/Day Operating Hours
(miles/year) on/Day Days
Summer 2 0.25 6 10 0.1 1
Winter 1 0.25 5 10 0.1 1
Total 0.1 1

Based on values shown in SEIS

Emission Factors for 100-175 hp Off-Road Engine

Year Emission Factors (g/hp-hr)
CO, CH, N,O?
Year 2008 540.319 0.007 0.006
Year 2018 546.217 0.004 0.006
Year 2028 546.466 0.002 0.006

Source: EPA NONROADS 2008a

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for the
Oil and Gas Industry," Table 4-17 (2009).

Exhaust Emissions Estimation for Grader

Total # of Emissions
Activity Vehicle Type Capacity (hp)® | Operating (tons/year/well)
Hours? CO, CH, N,O
Road Maintenance Grader 135 1 6.50E-02 4.44E-07 6.87E-07

# Assumed a arader operates 60% of the time. considerina hours for preparation and closing of the shift. lunch break. and other extra activities.

Exhaust Emission Factors for Commuting Maintenance Vehicles Road Traffic

Emission Factors (g/mi)
CO, CH, N,O?

Vehicle Class

Light-Duty Diesel

Truck 409.5 0.002 0.016

Source: MOBILEG6.2.03

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile
Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Maintenance Vehicles Road Traffic

Vehicle : Emissions
Round Trip .
Activity Distance Total#of | Total Miles tons/year/well)
. Operating Days| Traveled
Type Class (miles/day) co, CH, N,O
Road Maintenance Pickup Truck LDDV 6 0.1 0.8 3.61E-04 1.76E-09 1.37E-08
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Exhaust Emissions for Road and Well Pad Reclamation

Equipment/Vehicle

Type Total Miles # of Operating
Type Fuel Capacity (hp) | Worked on/Day Hours/Day
Heavy Equipment Diesel 80 6 10
Roads
Commuting Vehicle Gasoline 225 6 15
Heavy Equipment Diesel 100 N/A 10
Wells?
Commuting Vehicle Gasoline 225 6 2

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.25
Number of Roads Reclaimed Annually Per Well 2.77
Annual Miles of Roads reclaimed Per Well 0.69
Number of wells reclaimed (per well) 2.77

Estimation of Total Operation Days and Hours

Reclaimation rates derived from RMP (total Federal and non-Federal)

Annual Miles of | Daily Miles of Road Total #_Of Annu_al
Roads Reclaimed Work Operating Operating
Davs Hours
0.69 6 0.1 1
Total 1
Assume average miles/day = 6
Emission Factors for 75-100 hp Off-Road Engines
Emission Factors (g/hp-hr)
Year co, CH, NG
2008 600.5 0.010 0.016
2018 613.9 0.006 0.016
2027 608.6 0.003 0.016

Exhaust Emissions Estimation for Grader Road Reclaim

@ Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.
Source: values from SEIS

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source
Combustion Factors, American Petroleum Institute (2009).

Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tonslyear/well)
Hours® CcO, CH, N,O
Road Reclamation Grader 80 0.7 3.74E-02 3.37E-07 9.45E-07

Montana, North Dakota, and South Dakota BLM
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Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffic
Emission Factors (g/mi)
CO, CH,4 N,O*

409.5 0.002 0.016

Vehicle Class

Light-Duty Diesel
Truck

Source: MOBILEG6.2.03

# Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) , Mobile Source
Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Vehicle ) Emissions
Round Trip Total # of Total Miles y
Activity Distance Operating Days Traveled (tonsiyeariuell
Type Class (miles/day) Cco, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.12 1 3.12E-04 1.52E-09 1.18E-08

Estimation of Annual Days and Hours for Well Reclamation
# of Wells

Annual # of | Annual Hours of

Equi t #of H /D

quipmen Reclaimed/Year orHoursiPay Days Operation
Grader 2.767 10 2.767 27.667
Assume grader works 0.5 day as a blade and tractor each per well.
Exhaust Emissions Estimation for Grader: Well Reclamation

Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tonslyear/well)
Hours ? CO, CH, N,O
Well Reclamation _[Grader 100 17 1.10E+00 1.83E-05 2.84E-05

Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamation

Vehicle Round Tri Emissions
. : P Total # of Total Miles (tonslyeariwell)
Activity Type Class Distance Operating Days Traveled
P (miles/day) | CPerating bay co, CH, N,O
Well Reclamation Pickup Truck LDDV 6 2.77 16.60 7.49E-03 3.66E-08 2.84E-07
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Wellhead Fugitives

Fugitive Emissions from Equipment Leaks
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TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Io/hr) (kg/hr) (Io/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided CBNG analysis

VOC Wt =
CO2 Wt% =
CH4 Wt% =
N20 Wt% =

0.00
2.28
95.72
0.00

Emissions from Equipment Leaks at Wellhead per Well

Montana, North Dakota, and South Dakota BLM

. . - TOC VOC CO, CH,
. Emission . L Ave. #in Emission . o . .
Ave. #in Ave. #in Emission factor . emissions |[emissions per|emissions per|emissions per
. factor o . Water/Oil factor
Gas Service (Ib/hr) Liquid service (Ib/hr) Service (Ib/hr) per well well well well

component (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)
valves 6 0.0099 1 0.0055 0 0.0002 6.50E-02 1.23E-06 1.48E-03 6.22E-02
pump seals 0 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 1.24E-01
connectors 10 0.0004 0 0.0005 0 0.0002 4.41E-03 8.35E-08 1.01E-04 1.55E-01
flanges 7 0.0009 0 0.0002 0 0.0000 6.02E-03 1.14E-07 1.37E-04 2.75E-02
open-ended lines 0 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 8.01E-02

TOTAL emissions/well/hr = 7.55E-02 1.43E-06 1.72E-03 4.50E-01
Number of components provided by Montana BLM FO personnel (Laakso, 2010)

Annual Emissions from Equipment Leaks Per Well
(o0) (o0) CH CH
Numbel.' of Operating VOC VOC emissions 2 2 ey ey
Year Producing Hours emissions (tonlyr) emissions emissions emissions emissions
Wells (Iblyr) (Iblyr) (tonlyr) (Iblyr) (tonlyr)
Year 20 1 8760 1.25E-02 6.26E-06 1.51E+01 7.54E-03 3.94E+03 1.97E+00
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Speciated Analysis - CBNG & Venting Emissions from Well Completion Activities (applied to all

wells drilled)

Molecular Gas Weight Emissions
Gas Component  Mole Fraction Weight Weight  Percent Weight Mass Flow

(%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt%) (Ib/MMscf)) (ton/well)
Methane 97.913 16.040 15.705 95.715 40640.682  2.743
Ethane 0.000 30.070 0.000 0.000 0.000 0.000
Nitrogen 1.172 28.020 0.328 2.001 849.791 0.057
Water 0.000 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 0.851 43.990 0.374 2.281 968.723 0.065
Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000
Non-reactive, non-HAP 99.936 16.408 99.998 2.866
Propane 0.000 44.100 0.000 0.000 0.000 0.000
Iso-butane 0.000 58.120 0.000 0.000 0.000 0.000
n-butane 0.000 58.120 0.000 0.000 0.000 0.000
i-pentane 0.000 72.150 0.000 0.000 0.000 0.000
n-pentane 0.000 72.150 0.000 0.000 0.000 0.000
Hexanes 0.000 100.210 0.000 0.000 0.000 0.000
Heptanes 0.000 100.200 0.000 0.002 0.804 0.000
Octanes 0.000 114.230 0.000 0.000 0.000 0.000
Nonanes 0.000 128.258 0.000 0.000 0.000 0.000
Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000
Reactive VOC 0.000 0.000 0.002 0.000
Benzene 0.000 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000
n-Hexane * 0.000 100.210 0.000 0.000 0.000 0.000
Toluene 0.000 92.130 0.000 0.000 0.000 0.000
Xylenes 0.000 106.160 0.000 0.000 0.000 0.000
HAPs 0.000 0.000 0.000 0.000
Totals 99.936 16.408 100.000 2.866

Sample taken 01-19-2010 at Holmes 14 Battery, Ft. Union. (Miles City)

Volume Flow:

Completion activity duration:

Total Volume Flow per Well

Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).

BTU value = 994 BTU/scf

45
3
0.135

MSCF/day/well

days

MMSCF/well
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Dillon Planning Area GHG Emission Inventory
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Dillon input parameters for calculating oil wells emissions

Climate Change Supplementary Information Report

Maximum Annual Wells Drilled - Federal (RMP

Maximum Annual Wells Drilled - Non-Federal

estimate) 1 (RMP estimate) 1
Federal Producing Wells - RMP Year 20 3 Non-Federal Producing Wells - RMP Year 20 0
Average Well Barrel Oil Per Day (BOPD) 17 Average Well Barrel Oil Per Day (BOPD) 17

Montana, North Dakota, and South Dakota BLM
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Federal Oil Wells Summaries

Total Annual Emissions from Federal Oil Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co
Co, CH, N,O COyq oz
.. metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 550.10 0.01 0.01 552.07 500.97
Commuting Vehicles - Construction 0.67 0.00 0.00 0.67 0.61
Wind Erosion
Sub-total: Construction 550.77 0.01 0.01 552.74 501.58
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 31.52 0.00 0.00 31.64 28.71
Well Workover Operations - On-road Exhaust 0.02 0.00 0.00 0.02 0.02
Well Visits for Inspection & Repair - Operations 0.04 0.00 0.00 0.04 0.03
Recompletion Traffic 0.04 0.00 0.00 0.04 0.03
Water Tanks & Traffic 0.25 0.29 0.00 6.37 5.78
Oil Tanks & Traffic 0.71 1.21 0.00 26.10 23.68
Venting 0.01 0.48 0.00 10.02 9.10
Compression and Well Pumps 185.67 0.00 0.00 185.85 168.65
Dehydrators 0.17 0.18 0.00 3.94 3.58
Compression Station Fugitives 0.00 0.01 0.00 0.28 0.25
Sub-total: Operations 218.43 217 0.00 264.30 239.84
Road Maintenance 0.77 0.00 0.00 0.77 0.70
Sub-total: Maintenance 0.770 0.000 0.00 0.77 0.70
Road Reclamation 0.63 0.00 0.00 0.63 0.57
Well Reclamation 18.39 0.00 0.00 18.55 16.83
Sub-total: Reclamation 19.0217 0.0003 0.0005 19.1808 17.4055
Total Emissions 788.99 2.18 0.01 837.00 759.53
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TPY

1,024.00000
512.00000
256.00000
128.00000

64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000

Dillon RMP Federal Oil Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Well
Workover
Operations -
On-site
Exhaust

Well
Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Recompletion
Traffic

Water Tanks
& Traffic

Oil Tanks &
Traffic

Venting

Compression
and Well
Pumps

Dehydrators

Compression
Station
Fugitives

Road
Maintenance

Road
Reclamation

Well
Reclamation

mC02

550.10

0.67

31.52

0.02

0.04

0.04

0.25

0.71

0.01

185.67

0.17

0.00

0.77

0.63

18.39

mCH4

0.01

0.00

0.00

0.00

0.00

0.00

0.29

121

0.48

0.00

0.18

0.01

0.00

0.00

0.00

=N20

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

m CO2eq

552.07

0.67

31.64

0.02

0.04

0.04

6.37

26.10

10.02

185.85

3.94

0.28

0.77

0.63

18.55

m  CO2eq
metric tons

500.97

0.61

28.71

0.02

0.03

0.03

5.78

23.68

9.10

168.65

3.58

0.25

0.70

0.57

16.83

Montana, North Dakota, and South Dakota BLM
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Non-Federal Oil Wells Summaries

Total Annual Emissions from Non-Federal Oil Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co
co, CH, N,O COyeq JZea
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 550.10 0.01 0.01 552.07 500.97
Commuting Vehicles - Construction 0.67 0.00 0.00 0.67 0.61
Wind Erosion
Sub-total: Construction 550.77 0.01 0.01 552.74 501.58
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 0.00 0.00 0.00 0.00 0.00
Well Workover Operations - On-road Exhaust 0.00 0.00 0.00 0.00 0.00
Well Visits for Inspection & Repair - Operations 0.00 0.00 0.00 0.00 0.00
Recompletion Traffic 0.00 0.00 0.00 0.00 0.00
Water Tanks & Traffic 0.00 0.00 0.00 0.00 0.00
Oil Tanks & Traffic 0.00 0.00 0.00 0.00 0.00
Venting 0.01 0.41 0.00 8.72 7.91
Compression and Well Pumps 0.00 0.00 0.00 0.00 0.00
Dehydrators 0.00 0.00 0.00 0.00 0.00
Compression Station Fugitives 0.00 0.00 0.00 0.00 0.00
Sub-total: Operations 0.01 0.41 0.00 8.72 7.91
Road Maintenance 0.00 0.00 0.00 0.00 0.00
Sub-total: Maintenance 0.000 0.000 0.00 0.00 0.00
Road Reclamation 0.00 0.00 0.00 0.00 0.00
Well Reclamation 0.00 0.00 0.00 0.00 0.00
Sub-total: Reclamation 0.0000 0.0000 0.0000 0.0000 0.0000
Total Emissions 550.78 0.42 0.01 561.46 509.49

Montana, North Dakota, and South Dakota BLM
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Dillon Planning Area

Oil Well Emissions

Climate Change Supplementary Information Report

TPY

1,024.00000
512.00000
256.00000
128.00000

64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001

Dillon RMP Non-Federal Oil Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Well
Workover
Operations -
On-site
Exhaust

Well
Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Recompletion
Traffic

Water Tanks
& Traffic

Oil Tanks &
Traffic

Venting

Compression
and Well
Pumps

Dehydrators

Compression
Station
Fugitives

Road
Maintenance

Road
Reclamation

Well
Reclamation

mC02

550.10

0.67

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

mCH4

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.41

0.00

0.00

0.00

0.00

0.00

0.00

= N20

0.01

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

m CO2eq

552.07

0.67

0.00

0.00

0.00

0.00

0.00

0.00

8.72

0.00

0.00

0.00

0.00

0.00

0.00

m  CO2eq
metric tons

500.97

0.61

0.00

0.00

0.00

0.00

0.00

0.00

791

0.00

0.00

0.00

0.00

0.00

0.00
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Dillon Planning Area
Oil Well Emissions

Exhaust Emissions from Well Pad Construction Heavy Equipment and Drilling Equipment

Emission Factors for Construction Equipment

Equipment Emission Factors (g/hp-hr) Equipment Category
CO, CH, N.O*
Dozer - 175 Hp 535.76 0.005 0.006 Track-Type Tractor
Blade - 150 Hp 594.65 0.008 0.006 Motor Grader

Source: EPA NONROADS 2008a
NOTE: Use emission factors for 2008 for all project years = conservative estimate of fleet turnover

Climate Change Supplementary Information Report

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for the Oil and Gas

Industry," Table 4-17 (2009).

Emission Estimations for Construction Equipment (using 2008 emission factors)

Ava. Load # of # of # of Max. Annual Emissions
vg. Loal
Construction Site| Equipment Type|Capacity (hp)| # of Units E ?:t %) Operating | Operating Operating |# of Wells (tons/equipment type/well)
actor
° Hours/Day | Days/Well | Hours/Well CO, CH, N,O

Improved &

Blade 150 1 75 10 2 20 1 1.47E+00 1.87E-05 1.43E-05
Two-Track Road
well Pad Blade 175 1 75 10 3 30 1 2.58E+00 3.28E-05 2.50E-05

Dozer 175 1 80 10 3 30 1 2.75E+00 3.50E-05 2.67E-05

6.81E+00 8.64E-05 6.61E-05

Exhaust Emission Factors for Diesel Powered Bore/Drill Rig Engines

Project Year/Hp Emission Factors (g/hp-hr)
Category co, I CH, I N,O°
Year 2018

50to 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100 to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPA NONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btuw/Ib) from the "Compendium of GHG Emission

Methodologies for the Oil and Gas Industry," Table 4-17 (2009).

Montana, North Dakota, and South Dakota BLM
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Dillon Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Combustive Emissions Estimation for Industrial Engines

Max. Annual Emissions
# of # of # of
X . i . ) Avg. Load i ) i (tons/equipment type/well)
Construction Site|Equipment Type]Capacity (hp)| # of Units Factor (%) Operating | Operating Operating |# of Wells
actor
: Hours/Day | Days/Well | Hours/Well CO, CH, N,O
. - Main Deck 1,000 3 70 24 16 384 1 4.71E+02 5.02E-03 5.13E-03
Rig-up, Driling, and
Rig-down Auxiliary Pump 600 1 80 8 15 120 1 3.37E+01 2.51E-04 3.66E-04
Generators 150 2 75 24 8 192 1 2.52E+01 2.26E-04 2.75E-04
Main Deck 600 1 50 11 5 55 1 9.64E+00 7.19E-05 1.05E-04
Auxiliary Pump 225 1 80 8 2 16 1 1.68E+00 1.37E-05 1.83E-05
Power Swivel 150 1 75 8 2 16 1 1.05E+00 9.42E-06 1.14E-05
Well Completion & # of # of # of
) Avg. Load
Testing Equipment Type|Capacity (hp)| # of Units . Operating | Operating | Operating |# of Wells
0
Factor (%)” | o urs/ Day | Days/ Well | Hours/ well
Field Generators
55 1 75 12 3 36 1 9.64E-01 1.05E-05 9.44E-06
for Pumps &
Subtotal 5.43E+02 5.60E-03 5.91E-03
Total 5.50E+02 5.69E-03 5.98E-03

Montana, North Dakota, and South Dakota BLM D-9



Dillon Planning Area
Oil Well Emissions

Exhaust Emissions from Construction and Drilling Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission
Type Class co, CH, N,O°
Light-Duty Diesel
LDDT 4095 0.002 0016
Truck
Heavy-Duty Diesel
HDDV 7918 0037 0.006

Truck

Source:MOBILE6.2.03

2 Compendium of Greenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,LDDT moderate

control) ,Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic

Climate Change Supplementary Information Report

Vehicle Round Trip # of Round Emissions
Construction Site Miles Traveled] Total# of
Di TripsWell
Destination . WellYear Wells (tonsiwell)
Type Class (miles) Year
CO, CH, N,0
Improved & Semi Trucks HDDV 2 47 94 1 8.20E-02 3.83E-06 5.98E-07
Two-Track Road Pickup Trucks LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Semi Trucks HDDV 2 5 10 1 8.73E-03 4.08E-07 6.36E-08
Well Pad
Pickup Trucks LDDT 2 4 8 1 3.61E-03 1.76E-08 137E-07
Semi Trucks HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Other Construction
s Haul Trucks HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Activities
Pickup Trucks LDDT 2 1 2 1 9.03E-04 441E-09 3.42E-08
Subtotal| 1.05E-01 4.60E-06 9.86E-07
Combustive Emissions Estimation Road Traffic
. y Vehicle Round Trip # of Round ; Emissions
Construction Site Miles Traveled] Total# of
L Di TripsWell
Destination WellYear Wells (tons/well)
Type Class (miles) Year
CcO, CH, N0
Semi Rig Transport, Drill
HDDV 2 44 88 1
Rig 7.68E-02 3.59E-06 5.60E-07
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
. . Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig-up, Drilling,and
. Rig Mechanics HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Rig-down
Co.Supervisor LDDT 2 20 40 1 181E-02 8.82E-08 6.83E-07
Tool Pusher LDDT 2 8 16 1 7.22E-03 3.53E-08 2.73E-07
Mud Logger LDDT 2 6 12 1 542E-03 2.65E-08 2.05E-07
Mud Engineer LDDT 2 15 30 1 135E-02 6.61E-08 5.13E-07
Logger, Engr Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Drill BitDelivery LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08

Montana, North Dakota, and South Dakota BLM



Dillon Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Combustive Emissions Estimation Road Traffic (cont.)

Vehicle Emissions
. RoundTrip | #of Round .
Construction Site Miles Traveled] Total# of
e Di TripsWelll
Destination WellYear Wells (tonsiwell)
(miles) Year
Type Class
co, CH, N,O
SemiCasing Haulers HDDV 2 6 12 1
1.05E-02 4.89E-07 7.63E-08
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 127E-08
Semi Fracing, Blender HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 4.89E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 1.63E-07 254E-08
Haul Cementer, Cemen HDDV 2 3 6 1 5.24E-03 2A45E-07 3.82E-08
Haul Completion, Equip HDDV 2 3 6 1 5.24E-03 245E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
Haul Perforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 127E-08
Haul Anchor, Installaon] HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
Haul Anchor, Testing HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Pump HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
WellCompleton & |Haul Fracing,Chemicall] HDDV 2 1 2 1
. 1.75E-03 8.16E-08 127E-08
Testing
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Welders HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Haul Water Truck HDDV 2 150 300 1 262E-01 1.22E-05 191E-06
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Casing Crew HDDV 2 2 4 1
3.49E-03 1.63E-07 254E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion, LDDT 2 5 10 1 451E-03 2.20E-08 171E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Fracing,
HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 127E-08
Pickup Co.Supervisor LDDT 2 10 20 1
9.03E-03 441E-08 3.42E-07
Pickup Miscellaneous
. LDDT 2 3 6 1
Supplies
2.71E-03 1.32E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal 5.62E-01 2.15E-05 7.57E-06
Total 6.67E-01 | 2.61E-05 | 8.56E-06
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Dillon Planning Area
Oil Well Emissions

Exhaust Emissions from Well Work Overs

Emission Factors Bore/Drill Rig Engines 300-600 Hp

Fuel Type

Emission Factors (gm/hp-hr)

co,

Nzoa

Diesel

529.575

0.007

0.006

Source: EPA NONROADS 2008a. Year 2008.
@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil
and Gas Industry," Table 4-17 (2009).

Emission Estimations for Engines

Climate Change Supplementary Information Report

Max. Annual Emissions
Equipment # of Operating # of # of Total # of (tons/year/well)
Activity Capacity (hp) Operating Operating .
Type Hours/Day Davs/Well H Well Wells Drilled
ays/vve ours/vve C02 CH4 N20
Well Workover Truck-Mounted 600 10 3 30 1 1.05E+01 1.46E-04 1.14E-04
Exhaust emission factors for commuting vehicles
Vehicle Emission Factors (g/mi)

Type Class co, CH, N,O*
Light-Duty Diesel LDDT 409.5 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 791.8 0.04 0.006
Truck

Source: MOBILE 6.2.03
Emission factors for 2008 used for all project years = conservative estimate of vehicle fleet turnover

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic

Activity - Round Trip | # of Round Miles Max. Annual Emissions
Vehicle . . Total # of
Distance Trips/Well/ Traveled/ . (tons/year/well)
il Y. Well/Y Wells Drilled
Type Class (miles) ear elliYear (of0 ) CH, N,O

Well Workover WO Rig HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Pickup Truck LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07

Performed once in the first year of well operation Total 6.20E-03 1.76E-07 1.28E-07

Number of wells is based on peak year applied to all project years (provides for a conservative estimate).

Round trip distance = 2 based on data found in the SEIS

Montana, North Dakota, and South Dakota BLM




Dillon Planning Area
Oil Well Emissions

Exhaust Emissions from Site Visits and Inspections

Emission factors for Commuting Vehicles Exhaust

Emission Factors

Vehicle Class co, CH, N,0°
Light-Duty Gasoline 476.9 0.068 0.015
Truck

Source: MOBILE 6.2.03

Emission factors for 2008 used for all years = conservative estimate for fleet vehicle turnover

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate control) ,

Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

Climate Change Supplementary Information Report

. Emissions
iy Vehicle Round Trip | 7 ofRound Miles | poderal Wells
Activity . . Trips/Well/ Traveled/ . (tonsl/yriwell)
Distance (miles) Year WelllYear Producing
Type Class co, CH, N,O
{Ir\'lseﬁ’l‘;‘:t'on Visits forl - oy yup Truck LDGT2 2 12 24 1 1.26E-02 1.80E-06 4.07E-07

Montana, North Dakota, and South Dakota BLM



Dillon Planning Area

Oil Well Emissions

Climate Change Supplementary Information Report

Exhaust Emissions from Heavy Equipment and Support Vehicles for Road Maintenance

Given Data

Road Length

. a Equipment/Vehicle # of Operating
Maintenance’ W orked on/Day| Hours/Day
Type Fuel Capacity (hp) (miles)
Summer Heawy Eq ui pmer.nb Diesel-30 gpd 135 6 10
Commuting Vehicle Gas-5gpd 225 6 1°
Winter Heawy Eq ui pmentb Diesel-30 gpd 135 5 10
Commuting Vehicle Gas-5gpd 225 6 15°
? Road maintenance would be made twice in summer and once in winter every year
® Assume a motor grader 135 Hp.
¢ Assume three round trips per two days.
Estimation of Total and Cumulative Length of Roads for the Project - RMP Year 20
Length of Improved Roads per Well (miles) * 1.00
Number of Wells 1
Cumulative Length of Roads ” (miles/operation) 1
? Source: SEIS
® miles of road built per well * No. of operating wells/year
Estimation of Total Operation Days and Hours - RMP Year 20
. Cumulative Road Length | # of Operating Total # of Total # of
# of Operations . .
Season per Season Length of Roads| W orked On Hours Operating Operating
(miles/operation) (mi/day) per Day Days Hours
Summer 2 1 6 10 0.3 3
Winter 1 1 5 10 0.2 2
Total 1 5

Montana, North Dakota, and South Dakota BLM



Dillon Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Emission Factors for Construction Equipment Exhaust

. Emission Factors (g/hp-hr)
Equipment
auip cOo; CH, N,0°
Grader 100-175 Hp 535.77 0.0053 0.006

Source: EPANONROADS 2008a

Use emission factors for 2008 for all project years - conservative estimate of vehicle turnover

Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btw/lb) from the "Compendium of GHG Emission Methodologies for the Qil
and Gas Industry," Table 4-17 (2009).

Emission Estimations for Grader: RMP Year 20

Total # of Emissions
Activity Vehicle Type Capacity(hp) Operating (tons/well)
Hours® CO, CH, N,O
Road Maintenance Grader 135 3 2.55E-01 2.52E-06 2.75E-06

# Assume grader operates at 60% of the time (minus hours for clothing change, breaks, etc.)

Emission Factors for Commuting Vehicles Exhaust
Emission Factors
CO, CH, N,O*

Vehicle Class

Light-Duty Diesel
Truck
Source: MOBILE 6.2.03

# Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

409.5 0.002 0.016

Emission Estimations for Road Traffic - RMP Year 20

. Vehicle Rot_md Trip Total # of Total Miles Emissions (tons/yr)
Activity Distance . Traveled
. Operating Days
Type Class (miles/day) (VMT/yr) CO; CH, N.O
Road Maintenance Pickup Truck LDGT2 6 0.5 3 1.44E-03 7.05E-09 5.47E-08
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Dillon Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Water Tank and Hauling Emissions

Oil Well Water Tank Flashing Emissions

Flashing Coss
Emission Factor Water CH, Emissions
(Ibs CH,/ 1000 bbl Production (ton/yr/well)
Project Year of water) * (bbl/year/well)
All 31.31 6205 9.71E-02

& Average Conditions for Table 5-10 of the APl Compedium of GHG Emissions Methodologies for the Oil and Gas Industry, August 2009.

Emission Factors for Work Over Vehicles - Road Traffic
Emission Factors

Vehicle Class co, CH, N,0°
Heavy-Duty Diesel
Truck (HDDV) 7918 0087 noe

Source: MOBILEG6.2.03
@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-
17 (2009).

On-Road Exhaust Emission Estimations for Road Traffic - Based on Water Produced Per Barrel of Oil

Vehicle Round Trip Annual # of Miles Emissions
Activity Type Class Distance (miles) [Round Trips/Well| Traveled/Well Total # of Wells (tonsyriwell)
CO, CH, N,O
ﬁ?ji‘ﬁd Water |0l Truck (130 bbi) HDDV 2 48 95 1 8.33E-02 3.89E-06 6.07E-07

Montana, North Dakota, and South Dakota BLM D-16



Dillon Planning Area
Oil Well Emissions Climate Change Supplementary Information Report

Oil Tank, Loadout and Hauling Emissions

Oil Well Oil Seperator Flashing and Tank Emissions®

Emissions”
HAPs Emissions VOC Emissions | CO, Emissions | CH, Emissions
(ton/yriwell) (ton/yr/well) (ton/yriwell) (ton/yriwell)
Project Year
All 1.77E-01 3.18E+00 1.82E-01 4.03E-01

& Based on average of data from Montana BLM (Laakso, 2010) and calculations using E&P Tanks, July, 2010. Assumes 20 BOPD per well.
® Assumes no emissions control.

Oil Well Oil Truck Loadout VOC Emissions
Emissions were estimated based on EPA, AP-42 Section 5.2.2.1.1 Equation 1

L = 12.46 SPM
T
L, = Loading Loss pounds per 1000 gallons (Ib/10° gal) of liquid loaded
S = a saturation factor
P = true vapor pressure of liquid loaded, pounds per square inch absolute (psia)
M = molecular weight of vapors, pounds per pounds-mole (Ib/lb-mole)
T = temperature of bulk liquid loaded (F+460)

S= 0.6 from EPA, AP-42 Section Table 5.2-1
P= 3.4 from EPA, AP-42 Section Table 7.2-1
M= 50 from EPA, AP-42 Section Table 7.2-1
T= 540 ave. temp.

L = 2.35

Oil Well Oil Truck Loadout Emissions - All Project Years®

Annual Oil VOC CO, Emissions | CH, Emissions
Emission Factor Volume (bbl) - 0il (1,000 Emissions (tpy/well) (tpy/well)
Project Year (Ibs/1,000 gallons) per well gallons) (tpy/well)
All 2.35 6,205 261 3.07E-01 5.50E-04 8.96E-08

#Uses E&P Tanks Stream Data for W&S Gas mol % (shown below). E&P Tanks input data from Montana BLM (Laakso, 2010)
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Oil Well Emissions Climate Change Supplementary Information Report

Emission Factors for Work Over Vehicles - Road Traffic

Emission Factors (g/mi)

Vehicle Class co, CH, N,O°
Heavy-Duty Diesel
Truck (HDDV) 7918 0.087 oo

Source: MOBILEG6.2.03
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for the Oil and Gas Industry," Table 4-
17 (2009).

On-Road Exhaust Emission Estimations for Road Traffic - Based on Produced Per Barrel of Oil

Vehicle . . Emissions
Activity . Round T".p # o_f Round Miles Total # of Wells tons/year/well)
Type Class Distance (miles) Trips/Well Traveled/Well
CO, CH, N,O
E;"Ud"‘r’;ed oil Haul Truck (200 bbl) HDDV 2 31 62.05 1 5.42E-02 2.53E-06 3.95E-07
TOTAL 5.42E-02 2.53E-06 3.95E-07
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Oil Well Emissions Climate Change Supplementary Information Report

W&S Composition for Truck Load Out Emissions

WE&S Gas Molecular
Component Mole Fraction® Weight Gas Weight Weight Percent
(%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt9%)
Methane 0.000 16.040 0.000 0.000
Ethane 4,732 30.070 1.423 2.476
Nitrogen 0.000 28.020 0.000 0.000
Water 0.000 18.015 0.000 0.000
Carbon Dioxide 0.224 43.990 0.098 0.171
Nitrous Oxide 0.000 44.020 0.000 0.000
Hydrogen Sulfide 1.018 34.060 0.347 0.603
Non-reactive, non-HAP 5.974 1.868 3.250
Propane 27.635 44.100 12.187 21.203
Iso-butane 10.353 58.120 6.017 10.468
n-butane 25.191 58.120 14.641 25.473
i-pentane 8.741 72.150 6.307 10.972
n-pentane 9.278 72.150 6.694 11.647
Hexanes 3.874 100.210 3.882 6.754
Heptanes 2.680 100.200 2.685 4.671
Octanes 1.820 114.230 2.079 3.616
Nonanes 0.302 128.258 0.388 0.675
Decanes+ 0.000 142.29 0.000 0.000
Reactive VOC 89.873 54.879 95.481
Benzene 0.325 78.110 0.254 0.441
Ethylbenzene 0.011 106.160 0.012 0.021
n-Hexane 3.334 100.210 3.341 5.813
Toluene 0.350 92.130 0.322 0.560
Xylenes 0.133 106.160 0.141 0.246
HAPs 4.153 4.070 7.082
Totals 100.000 57.476 100.000

#E&P Tanks Stream Data for W&S Gas mol %. E&P Tanks input data from Montana BLM (Laakso, 2010)
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Exhaust Emissions from Recompletion Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class co, CH, N,0*
Light-Duty Diesel
LDDT 4095 0.002 0016
Truck

Heavy-Duty Diesel
Truck
Source:MOBILE6.2.03

HDDV 7918 0.037 0.006

@ Compendium of Greenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,LDDT moderate control) ,Mobile Source
Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic - Based on Peak Wells Drilled each Alternative

. 5 Vehicle Round Trip Miles Emissions
Construction Site # of Round Total# of
L Distance . Traveled/
Destination TripsWell Year Wells (tonshwell)
Type Class (miles) WellYear o)
2 CH, N,O
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig Mechanics HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Co.Supervisor LDDT 2 20 40 1 181E-02 8.82E-08 6.83E-07
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 127E-08
Semi Fracing, Blender HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 489E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 163E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 163E-07 254E-08
Haul Cementer, Cemen
HDDV 2 3 6 1
Truck 5.24E-03 2A45E-07 3.82E-08
Haul Completion, Equi
i quip HDDV 2 3 6 1
Truck 5.24E-03 2A45E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
HaulPerforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 127E-08
WellRecompletion  |Haul Fracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Pump HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Chemical HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
HaulWater Truck HDDV 2 50 100 1 8.73E-02 4.08E-06 6.36E-07
Pickup Cementer,
LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion,
LDDT 2 5 10 1
Pusher 451E-03 2.20E-08 1.71E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
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Climate Change Supplementary Information Report

Pickup Fracing,
HDDV 1 2
Engineer 1.75E-03 8.16E-08 127E-08
Pickup Co.Supervisor LDDT 10 20
9.03E-03 441E-08 3.42E-07
Pickup Miscellaneous
LDDT 3 6
Supplies 271E-03 132E-08 1.03E-07
Pickup Roustabout
HDDV 4 8
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal 2.52E-01 8.17E-06 4.45E-06
Total 2.52E-01 8.17E-06 4.45E-06

Montana, North Dakota, and South Dakota BLM
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Venting Emissions from Well Completion Activities (applied to all wells drilled)

Venting Emissions from Well Re-Completion Activities (applied to 5% of operating wells)

Climate Change Supplementary Information Report

Molecular Gas Weight Emissions Molecular Gas Weight Emissions
Gas Component Mole Fraction Weight Weight Percent Weight Mass Flow Gas Component Mole Fraction Weight Weight Percent Weight Mass Flow

(%) (Ib/lb-mol) (Ib/lb-mol) (Wi%) (Ib/MMscf)) (ton/well (%) (Ib/lb-mol) (Ib/lb-mol) (Wi%) (Ib/MMscf)) (ton/well)
Methane 65.450 16.040 10.498 42.544  18064.029 0.415 Methane 65.450 16.040 10.498 42.544 18064.029 0.415
Ethane 15.330 30.070 4.610 18.681 7931.881 0.182 Ethane 15.330 30.070 4.610 18.681 7931.881 0.182
Nitrogen 3.260 28.020 0.913 3.702 1571.760 0.036 Nitrogen 3.260 28.020 0.913 3.702 1571.760 0.036
Water 0.000 18.015 0.000 0.000 0.000 0.000 Water 0.000 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 0.620 43.990 0.273 1.105 469.295 0.011 Carbon Dioxide 0.620 43.990 0.273 1.105 469.295 0.011
Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000 Nitrous Oxide 0.000 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000 Hydrogen Sulfide 0.000 34.060 0.000 0.000 0.000 0.000
Non-reactive, non-HAP 84.660 - 16.294 66.031 0.643 Non-reactive, non-HAP 84.660 === 16.294 66.031 0.643
Propane 7.890 44.100 3.479 14.101 5987.096 0.137 Propane 7.890 44.100 3.479 14.101 5987.096 0.137
Iso-butane 1.370 58.120 0.796 3.227 1370.083 0.031 Iso-butane 1.370 58.120 0.796 3.227 1370.083 0.031
n-butane 3.360 58.120 1.953 7.914 3360.203 0.077 n-butane 3.360 58.120 1.953 7.914 3360.203 0.077
i-pentane 1.000 72.150 0.722 2.924 1241.472 0.028 i-pentane 1.000 72.150 0.722 2.924 1241.472 0.028
n-pentane 1.040 72.150 0.750 3.041 1291.131 0.030 n-pentane 1.040 72.150 0.750 3.041 1291.131 0.030
Hexanes 0.680 100.210 0.681 2.761 1172.521 0.027 Hexanes 0.680 100.210 0.681 2.761 1172.521 0.027
Heptanes 0.000 100.200 0.000 0.001 0.529 0.000 Heptanes 0.000 100.200 0.000 0.001 0.529 0.000
Octanes 0.000 114.230 0.000 0.000 0.000 0.000 Octanes 0.000 114.230 0.000 0.000 0.000 0.000
Nonanes 0.000 128.258 0.000 0.000 0.000 0.000 Nonanes 0.000 128.258 0.000 0.000 0.000 0.000
Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000 Decanes+ 0.000 142.29 0.000 0.000 0.000 0.000
Reactive VOC 15.340 - 8.382 33.969 0.331 Reactive VOC 15.340 --- 8.382 33.969 0.331
Benzene 0.000 78.110 0.000 0.000 0.000 0.000 Benzene 0.000 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000 Ethylbenzene 0.000 106.160 0.000 0.000 0.000 0.000
n-Hexane 0.680 100.210 0.681 2.761 1172.521 0.027 n-Hexane ° 0.680 100.210 0.681 2.761 1172.521 0.027
Toluene 0.000 92.130 0.000 0.000 0.000 0.000 Toluene 0.000 92.130 0.000 0.000 0.000 0.000
Xylenes 0.000 106.160 0.000 0.000 0.000 0.000 Xylenes 0.000 106.160 0.000 0.000 0.000 0.000
HAPs 0.680 - 0.681 2.761 0.027 HAPs 0.680 - 0.681 2.761 0.027
Totals 100.000 - 24.676 100.000 0.974 Totals 100.000 - 24.676 100.000 0.974
Oil well natural gas analysis for Formation: Madison, Lease: Berry 11-4
Volume Flow: 900 SCF / bbl oil
BBL oil/ day: 17 bbl oil / day
Completion activity duration: 3 days
Total Completion/Recompletion
Volume Flow per Well 0.0459 MMSCF/well
Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).
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Emission Factors for Natural Gas-Fired Compressors and Pumps

Horse-Power

Emission Factors

c /P
ompressor [ Fump Rating Units co,° CHS N,O°

; gm/bhp-hr 134.936 2.55E-03 2.55E-04
Comprgssmn Lean Burn 300

Station Ib/MMBTU 116.887 2.20E-03 2.20E-04

oil Pump at Well gm/bhp-hr 134.936 2.55E-03 2.55E-04
Lean Burn 40

Head Ib/MMBTU 116.887 2.20E-03 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.
#EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors and Pumps - All Years

Climate Change Supplementary Information Report

Type of Annual # of Operating Emissions (tons/year/well)
Compressors / Wells in Annual Hours/Year CO, CH, N0
Pumps Rate (Hp/well) Production | Compression (Hp)
Compression 75 1.00 75 8,760 9.77E+00 1.84E-04 | 1.84E-05
Station
gi;”mp atwel 40 1.00 40 8,760 521E+01 | 9.83E-04 | 9.83E-05
Total 6.19E+01 | 1.17E-03 | 1.17E-04

Compression rate of 5 compressors (300 hp each) per 200 wells based on BLM survey (Laakso, 2010)
Typical oil well head pump of 40 hp per BLM survey (Laakso, 2010)

Montana, North Dakota, and South Dakota BLM
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Compressor Station Fugitives
Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)

valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995

Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wt% = 33.97
CO2 Wt% = 111
CH4 Wt% = 42.54
N20 Wt% = 0.00
Emissions from Equipment Leaks at Compressor Station per Well
. Emission . Emission Ave. #in Emission TOC . V.OC CO, emissions per [ CH, emissions per
Ave. #in Ave. #in . emissions | emissions per
Gas Service factor Liquid service factor Water./O|| factor per well well well well

component (Ib/hr) (Ib/hr) Service (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)
valves 0.175 0.0099 0 0.0055 0 0.0002 1.74E-03 5.90E-04 1.92E-05 7.39E-04
pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00
others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00
connectors 0.250 0.0004 0 0.0005 0 0.0002 1.10E-04 3.74E-05 1.22E-06 4.69E-05
flanges 0.600 0.0009 0 0.0002 0 0.0000 5.16E-04 1.75E-04 5.70E-06 2.19E-04
open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 0.00E+00

TOTAL emissions/well/hr = 2.36E-03 8.02E-04 2.61E-05 1.00E-03
Number of components provided by Montana BLM FO personnel (Laakso, 2010)

Annual Emissions from Equipment Leaks Per Well
Number of Operating VOC emissions VOC C 0.2 C 0.2 C H.4 C H.4
Year Producing Wells Hours (Iblyr) emissions emissions emissions | emissions | emissions
(tonlyr) (Iblyr) (tonlyr) (Iblyr) (tonlyr)
Year 20 1 8760 7.03E+00 3.51E-03 2.29E-01 1.14E-04 8.80E+00 4.40E-03

Montana, North Dakota, and South Dakota BLM

D-24



Dillon Planning Area

Oil Well Emissions

Emissions for Road and Well Pad Reclamation

Equipment/Vehicle Total Miles # of
Type Tvoe Fuel Capacity Worked Operating
yp (hp) on/Day Hours/Day

Heavy Equipment Diesel 80 6 10

Roads - - -
Commuting Vehicle Gasoline 225 6 15
Wells® Heavy Equipment Diesel 100 N/A 10
ers Commuting Vehicle Gasoline 225 6 2

2 Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.
Source: values from SEIS

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.250
Number of Roads Reclaimed Annually Per Well 15.333
Annual Miles of Roads reclaimed Per Well 3.833
Number of wells reclaimed (per well) 15.333

Reclaimation rates derived from RMP (total Federal and non-Federal)

Estimation of Total O

eration Days and Hours

Annual Miles of  |Daily Miles of Road|  Total # of Annual
Roads Reclaimed Work Operating Days Operating
Hours
3.83 6 0.6 6
Total 6
Assume average miles/day = 6
Emission Factors for 75-100 hp Off-Road Engines
Emission Factors (g/hp-hr)
Year co, CH, N.OF
2008 600.507 0.010 0.016
2018 613.888 0.006 0.016
2027 608.641 0.003 0.016

% Emissions of PM, s were assumed to be the same as those for PMyg.

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,
LDDT moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Montana, North Dakota, and South Dakota BLM
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Exhaust Emissions Estimation for Grader Road Reclaim

Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tons/year/well)
Hours? co, CH, N,O
Road Reclamation Grader 80 3.8 2.08E-01 1.87E-06 5.24E-06

Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffic

. /mi)

Vehicle CI (g

ehicle Class co, CH, N,O°
Light-Duty Diesel 4095 0.002 0.016
Truck

Source: MOBILE6.2.03

Climate Change Supplementary Information Report

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,
LDDT moderate control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Vehicle Round Trip | Total # of . Emissions
- . . Total Miles
Activity Distance Operating Traveled (tons/year/well
Type Class (miles/day) Days co, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.64 4 1.73E-03 8.45E-09 6.55E-08
Estimation of Annual Days and Hours for Well Reclamation
Annual
. # of Wells Annual # of
Equipment Reclaimed/Year # of Hours/Day Days Hours'of
Operation
Grader 15.33 10 15.33 153.33
Assume grader works 0.5 day as a blade and tractor each per well.
Exhaust Emissions Estimation for Grader: Well Reclamation
Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tons/year/well)
Hours ? co, CH, N,O
Well Reclamation |Grader 100 92 6.09E+00 1.01E-04 1.57E-04
Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamation
Vehicle Round Trip | Total # of . Emissions
- . . Total Miles (tonsl/year/well)
Activity Tvoe Class Distance Operating Traveled
yp (miles/day) Days co, CH, N,O

Well Reclamation Pickup Truck LDDV 6 15 92 4.15E-02 2.03E-07 1.57E-06

Montana, North Dakota, and South Dakota BLM
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Emissions for Gas Dehydration

Emission Factors for Dehydrator Heaters

Climate Change Supplementary Information Report

Unit [of0 CH, N,O
Ib/MMSCF 120000.0 2.3 2.2
Ib/MMBTU 117.647 0.002 0.002
Source: EPA, AP-42 Section 1.4 Natural Gas Combustion
Emission Estimate for Dehydrator Heaters
Operating Hours DehydraFor Fuel Usage Number of Emissions (tons/year/well)
Year® Heater Size MMCF/Year Dehydrator
per Yea MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.0004 5.77E-02 1.11E-06 1.06E-06
Values from Montana BLM (Laakso, 2010)
Annual Dehydrator Venting and Tank Flashing Emissions
Annual Well Gas CH, CH, voC vOoC
Production Emission Factor| Emissions | Emission Factor Emissions
MMscf (ton per MMscf) | (TPY/well) (ton per MMscf) (TPY/well)
5.58 1.07E-02 5.98E-02 1.60E-02 8.94E-02

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (ho control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with Oil well specific gas composition analysis to derive dehydrator emissions:

per dehydrator:

wet gas temperature:

wet gas pressure:
gas is saturated
dry gas flow rate:

dry gas water content:

lean glycol water content:
lean glycol circulation rate:
flash tank temperature:
flash tank pressure:
stripping gas source:
stripping gas flow rate:

108 degrees F
450 psi

35 MMCFD

3.2 Ibs/MMscf

0.2 wt%

5 gpm

108 degrees F
60 psi

dry gas

17 scfm

Montana, North Dakota, and South Dakota BLM

Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
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Dillon input parameters for calculating NG wells emissions

Climate Change Supplementary Information Report

Maximum Annual Wells Drilled - Federal (RMP

Maximum Annual Wells Drilled - Non-Federal (RMP

estimate) 0.2 estimate) 0.2
Federal Producing Wells - RMP Year 2020 3.0 Non-Federal Producing Wells - RMP Year 2020 3.0
Average Gas Production Per Well (MCFD) 1,612.0 Average Gas Production Per Well (MCFD) 1,612.0

Montana, North Dakota, and South Dakota BLM
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Federal NG Wells Summaries

Total Annual Emissions from Federal NG Wells - RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co, CH, N,O COseq COzq
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 110.02 0.00 0.00 110.41 100.19
Commuting Vehicles - Construction 0.13 0.00 0.00 0.13 0.12
Wind Erosion
Completion Venting 4.69 11.57 0.00 247.71 224.78
Sub-total: Construction 114.84 11.57 0.00 358.26 325.10
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 31.52 0.00 0.00 31.64 28.71
Well Workover Operations - On-road Exhaust 0.02 0.00 0.00 0.02 0.02
Well Visits for Inspection & Repair - Operations 0.04 0.00 0.00 0.04 0.03
Wellhead and Compressor Station Fugitives 0.27 0.67 0.00 14.38 13.05
Compression 83.68 0.00 0.00 83.76 76.01
Station Visits - Operations 0.02 0.00 0.00 0.02 0.02
Dehydrators 18.25 27.41 0.00 594.06 539.08
Sub-total: Operations 133.80 28.09 0.00 723.92 656.92
Road Maintenance 0.77 0.00 0.00 0.77 0.70
Sub-total: Maintenance 0.770 0.000 0.00 0.77 0.70
Road Reclamation 0.72 0.00 0.00 0.73 0.66
Well Reclamation 21.19 0.00 0.00 21.37 19.39
Sub-total: Reclamation 21.9163 0.0004 0.0006 22.0996 20.0541
Total Emissions 271.32 39.66 0.00 1,105.06 1,002.78

Montana, North Dakota, and South Dakota BLM
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TPY

1024.00000
512.00000
256.00000
128.00000

64.00000
32.00000
16.00000
8.00000
4.00000
2.00000
1.00000
0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
0.00098
0.00049
0.00024
0.00012
0.00006
0.00003
0.00002
0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

Dillon FO RMP Federal NG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Completion
Venting

Well Workover
Operations -
On-site
Exhaust

Well Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Wellhead and
Compressor
Station
Fugitives

Compression

Station Visits -
Operations

Dehydrators

Road
Maintenance

Road
Reclamation

Well
Reclamation

mCO2

110.02

0.13

4.69

31.52

0.02

0.04

0.27

83.68

0.02

18.25

0.77

0.72

21.19

mCH4

0.00

0.00

11.57

0.00

0.00

0.00

0.67

0.00

0.00

27.41

0.00

0.00

0.00

mN20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

m CO2eq

110.41

0.13

247.71

31.64

0.02

0.04

14.38

83.76

0.02

594.06

0.77

0.73

21.37

m CO2eq
metric tons

100.19

0.12

224.78

28.71

0.02

0.03

13.05

76.01

0.02

539.08

0.70

0.66

19.39
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Non-Federal NG Wells Summaries

Total Annual Emissions from Non-Federal NG Wells

- RMP Year 20

Climate Change Supplementary Information Report

Annual Emissions (Tons)

co, CH, N,O COy, C02sq
- metric tons
Activity
Well Pad Construction - Fugitive Dust
Heavy Equipment Combustive Emissions 110.02 0.00 0.00 110.41 100.19
Commuting Vehicles - Construction 0.13 0.00 0.00 0.13 0.12
Wind Erosion
Completion Venting 4.69 11.57 0.00 247.71 224.78
Sub-total: Construction 114.84 11.57 0.00 358.26 325.10
Well Workover Operations - Fugitive Dust
Well Workover Operations - On-site Exhaust 31.52 0.00 0.00 31.64 28.71
Well Workover Operations - On-road Exhaust 0.02 0.00 0.00 0.02 0.02
Well Visits for Inspection & Repair - Operations 0.04 0.00 0.00 0.04 0.03
Wellhead and Compressor Station Fugitives 0.27 0.67 0.00 14.38 13.05
Compression 83.68 0.00 0.00 83.76 76.01
Station Visits - Operations 0.02 0.00 0.00 0.02 0.02
Dehydrators 18.25 27.41 0.00 594.06 539.08
Sub-total: Operations 133.80 28.09 0.00 723.92 656.92
Road Maintenance 0.77 0.00 0.00 0.77 0.70
Sub-total: Maintenance 0.770 0.000 0.00 0.77 0.70
Road Reclamation 0.72 0.00 0.00 0.73 0.66
Well Reclamation 21.19 0.00 0.00 21.37 19.39
Sub-total: Reclamation 21.9163 0.0004 0.0006 22.0996 20.0541
Total Emissions 271.32 39.66 0.00 1,105.06 1,002.78
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TPY

1024.00000
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0.50000
0.25000
0.12500
0.06250
0.03125
0.01563
0.00781
0.00391
0.00195
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0.00049
0.00024
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0.00006
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Dillon FO RMP Non-Federal NG Wells Emissions (TPY)

Heavy
Equipment
Combustive
Emissions

Commuting
Vehicles -
Construction

Completion
Venting

Well Workover
Operations -
On-site
Exhaust

Well Workover
Operations -
On-road
Exhaust

Well Visits for
Inspection &
Repair -
Operations

Wellhead and
Compressor
Station
Fugitives

Compression

Station Visits -
Operations

Dehydrators

Road
Maintenance

Road
Reclamation

Well
Reclamation

mCO2

110.02

0.13

4.69

31.52

0.02

0.04

0.27

83.68

0.02

18.25

0.77

0.72

21.19

m CH4

0.00

0.00

11.57

0.00

0.00

0.00

0.67

0.00

0.00

27.41

0.00

0.00

0.00

" N20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

m CO2eq

110.41

0.13

24771

31.64

0.02

0.04

14.38

83.76

0.02

594.06

0.77

0.73

21.37

m CO2eq
metric tons

100.19

0.12

224.78

28.71

0.02

0.03

13.05

76.01

0.02

539.08

0.70

0.66

19.39
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Dillon Planning Area
Natural Gas Emissions

Exhaust Emissions from W ell Pad Construction Heavy Equipment and Drilling Equipment

Emission Factors for Construction Equipment

Equipment

Emission Factors (g/hp-hr)

Equipment Category

CO; CH, N.O°
Dozer - 175 Hp 535.760 0.005 0.006 Track-Type Tractor
Blade - 150 Hp 594.650 0.008 0.006 Motor Grader

Source: EPANONROADS 2008a

NOTE: Use emission factors for 2008 for all project years = conservative estimate of fleet turnover
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the Oil and Gas

Industry," Table 4-17 (2009).

Emission Estimations for Construction Equipment (using 2008 emission factors)

Climate Change Supplementary Information Report

. # of # of # of Max. Annual Emissions
A i A Capacity i Avg. Load A i i -
Construction Site| Equipment Type (hp) # of Units Factor (%) Operating | Operating Operating |#of Wells (tons/equipment type/well)
° Hours/Day | Days/Well | Hours/Well CO; CH, N.O
Improved & Blade 150 1 75 10 2 20 1 147E+00 | 187E-05 1.43E-05
Two-Track Road
Well Pad Blade 175 1 75 10 3 30 1 2.58E+00 3.28E-05 2.50E-05
Dozer 175 1 80 10 3 30 1 2.75E+00 3.50E-05 2.67E-05
Subtotal| 6.81E+00 8.64E-05 6.61E-05

Exhaust Emission Factors for Diesel Powered Bore/Drill Rig Engines

Project Year/Hp Emission Factors (g/hp-hr)
Category co, | cH. [ N0°
Year 2018

50t0 75 589.096 0.006 0.006
75 to 100 589.103 0.006 0.006
100 to 175 530.097 0.005 0.006
175 to 300 530.181 0.004 0.006
300 to 600 530.255 0.004 0.006
600 to 750 530.283 0.004 0.006
>750 529.917 0.006 0.006

Source: EPANONROADS 2008a - Year 2018 accounts for mixture of Tier 1-3 engines
#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission
Methodologies for the Oil and Gas Industry," Table 4-17 (2009).
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Dillon Planning Area
Natural Gas Emissions

Combustive Emissions Estimation for Industrial Engines

Climate Change Supplementary Information Report

Max. Annual Emissions
i #of #of #of -
Construction Site| Equipment Type Capacity # of Units Avg. Looad Operating | Operating Operating |#of Wells (tonslequipment type/well
(hp) Factor (%) Hours/Day | Days/Well | Hours/Well co, CH, N,O
Rig-up, Drilling, Mai-n‘ Deck 1,000 3 70 24 16 384 1 4.71E+02 5.02E-03 5.13E-03
and Rig-down Auxiliary Pump 600 1 80 8 15 120 1 3.37E+01 2.51E-04 3.66E-04
Generators 150 2 75 24 8 192 1 2.52E+01 2.26E-04 2.75E-04
Main Deck 600 1 50 11 5 55 1 9.64E+00 7.19E-05 1.05E-04
Auxiliary Pump 225 1 80 8 2 16 1 1.68E+00 1.37E-05 1.83E-05
Power Swivel 150 1 75 8 2 16 1 1.05E+00 9.42E-06 1.14E-05
Well Completion & . # of # of # of
Testing Equipment Type Capacity # of Units Avg. L(:adb Operating | Operating Operating |#of Wells
(hp) Factor (%)"| yours/ Day | Days/Well | Hours/Well
Field Generators for | - g 1 75 12 3 36 1 9.64E-01 1.05E-05 9.44E-06
Pumps & Lighting
Subtotal| 5.43E+02 5.60E-03 5.91E-03
Total 5.50E+02 5.69E-03 5.98E-03
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Natural Gas Emissions

Exhaust Emissions from Construction and Drilling Support Vehicles

Emission Factors for Commuting Vehicles

Vehicle Emission Factors (g/mi)
Type Class Co, CH, N.0*

Light-Duty Diesel

LDDT 4095 0.002 0016
Truck
Heavy-Duty Diesel

HDDV 7918 0.04 0.006
Truck

Source:MOBILE6.2.03

® Compendium of Greenhouse Gas Emission Methodologies for the Oiland Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst,LDDT moderate

control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Combustive Emissions Estimation Road Traffic

Climate Change Supplementary Information Report

Vehicle RoundTrip | #of Round Emissions
Construction Site . . Miles Traveled]| Total# of
Distance TripsWelll
Destination : WellYear Wells (tons/well)
Type Class (miles) Year
co, CH, N0
Improved & SemiTrucks HDDV 2 a7 94 1 8.20E-02 3.83E-06 5.98E-07
Two-Track Road Pickup Trucks LDDT 2 3 6 1 271E-03 132E-08 1.03E-07
SemiTrucks HDDV 2 5 10 1 8.73E-03 4.08E-07 6.36E-08
Well Pad
Pickup Trucks LDDT 2 4 8 1 361E-03 1.76E-08 137E-07
SemiTrucks HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Other Construction
. Haul Trucks HDDV 2 2 4 1 349E-03 1.63E-07 254E-08
Activities
Pickup Trucks LDDT 2 1 2 1 9.03E-04 441E-09 342E-08
Subtotal 1.05E-01 4.60E-06 9.86E-07
Combustive Emissions Estimation Road Traffic
. 5 Vehicle Round Trip # of Round N Emissions
Construction Site Miles Traveled]| Total# of
L Distance TripsWell
Destination WelllYear Wells (tons/well)
Type Class (miles) Year
CcO, CH, N0
SemiRig Transport, Drill
HDDV 2 44 88 1
Rig 7.68E-02 3.59E-06 5.60E-07
FuelHaul Truck HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
Mud Haul Truck, Water
HDDV 2 4 8 1
Hauling 6.98E-03 3.26E-07 5.09E-08
5 - Rig Crew LDDT 2 51 102 1 4.60E-02 2.25E-07 1.74E-06
Rig-up, Driling, and
. Rig Mechanics HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Rig-down
Co.Supervisor LDDT 2 20 40 1 181E-02 8.82E-08 6.83E-07
Tool Pusher LDDT 2 8 16 1 7.22E-03 3.53E-08 2.73E-07
Mud Logger LDDT 2 6 12 1 542E-03 2.65E-08 2.05E-07
Mud Engineer LDDT 2 15 30 1 1.35E-02 6.61E-08 5.13E-07
Logger, Engr Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Drill BitDelivery LDDT 2 2 4 1 1.81E-03 8.82E-09 6.83E-08
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Natural Gas Emissions

Combustive Emissions Estimation Road Traffic (cont.)

Climate Change Supplementary Information Report

Vehicle Emissions
. 5 Round Trip # of Round N
Construction Site Miles Traveled]| Total# of
L Distance TripsWell
Destination WelllYear Wells (tons/well)
(miles) Year
Type Class
co, CH, N,O
SemiCasing Haulers HDDV 2 6 12 1
1.05E-02 4.89E-07 7.63E-08
Semi Completion, Unit
HDDV 2 1 2 1
Rig 1.75E-03 8.16E-08 1.27E-08
SemiFracing, Blender HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Semi Pumping/Tank
HDDV 2 6 12 1
Battery 1.05E-02 4.89E-07 7.63E-08
Tubing Truck HDDV 2 2 4 1 3.49E-03 1.63E-07 254E-08
Haul Cementer, Pump
HDDV 2 2 4 1
Truck 3.49E-03 1.63E-07 254E-08
Haul Cementer,Cemen HDDV 2 3 6 1 524E-03 245E-07 3.82E-08
Haul Completion, Equip HDDV 2 3 6 1 5.24E-03 2A45E-07 3.82E-08
Haul Service Tools LDDT 2 2 4 1 181E-03 8.82E-09 6.83E-08
HaulPerforators
HDDV 2 1 2 1
Logging Truck 1.75E-03 8.16E-08 127E-08
Haul Anchor, Installaton| HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
Haul Anchor, Testing HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
HaulFracing, Tank HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
Haul Fracing, Pump HDDV 2 1 2 1
1.75E-03 8.16E-08 127E-08
WellCompletion & |HaulFracing, Chemical HDDV 2 1 2 1
N 1.75E-03 8.16E-08 127E-08
Testing
Haul Fracing, Sand HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08
Haul Fracing, Other HDDV 2 1 2 1 1.75E-03 8.16E-08 127E-08
HaulWelders HDDV 2 6 12 1 1.05E-02 4.89E-07 7.63E-08
HaulWater Truck HDDV 2 150 300 1 2.62E-01 122E-05 191E-06
Pickup Cementer,
LDDT 2 2 4 1
Engineer 181E-03 8.82E-09 6.83E-08
Pickup Casing Crew HDDV 2 2 4 1
349E-03 1.63E-07 254E-08
Pickup Completion
HDDV 2 5 10 1
Crew 8.73E-03 4.08E-07 6.36E-08
Pickup Completion, LDDT 2 5 10 1 451E-03 2.20E-08 1.71E-07
Pickup Perforators,
LDDT 2 2 4 1
Engineer 1.81E-03 8.82E-09 6.83E-08
Pickup Fracing,
HDDV 2 1 2 1
Engineer 1.75E-03 8.16E-08 1.27E-08
Pickup Co.Supervisor LDDT 2 10 20 1
9.03E-03 441E-08 342E-07
Pickup Miscellaneous
. LDDT 2 3 6 1
Supplies
271E-03 132E-08 1.03E-07
Pickup Roustabout
HDDV 2 4 8 1
Crew 6.98E-03 3.26E-07 5.09E-08
Subtotal 5.62E-01 2.15E-05 7.57E-06
Total 6.67E-01 2.61E-05 8.56E-06
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Natural Gas Emissions

Exhaust Emissions from Well Work Overs

Emission Factors Bore/Drill Rig Engines 300-600 Hp

Fuel Type

Emission Factors (gm/hp-hr)

Cco,

Nzoa

Diesel

529.575

0.007

0.006

Source: EPA NONROADS 2008a. Year 2008.
@Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/lb) from the "Compendium of GHG Emission Methodologies for the
Oil and Gas Industry," Table 4-17 (2009).

Emission Estimations for Engines

Climate Change Supplementary Information Report

Max. Annual Emissions
L . Capacity # Of. # Of. # Of. Total # of (tons/year/well)
Activity Equipment Type (hp) Operating | Operating Operating Wells Drilled
P Hours/Day | Days/Well | Hours/Well co, CH, N,O
Well Workover Truck-Mounted Unit 600 10 3 30 1 1.05E+01 1.46E-04 1.14E-04
Exhaust emission factors for commuting vehicles

Vehicle Emission Factors (g/mi)
Type Class co, CH, N,O?
Light-Duty Diesel LDDT 409.5 0.002 0.016
Truck
Heavy-Duty Diesel HDDV 791.8 0.037 0.006

Truck

Source: MOBILE 6.2.03
Emission factors for 2008 used for all project years = conservative estimate of vehicle fleet turnover

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate

control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic

Activity - Round Trip | # of Round | Miles Max. Annual Emissions
Vehicle . . Total # of
Distance | Trips/Well/ | Traveled/ . (tonslyear/well)
il Y. Well/Y Wells Drilled
Type Class (miles) ear elliYear (of0 ) CH, N,O

Well Workover WO Rig HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Haul Truck HDDV 2 1 2 1 1.75E-03 8.16E-08 1.27E-08

Pickup Truck LDDT 2 3 6 1 2.71E-03 1.32E-08 1.03E-07
Performed once in the first year of well operation Total 6.20E-03 1.76E-07 1.28E-07

Number of wells is based on peak year applied to all project years (provides for a conservative estimate).
Round trip distance = 2 based on data found in the SEIS

Montana, North Dakota, and South Dakota BLM
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Natural Gas Emissions

Exhaust Emissions from Site Visits and Inspections

Emission factors for Commuting Vehicles Exhaust

Emission Factors (g/mi)

Vehicle Class co, CH, N,0*
Light-Duty Gasoline 476.9 0.068 0.015
Truck

Source: MOBILE 6.2.03

Emission factors for 2008 used for all years = conservative estimate for fleet vehicle turnover

Climate Change Supplementary Information Report

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

: : Emissions
N Vehicle Ro_und Trip | # c_’f Round Miles Federal Wells
Activity Distance Trips/Well/ | Traveled/ . (tonslyr/well)
(miles) Year Well/Year Producing
Type Class co, CH, N,O
Inspection Visits for| ;1o Truck | LDGT2 2 12 24 1 1.26E-02 1.80E-06 4.07E-07

Wells

Montana, North Dakota, and South Dakota BLM
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Natural Gas Emissions Climate Change Supplementary Information Report

Exhaust Emissions from Heav y Equipment and Support Vehicles for Road Maintenance

Given Data
. R Equipment/Vehicle Road Length # of Operating
Maintenance Worked on/Day Hours/Day
Type Fuel Capacity (hp) (miles)
i b Diesel-30 135 6 10
Summer Heavy Equipment gpd
Commuting Vehicle Gas-5 gpd 225 6 1¢
i b Diesel-30 135 5 10
Winter Heavy Equipment gpd
Commuting Vehicle Gas-5 gpd 225 6 1.5°
# Road maintenance would be made twice in summer and once in winter every year
° Assume a motor grader 135 Hp.
¢ Assume three round trips per two days.
Estimation of Total and Cumulative Length of Roads for the Project - RMP Year 20
Length of Improved Roads per Well (miles) 2 1.00
Number of Wells 1
Cumulative Length of Roads o (miles/operation) 1
& Source: SEIS
® miles of road buitt per well * No. of operating wells/year
Estimation of Total Operation Days and Hours - RMP Year 20
i Cumulative Length|Road Length | # of Operating Total # of Total # of
# of Operations
Season of Roads Worked On Hours Operating Operating
per Season i K .
(miles/operation) (mi/day) per Day Days Hours
Summer 2 1 6 10 0.3 3
Winter 1 1 5 10 0.2 2
Total 1
Emission Factors for Construction Equipment Exhaust
) Emission Factors
Equipment
CO, CH, N,0°
Grader 100-175 Hp| 535.770 0.005 0.006

Source: EPA NONROADS 2008a

Use emission factors for 2008 for all project years - conservative estimate of vehicle turnover

#Based on N20 emissions of 0.082 g/L of diesel fuel (diesel density of 850 g/L and heating value of 19,300 Btu/Ib) from the "Compendium of GHG Emission Methodologies for the Oil
and Gas Industry," Table 4-17 (2009).

Emission Estimations for Grader: RMP Year 20

Total # of Emissions
Activity Vehicle Type Capacity (hp) Operating (tons/well)
Hours® CO, CH, N0
Road Maintenance Grader 135 3 2.55E-01 2.52E-06 2.75E-06

@ Assume grader operates at 60% of the time (minus hours for clothing change, breaks, etc.)
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Natural Gas Emissions Climate Change Supplementary Information Report

Emission Factors for Commuting Vehicles Exhaust

Emission Factors

Vehicle Class
CO, CH, N,0°
Light-Duty Diesel
409.5 0.002 0.016
Truck

Source: MOBILE 6.2.03

#Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Emission Estimations for Road Traffic - RMP Year 20

Vehicle Round Trip Total # of Total Miles Emissions (tons/yr)
Activity Distance i Traveled
i Operating Days
Type Class (miles/day) (VMT/yr) CO, CH, N,O
Road Maintenance Pickup Truck LDGT2 6 0.5 3 1.44E-03 7.05E-09 5.47E-08
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Natural Gas Emissions Climate Change Supplementary Information Report

Emissions for Road and Well Pad Reclamation

Equipment/Vehicle Total Miles # of
Type Capacity Worked Operating
Type Fuel
yp u (hp) on/Day Hours/Day
Heavy Equipment Diesel 80 6 10
Roads
Commuting Vehicle Gasoline 225 6 15
Heavy Equipment Diesel 100 N/A 10
Wwells®
Commuting Vehicle Gasoline 225 6 2

2 Assume 0.5 day with a blade and tractor each for reseeding per well at time of abandonment.
Source: values from SEIS

Estimation of Total Miles of Roads

Length of Roads Built per Well 0.250
Number of Roads Reclaimed Annually Per Well 17.667
Annual Miles of Roads reclaimed Per Well 4.417
Number of wells reclaimed (per well) 17.667

Reclaimation rates derived from RMP (total Federal and non-Federal)

Estimation of Total Operation Days and Hours
Annual Miles of | Daily Miles of Road |  Total # of OA“"‘:_a'
Roads Reclaimed Work Operating Days perating
Hours
4.42 6 0.7 7
Total 7
Assume average miles/day = 6
Emission Factors for 75-100 hp Off-Road Engines
Emission Factors (g/hp-hr)
Y
ear co, CH, N,O°
2008 600.507 0.010 0.016
2018 613.888 0.006 0.016
2027 608.641 0.003 0.016

& Emissions of PM, g were assumed to be the same as those for PMyq,.

& Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Grader Road Reclaim

Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tons/year/well)
Hours® co, CH, N,O
Road Reclamation Grader 80 4.4 2.39E-01 2.15E-06 6.04E-06
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Dillon Planning Ar

ea

Natural Gas Emissions

Exhaust Emission Factors for Commuting Reclaim Vehicles Road Traffic

Vehicle Class

Emission Factors (g/mi)

co,

CH,

NQOa

Light-Duty Diesel
Truck

409.5

0.002

0.016

Source: MOBILE6.2.03

Climate Change Supplementary Information Report

@ Compendium of Greenhouse Gas Emission Methodologies for the Oil and Gas Industry, Table 4-17 for N20 (HDDV moderate control, LDGT oxidation catalyst, LDDT moderate
control) , Mobile Source Combustion Factors, American Petroleum Institute (2009).

Exhaust Emissions Estimation for Commuting Reclaim Vehicles: Road Traffic

Vehicle Round Trip | Total # of . Emissions
. . . Total Miles
Activity Distance Operating Traveled tonslyear/well)
Type Class (miles/day) Days co, CH, N,O
Road Reclamation Pickup Truck LDDV 6 0.74 4 1.99E-03 9.74E-09 7.55E-08
Estimation of Annual Days and Hours for Well Reclamation
Annual
Equipment # o_f Wells # of Hours/Day Annual # of Hours of
Reclaimed/Year Days R
Operation
Grader 17.67 10 17.67 176.67
Assume grader works 0.5 day as a blade and tractor each per well.
Exhaust Emissions Estimation for Grader: Well Reclamation
Total # of Emissions
Activity Vehicle Type Capacity (hp) | Operating (tons/year/well)
Hours ? (o{e CH, N,O
Well Reclamation |Grader 100 106 7.02E+00 1.17E-04 1.81E-04
Exhaust Emissions Estimation for Commuting Vehicles: Well Reclamation
Vehicle Round Trip | Total # of . Emissions
- . . Total Miles (tons/year/well)
Activity Tvbe Class Distance Operating Traveled
yp (miles/day) Days CO, CH, N,O

Well Reclamation Pickup Truck LDDV 6 18 106 4.78E-02 2.34E-07 1.81E-06

Montana, North Dakota, and South Dakota BLM
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Dillon Planning Area
Natural Gas Emissions

Emission Factors for Dehydrator Heaters

Climate Change Supplementary Information Report

Unit (ofo CH, N,O
Ib/MMSCF 120000.0 2.3 2.2
Ib/MMBTU 117.647 0.002 0.002
Source: EPA, AP-42 Section 1.4 Natural Gas Combustion
Emission Estimate for Dehydrator Heaters
Operating Hours |  Dehydrator Fuel Usage Number of Emissions (tons/year/well)
Year® Heater Size MMCE/Year Dehydrator
per Tear MMBtu/Hour Stations / Well co, CH, N,O
2,190 1 2.20 0.046 6.08E+00 1.17E-04 1.12E-04
Values from Montana BLM (Laakso, 2010)
Annual Dehydrator Venting and Tank Flashing Emissions
Annual Well Gas CH, .. vVOoC vVOoC
h L. CH, Emissions .. L
Production Emission Factor TPY/well Emission Factor Emissions
MMscf (ton per MMscf) ( well) (ton per MMscf) (TPY/well)
588.38 1.55E-02 9.14E+00 2.13E-05 1.25E-02

Gas analysis and dehydration process information provided by Montana BLM (Laakso, 2010)
Emission factor include emissions from dehy/regenerator still vents (no control) and flash tank emissions (no control).
Assumed 100% of gas production flows through dehydrators at sales compressor station (Laakso, 2010)

The following South Baker Compressor Station assumptions were used with Oil well specific gas composition analysis to derive dehydrator emissions:

per dehydrator:

wet gas temperature:
wet gas pressure:

gas is saturated

dry gas flow rate:

dry gas water content:
lean glycol water content:
lean glycol circulation rate:
flash tank temperature:
flash tank pressure:
stripping gas source:
stripping gas flow rate:

108 degrees F
450 psi
35 MMCFD
3.2 Ibs/MMscf
0.2 wt%
5 gpm
108 degrees F
60 psi
dry gas
17 scfm

Montana, North Dakota, and South Dakota BLM

Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
Laakso, 2010 - South Baker Compressor Station
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Dillon Planning Area
Natural Gas Emissions

Wellhead Fugitives
Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Qil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wt% = 13.56
CO2 Wt% = 22.83
CH4 Wt% = 56.36
N20 Wt% = 0.00

Emissions from Equipment Leaks at Wellhead per Well

. . . . TOC voC CO, CH,
Ave. #in Emission Ave. #in Emission Ave. # m Emission emissions | emissions per | emissions | emissions
Gas Service fﬁ)(;‘;]or Liquid service fﬁ)(;‘;]or Véater'/on fﬁ)(;‘;]or per well well per well per well
component (I/hr) (Ib/hr) ervice (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)
valves 7 0.0099 1 0.0055 0 0.0002 7.50E-02 1.02E-02 1.71E-02 | 4.22E-02
pump seals 0 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 [ 0.00E+00
others 0 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 [ 0.00E+00
connectors 24 0.0004 0 0.0005 0 0.0002 1.06E-02 1.43E-03 2.42E-03 | 5.96E-03
flanges 2 0.0009 0 0.0002 0 0.0000 1.72E-03 2.33E-04 3.93E-04 | 9.69E-04
open-ended lines 0 0.0044 0 0.0031 0 0.0006 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00
TOTAL emissions/well/hr = 8.73E-02 1.18E-02 1.99E-02 | 4.92E-02
Number of components provided by Montana BLM FO personnel (Laakso, 2010)
Annual Emissions from Equipment Leaks Per Well
Number of Operating VOC VOC CO, CO, CH, CH,
Year Producing Hours emissions | emissions | emissions emissions emissions emissions
Wells (Iblyr) (ton/yr) (Iblyr) (tonlyr) (Iblyr) (ton/yr)
Year 20 1 8760 1.04E+02 5.18E-02 1.75E+02 8.73E-02 4.31E+02 2.15E-01
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Speciated Analysis - NG & Venting Emissions from Well Completion Activities (applied to all wells

drilled)
Molecular Gas Weight Emissions
Gas Component Mole Fraction Weight Weight  Percent Weight  Mass Flow

(%) (Ib/Ib-mol) (Ib/Ib-mol) (Wt%) (Ib/MMscf)) (ton/well)
Methane 77.690 16.040 12.461 56.359 23930.150 57.863
Ethane 5.265 30.070 1.583 7.160 3040.239 7.351
Nitrogen 0.000 28.020 0.000 0.000 0.000 0.000
Water 18.015 0.000 0.000 0.000 0.000
Carbon Dioxide 11.475 43.990 5.048 22.830 9693.544 23.439
Nitrous Oxide 44.020 0.000 0.000 0.000 0.000
Hydrogen Sulfide 0.060 34.067 0.020 0.092 39.252 0.095
Non-reactive, non-HAP 94.490 --- 19.113 86.442 88.748
Propane 2.515 44.100 1.109 5.016 2129.867 5.150
Iso-butane 0.810 58.120 0.471 2.129 904.038 2.186
n-butane 1.190 58.120 0.692 3.128 1328.154 3.211
i-pentane 0.600 72.150 0.433 1.958 831.311 2.010
n-pentane 0.335 72.150 0.242 1.093 464.149 1.122
Hexanes 0.060 86.180 0.052 0.234 99.296 0.240
Heptanes 100.200 0.000 0.000 0.000 0.000
Octanes 114.230 0.000 0.000 0.000 0.000
Nonanes 128.26 0.000 0.000 0.000 0.000
Decanes+ 142.29 0.000 0.000 0.000 0.000
Reactive VOC 5.510 --- 2.998 13.558 13.920
Benzene 78.110 0.000 0.000 0.000 0.000
Ethylbenzene 106.167 0.000 0.000 0.000 0.000
n-Hexane ° 0.060 86.180 0.052 0.234 99.296 0.240
Toluene 92.140 0.000 0.000 0.000 0.000
Xylenes 106.160 0.000 0.000 0.000 0.000
HAPs 0.060 --- 0.052 0.234 0.240
Totals 100.000 - 22.111 100.000 102.668
Volume Flow: 1612 MSCF/day/well
Completion activity duration: 3 days
Total Volume Flow per Well 4.836 MMSCF/well

Assume: Gas density is 0.04246 Ib/scf (19.26 g/scf).

BTU value = 994 BTU/scf
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Emission Factors for Natural Gas-Fired Compressors

Horse-Power

Emission Factors

c .
ompressor Rating Units co,? CH/ N,0°
Field Compression _ gm/bhp-hr 134.936 2.55E-03 2.55E-04
. Rich Burn 300
Station Ib/MMBTU 116.887 2.20E-03 2.20E-04
Sales gm/bhp-hr 134.936 2.55E-03 2.55E-04
Compression Rich Burn 1,680
Station Ib/MMBTU 116.887 2.20E-03 2.20E-04

Note: Compressors assumed to be equipped with nonselective catalytic reduction (NSCR) catalyst.
# EPA Mandatory GHG Reporting, Part 98, Subpart C, Tables C-1 and C-2.

Emission Estimations for Compressors

Climate Change Supplementary Information Report

Emissions (tons/year/well)
Type of Annual # of Operating
Compressors | Compression Rate Wells in Total Compression| Hours/Year co, CH, N,O
(Hp/well) Production (Hp)

Field Compression 11 1 11 8,760 144E401 | 2.72E-04 2.72E-05
Station
Sales
Compression 10 1 10 8,760 1.35E+01 2.54E-04 2.54E-05
Station

Total 2.79E+01 5.26E-04 5.26E-05

Compression rate of 36 - 300 hp field compressors, and 6 - 1680 hp sales compressors per 867
CBNG wells based on BLM survey (Laakso, 2010). Values were scaled based on per well NG

production.
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Compressor Station Fugitives

Fugitive Emissions from Equipment Leaks

Climate Change Supplementary Information Report

TOC Emission Factor

Well Equipment Gas Light Oil >20° API Heavy Oil <20° API Water/Oil
Component (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr) (kg/hr) (Ib/hr)
valves 4.50E-03 9.92E-03 2.50E-03 5.51E-03 8.40E-06 1.85E-05 9.80E-05 2.16E-04
pump seals 2.40E-03 5.29E-03 1.30E-02 2.87E-02 3.20E-05 7.05E-05 2.40E-05 5.29E-05
others 8.80E-03 1.94E-02 7.50E-03 1.65E-02 3.20E-05 7.05E-05 1.40E-02 3.09E-02
connectors 2.00E-04 4.41E-04 2.10E-04 4.63E-04 7.50E-06 1.65E-05 1.10E-04 2.43E-04
flanges 3.90E-04 8.60E-04 1.10E-04 2.43E-04 3.90E-07 8.60E-07 2.90E-06 6.39E-06
open-ended lines 2.00E-03 4.41E-03 1.40E-03 3.09E-03 1.40E-04 3.09E-04 2.50E-04 5.51E-04

Source: EPA-453/R-95-017 Protocol for Equipment Leak Emission Estimates, November 1995
Table 2-4 , Oil and Gas Production Operations Average Estimation Factors

"Other" category includes compressor seals, pressure relief valves, diaphragms, drains, dump arms, hatches, instruments, meters, polished rods and vents

From Montana BLM provided NG analysis

VOC Wt% = 13.56
CO2 Wt% = 22.83
CH4 Wit% = 56.36
N20 Wt% = 0.00

Emissions from Equipment Leaks at Compressor Station per Well

. Emission . . Ave. #in Emission TOC emissions | VOC emissions | CO, emissions per [ CH, emissions per
Ave. #in Ave. #in Emission factor )
Gas Service factor Liquid service (Ib/hr) Water/Oil factor per well per well well well
(Ib/hr) d Service (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr) (Ib/hr)

component

valves 0.258 0.0099 0 0.0055 0 0.0002 2.56E-03 3.48E-04 5.85E-04 1.44E-03

pump seals 0.000 0.0053 0 0.0287 0 0.0001 0.00E+00 0.00E+00 0.00E+00 0.00E+00

others 0.000 0.0194 0 0.0165 0 0.0309 0.00E+00 0.00E+00 0.00E+00 0.00E+00

connectors 0.369 0.0004 0 0.0005 0 0.0002 1.63E-04 2.21E-05 3.72E-05 9.17E-05

flanges 0.886 0.0009 0 0.0002 0 0.0000 7.62E-04 1.03E-04 1.74E-04 4.29E-04

open-ended lines 0.000 0.0044 0 0.0031 0 0.0006 0.00E