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Abstract

This report describes the approach, findings, analysis, and conclusions of a study funded by the Bureau of
Ocean Energy Management (BOEM) and conducted by the Xator-Lakes team (the Team) to perform
quality assurance (QA) and quality control (QC) and finalize 2021 emissions inventory data. This data
was required to be submitted by oil and gas operators operating in Federal waters in the Gulf of Mexico
(GOM) west of 87° 30" West longitude. The reporting requirement also applied to operators on the North
Slope Borough of Alaska; however, there was no Outer Continental Shelf (OCS) oil or gas activity in this
region. Therefore, this report only details the GOM emissions inventory finalization.

The operators reported their required activity data using the new web-based Outer Continental Shelf Air
Quality System (OCS AQS), which recently replaced the legacy Gulfwide Offshore Activity Data System
(GOADS). The Team supported four related objectives under the study: (1) conducting forensic-level
QA/QC of the submitted 2021 platform emissions data; (2) reviewing and analyzing the emission factors
and calculations used; (3) completing QA/QC of drilling rigs (non-platform) activity data; and (4)
finalizing 2021 emissions data in OCS AQS. This report presents the 2021 final emissions data.

OCS AQS automatically performs baseline checks at the time of operator input and submission to ensure
that all required data are entered by the operators and the input values are within pre-defined ranges
approved by BOEM. However, an extensive and in-depth QA/QC effort was necessary afterwards to
identify potential outliers, discrepancies, and errors that might require correction. Various statistical and
visual inspection methods were used for this purpose, including the use of built-in analytics and reporting
tools within OCS AQS. The Team also investigated the completeness of the inventory by comparing the
list of facilities in OCS AQS against the Technical Information Management System (TIMS) database
(maintained and operated by the Bureau of Safety and Environmental Enforcement) and by following up
on facilities that did not report emissions. Follow-up was done with the operators to verify all potential
issues and ensure that all requested corrections were completed in a timely manner.

Afterwards, the study conducted an in-depth comparison against the 2017 inventory data (Wilson et al.
2019) to understand the changes in emission totals and reasons for these changes, by pollutants and
equipment types. The analysis also reviewed emission factors and calculation methods against those used
in 2017, as well as against the latest data in AP-42: Compilation of Air Emissions Factors, published by
the U.S. Environmental Protection Agency (USEPA 1995). The changes in emission factors generally are
believed to have had a negligible impact overall on the total 2021 emissions. Finally, this was the first
inventory year in which the operators were asked to report their lease operations data (non-platform
facility sources); therefore, no comparisons were possible to the 2017 data, but a similar process of
contacting and following up with the operators for outliers was followed to ensure data quality.

In total, the study identified 227 facilities owned by 46 companies needing corrective action to address
their platforms’ activity data issues. The Team incorporated the operators’ revisions into the main 2021
database in OCS AQS. This revised database represents the 2021 final inventory. Table 1 provides a
summary of the 2021 final total annual greenhouse gas (GHG) emissions in tons per year by equipment
type, with the highest source contribution emissions number bolded per GHG.

Table 2 provides a summary of the 2021 final total annual criteria pollutants and precursors in tons per
year by equipment type, with the highest source contribution emissions number bolded per pollutant.
Additional details regarding the 2021 final GHGs and criteria emissions are presented in Section 8. In
addition, platform gridded emission maps are displayed in Appendix B.



Table 1: 2021 final platform total annual GHG emissions (tons/year) by equipment type

Equipment Type CO2 (GWP =1) CH4 (GWP = 25) | N20 (GWP = 298) CO2-E
Amine Unit 0 0 - 0
Boiler/Heater/Burner 153,160 2.92 2.76 154,056
Cold Vent 1,038 *40,077 0 1,002,969
Combustion Flare 462,900 2,297 7.89 522,674
Drilling Equipment 22,661 1.11 - 22,688
Eﬂg:gz ~ Diesel or Gasoline 225831 5.26 . 225,962
Engine — Natural Gas 935,394 4,436 - 1,046,301
Fugitives - 28,273 - 706,820
Glycol Dehydrator - 325 - 8,130
Losses from Flashing 28.6 1,231 - 30,807
Mud Degassing 1.22 131 - 3,283
Pneumatic Controller 139 6,346 - 158,800
Pneumatic Pump 265 12,139 - 303,730
Storage Tank - 250 - 6,238
furbine - Natural Gas, Diesel, or | +4 133,918 319 *111 *4,175,051
Total 5,935,335.82 95,833.29 121.65 8,367,509

Notes: * = highest emissions per pollutant; GHG = greenhouse gas; GWP = global warming potential; CO2 = carbon
dioxide; CH4 = methane; N20O = nitrous oxide; CO2-E = carbon dioxide equivalent

Table 2: 2021 final platform total annual criteria pollutants and precursor emissions (tons/year) by

equipment type

Equipment Type NH3 CcO Pb NOx PM1wo | PM2s SO2 voC
Amine Unit - - - - - - - -
Boiler/Heater/Burner *4.09 107 | 6.92E-04 240 2.46 2.42 0.771 6.98
Cold Vent - - - - - - - *12,570
Combustion Flare 0.348 1,194 | 5.43E-05 271 6.2 6.2 | 23.7 7,518
Drilling Equipment - 117 - 439 7.87 7.69 0.208 11.2
gg%'o”l?n; Efgﬁﬁ'eor - 1,239 - 5259 | *260 |*253  |*241 311
Engine — Natural Gas - *22,862 - *16,323 74.4 74.4 5 463
Fugitives - - - - - - - 7,162
Loading Operation - - - - - - - 0
Losses from Flashing - - - - - - - 55.4
Pneumatic Controller - - - - - - - 892
Pneumatic Pump - - - - - - - 1,592
Storage Tank - - - - - - - 252
g‘gg;‘f‘o‘r Natural Gas, ; 3032| *0.00481 | 12128| 72 | 72 | 20.1 78
Total 4.44 28,551 | 0.01 34,660 | 422.9 | 415.7 | 299.78 30,911.6

Notes: * = highest emissions per pollutant; NHs = ammonia; CO = carbon monoxide; Pb = lead; NOx = nitrogen oxide;
PM1o = particulate matter less than 10 microns; PM2.s = particulate matter less than 2.5 microns; SO2 = sulfur dioxide;

VOC = volatile organic compound




In addition, corrective action was taken on lease operations and non-platform facility sources such as
drilling rigs. A total of 10 companies were identified to review reported drilling rig activity data
(including move on and off dates, vessel power, and fuel sulfur content) and to complete lease operations
data by adding or subtracting drilling rigs to the 2021 OCS AQS inventory. The Team incorporated the
operators’ revisions into the main 2021 database in OCS AQS. Table 3 provides a summary of the 2021
final lease operations total annual GHGs emissions, with the highest source contribution number
identified for each GHG.

Table 4 provides a summary of the final lease operations 2021 total annual criteria pollutants and
precursors in tons per year, with the highest source contribution number bolded per pollutant. Additional
details regarding the 2021 final GHGs and criteria emissions are presented in Section 8. In addition,
gridded emission maps for lease operations are displayed in Appendix C. Lastly, oil and gas vessels in
transit (support vessels, survey vessels, and pipelaying vessels) are not included in this report unless they
were used in installation of a facility or pipeline, and then they would have been included under lease
operations during the installation and commissioning process.

Table 3: 2021 final lease operations total annual GHG emissions (tons/year) by source type

Source Type CO: CHg4 N20 CO2-E
Drilling rigs 1,296,440 12.34 57.12 1,313,607
Support vessels 99,439.76 4.791 0 99,546.4
Total 1,395,880 17.13 57.12 1,413,153

Notes: GHG = greenhouse gas; GWP = global warming potential; CO2 = carbon dioxide; CH4 = methane; N20 =
nitrous oxide; CO2-E = carbon dioxide equivalent

Table 4: 2021 final lease operations total annual criteria pollutants and precursor emissions
(tons/year) by source type

Source Type co NOXx PM1o PM:.s SO: vVOC NHs Pb
Drilling rigs 4,597.11 | 18,974.13 416.1 401.76 12 237.75 5.53 | 5.53E-02
Support vessels 512.57 1,932.78 35.47 29.84 7 49.25 0 0
Total 5,119.68 | 20,906.91 451.57 431.6 19 287 5.53 | 5.53E-02

Notes: NH3 = ammonia; CO = carbon monoxide; Pb = lead; NOx = nitrogen oxide; PM1o = particulate matter less than
10 microns; PM2.s = particulate matter less than 2.5 microns; SO2 = sulfur dioxide; VOC = volatile organic compound




Table of Contents

N ¢ 13 1 - L i
=S o T LV = vii
=3 o N IF- o == ix
UNitS OFf MEASUIE ...... . cccee e e e s eme e s s e s e s e s me e s ame e e e am e e e e same e e e mmn e e e mmn e e e smnnes xiv
List of Acronyms and AbDBreviations ...........c..ccoceiiiceciiircrcir e e XV
1 L oo L1 T o) 1
1.1 StUAY ODJECHIVES ...t e e eb e e e nb e e e e e 2

2  Overview of Data Collection Using OCS AQS.........ccciriiminiminmms s s sssssssssss s 3
2.1 R = L[ D | - SRR 3
2.2 Operator Input and SUDMISSION ......ouuiiiiiiiiii e 4
2.3 [0 = 2= T o] | 1Yo =Y o S 4
24 Process FIOWCNAM ... et e e et e e e e e e e e e e e e e e e e nenneeas 5

3  Calculation Methods and EFs (Platform Sources) .........cccccoiiiimminnimnisees e 6
3.1 T 10T LT3 o) o 1SR 6
3.2 Emissions Calculation MethOAS ...........uuiiiiiiiiieee e e e e ee e e e s 7
3.2.1 AMINE UNIES (AMI) ..ottt ettt st s st e e et e ene e e ne e e e e e nans 9
3.2.2  Glycol Dehydrators (GLY) ... oo ittt e et e e et e e e e e e e e e e neeeeeanneeeeaneneeaanneeeeanns 9
3.2.3 Boilers, Heaters, and Burners with Control Reductions (BOI)..........ccooiiiiiiiiiiiiiiiiieee e 9
3.2.4 Diesel and Gasoling ENGINES (DIE)......ccoiiiiiiiiiieeie ettt e e e e e e e e e e eneeeaean 12
3.2.5 Drilling Equipment with Control Reduction (DRI) .........ccoiiiiiiiiiiiieee e 14
3.2.6 Combustion Flares and Flare Pilots (FLA) ....... .o 17
3.2.7  FUGItivVe SOUICES (FUG)....cii ittt ettt e e e e e et e e e e e e e s sabeeeeaeeeeennnnnneeeeeas 19
3.2.8 Loading Operations (LOA-MOTR)........oiiiieiie e ee et e e et e e e e e e e e e neeeeeanneeeeeanneeeean 20
3.2.9 Losses from Flashing (LOS-MOTR) .....cooiiiiiiiiie et e e e e e e eeeas 22
3.2.10 Mud Degassing (IMUD) ... ....oiiiiiiiieiiee e e et e e et e e et e e e s e e e e e meeeeeanseeeeanneeeeanneeeeaannneaean 23
3.2.11 Natural Gas ENGINES (NGE) .........uuiiiiiiiiiiiiiiiee ettt e e e e e e e e e e e e e e e esnnnaareeeeeeennnnneneeeas 24
3.2.12 Dual-FUuel TUDINES (NGT) ....uiiiiiiiiiie ittt ettt et neeenee 26
3.2.13 Pneumatic PUMPS (PNE-MOTR).....coiiiiiiiiiiiiiee ettt e e e e e et ee e e e e e snnsaaeeeeeeeennnnnnnneeeas 29
3.2.14 Pneumatic Controllers (PRE- MOTR) .....coiiiiiiiiiiieiie ettt 30
K E IS o] - To [T =T (S 1 1 ) USSR 31
3.2.16  C0ld VENES (VEN) ...ttt sttt et ekt s et e st e et e e eabe e e be e e saneesnneeenneeenneeenns 37

4 QA/QC of 2021 Emissions Inventory (Platform Sources) ........ccccccenniimmnniinnnissseeen, 38
4.1 L0 1YY TSSO 38
4.2 Baseline QA/QC in OCS AQS..... .ottt e e e e et e e e e etre e e e e at e e e s enreeeeennees 38
4.3 Forensic-Level QA/QC of EMISSIONS Data........cc.eviiiiiiiieiieeeee e 40
4.4 Review of Inventory Completeness...........oii i 41
4.4.1 Comparison Between TIMS and OCS AQS PIatfOrms.........ccceeiiieiiiiiiii e 42
4.4.2 2021 Platforms by Submission Status..........ccooiiiiiiiii i 45
4.4.3 Summary of Possible Reasons for NON-reporters...........cccuuiiiieiiiiiiiiiiiiee e 46

4.5 Review of Facilities Operational Status .............coooiiiiiiiiiii e 47
4.6 Additional QAJQC CRECKS.......oiiiiiiii ettt e e e e e e ana e e e anneeees 49
4.6.1 Sales Gas COMPOSILIONS .......uuuiiiiieeiiiiiiiiiee e e et e e e e e e e e e e e e e s saaeereeeeeessssnsaeeeeeeeasnssnneneeeeeaanns 49
4.6.2  Data RANGE CECKS ......ueiiiiiiiieiitie ettt ettt et et nan e e e e e e e e nans 51
4.6.3 Equipment Monthly Activity Data Consistency Checks ...........cccooviiiiiiiiiii e 57
4.6.4  Flat EMISSIONS CRECKS .....coiiiiiiieieiie ettt e et e e e st e e et e e e et e e e ennneeeeanneeeeennneas 59
4.6.5  SIrEAM ANGIYSIS ...uuvriiiiiie ittt e e e e ettt e e e e e e et e e e e e e s s e e e e eeeeeeaa———ataeeeeeaann—ataaeeeeaannaaareaaeeaaans 59
4.6.6 QA/QC COMMENTS ...ooiiiiiiiiiiit ettt e e et e e et e e e st e e e e e e e e aabe e e e esneeeenanneeeeennneas 62



5 EFs and Revised Calculation Methods (Platform Sources) .........cccccoiiiiiniiiiicnncenreaes 63

5.1 EF COMPAIISON ....uiiiiiiiiceieeee e e e e e e e e e e e e e e e e e e e e e eeabaaeeeaeaeeeennssreens 63
5.1.1 Carbon Dioxide (CO2) in CombUSHION FIAres............c..ooiiiiiiiiiiiee e 63
5.1.2 Lead (Pb) in COmMBUSLION FIAreS.........cooiiiiiiiiiiie et e e e e e e ee s 64

5.2 Revised Calculation MethOGS............oiiiiiiii e 64
oI S (o] - To [T I T o S EU 64
5.2.2  DIESEI TUIDINES ...oiiiie ittt e ettt e e e e et e e e e e e e eanreeeas 64

6 Comparison to 2017 Inventory (Platform Sources).........ccccciiiiimiinisinisns e 66

6.1 Platform Count by OPD Al ........coiiiiiiiiiiieeie ettt e e e e e st e e e e e e e e sanbraeeeaaeeeaaanes 66

6.2 Platform Count by StruCture TYPE......coooiiiiiiie e e 69

6.3 Platform Count by Water Depth .........cooo e 71

6.4 Platform Emissions DY OPD Ar€a .......cooiiiiiiiiiiee e 72

6.5 Platform Emissions by Pollutants............c.ooo e 74
6.5.1  Carbon DiOXiAE (CO2).....ccuuiiiuiiiiie ettt ettt ettt sttt s 77
6.5.2  MEENANE (CHa) oottt ettt e e aee e e et e e e enbe e e e e anne e e e enneeeean 81
6.5.3  NItrous OXide (N20).......coiiiiiiie ittt ettt sttt et e e sin e e saneenanee s 84
6.5.4 Carbon Dioxide Equivalent (CO2-E) ........coouiiiiiiiieiie e 86
6.5.5  SUIfUI DIOXIAE (SO2) ....ueiiuiiieiiie ittt ettt et ettt e st e e nan e s 87
6.5.6 Particulate Matter Less Than 10 MiCrons (PIM10) ....couueeieiiiiiiiiiiiee e e 100
6.5.7 Particulate Matter Less Than 2.5 MiCrons (PM2.5) ........ccououiiiiiiiieiriiie e 103
6.5.8 Carbon MoNOXIAE (CO) ... e e et e e et e e e et e e e e e ee e e neeeeeaneeeeaanneeaeanneeeeannean 106
6.5.9  NItrogen OXidES (NOK).....ceeiuuiieiiiiiee ittt e e e e e e e e e e e ene e e eeaneeas 108
6.5.10 Volatile Organic Compounds (VOC) .....coiiiiiiieiiiee et e et e e e e e e e ne e e e e eneeeeeeneeas 110
6.5.11 AMMONIA (NH3) ..t e et e e et e e en e e e eanneas 113
L Ty 2 I Y- Vo I (o ) SR 116
6.5.13 Benzene, Toluene, Ethylbenzene, and Xylene (BTEX).......coooiiiiiiiiiiiiiiiiiee e 118
(SR T Y 1= o [P TP PPPPPPPRPPIN 126
(SRR T ST = 1Y Y118 o o TSP PPUPP 128
B.5.16 ChrOmMIUM (V1) ettt ettt e e et e e e et e e e e ne e e e e e mneee e e nseeeeaneeeeeanneeeeaanneeeeanneeas 130
6.5.17 ChromiUuM (1) ..ottt ettt at e e s et e e st e eabee e beeesneeenaees 132
B.5.18 IMIEICUNY ..ttt e oo ettt e e e e e e be et e e e e e e e e a s aee et e e e e e aa s snee e e e e e e eaansnnnneeeeeeeannnnnes 134
(SRS e T O7=To [ 141U o o I O PP P PP PPPPPROPP 136
(SR I O o (== 1 = U TP PPPPPPPPPPOIN 138
6.5.21 ACEIAIAENYAE.......eeiiiieiee e e e e e et e e e e e e et e e e e e e e e anatraaeeeeennnnnes 140
6.5.22 FOrmMaldENYAE .......oooiieiiieeee et ettt e e et e e e e e e e e e e eas 144
6.5.23 2,2,4-Trimethylpentane .........ooooiiiiiiiieeeee ettt e e e e e e e e e e e e e e eeeeeeeaes 146

6.6 Platform Emissions by EQUIPMENt TYPE ....ooiiiiiii e 149
6.6.1 GHG Emissions by EQUIPMENE TYPE .....ooiiiiii e e e 152
6.6.2 Criteria and Precursor Emissions by EQUIpMeNt TYPe......ccooiiiiiiiiiiiie e 153
6.6.3 Emissions by Combustion EQUIPMENT........ ..o 154
6.6.4 Emissions by Vents and FIares ...........oooiiioiiiiiiiie ittt e e e e e eee e e e e ennnes 170
6.6.5 Emissions by Non-Combustion EQUIPMENT .........cooiiiiiiiiiie e 183

7  Summary of Issues Found and Corrective Actions (Platform Sources)..........cccciuniernrniinennnnnns 194
Incorporating 2021 Draft Inventory Revisions — Platform Emissions..........cccccococcmvirccernncccenn. 198

8.1 2021 Draft vs. Final EMISSIONS INVENTOY.........ooiiiiiiiiiiieee e e e 198

8.2 2017 vs. 2021 Final EMISSIONS INVENTOTY .......oiiiiiiiiiiiiii e 200

8.3 2021 Final Emissions by EQUIpMENt TYPE ... 201
8.3.1 2021 Final GHG Emissions by EQUIPMENT TYPE ....ueiiiiiiie et 201
8.3.2 2021 Final Criteria Pollutants and Precursors Emissions by Equipment Type .........ccccccceeiie. 201

9 Lease Operations QA/QC (Non- platform SoUrces)........cccccvcmrirnrmrrinssrrrnsssre e 203

9.1 Lease Operations EMISSIONS TreNAS ..........oiiiiiiiiiiiiii et e e e e e e e e e 203

9.1.1  Hours of Operation Per Period ......... ..ot e e neeee s 203



9.1.2  FUEI SUIFUIF CONENL ...ttt e e e e e e et e e s e e e eeeaaa e e s eeeeasananaeaees 203

9.1.3  TOtal VESSEI POWET ...ttt e et e e et e e e e e e e nneee e enneeeean 206

9.2 QA/QC on Completeness of Lease Operations Data — OCS AQS vs. BSEE eWell ................ 208
9.3 Comparison to 2017 Emissions Inventory (Lease Operations) ...........cccocveeeeviiieeeniieeeeseeeennn 212
9.3.1  Criteria and Precursor EMISSIONS ........ccoi i e e e e 212
9.3.2  GHG EMIUSSIONS ....ceiiitiie ettt ettt e et e e e et e e et e e et e e e e e e ennn e 214
9.3.3 Lease Operations (Non-Platform) Emissions Inventory Changes...........ccccovoieniieiieeiniecneeene. 215

10 Recommendations and Future Implementation ... 217
T (=T =T (=Y 3T Y 218
Appendix A — OPD Area Abbreviation Key........ccccccccccemmiiiiiicciseceier s sssssssseses s ssssssssssns s s s s sssssssssssssssssas 219
Appendix B — 2021 Final Platform Gridded EmMIiSSiONS .........ccccccmiiiiiicccsecerer s sssse e s ss s sssssesseenas 222
Appendix C — 2021 Final Lease Operations Gridded EmisSsions ..........ccccccmmiiiniccismnnnninssscssmeenneennns 229
Appendix D — Emission Factor REVIEW.........ccccoiiiiiinninn s s 236
Appendix E — Glycol Dehydrators Zero Emissions Detalils ..........ccccvcvviiiniinniniicnnncceeeeneen 254

vi



List of Figures

Figure 1: Map of Project StUAY @rEa .........oooo it e e e snneee s 1
Figure 2: Main OCS AQS dashbDO@rd.............coiuiiiiiiiiiie ettt e b saneas 3
Figure 3: 2021 emiSSIONS INVENTOIY PrOCESS. ....cciitiiiieiiiiee ettt ettt ettt ettt ettt e e st e e e ses e e e anaeeeesnneeeas 5
Figure 4. An example of the Data Requests page for boiler, heater, and burner units in OCS AQS for
operator input showing the mandatory required input fields on top highlighted in green........... 6
Figure 5: An example of the Control Requests page for boiler, heater, and burner units in OCS AQS for
optional input on reduction effiCiEeNCIES..............ueiiiiiiiiie e 7
Figure 6: Summary of possible reasons for non-reporters, with percentages..........cccoocveiiiic e, 47
Figure 7: Differences between years 2017 (blue, left columns) and 2021 (orange, right columns) of
facilities count (number) by operational status ............cccoocciiiiiiiii i, 48
Figure 8: Screenshot of the QA/QC COMMENES FEPOIT......ccoiiiiiiiiiiii e 62
Figure 9: Operating platform count by OPD area by inventory year with 2017 (blue, left columns) and
D240 124 B (o] =T a Vo [Ty o 0 a oo ] [0 4 o1 0 1) SRR 68
Figure 10: Operating platform count by structure type by inventory year with 2017 (blue, left columns) and
2021 (orange, right COIUMNS) ..........uiiiiiiie et e e e e e e st e e e e e e e e eaaraaeeaaeeas 70
Figure 11: Operating platform count by shallow/deep water depth by inventory year with 2017 (blue, left
columns) and 2021 (orange, right COIUMNS) .........coiiiiiiiiii e 71
Figure 12: 2017 final GHG emissions (tons) by OPD area from the OCS AQS Analytics Module............. 73
Figure 13: 2021 draft GHG emissions by OPD area from the OCS AQS Analytics Module ...................... 74
Figure 14: Percentage of CO2 emissions by equipment type for 2017 final and 2021 draft data............... 78
Figure 15: Percentage of CH4 emissions by equipment type for 2017 final and 2021 draft data............... 82
Figure 16: Percentage of N2O emissions by equipment type for 2017 final and 2021 draft data............... 85
Figure 17: 2021 draft GHG emissions (tons/year) by equipment type...........ccocciriiiieiiiiicce e, 87
Figure 18: 2017 final GHG emissions (tons/year) by equipment type .........cccocveiiiiieeiiiiine e 87
Figure 19: Percentage of sulfur dioxide emissions by equipment type for 2017 final and 2021 draft data 88
Figure 20: Count of NGT sulfur content (wt%) entries for 2017 final (orange columns) and 2021 draft
(green COIUMNS) AALA .. ..cciii i e e e e e e et e e e e e e e e sanraaeeeaeeeaaannes 92
Figure 21: Count of 2017 final NGT sulfur content (ppm) entries ..........coviiiieiiiii e 93
Figure 22: Percentage of PM1o-PRI emissions by equipment type (combustion flare and pilot excluded) for
2017 final and 2021 draft data...........ooeeiiiieii e 101
Figure 23: Percentage of PM1o-FIL emissions by equipment type (combustion flare and pilot excluded) for
2017 final and 2021 draft data...........cccoeiiiiie e 102
Figure 24: Percentage of PM2s-PRI emissions by equipment type (combustion flare and pilot excluded)
for 2017 final and 2021 draft data...........ooooiii e 104
Figure 25: Percentage of PM2s-FIL emissions by equipment type (combustion flare excluded) for 2017
final anNd 20271 Araf.......coo oo e e e e e e 105
Figure 26: Percentage of CO emissions by equipment type for 2017 final and 2021 draft data.............. 107
Figure 27: Percentage of nitrogen oxides emissions by equipment type for 2017 final and 2021 draft data
................................................................................................................................................ 109
Figure 28: Percentage of VOCs by equipment type for 2017 final and 2021 draftdata................c.......... 112
Figure 29: Percentage of NH3 emissions by equipment type for 2017 final and 2021 draft data............. 114
Figure 30: Percentage of lead emissions by equipment type for 2017 final and 2021 draft data............. 117
Figure 31: Percentage of benzene emissions by equipment type for 2017 final and 2021 draft data ..... 121

Figure 32:

Percentage of toluene emissions by equipment type for 2017 final and 2021 draft data........ 122

vii



Figure 33:

Figure 34:
Figure 35:
Figure 36:
Figure 37:

Figure 38:

Figure 39:
Figure 40:
Figure 41:
Figure 42;

Figure 43:
Figure 44:
Figure 45:

Figure 46:
Figure 47:

Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:

Figure 54:
Figure 55:

Percentage of ethyl benzene emissions by equipment type for 2017 final and 2021 draft data

................................................................................................................................................ 123
Percentage of xylene emissions by equipment type for 2017 final data and 2021 draft data. 124
Percentage of arsenic emissions by equipment type for 2017 final and 2021 draft data........ 127

Percentage of beryllium emissions by equipment type for 2017 final and 2021 draft data..... 129

Percentage of chromium (VI) emissions by equipment type for 2017 final and 2021 draft data
................................................................................................................................................ 131

Percentage of chromium (Ill) emissions by equipment type for 2017 final and 2021 draft data
................................................................................................................................................ 133

Percentage of mercury emissions by equipment type for 2017 final and 2021 draft data ...... 135
Percentage of cadmium emissions by equipment type for 2017 final and 2021 draft data..... 137
Percentage of hexane emissions by equipment type for 2017 final and 2021 draft data........ 139
Percentage of acetaldehyde emissions by equipment type for 2017 final and 2021 draft data

................................................................................................................................................ 142
Percentage of formaldehyde emissions by equipment type for the 2017 final and 2021 draft

Lo = - SRS 145
Percentage of 2,2,4-trimethylpentane emissions by equipment type for 2017 final and 2021

Lo 1= i o - | = SRS 148
Count of equipment types by inventory year for the 2017 final (blue, left columns) and 2021
draft (orange, right columns) data.............cooiiiiiiiiii e 151
GHG emissions by combustion equipment for 2017 final and 2021 draft data...................... 157
Criteria and precursor emissions by combustion equipment for 2017 final and 2021 draft data
................................................................................................................................................ 158
Count of DIE sulfur content entries by sulfur content (wt%) for 2017 final (blue, left columns)
and 2021 draft (orange, right columns) data ...........ccccviiiiiie i 167
GHG emissions (million tons/year) by flares (in orange) and vents (in blue) for 2017 final and
2021 draft data ... ..o e e e e e e e e e e nnnee s 174
Criteria and precursor emissions (tons/year) by flares (orange) and vents (blue) for 2017 final
and 2021 draft data........cceeeieeieeee e a e 175
GHG emissions (tons/year) by non-combustion equipment for 2017 final and 2021 draft data
................................................................................................................................................ 186
Criteria and precursor emissions (tons/year) by non-combustion equipment for 2017 final and
2021 draft data......oooeeee e e e e e e e e e e e nnnneeas 187
Count of emission units (number) with and without issues by equipment type in the 2021 draft
1)Y= o1 (o] YRR OTPRTI 197
Pre-corrective action total vessel power in the lease operations 2021 draft inventory ........... 207
Post-corrective action total vessel power in the lease operations 2021 final inventory .......... 208

viii



List of Tables

Table 1: 2021 final platform total annual GHG emissions (tons/year) by equipment type .............cccceeenee ii
Table 2: 2021 final platform total annual criteria pollutants and precursor emissions (tons/year) by

LYo (011 o] 0 4T=T oA 1Y o1 TP OTPUP TSR ii
Table 3: 2021 final lease operations total annual GHG emissions (tons/year) by source type.................... iii
Table 4: 2021 final lease operations total annual criteria pollutants and precursor emissions (tons/year) by

SOUICE Y ...ttt ettt e e e e oottt e e e e e e e e e et e e e e e e e b e e e e e e e e e e e e e r e e e e e e e e e eeeeee s iii
Table 5: 2021 emissions inventory equation refErenNCES ..........cccuuviiiiiii i 8
Table 6: 2021 EF refErENnCES. ... . ... ittt e et e e e e e e s ee e e e e e e e e e nnnneeeeaeeeeaannns 8
Table 7: EFs for boilers, heaters, and burners powered by diesel ... 10
Table 8: EFs for boilers, heaters, and burners powered by waste Oil.............cccccviiiiiiiiiiie e 11
Table 9: EFs for boilers, heaters, and burners powered by gas..........ccooiiiiiiiiiiiiiiiiiiie e 12
Table 10: EFs for gasoling ENQINES .........cc.uuiiiiiiie et e e e e e e et e e e e e e e sntaaeeeaeeeeeaanes 13
Table 11: EFs for diesel engines with max HP < 600 ...........cooiiiiiiiiiii e 13
Table 12: EFs for diesel engines with max HP 2 600 ............coooiiiiiiiiiii e 14
Table 13: EFs for drilling equipment powered by gasoliNg............coocuiiiiiiiie e 15
Table 14: EFs for drilling equipment powered by dieSel ..o 15
Table 15: EFs for drilling equipment powered by natural gas...........c.ccooociiiiiiii e 16
Table 16: EFs for combustion flares ... 17
Table 17: EFs fOr flare PilOt............oooeiiii e e e e e et e e e e e e st eeeeaeeeeenanes 19
Table 18: EFs for total hydrocarbons by component for each process stream (in Ib/component-day)...... 20
Table 19: Weight fractions of CH4 and VOC for each process stream ...........ccceeeiiiiiiiiiii e 20
Table 20: Tank paint solar absorptance by paint color and condition ............cccccoiiiiii i, 21
Table 21: Gas density values for losses from flashing ..o 22
Table 22: Parameters in Vasquez-Beggs correlation for APl gravity > 30 .........coooiiiiiiiiiee i, 22
Table 23: Parameters in Vasquez-Beggs correlation for APl gravity < 30 .......coooiiiiiiiiiiiiiiiieees 23
Table 24: Mud degassing speciation fraCtions.............ooiiiiiiii e 23
Table 25: EFS for MuUd dEgasSing ........ooiiiiiiiiiiiiiee ettt e e st e e e st e e e s snteea e e sntaeeesanseeaeeanreeeenns 23
Table 26: EFs for natural gas engines: 2-stroke, lean burn (NGE-MOTR).......cccoiiiiiiiiiiiiiieeeeees 24
Table 27: EFs for natural gas engines: 4-stroke, lean burn (NGE-MO2R)............coociiiiiieeiiiiciiiieeee e, 25
Table 28: EFs for natural gas engines: 4-stroke, rich burn (NGE-MO3R)...........cooiiiiiiiiiiiii e 25
Table 29: EFs for natural gas engines: clean burn (NGE-MO4R)..........coooiiiiiiiiii e 26
Table 30: EFs for natural gas dual-fuel turbines with known fuel gas sulfur content...............ccccceiiieees 27
Table 31: EFs for natural gas dual-fuel turbines with unknown fuel gas sulfur content ....................cco... 28
Table 32: EFs for dual-fuel turbines using di€Sel fuel.............cccuiiiiiiii e 29
Table 33: Mole weight of the pollutants for pneumatic pUMPS........coooi e 29
Table 34: Speciation profile used to calculate HAP emissions based on VOC emissions.............c...c...... 30
Table 35: Mole weight of the pollutants for pneumatic PUMPS.........ccuiiiiiiiii e 31
Table 36: Speciation profile used to calculate HAP emissions based on VOC emissions...........cccc.ceeu..... 31
Table 37: Tank paint solar absorptance by paint color and condition ............cccccoiiiiiiiiiiiies 35
Table 38: Initial automated system QA/QC ranges from the legacy GOADS system .........cccoocveeiiniienens 38
Table 39: List of platforms in TIMS that are not in the 2021 draft emission inventory............ccccccceeveeeennns 43
Table 40: Facilities in OCS AQS that did not submit their 2021 emissions data...........cccccceeiiiiininns 46
Table 41: Summary of possible reasons for NON-rEPOMErS............coiiiiiiiiiciiii e 47



Table 42:
Table 43:
Table 44:
Table 45:
Table 46:
Table 47:
Table 48:
Table 49:
Table 50:

Table 51:

Table 52:

Table 53:
Table 54:
Table 55:
Table 56:
Table 57:
Table 58:
Table 59:
Table 60:

Table 61:

Table 62:

Table 63:

Table 64:
Table 65:
Table 66:

Table 67:

Table 68:
Table 69:

Table 70:

Table 71:

Table 72:
Table 73:
Table 74:
Table 75:
Table 76:

Count of platforms (number) with no equipment by operational status.............cccccceeviiciiennennn. 48
Count of operational platforms (number) with no equipment by company name and ID ........... 49
Facilities that did not provide sales gas data in the 2021 draftdata.............cccccoiiiiiiii i, 50
Smoking conditions analysis results in the 2021 draftdata..............cccocveeeiiiiiicc e, 52
Heating values ranges analysis and reSUILS ..........coouiiiiiiiiiiiiiie e 53
Out-of-range flare gas heating values (Btu/scf) per month in the 2021 draftdata .................... 54
Revised flare gas heating values (Btu/scf) per month in the 2021 draftdata...........c..cccccceeee 54
Out-of-range boiler fuel heating values (Btu/scf) per month in the 2021 draft data.................... 54
Count of entries (number) having incorrect hours of operation per month by equipment type in
the 2021 draft data (bold and asterisk types contacted for corrective action).......................... 55
Count of entries (number) having incorrect days of operation per month by equipment type in
the 2021 drafl data.........cooiiiiie e e nees 56
Count of emission units (number) having throughputs deviating by 90% from the average by
operating company in the 2021 draft data ..o 57
Count of emissions destination entries (number) by equipment type in the 2021 draft data......60
Stream analysis emissions destination results per month in the 2021 draft data...................... 61
Summary of EFs corrected for the 2021 effort...........oooiiii e 63
Operating platform count (number) by OPD area by inventory year with % of total................... 67
Operating platform count (number) by structure type by inventory year ..........ccccceeeveiiiiienennn. 69
Operating platform count (humber) by shallow/deep water distinction by inventory year .......... 71
Highest CO2-E emitting facilities (tons/year) in the 2021 draft data.............cccooiiiiis 72
Platform emissions (tons/year) by pollutant by inventory year with 2021 draft data as of July
2022 ... e — e —— e e e ———e e e e ———ee e ———eeaa——eeeaa——eeeaaareaeaanreeeaatreeeeanres 75
Comparison of combustion flares throughputs and equipment counts by inventory year (pre-
(oo T4 (Yo 1YY= T o 0 TR SUUR 79
Annual volume of gas flared (Mscf/year) by Facility ID# 23846-1 (Shell Pipeline Company LP) in
the 2021 draft inventory (pre-corrective action) ..o 80
Monthly volume of gas flared (Mscf/month) by process FL-NPp under INTER emission unit in
Facility ID# 23846-1 in the 2021 draft inventory (pre- vs. post-corrective action) ................... 80
Flared gas (Mscf/year) by inventory year (post-corrective action)..........cccccevvciiiiiciee e 81
Comparison of cold vent throughputs and equipment counts in the 2021 draft data ................. 83
Comparison of turbines throughputs and equipment counts in the 2017 final and 2021 draft data
.................................................................................................................................................. 89
Summary of emission units with sulfur content values not converted to wt% in the 2021 draft
Lo = | = PSPPI 95
Summary emissions units with high sulfur content wt% in the 2021 draft data.......................... 95
Summary of emission units with incorrect sulfur conversion (i.e., PPMv divided by 10,000) in the
20271 draft data......coeeeieiie e a e e e e e anes 96
Summary of emission units with incorrect sulfur values for NGT (i.e., sulfur content for diesel
fuel was used) in the 2021 draft data...........ccceeiiiiie e 98
Summary of diesel-powered turbines with low sulfur content in the 2021 draft data as compared
1Co IR =T O I = i o) o SRS 99
PM1o emissions (tons/year) by inventory year with % change..........ccccccooiviiiniii, 100
PMz.s emissions (tons/year) by inventory year with % change ............cccoooiiiee, 103
Comparison of NGE throughputs and equipment counts by inventory year with % change.... 108

Comparison of NGE throughputs and equipment counts by inventory year with % change.... 110
Comparison of BOI throughputs and equipment counts by inventory year with % change...... 115



Table 77:

Table 78:
Table 79:

Table 80:
Table 81:
Table 82:

Table 83:
Table 84:
Table 85:
Table 86:

Table 87:
Table 88:
Table 89:

Table 90:
Table 91
Table 92:
Table 93:
Table 94:
Table 95:

Table 96:
Table 97:
Table 98:
Table 99:

Table 100:
Table 101:
Table 102:
Table 103:
Table 104:
Table 105:

Table 106:
Table 107:
Table 108:
Table 109:

Table 110
Table 111
Table 112
Table 113
Table 114

Comparison of diesel turbines throughputs and equipment counts by inventory year with %

o] 0= o Vo T SRR 118
BTEX emissions (tons/year) by inventory year with % change ............cccocoociiiie, 118
2021 draft and 2017 final BTEX emissions (tons/year) by equipment type and inventory year

................................................................................................................................................ 120
Comparison GLY units counts (number) by inventory year with % change ..............c.cccco..... 126
Comparison of NGT throughputs by inventory year with % change...........ccccoociiiiineninns 132
Comparison of combustion flares throughputs and equipment counts by inventory year with %

change (POSt-COrreCtive @CHION) ..........ueiiiiiiiie e 144
Comparison of NGE throughputs and equipment counts by inventory year with % change.... 146
Equipment count (number) by inventory year with % change ...........cccccoi 150
2021 draft total annual GHG emissions (tons/year) by equipment type.........ccccoccoveiiieennnne 152
2021 draft total annual criteria pollutants and precursor emissions (tons/year) by equipment

1077 01U 153
Combustion equipment count (humber) by inventory year with % change ............ccccocoeeee 155
GHG emissions (tons/year) from combustion equipment by inventory year ............cccccoeee...... 156
Criteria pollutants and precursors emissions (tons/year) from combustion equipment by

1)Y= 01 (o] V== T ST UPPURFRN 156
Boiler/heater/burner calculators in OCS AQS used in the 2021 draft inventory....................... 159

: Boiler/heater/burner process count and fuel usage by inventory year with % change............. 159
Boiler/heater/burner emissions (tons/year) by inventory year with % change.......................... 160
NOx EFs by boiler/heater/burner calculator by inventory year...........c.cccoooveeiiiiieniiiiieeeceenn, 161
SO:2 EFs by boiler/heater/burner calculator used in the 2021 draft inventory...........cccccceeue. 161
Anomalous fuel sulfur content (wt%) in boiler/heater/burner emission units in 2021 draft data

................................................................................................................................................ 162
Drilling equipment calculators in OCS AQS used in the 2021 draft inventory...........cccccoeeee. 162
Drilling equipment process count and fuel usage by inventory year with % change................ 163
Drilling equipment emissions (tons/year) by inventory year with % change..............ccccccoccec.. 163
Diesel or gasoline engine calculators in OCS AQS used in the 2021 draft inventory .............. 163

Diesel or gasoline engine process count and fuel usage by inventory year with % change .. 164

Diesel or gasoline engine emissions (tons/year) by inventory year with % change................ 164

Fuel usage (gal/year) by inventory year in diesel engines where max HP >= 600 ................ 164

SOz EFs by DIE calculator used in the 2021 draft inventory ...........cccoocei e 165

DIE SOz emissions (tons/year) by calculator type by inventory year with % change............. 165

Facilities with a fuel sulfur content (wt%) of 4 in DIE emission units in 2021 draft data by

1)Y= a1 (] V=T PRSPPI 166

VOC EFs by DIE calculator by inVentory Year............ceeveiiiiiiiiiiieee e 168

NGE calculators in OCS AQS used in the 2021 draft inventory ..........ccccoeeiiiiieiniiee e, 168

NGE process count and fuel usage by inventory year with % change..............ccccceovieeennne 169

NGE emissions (tons/year) by inventory year with % change...........ccocccoiiiniiiiinicnee 169
: NGT calculators in OCS AQS used in the 2021 draft inventory .........cccocoeeiiiiiiiieene, 169
: NGT process count and fuel usage by inventory year with % change ............cccccevniinnne 170
: NGT emissions (tons/year) by inventory year with % change ............cccoceiiiiieiiiieeenee, 170
: Flare and vent equipment counts (number) by inventory year with % change....................... 171
: GHG emissions (tons/year) from flare and vent equipment by inventory year-....................... 173

Xi



Table 115:

Table 116:

Table 117:
Table 118:
Table 119:
Table 120:
Table 121

Table 122:
Table 123:

Table 124:
Table 125:
Table 126:

Table 127:
Table 128:
Table 129:
Table 130:
Table 131:
Table 132:
Table 133:
Table 134:

Table 135:
Table 136:
Table 137:
Table 138:

Table 139:
Table 140:

Table 141:
Table 142:
Table 143:
Table 144:

Table 145:
Table 146:
Table 147:
Table 148:
Table 149:

Table 150:

Criteria pollutants and precursors emissions (tons/year) from flare and vent equipment by

1)Y= a1 (] V=T PRI 173
Comparison of combustion flares throughputs and equipment counts by inventory year with %
change (POSt-COITECHIVE @CION) ......eiiiiiii i 176
FLA emissions (tons/year) by inventory year with % change ..........cccccoii 176
2021 draft flare SO2 emissions (tons/year) by facility: highest 10 emitters .................ccc..... 177
Relatively low flare gas heating value (Btu/scf) in FLA emission units in the 2021 draft data179
Revised flare gas heating values (Btu/scf) in the 2021 draftdata...........cccccceeeiiiiin. 179
: Comparison of cold vent throughputs and equipment counts by inventory year with % change
................................................................................................................................................ 180
Cold vent emissions (tons/year) by inventory year with % change ..........cccooccooiiiie 180
Facilities with considerably high concentration of VOC in the vented gas (ppmv) in the 2021
Lo 1= i o - | = SR 181
Non-combustion equipment count (number) by inventory year with % change ..................... 183
GHG emissions (tons/year) from non-combustion equipment by inventory year ................... 185
Criteria pollutants and precursors emissions (tons/year) from non-combustion equipment by
1)Y= a1 (] V=T PRSPPI 185
Amine unit emissions (tons/year) by inventory year with % change...........ccccccoooiiiiiiinnn 188
Comparison of fugitive component counts by inventory year with % change ....................... 189
Fugitive emissions (tons/year) by inventory year with % change............ccccccviiiiieiiiinennee. 189
Glycol dehydrator equipment count (numbers) by inventory year with % change ................. 189
Glycol dehydrator emissions (tons/year) by inventory year with % change ...............c........... 189
Loading operation emissions (tons/year) by inventory year with % change...........c.c.ccccece.. 190
Loading operation throughput (bbl/year) by inventory year with % change ............c.ccccc........ 190
Comparison of losses from flashing throughputs and equipment counts by inventory year with
BN e] =g T 1SR 190
Losses from flashing emissions (tons/year) by Inventory year with % change ...................... 191
Drilling days (number) by inventory year with % change...........ccccco o 191
Mud degassing emissions (tons/year) by mud type by inventory year with % change .......... 191
Comparison of pneumatic pump throughputs and equipment counts by inventory year with %
(o1 = T o - R 192
Pneumatic pump emissions (tons/year) by inventory year with % change ...............cc.c......... 192
Comparison of pneumatic controller throughputs and equipment counts by inventory year with
D] =g T TSRS 193
Pneumatic controller emissions (tons/year) by inventory year with % change...................... 193
Storage tank throughputs and equipment counts by inventory year with % change.............. 193
Storage tank emissions (tons/year) by inventory year with % change ............ccccocoeiiniees 193
Summary of issues found by equipment type in the 2021 draft inventory for platform sources
................................................................................................................................................ 195
Count of emission unit (number) with issues by equipment type in the 2021 draft inventory. 196
2021 draft vs. final emissions inventory (in tons/year) by pollutant with % change................ 199
Platform emissions (tons/year) by inventory year with % change ..........cccccccooviiiiiiinnnies 200
2021 final total annual platform GHG emissions (tons/year) by equipment type .................. 201
2021 final total annual criteria pollutants and precursor platform emissions (tons/year) by
(= To [T o104 =T 01 A0/ 1= PSRRI 202
Lease sources that require corrective action based on move on and move off dates in the
20271 draft data......coeeiieiei e e e e e e e e naee e e ennees 203

Xii



Table 151:

BP Exploration & Production Inc lease sources that required fuel sulfur content corrective

actions in the 2021 draft data ...........evviiiiie e 204
Table 152: BP Exploration & Production Inc lease sources requiring vessel power corrective actions in the
20271 draft data......ooee e e e e ennes 207
Table 153: Summary of corrective action status and reports delivered per operating companies in the
lease operations 2021 draft data ............c.ovviiiiiiiiiii e 209
Table 154: Companies with missing leases that did not contact the Team for the 2021 effort ................ 210
Table 155: Non-responsive operators with accounts in OCS AQS .........ccoeiiiiiiiii i 211
Table 156: Lease operations summary (pre- and post-corrective action) with % change........................ 211
Table 157: Pre- and post-corrective action lease operations emissions (tons/year) with % change ....... 21
Table 158: Non-platform source types by iINVENTOrY YEar .........cueiiiiiiiiiiiiie e 212
Table 159: Comparison of the annual criteria pollutants and precursors drilling rig and support vessel
emissions (tons/year) by inventory year with % change...........cccoccoevi i, 213
Table 160: Comparison of annual criteria pollutants and precursors drilling rig emissions (tons/year) by
inventory year with % Change ..........uooi i 213
Table 161: Comparison of the annual criteria pollutants and precursors support vessel emissions
(tons/year) by inventory year with % Change..........ccccoiiiiiiiiiie e 213
Table 162: Comparison of the count of drilling rigs and support vessels by inventory year with % change
................................................................................................................................................ 214
Table 163: Comparison of drilling rigs and support vessel GHG emission (tons/year) by inventory year
L I ol = g T 1= YOS SPRSRR 214
Table 164: Comparison of drilling rig GHG emissions (tons/year) by inventory year with % change ...... 215
Table 165: Comparison of GHG support vessel emissions (tons/year) by inventory year with % change
................................................................................................................................................ 215
Table 166: Description of source types that reported 2021 lease operation emissions...............ccccccuvee... 215
Table D - 1: Units powered by diesel (BOI-MOTR VEI.4)......cooiiiiiiiiieii e 237
Table D - 2: Units powered by diesel (BOI-MOZ2R VEI.3)......ccoiiiiiiiiiie ettt ea e 238
Table D - 3: Units powered by natural gas, process gas, or waste gas (BOI-MO3R Ver.3) .........cccocuueeen. 239
Table D - 4: Gasoline engines (DIE-MOTR VEI.3).......uiiiiiiiiiiiee e 240
Table D - 5: Diesel engines with max HP < 600 (DIE-MO2R VEr.3) .......cccouiiiiiiiiieiiiiee e 240
Table D - 6: Diesel engines with max HP = 600 (DIE-MO3R VEr.3) .......cccooviiiiiiiiiiiiiiiee e 241
Table D - 7: Units powered by gasoline (DRI-MOTR VEr.3)......c.uviiiiiiieiiiccieee et 242
Table D - 8: Units powered by diesel (DRI-MO2R VEI.4)......ccooiiiiiiiiiiiiee et 243
Table D - 9: Units powered by natural gas (DRI-MO3R VEr.3) ......coocuiiiiiiiiii e 244
Table D - 10: Combustion flares (FLA-MOT VEI.3) ......ooiiiiiiieeiiiie e eeee st e e e ee e e snneee s 244
Table D - 11: Flare pilots (FLA-MOZ VEr.3).. ..o ettt ettt e e e e e s nneee s 245
Table D - 12: Total hydrocarbon Efs (Ib/component-day) by component, for each process stream ........ 246
Table D - 13: Natural gas engines, 2-stroke, lean burn (NGE-MOTR Ver.3) .......cccooiiiiiiieiiniieiiee, 247
Table D - 14: Natural gas engines, 4-stroke, lean burn (NGE-MO2R Ver.4) .........cccoccvvvveeeeeeiiccciieeeeenn, 248
Table D - 15: Natural gas engines, 4-stroke, rich burn (NGE-MO3R Ver.3) ........ccccecvviiiciieeiiiiee e, 248
Table D - 16: Natural gas engines, clean burn (NGE-MO4R Ver.3).......coocoiiiiiiiiiieieee e 249

Table D - 17: Natural gas dual-fuel turbines with known fuel gas sulfur content (NGT-MO1R Ver.3)....... 250
Table D - 18: Natural gas dual-fuel turbines with unknown fuel gas sulfur content (NGT-MO2R Ver.3)..251
Table D - 19: Dual-fuel turbines using diesel fuel (NGT-MO3R Ver.3) ......cccccceveieeiiciiieieeee e, 252

xiii



Units of Measure

Units
%

bbl
Btu
day
deg F
ft

g

gal
HP

hr
kW

Ib
MMBtu
mol
month
Mscf
MW
ppm
ppmv
psia
psig
scf
tons
wt%
year

Description

percent

U.S. barrel (42 gallons)
British thermal unit

24-hour period

degree Fahrenheit

foot

gram

gallon

horsepower

hour

kilowatt

pound

million British thermal unit
mole

calendar month

thousand standard cubic feet
molecular weight

parts per million

parts per million volume
pounds per square inch, atmosphere
pounds per square inch, gauge
standard cubic feet

short tons

percent of total weight
calendar year

Xiv



List of Acronyms and Abbreviations

Short Form Long Form

AMI amine unit(s)

API American Petroleum Institute

BOEM Bureau of Ocean Energy Management
BOI boiler/heater/burner

BSEE Bureau of Safety and Environmental Enforcement
BTEX benzene, toluene, ethylbenzene, and xylene
CFR Code of Federal Regulations

CHs methane

CO carbon monoxide

CO2 carbon dioxide

CO2-E carbon dioxide equivalent

DIE engine — diesel or gasoline engine

DRI drilling equipment

EF emission factor

ERG Eastern Research Group

FLA combustion flare

FUG fugitives

GHG greenhouse gas

GLY glycol dehydrator

GOADS Gulfwide Offshore Activities Data System
GOM Gulf of Mexico

GOR gas-to-oil ratio

GWP global warming potential

H2S hydrogen sulfide

HAP hazardous air pollutant

IPCC Intergovernmental Panel on Climate Change
LOA loading operation

LOS losses from flashing

MS Microsoft

MUD mud degassing

N20 nitrous oxide

NAAQS National Ambient Air Quality Standards
NGE engine — natural gas

NGT turbine — natural gas, diesel, or dual fuel
NHs ammonia

NO« nitrogen oxide

NTL Notice to Lessees

OCS AQS Outer Continental Shelf Air Quality System
oCSs Outer Continental Shelf

ONRE operating not reporting emissions

OoP operating

OPD official protraction diagram

XV



Short Form Long Form

PAH polycyclic aromatic hydrocarbon

Pb lead

PMio particulate matter less than 10 microns
PM:s particulate matter less than 2.5 microns
PNE pneumatic pump

PRE pneumatic controller

PS permanently shut down

QA quality assurance

QC quality control

RELINQ relinquished

ROW right-of-way

SO2 sulfur dioxide

SO« sulfur oxide

SOP Suspension of Production

STO storage tank

TERMIN terminated

THC total hydrocarbons

TIMS Technical Information Management System
TS temporarily shut down

USEPA U.S. Environmental Protection Agency
VEN cold vent

VOC volatile organic compound

VR vented remotely

XVi



1 Introduction

The Bureau of Ocean Energy Management (BOEM) is required under the Outer Continental Shelf (OCS)
Lands Act (OCSLA) (43 U.S.C. § 1334(a)(8)) to comply with the National Ambient Air Quality
Standards (NAAQS) to the extent that OCS oil and gas activities significantly affect the air quality of any
state. BOEM’s Gulf of Mexico (GOM) Regional Office prepares Gulfwide emissions inventories and has
completed inventories for 2000, 2005, 2008, 2011, 2014, and 2017. BOEM collects emissions inventories
following U.S. Environmental Protection Agency’s (USEPA’s) three-year schedule; however, the 2020
inventory was delayed to 2021 as BOEM was developing a modern web application to replace the legacy
Gulfwide Offshore Activity Data System (GOADS). In October 2020, BOEM issued a Notice to Lessees
(NTL) No. 2020-N03' requesting that lessees and operators with facilities (as defined in 30 CFR 550.302)
collect and report activity information and emissions covering the period January 1, 2021, to December
31, 2021. Lessees and operators were required to submit their emissions inventory data by April 22, 2022.

Figure 1 shows the OCS planning areas (offshore white and blue areas), including the Western, Central,
and Eastern GOM Planning Areas in the GOM Region and multiple planning areas for the Alaska,
Pacific, and Atlantic Regions. The blue shaded areas are under BOEM air quality jurisdiction (Western
and Central Planning Area in the GOM Region and Beaufort and Chukchi Sea Planning Areas with a
portion of the Hope Basin Planning Area in the Alaska Region); in these areas, operators are required to
submit emissions data to BOEM using the Outer Continental Shelf Air Quality System (OCS AQS) tool.
For the 2021 inventory, only the operators in the GOM Region were required to submit their emissions
data because no emissions sources were operating in the Alaska Region.
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Figure 1: Map of project study area

I See the NTL at https://www.boem.gov/sites/default/files/documents/about-boem/NTL-2020-N03.pdf
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1.1 Study Objectives

The Xator-Lakes Team (“the Team”) conducted this study in support of BOEM under contract number
140E0119C0006. The purpose and scope of the study comprised four broadly defined parts.

First, the Team performed forensic-level quality assurance (QA)/quality control (QC) analysis of the 2021
draft platforms emissions inventory by examining emissions from all equipment types and identified
discrepancies, errors, and outliers that require corrective action (Sections 4 and 7). The effort included
following up with operators to request verification or corrective actions to their draft submittals and
coordinating with BOEM to ensure that all responses, including corrective actions, were completed in a
timely and acceptable manner so the 2021 emissions inventory could be finalized. The previous QA/QC
work done by Eastern Research Group, Inc. (ERG) for the 2017 inventory served to guide this effort
(Wilson et al. 2019), as well as the more recent review of the same data completed by the Argonne
National Laboratory under contract M21PG00021. This analysis ensures the 2021 final emissions
inventory data is of the best possible quality.

Second, the Team conducted an emission factor (EF) comparison between the 2017 and 2021 inventories
and a review of USEPA’s currently recommended EFs to ensure the 2021 inventory was prepared using
the latest information available (Section 5). This comparison was expected to provide some insight into
whether increases/decreases in the reported emissions are due to changes in EFs or a combination of other
dynamics, including changes in operator activity, addition of new platforms and lease operations,
decommissioned platforms, and changes in the emissions calculation methods (Sections 3 and 5).

Third, the study covered QA/QC of drilling rig activity (non-platform) emissions by comparing the 2021
Field Operations Drilling Rig Report generated from the Bureau of Safety and Environmental
Enforcement’s (BSEE’s) eWell database with drilling rig emissions reported in the OCS AQS 2021
inventory under the Lease Operations?® category (Section 9). Investigation of reported drilling rig
emissions is important as the 2021 emissions inventory was the first year that operators were required to
report emissions from these activities.

Fourth, based on the QA/QC effort, the Team finalized the 2021 platform emissions data in OCS AQS
and compared the data with 2017 final platform emissions (Section 8). The data will be published on
BOEM’s website as an MS Access file, like past final inventory data. Appendix B and C provide
geographical distribution of the 2021 emissions for platforms and lease operations, respectively. BOEM
will publish the Year 2021 drilling rig data (lease operations) on its website as an MS Access file, like
past final inventory data.

2 “Non-platform” sources in GOADS are currently labeled as “lease operation” in OCS AQS.



2 Overview of Data Collection Using OCS AQS

This section summarizes the data collection process used for the 2021 emissions inventory. As already
noted, BOEM used the newly implemented OCS AQS to collect and manage the activity and emissions
data from oil and gas operators for the 2021 inventory. OCS AQS is a comprehensive web-based software
solution which replaced the legacy, GOADS in 2020. OCS AQS allows oil and gas operators to enter
their facility source specific activity data from a secure web portal, guiding them through the data input
process, performing automatic range checks, and automatically calculating the emissions based on
operator input and the USEPA’s EFs and calculations. The system is easily accessible from a web
browser and greatly simplifies the work of collecting activity and emissions data from all oil and gas
operators.

2.1 Static Data

As a baseline for the 2021 inventory effort, the Team first captured all static information (e.g., complex
and structure ID of each facility, coordinates of the facility location, equipment types, etc.) from the 2017
inventory and imported the static data in OCS AQS. Operators could then input their 2021 activity data
(e.g., fuel usage, volume throughput, etc.) for each of their facilities without having to re-enter the static
information. Significant effort was expended to ensure that missing facilities (e.g., those that came online
since the 2017 effort) were added to the system and decommissioned facilities were appropriately
deactivated and archived (see Section 4.4).

Figure 2 shows the main dashboard of OCS AQS, which provides an overview of the inventory data from
the 2021 effort. For the 2021 effort, there are 1,738 platforms (including operating and non-operating)
listed in the 2021 OCS AQS draft inventory; these platforms are owned by 64 companies. Of these
platforms, 1,723 platforms have successfully submitted their calculated 2021 emissions. The remaining
15 facilities (operated by five companies) failed to submit their inventories before the submittal deadline.

Figure 2: Main OCS AQS dashboard



2.2 Operator Input and Submission

Oil and gas operators were provided with OCS AQS accounts, which they could access securely from a
web browser. OCS AQS guides operators by the user interface to input the required activity data by
equipment source type for the facilities. OCS AQS automatically calculates the emissions based on the
operator input and USEPA’s EFs and calculations. OCS AQS also provides various other features and
tools to assist them in the analysis of their data before submittal, such as the ability to generate reports and
maps. To instruct the operators with their use of the new OCS AQS system, the Team conducted virtual
training classes prior to the operator portal being opened, and the OCS AQS Operator User Manual was
published on the BOEM website at https://www.boem.gov/environment/environmental-studies/2021-ocs-
emissions-inventory (Thé et al. 2022).

After the operators completed the input process and passed the baseline QA/QC (Figure 3), they were
able to submit their inventory to BOEM directly from the system. BOEM administrators then could view
the submitted data from their OCS AQS accounts. The Team performed the post-submittal QA/QC to
ensure data quality as detailed in this report.

2.3 Data Collected

As defined per the 30 CFR 550.302, Definitions Concerning Air Quality, operators were required to enter
emissions inventory data for all sources that meet the following facility definition:

Facility means any installation or device permanently or temporarily attached to the
seabed which is used for exploration, development, and production activities for oil, gas,
or sulfur and which emits or has the potential to emit any air pollutant from one or more
sources. All equipment directly associated with the installation or device shall be
considered part of a single facility if the equipment is dependent on, or affects the
processes of, the installation or device. During production, multiple installations or
devices will be a single facility if the installations or devices are directly related to the
production of oil, gas, or sulfur at a single site. Any vessel used to transfer production
from an offshore facility shall be considered part of the facility while physically attached
to it.

Operators and lessees were not required to report emissions from sources that do not constitute a “facility”
as defined above. For example, supply or crew transport vessels are not facilities as defined in the
regulation but drilling rigs or vessels such as mobile offshore drilling units were required to report
emissions when they are connected either to the seabed or to a facility. In instances where drilling
activities are connected to a facility, operators were requested to report emissions as part of the platform
(or facility as defined by complex-structure ID) in OCS AQS. Approved drilling activities not connected
to a platform were required to report emissions as part of lease operations as designated by the BOEM
Lease Number in OCS AQS.

Examples of required information included the following:

Facility equipment

Source coordinates

Physical source characteristics (and stack information)
Fuel type and composition

Fuel usage

Days and hours of operation

Volumes vented and flared


https://www.boem.gov/environment/environmental-studies/2021-ocs-emissions-inventory
https://www.boem.gov/environment/environmental-studies/2021-ocs-emissions-inventory

OCS AQS identified mandatory data input by shading the data entry boxes in green as displayed in the
OCS AQS Operator User Manual (Thé et al. 2022) and Figure 4. Operators were allowed to provide
additional information, including equipment details and other supporting information to document
mandatory values.

2.4 Process Flowchart

Figure 3 provides a flowchart describing the overall process for 2021 emissions inventory data collection
and finalization, which ends with the publication of the 2021 final inventory data by BOEM. After the
QA/QC review process is completed and all required corrective actions are taken by operators to
complete their inventories, the final emissions inventory report will be published on BOEM’s website
(https://www.boem.gov/environment/environmental-studies/202 1 -ocs-emissions-inventory). BOEM also
will post an MS Access database file that contains the final emissions data.

CeSoprolte | Remowchcusted ., CedeheZz | Orenihe 0C8AQS
Inventory into OCS AQS Operators

Operators Enter All

Operators Submit o QA/QC Pass Operators Perform : -
Inventory to BOEM ¥+ Pass or Fail? 4 FinalQAIQCCheck * Required Activity
Fail

v

BOEM C letes Final
ompeles Operators Must

Review and QA/QC
and Then Publishes to Correct All QA/QC
the BOEM Website Errors

Figure 3: 2021 emissions inventory process
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3 Calculation Methods and EFs (Platform Sources)

3.1 Introduction

This section describes the calculation methods and EFs used in the 2021 emissions inventory effort to
estimate emissions from platform sources of oil and gas operations in the GOM OCS (west of 87° 30'
West longitude) from facilities with a unique BOEM Complex and Structure ID number. The descriptions
reflect any updates made to the 2017 calculation methods and EFs. To see what changes were made to the
2017 calculation methods and EFs, please refer to Section 8. Emissions from lease operations are
discussed in Section 9.

As already described, OCS AQS is a secure web-based system that allows operators to input their activity
data for each equipment source type on a facility directly through the web interface (such as fuel used or
volume vented or flared). The system uses these input data and USEPA’s EFs and calculation methods to
calculate the emissions automatically. All emissions calculators programmed into OCS AQS were
validated by the Team prior to the final deployment into the production environment where operators
could access the system.

In the input process, OCS AQS guided the operators through its user-friendly interface and online
context-sensitive help. For example, Figure 4 shows the Data Requests page for the boiler, heater, and
burner units. Operators provided data in the mandatory fields indicated by the green boxes (Total Fuel
Usage, Fuel Sulfur Content, and Emissions Destination in this example) on the top of the Data Requests
page. Operators had the option of populating white fields (listed as other information).

Description

EMISSION CALCULATOR REQUIRED PARAMETERS

Total Fuel Usage [Ib/month]:

0
p
'

Fuel Sulfur Content [wt%]:

fol
>
!

Emissions Destination:

OTHER INFORMATION

<
L0
>
I

Material Processed: Diesel A

Fuel Heating Value [Btu/Ib]: 19300 QA=

Hours of Operation per Month [hr]: QA—
Average Fuel Used [Ib/hr]:

Max Rated Fuel Usage [Ib/hr]: QA=

Average Heat Input [MMBtu/hr]: QA=

Max Rated Heat Input Rate [MMBtu/hr]: QA=

Figure 4: An example of the Data Requests page for boiler, heater, and burner units in OCS AQS
for operator input showing the mandatory required input fields on top highlighted in green



PROCESS CONTROL INFORMATION

In addition, operators had the option to provide reduction efficiencies for certain pollutants in the Control
Requests page. Figure 5 shows the Controls Requests page for the boiler, heater, and burner units.

Primary Type of Control Equipment: v ‘QA—-"
Description of Control Equipment Chain: ‘QAi-‘
Reduction Efficiency - PM2.5 [%]: ‘QA——-‘
Reduction Efficiency - PM10 [%]: ‘QA—-|
Reduction Efficiency - NOx [%]: ‘QA—-»|
Reduction Efficiency - N20 [%]: ‘QA—-’|
Reduction Efficiency - SOx [%]: ‘QA——b‘
Reduction Efficiency - VOC [%]: ‘QA—-"
Reduction Efficiency - CO [%]: ‘QAi—-‘

Control Device? No v ‘QA—_.|

Is a Factory Acceptance Test Certificate No v ‘QA—-'|
attached for primary control equipment? -

Figure 5: An example of the Control Requests page for boiler, heater, and burner units in OCS
AQS for optional input on reduction efficiencies

NOTE: In this section, input data that were required from the operators to calculate the
emissions are indicated by the bold type (corresponding to the mandatory green fields shown in
the Data Requests page shown in Figure 4). The Emissions Destination field is not used directly
in the emissions calculations but must be defined to designate where equipment emissions are
released into the atmosphere. The designation of the release point is mandatory as it is required to
accurately characterize the point of release in air dispersion modeling. A note is provided in this
section to indicate when an operator is allowed to provide reduction efficiencies for a pollutant
(Figure 5). For all calculation methods in OCS AQS that are described in this section, Data
Requests pages like Figure 4 and Control Requests pages like Figure 5 can be found in Appendix
A of the OCS AQS Operator User Manual (Thé et al. 2022).

After operators entered all parameters and initial QA/QC was completed, OCS AQS executed the
appropriate calculations to estimate the emissions data.

3.2 Emissions Calculation Methods

A complete description of the oil and gas exploration and production equipment types discussed can be
found on the USEPA AP-42 website (https://www.epa.gov/air-emissions-factors-and-quantification/ap-
42-compilation-air-emissions-factors) and in the OCS AQS Operator User Manual. Table 5 provides a
summary of references documenting the primary source of the equation presented in this section. Table 6
provides a summary of references document the primary source of EFs used in OCS AQS to complete the
2021 emission inventory (see also Appendix D). Additional parameters provided in the Section 3 tables
are from the Year 2017 Emissions Inventory Study (Wilson et al. 2019) and USEPA AP-42.
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Table 5: 2021 emissions inventory equation references

# Emission Estimation Procedures Reference
1 | Amine Units American Petroleum Institute (1999)
2 | Boilers, Heaters, and Burners Wilson et al. (2019)
3 | Diesel and Gasoline Engines Wilson et al. (2019)
4 | Drilling Equipment Wilson et al. (2019)
5 | Combustion Flares Wilson et al. (2019)
6 | Fugitive Sources Wilson et al. (2019)
7 | Glycol Dehydrators URS Radian (2019)
8 | Loading Operations Wilson et al. (2019)
9 | Losses from Flashing Wilson et al. (2019)
10 | Mud Degassing Wilson et al. (2019)
11 | Natural Gas Engines Wilson et al. (2019)
12 "I\'jj‘:gir:ésea& Diesel, and Dual-Fuel Wilson et al. (2019)
13 | Pneumatic Pumps Wilson et al. (2019)
14 | Pneumatic Controllers Wilson et al. (2019)
15 | Storage Tanks USEPA (2022)
16 | Cold Vents Wilson et al. (2019)

Table 6: 2021 EF references

# Emission Estimation Procedures Reference
1 | Amine Units American Petroleum Institute (1999)
2 | Boilers, Heaters, and Burners USEPA (2022)
3 | Diesel and Gasoline Engines USEPA (2022)
4 | Drilling Equipment USEPA (2022)
5 | Combustion Flares USEPA (2022)
6 | Fugitive Sources Wilson et al. (2019)
7 | Glycol Dehydrators URS Radian (2019)
8 | Loading Operations Wilson et al. (2019)
9 | Losses from Flashing Wilson et al. (2019)
10 | Mud Degassing Wilson et al. (2019)
11 | Natural Gas Engines USEPA (2022)
12 _l;lj:gir:éfas, Diesel, and Dual-Fuel USEPA (2022)
13 | Pneumatic Pumps Wilson et al. (2019)
14 | Pneumatic Controllers Wilson et al. (2019)
15 | Storage Tanks USEPA (2022)
16 | Cold Vents Wilson et al. (2019)

The following subsections describe the emissions equations used to calculate the 2021 emissions

inventory.




3.2.1 Amine Units (AMI)

OCS AQS provides a calculator for AMI. Hourly emissions from AMI are calculated externally to OCS
AQS using the American Petroleum Institute (API) PUBL 4679 Amine Unit Emissions Model
AMINECalc Version 1.0. The emissions data must be imported to OCS AQS using the Amine Emission
Rates Import tool available within OCS AQS. The operator is required to provide the hourly emissions
data (Ib/hr) as well as the hours of operation per month (hr/month). Emissions are then calculated as
follows:

E =E, Xt (Eq.1)
where:

E = Emissions (Ib/month)
Ep, = Hourly emissions of AMI (Ib/hr)
t = Hours of operation per month (hr/month)

3.2.2 Glycol Dehydrators (GLY)

OCS AQS provides a calculator for glycol dehydrators (GLY-000). Hourly emissions from glycol
dehydrators are calculated externally to OCS AQS using the GRI-GLY Calc™ Software Version 4.0. The
emissions data must be imported to OCS AQS using the Glycol Emission Rates Import tool available
within OCS AQS. The operator is required to provide the hourly emissions data (Ib/hr) as well as the
hours of operation per month (hr/month). Emissions are then calculated as follows:

where:

E = Emissions (Ib/month)
Ep, = Hourly emissions of glycol dehydrators (I1b/hr)
t = Hours of operation per month (hr/month)

3.2.3 Boilers, Heaters, and Burners with Control Reductions (BOI)

OCS AQS provides three calculators for boilers, heaters, and burners, based on the type of fuel. These
calculators are designated as BOI-MO1R (Diesel), BOI-M02R (Waste Oil), and BOI-M03R (Natural Gas,
Process Gas, or Waste Gas).

3.2.3.1 Units Powered by Diesel (BOI-M01R)

For boiler, heater, and burner units powered by diesel, emissions are calculated as follows:

U
E = EF X 0.001 X ——— Eq.3
% X7 11b/gal (Eq.3)

where:

E = Emissions (Ib/month)
EF = Emission factor (1b/10° gal)
U = Total fuel usage (Ib/month)

S = Fuel sulfur content (wt %) — This factor is not shown in the formula above but is a required
field in OCS AQS (as indicated by the bold type here) and is used to obtain the SO, EFs.



Table 7 shows the EFs for units powered by diesel.

Table 7: EFs for boilers, heaters, and burners powered by diesel

Pollutant EF (Ib/ 103 gal)
Volatile organic compound (VOC)t 0.2
Lead (Pb) 1.22E-03
Sulfur dioxide (SO2)* 142 x S
Nitrogen oxide (NOx)f 24
Particulate matter less than 2.5 microns (PMzs)f 0.25
Particulate matter less than 10 microns (PM1o)* 1
Ammonia (NH3) 0.8
Carbon monoxide (CO)f 5
Nitrous oxide (N20)f 0.26
Methane (CHa) 0.05
Carbon dioxide (COz2) 22,300
Arsenic 1.32E-03
Benzene 2.14E-04
Beryllium 2.78E-05
Cadmium 3.98E-04
Chromium VI 2.48E-04
Chromium 1l 5.97E-04
Ethylbenzene 6.36E-05
Formaldehyde 0.033
Mercury 1.13E-04
Toluene 6.2E-03
Xylenes 1.09E-04

Note: T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required
information (e.g., control equipment type, reduction efficiency in %) on a separate page (Control Requests page) in

OCS AQS.

3.2.3.2 Units Powered by Waste Oil (BOI-M02R)

For boiler, heater, and burner units powered by waste oil, emissions are calculated as follows:

E =EF x0.001 x

where:

E = Emissions (Ib/month)
EF = Emission factor (Ib/10° gal)
U = Total fuel usage (Ib/month)

S = Fuel sulfur content (wt %) — This factor is not shown in the formula above but is a required

field in OCS AQS and is used to obtain certain EFs.

Table 8 shows the EFs for units powered by waste oil.

10

7.11b/gal



Table 8: EFs for boilers, heaters, and burners powered by waste oil

Pollutant EF (Ib/ 103 gal)
VOocCt 0.28
Pb 1.51E-03
SO.f 157 x S
NOxT 47
PM2st 523 xS+1.73
PMjot 9.19 x S+ 3.22
NHs 0.8
cof )
N2Of 0.53
CH4 1
CO2 24,400
Arsenic 1.32E-03
Benzene 2.14E-04
Beryllium 2.78E-05
Cadmium 3.98E-04
Chromium VI 2.48E-04
Chromium 111 5.97E-04
Ethylbenzene 6.36E-05
Formaldehyde 0.033
Mercury 1.13E-04
Toluene 6.2E-03
Xylenes 1.09E-04

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information
(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.3.3 Units Powered by Natural Gas, Process Gas, or Waste Gas (BOI-M03R)

For boiler, heater, and burner units powered by natural gas, process gas, or waste gas, emissions are

calculated as follows:

where:

E = Emissions (Ib/month)
EF = Emission factor (Ib/MMscf)
U = Total fuel usage (MSCF/month)

Table 9 shows the EFs for units powered by natural gas, process gas, or waste gas.

E=EF x0.001xU

11

(Eq.5)



Table 9: EFs for boilers, heaters, and burners powered by gas

Pollutant EF (Ib/MMscf)
VOoCt 5.5
Pb 5E-04
SOt 0.6
NOxT 190
PM2 st 1.9
PMjot 1.9
NHs 3.2
cot 84
N2Ot 2.2
CH4 2.3
CO2 120,000
Arsenic 2E-04
Benzene 2.1E-03
Beryllium 1.2E-05
Cadmium 1.1E-03
Chromium 111 1.34E-03
Chromium VI 5.60E-05
Formaldehyde 0.075
Hexane 1.8
Mercury 2.6E-04
Toluene 3.40E-03

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information
(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.4 Diesel and Gasoline Engines (DIE)

OCS AQS provides three calculators for diesel and gasoline engines. These calculators are designated as
DIE-MO1R (gasoline engines), DIE-MO02R (diesel engines with max HP < 600), and DIE-MO3R (diesel
engines with max HP > 600).

3.2.4.1 Gasoline Engines (DIE-M01R)

For gasoline engines, emissions are calculated as follows:

b
E=EFx107® x U x6.17axH (Eq.6)

where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)
U = Total fuel usage (gal/month)
H = Fuel heating value (Btu/lb)

Table 10 shows the EFs for gasoline engines.

12



Table 10: EFs for gasoline engines

Pollutant EF (Ib/MMBtu)
VvocCt 3.03
SOt 0.084
NOxT 1.63
PMz2st 0.1
PMiof 0.1
cof 0.99
CO2 154

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information
(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.4.2 Diesel Engines with Max HP < 600 (DIE-M02R)

For diesel engines with max HP < 600, emissions are calculated as follows:

Ib
E=EFx107® x U x71—XH
gal

(Eq.7)
where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)
U = Total fuel usage (gal/month)
H = Fuel heating value (Btu/Ib)

Table 11 shows the EFs for diesel engines with max HP < 600.

Table 11: EFs for diesel engines with max HP < 600

Pollutant EF (Ib/MMBtu)
VOCt 0.36
SOt 0.29
NOKT 4.41
PM2 st 0.31
PM1of 0.31
cot 0.95
CO2 164
Acetaldehyde 7.67E-04
Benzene 9.33E-04
Formaldehyde 1.18E-03
::’Po’l\yﬁglclic aromatic hydrocarbon 1 68E-04
Toluene 4.09E-04
Xylenes 2.85E-04

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information
(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

13



3.2.4.3 Diesel Engines with Max HP = 600 (DIE-MO3R)

For diesel engines with max HP > 600, emissions are calculated as follows:

b
E=FFx107® x U x71—XH
gal

where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)
U = Total fuel usage (gal/month)
H = Fuel heating value (Btu/lb)

(Eq.8)

S = Fuel sulfur content (wt %) — This factor is not shown in the formula above but is a required

field in OCS AQS and is used to obtain certain EFs.
Table 12 shows the EFs for diesel engines with max HP > 600.

Table 12: EFs for diesel engines with max HP = 600

Pollutant EF (Ib/MMBtu)
VOCT 0.08
SOt 1.01x S
NOxT 3.2
PMa2.st 0.0479
PM1ot 0.0573
cof 0.85
CH4 8E-03
CO2 165
Acetaldehyde 2.52E-05
Benzene 7.76E-04
Formaldehyde 7.89E-05
PAH 2.12E-04
Toluene 2.81E-04
Xylenes 1.93E-04

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information

(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.5 Drilling Equipment with Control Reduction (DRI)

OCS AQS provides three calculators for DRI, based on the type of fuel. These calculators are designated

as DRI-MO1R (Gasoline), DRI-MO02R (Diesel), and DRI-MO0O3R (Natural Gas).

3.2.5.1 Units Powered by Gasoline (DRI-M01R)
For gasoline-powered DRI, emissions are calculated as follows:

b Btu
E=EFx107% x U X 6.17 — X 20,300 —
gal b

14
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where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)
U = Total fuel usage (gal/month)

Table 13 shows the EFs for units powered by gasoline.

Table 13: EFs for drilling equipment powered by gasoline

Pollutant EF (Ib/MMBtu)
VOoCt 3.03
SO.f 0.084
NOxT 1.63
PMzst 0.1
PM1ot 0.1
cof 0.99
CO2 154

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information

(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.5.2 Units Powered by Diesel (DRI-M02R)

For diesel-powered DRI, emissions are calculated as follows:

where:

b
E=EFXx107% x U X 7.1@ X 19,300

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)
U = Total fuel usage (gal/month)

Btu
Ib

(Eq.10)

S = Fuel sulfur content (wt %) — This factor is not shown in the formula above but is a required
field in OCS AQS and is used to obtain certain EFs.

Table 14 shows the EFs for units powered by diesel.

Table 14: EFs for drilling equipment powered by diesel

Pollutant EF (Ib/MMBtu)
VOCt 0.0819
SO.f 1.01 xS
NOxT 3.2
PM2st 0.056
PMiof 0.0573
CH4 8.1E-03
cot 0.85
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Pollutant EF (Ib/MMBtu)
CO2 165
Acetaldehyde 2.52E-05
Benzene 7.76E-04
Formaldehyde 7.89E-05
PAH 2.12E-04
Toluene 2.81E-04
Xylenes 1.93E-04

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information

(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.5.3 Units Powered by Natural Gas (DRI-M03R)

For DRI powered by natural gas, emissions are calculated as follows:

where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMscf)
U = Total fuel usage (Mscf/month)

Table 15 shows the EFs for units powered by natural gas.

Table 15: EFs for drilling equipment powered by natural gas

Pollutant EF (Ib/MMscf)
VOoCt 75.3
SOt 0.6
NOxT 2,467.5
PM2 st 4.9
PMiot 4.9
cof 2,127.3
CH4 755
CO2 112,200
Acetaldehyde 5.86
Benzene 1.06
Ethylbenzene 0.03
Formaldehyde 38.54
PAH 0.09
Toluene 0.51
Xylenes 0.2

E =EF xU x0.001

(Eq.11)

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information

(e.g., control equipment type, reduction efficiency in %) in OCS AQS.
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3.2.6 Combustion Flares and Flare Pilots (FLA)

OCS AQS provides two calculators for FLA—one for the flare and the other for the flare pilot. These
calculators are designated as FLA-MO1 (combustion flare) and FLA-MO02 (combustion flare—pilot).

3.2.6.1 Combustion Flares (FLA-MO01)
For combustion flares, emissions are calculated as follows for the pollutants listed in Table 16:

E =V xHXEF x0.001 (Eq.12)
where:

E = Emissions (Ib/month)

V = Total volume of gas flared, not including pilot (Mscf)

H = Flare gas heating value (Btu/scf)

EF = Emission factor (Ib/MMBtu), which can depend on smoke conditions, provided as
operator input (see below)

Table 16 shows the EFs for combustion flares.

Table 16: EFs for combustion flares

Pollutant EF (Ib/MMBtu)

NOx 0.068
PM2.5 PM10 no smoke 0.0
PMgz.5, PM1o light smoke 2E-03
PMz.5, PM1o medium smoke 0.01
PMz.s, PM1o heavy smoke 0.02
CO 0.31
N20 2E-03
CO2 117.65
Acetaldehyde 0.05519
Benzene 1.59E-03
Ethylbenzene 9E-05
Formaldehyde 0.08302
Hexane 7.48E-03
Toluene 1.42E-03
2,2,4 Trimethylpentane 2.11E-03
Xylenes 4E-04

Flare emissions for SO,, VOC, and CH4 are calculated using different formulation, as described below.
Among other differences, each requires the use of its molecular weight in Ib/Ib-mol, as shown.

For SO», which has a molecular weight of 64 1b/Ib-mol, emissions are calculated as follows:

Eff 1075 64 lb/Ib-mol

Eso, = 750 % ppm scf
Ib-mol

X 1,000 X V X Cys (Eq.13)
379.4
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where:

E 50, = SO emissions (Ib/month)

Eff = Combustion efficiency of the flare (%)

V = Total volume of gas flared, not including pilot (Mscf)
Ch,s = Concentration of H.S in the flare gas (ppm)

For VOC, emissions are calculated as follows:

E m 1b/1b-mol
Epoc =V x|(1- IFY o mwoc 1b/ x 1,000 (Eq. 14)
100 scf
379.4 o
Ib-mol

where:

Eyoc = VOC emissions (Ib/month)

Eff = Combustion efficiency of the flare (%)

V = Total volume of gas flared, not including pilot (Mscf)

myoc = The mole weight of VOC - this is automatically calculated in OCS AQS from the sales
gas data

For CHy, which has a molecular weight of 16.04 1b/lb-mol, emissions are calculated as follows:

E 16.04 1b/1b-mol
Ecy, =V % (1 — ff) X / % 1,000 (Eq.15)
100 scf
3794 f——
1b-mol
where:
Ecu, = CHs emissions (Ib/month)
Eff = Combustion efficiency of the flare (%)
V = Total volume of gas flared, not including pilot (Mscf)
3.2.6.2 Flare Pilot (FLA-M02)
Emissions from flare pilot are calculated as follows:
E=PXxD XEF x0.001 (Eq.16)

where:

E = Emissions (Ib/month)

P = Pilot feed rate (Mscf/day)

D = Number of days in month (day)
EF = Emission factor (Ib/MMscf)

Table 17 shows the EFs for flare pilot.
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Table 17: EFs for flare pilot

Pollutant EF (Ib/MMscf)
VOC 5.5
Pb 5E-04
NOx 100
PM2.s 1.9
PM1o 1.9
NHs 3.2
SOz 0.6
CO 84
N20 2.2
CH4 2.3
CO2 120,000
Arsenic 2E-04
Benzene 2.1E-03
Beryllium 1.2E-05
Cadmium 1.1E-03
Chromium I 1.344E-03
Chromium VI 5.6E-05
Formaldehyde 0.075
Hexane 1.8
Mercury 2.6E-04
Toluene 3.4E-03

3.2.7 Fugitive Sources (FUG)

Six (6) calculators are available in OCS AQS for fugitive sources based on the process stream. These
calculators are designated as FUG-MO1 (Gas), FUG-MO02 (Liquid Natural Gas), FUG-M03 (Heavy Oil),
FUG-M04 (Light Oil), FUG-M05 (Water/Oil), and FUG-M06 (Water/Oil/Gas).

All six calculators follow the same basic formulation, except that the EFs for various components and the
weight fractions for CH4 or VOC differ by stream type, as described below. Rather than repeating the
same formulation, the equations are presented once here, and the different EFs and weight fractions are
shown for different process streams.

For each process stream, fugitive total hydrocarbons (THC) emissions are calculated as follows:

Erpe = | ). (BF X Ncomp | X D (Eq.17)

comp

where:

Eryc = THC emissions for the stream type (Ib/month)

EF = Emission factor of the component for the stream type (Ib/component-day)
N = Total number of components (to specify by type)

D = Number of days in month (day)
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Table 18 shows the EFs for THC, by component type, for each process stream.

Table 18: EFs for total hydrocarbons by component for each process stream (in Ib/component-

day)
Liquid Heavy Oil Light Oil Water and Water, Oil,
Component (FUg?I\SIIM) Natural Gas Sf:vﬁyp)l (éfgvﬁ;)l Oil and Gas
(FUG-M02) (FUG-M03) (FUG-M04) (FUG-MO05) (FUG-MO06)
Connector 0.011 0.011 4E-04 0.011 5.8E-03 0.011
Flange 0.021 5.8E-03 2.1E-05 5.8E-03 1.5E-04 0.021
Line 0.11 0.074 0.074 0.074 0.013 0.11
Othert 0.47 0.4 1.7E-03 0.4 0.74 0.74
Pump Seals 0.13 0.69 0.69 0.69 1.3E-03 0.13
Valve 0.24 0.13 4 4E-04 0.13 5.2E-03 0.24

T Other Includes compressor seals, diaphragms, drains, dump arms, hatches, instruments, meters, pressure relief

valves, polished rods, and vents.

Fugitive CHs and VOC emissions for each process stream are calculated as follows:

where:
E = Emissions for VOC or CH4 (Ib/month)
Eryc = THC emissions (Ib/month), as described above
WF = Weight fraction of CH4 or VOC for each stream type
Table 19 shows the weight fractions of CH4 and VOC for each process stream.
Table 19: Weight fractions of CH4 and VOC for each process stream
- Light Oil Heavy Oil .
vagnt | ow | 0| Gan | (Gaer | Wend | Vet o
raction - ravity ravity
(FUG-MO2) | ciciuos | (Fuc.mosy | (FUGMOS) | (FUG-M6)
CH4 0.8816 0.612 0.612 0.942 0.612 0.612
VOC 0.0396 0.296 0.296 0.030 0.296 0.296
3.2.8 Loading Operations (LOA-M01R)
OCS AQS provides a calculator for loading operations, and it is designated as LOA-MO1R.
THC emissions from loading operations are calculated as follows:
E (0 46+ 1.84 x (044 x P —0.42) m 1 02) 42 gal 1073 (Eq.19)
={0. . x (044 x P —0. X———=X1. XQ X X :
THC (T + 460) ¢ a

where:

Eryc = THC emissions (Ib/month)
P = True vapor pressure of the loaded liquid (psia) — see below
m = Average molecular weight of vapors (Ib/lb-mol)
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T = Liquid bulk temperature in Fahrenheit (°F) — OCS AQS converts this to Rankine
Q = Total barrels transferred (bbl/month)

The true vapor pressure of the loaded liquid, P, is calculated as follows:
P = elA—(B/TL4)] (Eq.20)

In the above equation, 4 and B represent empirical constants based on the Reid vapor pressure P, and 774
is the daily average liquid surface temperature in Rankine, obtained by the following formulation:

A =12.82—-0.9672 X In(Pg) (Eq.21)
B =7,261 — 1,216 X In(Pg) (Eq.22)
Btu
T4 = 0.44 X (T4, + 460) + [0.56 X (T + 460)] + (0.0079 X ax1,437 ftz—day) (Eq.23)

where:

Pr = Reid vapor pressure (psia)

T,4 = Daily average ambient temperature in Fahrenheit (°F) — OCS AQS converts this to
Rankine

a = Tank paint solar absorptance, determined in OCS AQS based on user input for the storage
tank paint color and the paint condition — see below

2017 Emission Inventory Study (Wilson et al. 2019) provides the values for Tables 17-20.

Table 20 shows the solar absorptance values used in OCS AQS based on the user-specified paint color
and paint condition.

Table 20: Tank paint solar absorptance by paint color and condition

Paint Color Paint Condition = Good Paint Condition = Poor
Aluminum or Specular 0.39 0.49
Aluminum or Diffuse 0.60 0.68
Gray or Light 0.54 0.63
Gray or Medium 0.68 0.74
Red or Primer 0.89 0.91
White 0.17 0.34

VOC emissions are calculated as a percent of THC emissions as follows:

WPyoc
Eyoc = o0 X Ernc (Eq.24)

where:
WPyoc = VOC tank vapor weight percent (%)

Operators were allowed to provide reduction efficiencies for emissions from loading operations by
entering the required information (e.g., control equipment type, reduction efficiency in %) in OCS AQS.
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3.2.9 Losses from Flashing (LOS-M01R)
OCS AQS provides a calculator for losses from flashing, and it is designated as LOS-MOIR.
VOC, CO,, and CH4 emissions due to flashing losses are calculated as follows:
Ef = (GORy — GORy) X Q X W, (Eq.25)
where:

Ef = Emissions from flashing (Ib/month)

GORy; = Gas-to-oil ratio for upstream vessel (scf/bbl)

GORy = Gas-to-oil ratio for vessel (scf/bbl)

Q = Throughput volume (bbl/month)

W, = Gas density (Ib/scf) — see below for the values used in OCS AQS

Table 21 shows the gas density values used for VOC, CO,, and CHa.

Table 21: Gas density values for losses from flashing

Pollutant Ga(slb‘}':;‘fs)"y
voC 1.8E-03
Ccoz 9.28E-04
CHa 0.04

The gas-to-oil ratio (GOR) in the equation above is calculated using the Vasquez-Beggs correlation, as
follows:

CXGoit
GOR =A X (Py + Py)® X Gpy x eTv+460 (Eq.26)

where:

GOR = Gas-to-oil ratio (scf/bbl)

P, = Vessel operating pressure (upstream/downstream) (psia)

P, = Atmospheric pressure (psia)

A, B, and C are empirical constants — see below for the values used in OCS AQS
Grg = Specific gravity of flash gas — see below for the values used in OCS AQS
Ty = Vessel operating temperature (upstream/downstream) (°F)

G,i; = API gravity

OCS AQS uses the following values in Table 22 and Table 23 for 4, B, C, and based on API gravity
provided by the operator:

Table 22: Parameters in Vasquez-Beggs correlation for API gravity > 30

Parameter Value
A 0.0178
B 1.187
C 23.931
Grg 0.93
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Table 23: Parameters in Vasquez-Beggs correlation for API gravity < 30

Parameter Value
A 0.0362
B 1.0937
C 25.724
Grg 1.08

Operators were allowed to provide reduction efficiencies for emissions from flashing by entering the
required information (e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.10 Mud Degassing (MUD)
OCS AQS provides a calculator for mud degassing, and it is designated as MUD-MO1.

Emissions from mud degassing are calculated as follows:

wPpP
E =MXEF X DdTill (Eq27)

where:

E = Emissions (Ib/ month)

W P = Mud degassing speciation fraction given as percent by weight (%)

EF = Emission factor (Ib/day), which depends on the type of mud indicated by the operator
Dgriny = Days per month of drilling with mud (day/month)

Table 24 below shows the speciation fraction default values used in OCS AQS.

Table 24: Mud degassing speciation fractions

Percent

Component Composition by
Weight (%)
Methane (CHa) 64.705
Ethane (Cz) 7.834
Propane (Cs) 12.977
Butane (Ca) 8.973
Pentane (Cs) 4873
Carbon Dioxide (COz) 0.6

Table 25 below shows the EFs for mud degassing based on the type of mud.

Table 25: EFs for mud degassing

Type of Mud EF (Ib THC/day)
Water-based Mud 881.84
Oil-based Mud 198.41
Synthetic Mud 198.41
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3.2.11 Natural Gas Engines (NGE)

Four calculators are available in OCS AQS for NGE, based on the engine type. These calculators are
designated as NGE-MOI1R (2-Stroke, Lean Burn), NGE-MO02R (4-Stroke, Lean Burn), NGE-MO0O3R (4-
Stroke, Rich Burn), and NGE-MO04R (Clean Burn).

For all NGE, emissions are calculated as follows:
E=EFxH xU x0.001 (Eq.28)
where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)

H = Fuel heating value (Btu/scf)

U = Total Fuel usage (Mscf/month)

EFs for NGE vary by engine type, as shown in the four tables below, one for each engine type. Table 26
shows EFs for 2-Stroke, Lean Burn engines; Table 27 for 4-Stroke, Lean Burn engines; Table 28 for 4-
Stroke, Rich Burn; and Table 29 for Clean Burn engines.

Table 26: EFs for natural gas engines: 2-stroke, lean burn (NGE-M01R)

Pollutants EF (Ib/MMBtu)

VOC 0.12
SOz 5.88E-04
NOx 1.94
PM1o 0.0384
PM2.5 0.0384
CcO 0.353
CHa 1.45
CO2 110
Acetaldehyde 7.76E-03
Benzene 1.94E-03
Ethylbenzene 1.08E-04
Formaldehyde 0.0552
Hexane 4.45E-04
PAH 1.34E-04
Toluene 9.63E-04
2,2,4-Trimethylpentane 8.46E-04
Xylenes 2.68E-04
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Table 27: EFs for natural gas engines: 4-stroke, lean burn (NGE-MO02R)

Pollutants EF (Ib/MMBtu)

VOC 0.118
SO2 5.88E-04
NOXx 0.847
PM1o 7.71E-5
PM2s 7.71E-5
CO 0.557
CHa4 1.25
CO2 110
Acetaldehyde 8.36E-03
Benzene 4.40E-04
Ethylbenzene 3.97E-05
Formaldehyde 0.0528
Hexane 1.11E-03
PAH 2.69E-05
Toluene 4.08E-04
2,2,4-Trimethylpentane 2.50E-04
Xylenes 1.84E-04

Table 28: EFs for natural gas engines: 4-stroke, rich burn (NGE-M03R)

Pollutants EF (Ib/MMBtu)
vOC 0.03
SO2 5.88E-04
NOx 2.27
PM1o 9.50E-3
PM2.5 9.50E-3
CO 3.51
CH4 0.23
CO2 110
Acetaldehyde 2.79E-03
Benzene 1.58E-03
Ethylbenzene 2.48E-05
Formaldehyde 0.0205
PAH 1.41E-04
Toluene 5.58E-04
Xylenes 1.95E-04
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Table 29: EFs for natural gas engines: clean burn (NGE-M04R)

Pollutants EF (Ib/MMBtu)

VOC 0.12
SO2 5.88E-04
NOx 0.59
PM1o 7.71E-5
PM2.s 7.71E-5
CO 0.88
CHa4 1.25
CO2 110
Acetaldehyde 3.52E-03
Benzene 6.00E-04
Ethylbenzene 4.19E-05
Formaldehyde 0.0495
Hexane 6.48E-04
Toluene 5.05E-04
2,2,4-Trimethylpentane 1.05E-04
Xylenes 1.71E-04

3.2.12 Dual-Fuel Turbines (NGT)

OCS AQS provides three calculators for NGT. These calculators are designated as NGT-MO1R (Natural
Gas, Known Sulfur Content), NGT-MO02R (Natural Gas, Unknown Sulfur Content), and NGT-M03R
(Diesel).

3.2.12.1 Natural Gas Dual-Fuel Turbines with Known Fuel Gas Sulfur Content (NGT-M01R)
Emissions from natural gas dual-fuel turbines with known fuel sulfur content are calculated as follows:

E=EF xH xU x0.001 (Eq.29)
where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)

H = Fuel heating value (Btu/scf)

U = Total Fuel usage (Mscf/month)

S = Fuel sulfur content (wt %) — This factor is not shown in the formula above but is a required
field in OCS AQS and is used to obtain the EF for SO..

Table 30 shows the EFs for natural gas dual-fuel turbine engines when the sulfur content is known.
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Table 30: EFs for natural gas dual-fuel turbines with known fuel gas sulfur content

Pollutants EF (Ib/MMBtu)
VvocCt 2.10E-03
SOt 0.94 x S
NOxT 0.32
PMiof 1.9E-03
PM2st 1.9E-03
cof 0.082
N2Of 3E-03
CHa4 8.6E-03
CO2 110
Acetaldehyde 4E-05
Benzene 1.2E-05
Cadmium 6.93E-06
Chromium I 1.28E-052
Chromium VI 5.32E-07
Ethylbenzene 3.2E-05
Formaldehyde 7.1E-04
Mercury 6.63E-06
PAH 2.2E-06
Toluene 1.3E-04
Xylenes 6.4E-05

Notes: t Operators were allowed to provide reduction efficiencies for these pollutants by entering the required
information (e.g., control equipment type, reduction efficiency in %) in OCS AQS.

a USEPA 2016

3.2.12.2 Natural Gas Dual-Fuel Turbines with Unknown Fuel Gas Sulfur Content (NGT-
MO2R)

When the fuel sulfur content is not known, emissions from natural gas dual-fuel turbines are calculated
using the same formulation as above, but the SO, EF has no dependency on the sulfur content. Emissions
are calculated as follows:

E=EF xH xU x0.001 (Eq.30)
where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)

H = Fuel heating value (Btu/scf)

U = Total Fuel usage (Mscf/month)

EFs are identical to when the sulfur content is known, except for the SO, EF. For completeness, Table 31
shows the EFs for natural gas dual-fuel turbines with unknown sulfur content.
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Table 31: EFs for natural gas dual-fuel turbines with unknown fuel gas sulfur content

Pollutants EF (Ib/MMBtu)
VvocCt 2.10E-03
SOt 3.47E-03
NOxT 0.32
PMiof 1.9E-03
PM2st 1.9E-03
cof 0.082
N2Of 3E-03
CH4 8.6E-03
CO2 110
Acetaldehyde 4E-05
Benzene 1.2E-05
Cadmium 6.93E-06
Chromium 111 1.28E-05
Chromium VI 5.32E-07
Ethylbenzene 3.2E-05
Formaldehyde 7.1E-04
Mercury 6.63E-06
PAH 2.2E-06
Toluene 1.3E-04
Xylenes 6.4E-05

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information
(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.12.3 Dual-Fuel Turbines using Diesel Fuel (NGT-M03R)

Emissions from diesel dual-fuel turbines are calculated as follows:

b Btu
E=EFx107® X U x7.1— X 19,300— (Eq.31)
gal 1b

where:

E = Emissions (Ib/month)

EF = Emission factor (Ib/MMBtu)

U = Total fuel usage (gal/month)

S = Fuel sulfur content (wt %) — This factor is not shown in the formula above but is a required
field in OCS AQS and is used to obtain certain EFs.

Table 32 shows the EFs for diesel dual-fuel turbine engines.
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Table 32: EFs for dual-fuel turbines using diesel fuel

Pollutants EF (Ib/MMBtu)
VOocCt 4.1E-04
Pb 1.4E-05
SO.f 1.01 xS
NOxT 0.88
PMiof 4.3E-03
PM2 st 4.3E-03
cot 3.3E-03
CO2 157
Arsenic 1.1E-05
Benzene 5.5E-05
Beryllium 3.1E-07
Cadmium 4.8E-06
Chromium 11l 9.02E-06
Chromium VI 1.98E-06
Formaldehyde 2.8E-04
Mercury 1.2E-06
PAH 4E-05

T Operators were allowed to provide reduction efficiencies for these pollutants by entering the required information
(e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.13 Pneumatic Pumps (PNE-M01R)
OCS AQS provides a calculator for pneumatic pumps, and it is designated as PNE-MOIR.

CO,, CH4, and VOC emissions for pneumatic pumps are calculated as follows:

MP  11lb'mol
X
100 379.4 scf

E=1t X1y XMW X (Eq.32)

where:

E = Emissions (Ib/month)

t = Hours of operation per month (hr/month)

7s,, = Fuel usage rate (scf/hour)

MW = Mole weight of gas (Ib/Ib-mol)

MP = Mole percentage of gas (%) — This factor is automatically calculated in OCS AQS from the
sales gas data.

Table 33 shows the mole weight of the pollutants used in OCS AQS for pneumatic pump emissions.

Table 33: Mole weight of the pollutants for pneumatic pumps

Pollutants Mole Weight (Ib/Ib-mol)
CH4 16.043
CO2 44.01

Automatically calculated

vOC
from sales gas
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Hazardous air pollutant (HAP) emissions are calculated based on the VOC emissions obtained from the
equation above and applying the speciation profile data:

WP
HAP) (Eq.33)

EA :EOCX<
HAP Vv WPVOC

where:

Eyoc = VOC emissions (Ib/month)
WPy 4p = HAP average weight (%)
W Pyoc = VOC average weight (%)

Table 34 shows the HAP speciation profile with average weight in %.

Table 34: Speciation profile used to calculate HAP emissions based on VOC emissions

Pollutants Average weight (%)
Benzene 0.01855
Ethylbenzene 1.15E-03
Hexane 0.35195
Toluene 2.80E-03
2,2,4-Trimethylpentane 7.0E-04
Xylenes 4.80E-03
vOC 17.21

Operators were allowed to provide reduction efficiencies for emissions from loading operations by
entering the required information (e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.14 Pneumatic Controllers (PRE- M01R)
OCS AQS provides a calculator for pneumatic pumps, and it is designated as PRE-MO1R.

CO,, CH4, and VOC emissions for pneumatic controllers are calculated as follows:

MP  11lb'mol

= X X X X X
E=NXt X1 XMW X106 X 30 T sct

(Eq.34)

where:

E = Emissions (Ib/month)

N = Number of units

t = Hours of operation per month (hr/month)

77, = Fuel usage rate (scf/hour)

MW = Mole weight of gas (Ib/Ib-mol)

MP = Mole percentage of gas (%) — This factor is automatically calculated in OCS AQS from the
sales gas data.

Table 35 shows the mole weight of the pollutants used in OCS AQS for pneumatic pump emissions.
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Table 35: Mole weight of the pollutants for pneumatic pumps

Pollutants Mole Weight (Ib/Ib-mol)
CHa4 16.043
CO2 44.01
VOC Automatically calculated from sales gas

HAP emissions are calculated based on the VOC emissions obtained from the equation above and
applying the speciation profile data:

WP
HAP) (Eq.35)

EA :EOCX<
HAP Vv WPVOC

where:

Eyoc = VOC emissions (Ib/month)
WPy 4p = HAP average weight (%)
W Pyoc = VOC average weight (%)

Table 36 shows the HAP speciation profile with average weight in %.

Table 36: Speciation profile used to calculate HAP emissions based on VOC emissions

Pollutants Average weight (%)
Benzene 0.01855
Ethylbenzene 1.15E-03
Hexane 0.35195
Toluene 2.80E-03
2,2,4-Trimethylpentane 7.0E-04
Xylenes 4.80E-03
VOC 17.21

Operators were allowed to provide reduction efficiencies for emissions from loading operations by
entering the required information (e.g., control equipment type, reduction efficiency in %) in OCS AQS.

3.2.15 Storage Tanks (STO)

Four calculators are available in OCS AQS for storage tanks, based on the type. These calculators are
designated as STO-MO1R (Horizontal, Rectangular), STO-MO02R (Vertical, Rectangular), STO-M03R
(Horizontal, Cylindrical), and STO-MO04R (Vertical, Cylindrical). Standing and working losses from
storage tanks are calculated in OCS AQS.

All four calculators follow the same basic formulation, as shown below. A definable difference among the
different calculation methods lies in how the space volume is obtained, which depends on the geometry of
the storage tank.

Total Hydrocarbon (THC) emissions from storage tanks are calculated as follows:

Erpe = Ers + Epw (Eq.36)
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where:

Eryc = Total THC emissions (Ib/month)
E; ¢ = THC emissions from standing losses (Ib/month)
E;w = THC emissions from working losses (Ib/month)

THC emissions from standing losses are calculated as follows:
where:

E; = THC emissions from standing losses (Ib/month)

D = Number of days in month (day/month)
Vi, = Vapor space volume (ft)

W, = Vapor density (Ib/ft’)

Kr = Vapor space expansion factor

Ks = Vented vapor saturation factor

The vapor space volume V}, is based on the geometry of the storage tanks, as follows:
For horizontal, rectangular tanks (STO-MO1R):

Vy =L XW X Hy, (Eq.38)
where:

L = Tank shell length (ft)
W = Tank shell width (ft)
Hy o= Vapor space outage (ft)

In the above expression, the vapor space outage Hy is given by the following:
Hyo = (H — Hp) (Eq.39)
where:

H = Tank shell height (ft)
H;=Tank average liquid height (ft)

For vertical, rectangular tanks (STO-MO02R), Vi, is obtained by the following:
VV = Wl XWZ XHVO (Eq4‘0)
where:

W, = Horizontal width of rectangular tank (ft)
W, = Second horizontal width of rectangular tank (ft)

The vapor space outage Hy, is given by the same expression as in the case of the horizontal, rectangular
tanks:

Hyo = (H — Hy) (Eq.41)

32



H = Tank shell height (ft)
H;=Tank average liquid height (ft)

For horizontal, cylindrical tanks (STO-MO0O3R), V, is obtained by the following:
where:

L = Tank shell length (ft)
d = Tank shell diameter (ft)

The vapor space outage Hy( in this case is calculated as follows:
I

Hyp = 0.5 X 7 xd (Eq.43)

Finally, for vertical, cylindrical tanks (STO-MO04R), V}, is obtained by the following:
T

VV =Z><d2 XHVO (Eq4‘4)

where:
d = Tank shell diameter (ft)
The vapor space outage Hy for vertical, cylindrical tanks is calculated as follows:
HVO =H—HL+HRO (Eq4‘5)

where:

H = Tank shell height (ft)
H; = Tank average liquid height (ft)
H po= Roof outage (ft)

The expression for the roof outage Hp, depends on the roof type which is provided by the operator
during the input process and can be one of the following: Cone or Peaked / Dome / Flat.

For the Cone or Peaked roof type:
Hpo = 7 X Hg (Eq.46)

where:
Hg = Tank roof height (ft)

For the Dome roof type:

1 1 (Hg
HRO:HRX —+EX -5 (Eq.4'7)
where Hy and d are as previously defined.
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For the Flat roof type:
Hpo =0

Returning to the expression for emissions from standing losses, the vapor density W, is calculated as
follows:

My, x P
W, = L (Eq.48)
10.731 2SI
"~ “Ib-mole°R ~ "V
where:
My= Vapor molecular weight (Ib/lb-mol)
Py 4 = True vapor pressure (psia)
Ty = Average vapor temperature (°R)
The true vapor pressure P, is calculated as follows:
B
p,, = " Tz) (Eq.49)

In the above equation, 4 and B represent empirical constants based on the Reid vapor pressure P, as
follows:

A =1282—-0.9672 x In(Pg) (Eq.50)
B =7,261—1,216 x In(Pg) (Eq.51)
where:
Pr = Reid vapor pressure (psia)

T14 is the daily average liquid surface temperature in Rankine, obtained by the following:

Btu
Tpg =04 XTy,+[0.6 % (Tg +460)] + (0.005 X a X 1'437ft2-day) (Eq.52)

where:

T4, = Daily average ambient temperature (°R) — see below

Tg = Liquid bulk temperature in Fahrenheit (°F) — OCS AQS converts this to Rankine

a = Tank paint solar absorptance, determined in OCS AQS based on user input for the storage
tank paint color and the paint condition.

Table 37 shows the solar absorptance values used in OCS AQS based on the user-specified paint color
and paint condition.
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Table 37: Tank paint solar absorptance by paint color and condition

Paint Color Paint Condition = Good Paint Condition = Average | Paint Condition = Poor
Aluminum or Specular 0.39 0.44 0.49
Aluminum or Diffuse 0.60 0.64 0.68
Gray or Light 0.54 0.58 0.63
Gray or Medium 0.68 0.71 0.74
Red or Primer 0.89 0.90 0.91
White 0.17 0.25 0.34

The daily average ambient temperature T4, in the above expression is obtained as follows:

Taa = 0.5 X (Tapax + Tamin) + 460 (Eq.53)
where:

Tamax = Average daily maximum ambient temperature in Fahrenheit (°F)
Tarminy = Average daily minimum ambient temperature in Fahrenheit (°F)

Note that OCS AQS converts the temperature to Rankine in obtaining Ty4.

The vapor space expansion factor Ky is calculated as follows:

Kz =0.0018 x [0.7 X ((Tapax + 460) — (Tapy + 460)) + 0.02 X a X 1,437 (Eq.54)

Btu ]
ft2-day
Finally, the last variable in the equation for standing losses is the vented vapor saturation factor Kg and

this is calculated as follows:

p 1
57 1+40.053 X Py, X Hy,

(Eq.55)

where the true vapor pressure P, and vapor space outage Hy,, terms are as defined previously, above.
This completes the formulation for standing losses.

Working losses Ejy, are calculated as follows:
3

ft
ELW:5.614'@XQXWVXKN XKP XKB (Eq.56)

where:

Q = Monthly net throughput (bbl/month)
W, = Vapor density (Ib/ft’), as obtained above

Ky , Kp , and Kp represent, respectively, the working loss turnover, working loss product, and vent setting
correction factors which are provided in OCS AQS. Kp and Kj are set to constant values equal to 0.75 and
1, respectively. Ky is calculated as follows:
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1,N<36

180 + N

N
N > 36

where:
N = Number of turnovers

The number of turnovers N is in turn given by the following:

ft3
N =5614— X Q X V4 (Eq.57)

bbl
where:
V.x = Tank volume (ft°)

As was the case with the vapor volume Vy, , the tank volume V; x depends on the tank geometry, as
follows:

For horizontal, rectangular tanks (STO-MO1R),

Vix=LxWXxH (Eq.58)
For vertical, rectangular tanks (STO-MO2R),

Vix =Wy X W, x (H—2) (Eq.59)

For horizontal, cylindrical tanks (STO-MO0O3R),

Vix = % x d? x L (Eq.60)
Finally, for vertical, cylindrical tanks (STO-M04R),

Vix :%xd2 X L (Eq.61)

Emissions of VOC, CHa4, and ethane were calculated as follows, respectively, based on the specification
profiles:

EVOC = 0.467 X ETCH (Eq 62)
ECH4 = 0463 X ETCH (Eq 63)
EETH = 007 X ETCH (Eq 64)

Operators were allowed to provide reduction efficiencies for emissions from loading operations by
entering the required information (e.g., control equipment type, reduction efficiency in %) in OCS AQS.

36



3.2.16 Cold Vents (VEN)
OCS AQS provides a calculator for cold vents, and it is designated as VEN-MO1R.
VOC emissions from cold vents are calculated as follows:
Mmyoc XV x 1,000
scf

379.4 bmol

Eyoc = Cyoc X 1076 x (Eq.65)

where:

Eyoc = VOC emissions (Ib/month)

Cyoc = Concentration of VOC in the vented gas (ppmv)
myoc = Molecular weight of VOC (1b/Ib-mol)

V = Volume of vented gas (Mscf)

CHsand CO; emissions are calculated using the same formulation as follows. The equations are provided
individually below for clarity:

mg

Ecy, = WP¢y, X s X 1000 xV (Eq.66)
3794 +——
Ib. mol
mg
Eco, = WP¢, x—scf X 1000 xV (Eq.67)
379.47+——
Ib. mol

where:

E = CH,or CO; emissions (Ib/month)
mg = Sales gas mole weight (1b/Ib-mol)
W P = Weight percent of CH4or CO; (%)

Finally, HAP emissions are calculated based on the VOC emissions obtained from the equation above and
applying the speciation profile data:

WP HAP)

(Eq.68)
WPyoc

Enap = Eyoc X(

where:

Eyoc = VOC emissions (Ib/month)
W Py 4p = HAP average weight (%)
W Pyoc = VOC average weight
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4 QA/QC of 2021 Emissions Inventory (Platform Sources)

4.1 Overview

OCS AQS provides an automated baseline QA/QC to ensure that the required input activity data is
entered by operators and that input values fall within pre-defined ranges determined by BOEM to be
reasonable. However, the automated checks do not identify macro trends that can point to outliers or tag
potential discrepancies and other issues associated with the emissions data (e.g., incorrect sulfur content
conversions between wt% and PPMyv, or potentially high H»S concentrations in combustion flares because
of gas sent off from an AMI regenerator). Further, a thorough review was necessary to ensure that all
active facilities in the GOM in 2021 submitted their required emissions data. This section describes the
initial automated QA/QC built into OCS AQS and explains additional QA/QC and other investigations
performed to ensure that all required facilities reported their emissions.

4.2 Baseline QA/QC in OCS AQS

As already noted, OCS AQS performs automated QA/QC of certain input parameters to ensure that
required input data are entered by the operators and the input values are reasonable. The QA/QC checks
in OCS AQS include error and range checking, missing required data inputs, and data format correctness.
The methods used were initially based on the same data quality checks that were used in the legacy
GOADS inventory system. Additional checks and changes to range checking were implemented based on
observations made during the initial review of the 2021 draft emissions data. Table 38 provides the
automated QA/QC parameter checks and range of allowable values, where applicable. The automated
QA/QC range checks are set globally for each equipment type under the data request, and these checks
will flag out-of-range data for entered activity data. See Table 50 for equipment type abbreviations.

Table 38: Initial automated system QA/QC ranges from the legacy GOADS system

# Eml;isitlon Emission Unit Description Parameter Value Range

1 | AMIOO1 Amine gas sweetening unit Hours of Operation per Month [hr] [0-744]

2 | BOIOO1 Boiler/heater/burner (Diesel) Total Fuel Usage [Ib/month] [1-160,000]

3 | BOIOO1 Boiler/heater/burner (Diesel) Fuel Sulfur Content [wt%] [0-5]

4 | BOIO0O2 Boiler/heater/burner (Waste Qil) Total Fuel Usage [Ib/month] [0-28,800]

5 | BOI0O02 Boiler/heater/burner (Waste Oil) Fuel Sulfur Content [wt%] [0-5]

6 | BOIOO3 Boiler/heater/burner (Gas) Total Fuel Usage [Mscf/month] [0-74,088]

7 | DiEgp1 | Diesel or gasoline engine Total Fuel Usage [gallons/month] [0-1,812]
(Gasoline)

9 |mrEeme | DEEgereEseie anglin Fuel Heating Value [Btu/lb] [14,475-24,125]
(Gasoline)

9 | DIE002 aﬁiegggfa”“”e engine (Max | 1445 Fuel Usage [gallons/month] [0-350,000]

10 | DIE0O2 a'lfieggggaso"”e e (25 Fuel Heating Value [Btu/Ib] [18,000-21,000]

11 [ DIE003 | 3% ggg;‘so"”e engine (Max | 1445 Fuel Usage [gallons/month] [0-350,000]

12 | DIE003 a'F?Sf:' ggg?”"”e engine (Max | &0 Heating Value [Btu/lb] [12,996-22,500]
Diesel or gasoline engine (Max o .

13 | DIEOO3 HP >= 600) Fuel Sulfur Content [wt%] [0-5]

14 | DRIOO1 Drilling equipment (Gasoline) Total Fuel Usage [gallons/month] NA

15 | DRI0O02 Drilling equipment (Diesel) Total Fuel Usage [gallons/month] [0-163,380]
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Emission

# Unit Emission Unit Description Parameter Value Range
16 | DRIO02 Drilling equipment (Diesel) Fuel Sulfur Content [wt%] [0-5]
17 | DRIOO3 Drilling equipment (Natural Gas) Total Fuel Usage [Mscf/month] NA
. Total Volume of Gas Flared (Not
18 | FLAOO1 Combustion flare Including Pilot) [Mscf] [0-700,000]
19 | FLA0OO1 | Combustion flare Concentration of H2S in the Flare [0-50,000]
Gas [ppm]
20 | FLAOO1 Combustion flare Flare Gas Heating Value [Btu/scf] [100-3,200]
21 | FLA0O Combustion flare [Cg/i)]mbustlon Efficiency of the Flare [1-100]
22 | FLA-Pilot | Combustion flare - Pilot Pilot Feed Rate [Mscf/day] [0-700,000]
23 | FLA-Pilot | Combustion flare - Pilot Number of Days in Month [Day] [0-31]
24 | Fugitives | Fugitive Sources [‘(‘j:r;st;er o QIPEEING BENS T BT [0-31]
25 | GLY001 Glycol dehydrator unit Hours of Operation per Month [hr] [0-744]
26 | LOAOO1 | Loading operations E\/Notg]Ta”k e g P [0-99]
27 | LOA001 | Loading operations ﬁgﬁfﬁil]’\""'ew'ar Weight of Vapors [0-210]
28 | LOA001 | Loading operations Eji'éy,:/’]“’erage PTIEEE ETIEERETD [32-120]
29 | LOA0O1 Loading operations Liquid Bulk Temperature [deg F] [32—-200]
30 | LOS001 Losses from flashing Atmospheric Pressure [psial] [12-16]
31 | LOS001 Losses from flashing Upstream Operating Pressure [psig] [0-5,235.3]
32 | LOS001 | Losses from flashing tézztf]am CREITE) EFEEe [70-295]
33 | LOS001 Losses from flashing API Gravity [16-68]
34 | MUD0O1 Mud degassing I[?Da;/yss]per Month of Drilling with Mud [0-31]
35 | NGE Natural gas engine Total Fuel Usage [Mscf/month] [0-23,000]
36 | NGE Natural gas engine Fuel Heating Value [Btu/scf] [500-1,900]
37 | PNEOO1 Pneumatic pumps Hours of Operation per Month [hr] [0-744]
38 | PREOO1 Pneumatic controllers Hours of Operation per Month [hr] [0-744]
39 | VENOO1 Cold vent Concentration of VOC in the Vented [0-1,000,000]
Gas [ppmv]
40 STO- Storage Tank - Horizontal, Number of Days in Month [0-31]
HRO001 Rectangular Tank [days/month]
STO- Storage Tank - Horizontal, . .
41 HROO1 Rectangular Tank Reid Vapor Pressure [psia] [0.5-20]
42 STO- Storage Tank - Horizontal, Average Daily Maximum Ambient [32-130]
HRO001 Rectangular Tank Temperature [deg F]
43 STO- Storage Tank - Horizontal, Average Daily Minimum Ambient [0-100]
HRO001 Rectangular Tank Temperature [deg F]
STO- Storage Tank - Horizontal, -
44 HROO1 Rectangular Tank Liquid Bulk Temperature [deg F] [0-200]
STO- Storage Tank - Horizontal, .
45 HRO01 Rectangular Tank Vapors Molecular Weight [Ib/Ib-mole] [16—200]
46 STO- Storage Tank - Vertical - Number of Days in Month [0-31]
VR001 Rectangular Tank [days/month]
STO- Storage Tank - Vertical - . .
47 VRO001 Rectangular Tank Reid Vapor Pressure [psia] [0.5-20]
48 STO- Storage Tank - Vertical - Average Daily Maximum Ambient [32-130]
VRO001 Rectangular Tank Temperature [deg F]
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# Emdsnsitlon Emission Unit Description Parameter Value Range
49 STO- Storage Tank - Vertical - Average Daily Minimum Ambient [32-100]
VRO001 Rectangular Tank Temperature [deg F]
STO- Storage Tank - Vertical - -
50 VRO001 Rectangular Tank Liquid Bulk Temperature [deg F] [32—200]
STO- Storage Tank - Vertical - .
51 VROO1 Rectangular Tank Vapors Molecular Weight [Ib/Ib-mole] [16—200]
52 STO- Storage Tank - Horizontal - Number of Days in Month [0-31]
HC001 Cylindrical Tank [days/month]
STO- Storage Tank - Horizontal - . .
53 HC001 Cylindrical Tank Reid Vapor Pressure [psia] [0.5-20]
54 STO- Storage Tank - Horizontal - Average Daily Maximum Ambient [32-130]
HCO001 Cylindrical Tank Temperature [deg F]
55 STO- Storage Tank - Horizontal - Average Daily Minimum Ambient [32-100]
HCO001 Cylindrical Tank Temperature [deg F]
STO- Storage Tank - Horizontal - -
56 HC001 Cylindrical Tank Liquid Bulk Temperature [deg F] [32—200]
STO- Storage Tank - Horizontal - .
57 HCO001 Cylindrical Tank Vapors Molecular Weight [Ib/Ib-mole] [16—200]
58 STO- Storage Tank - Vertical - Number of Days in Month [0-31]
VCO001 Cylindrical Tank [days/month]
STO- Storage Tank - Vertical - . .
59 VC001 Cylindrical Tank Reid Vapor Pressure [psia] [0.5-20]
60 STO- Storage Tank - Vertical - Average Daily Maximum Ambient [32-130]
VC001 Cylindrical Tank Temperature [deg F]
61 STO- Storage Tank - Vertical - Average Daily Minimum Ambient [32-100]
VCO001 Cylindrical Tank Temperature [deg F]
STO- Storage Tank - Vertical - -
62 VC001 Cylindrical Tank Liquid Bulk Temperature [deg F] [32—200]
STO- Storage Tank - Vertical - .
63 VG001 Cylindrical Tank Vapors Molecular Weight [Ib/Ib-mole] [16—200]
64 | NGT Turbines - Natural Gas Total Fuel Usage [Mscf/month] [0-140,000]
65 | NGT Turbines - Natural Gas Fuel Sulfur Content [wt%] [0-5]
66 | NGT Turbines - Natural Gas Fuel Heating Value [Btu/scf] [711-1,875]
67 | NGT-D Turbines - Diesel Total Fuel Usage [gallons/month] [0-140,600]
68 | NGT-D Turbines - Diesel Fuel Sulfur Content [wt%] [0-5]

4.3 Forensic-Level QA/QC of Emissions Data

For the detailed QA/QC of the 2021 emissions inventory after the initial submission by the operators, the
draft emissions data was examined using a variety of statistical methods to identify patterns, trends,
outliers, and any other observed data anomalies. The draft emissions data represents all platform
emissions data calculated in OCS AQS by the April 22, 2022, submittal deadline.

QA/QC was conducted using best practices and subject matter expertise pertaining to oil and gas
emissions calculation methods for source types found in the GOM. The following methods were used to
identify outliers:

e Quantitative data sorting — Activity data are sorted from high to low to flag outliers including
substantially high or extremely low values as described in Section 4.6.2.

e Datasets comparison — 2021 inventory data is compared to the historical 2017 data to identify and
describe similarities and differences as described in Section 5.
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o NOTE: Dataset comparison between inventory years have some limitations including
differences in operating conditions, decommissioned platforms, new platforms, and
discrepancies in emission unit IDs that limit some one-to-one comparisons.

e Measures of central tendency and data dispersion — The measure of central tendency describes a
large dataset by summarizing the dataset with a "single" most representative value. There are
three standard measures of central tendency: arithmetic mean, median, and mode. For example,
initial QA/QC of the draft inventory identified a flare gas throughput anomaly by analyzing the
measures of central tendency (e.g., arithmetic mean) for the throughput datasets in 2017 and
2021, for all the facilities with flaring activities. In addition, data dispersion analysis was used to
detect activity data anomalies. Data dispersion, also known as standard deviation, is the measure
of the spread of data about the mean.

o NOTE: Measures of central tendency and data dispersion analysis method were
incorporated in OCS AQS for the development of the anomaly detector tool in the
Analytics module of OCS AQS.

e Visual data inspection methodologies including:

o Column plots for annual emissions by equipment type, Official Protraction Diagram
(OPD) areas, and structure types

o Stacked column plots for GHG emissions by equipment type, OPD areas, and structure
types

o Histogram plots for continuous univariate data such as count of records by throughput
values range for a specific equipment type to determine the number of anomalies

o Histograms and column plots for discrete and qualitative data such as equipment count,

count of facilities by operational status (e.g., operating, permanently shutdown), and

count of records by sulfur weight percentage values

Pie charts for equipment contributions to a specific pollutant annual emission

Time series plots for monthly emissions and activity data such as throughput

Interquartile range technique, which measures the spread and dispersion of data

Box Plot (Box and Whiskers), which use a graphical method to display the spread and

variation of data through their quartile

O O O O

NOTE: Plots and charts for annual and monthly emissions were generated using the OCS AQS
interface and exported to the QA/QC report. Other plots related to activity data were generated
manually in Excel and incorporated into the report.

After data anomalies were identified using the methods described above, operators were contacted via
email with a request to review the specific issue. In the email, the Team provided a description of the
issue, a list of affected platforms and equipment, and details describing what parameters were involved in
the calculation of emissions. For those issues that required operators to correct or add additional
information, their OCS AQS inventories were set to "corrective action," which enabled edit-rights access
to the data, so the appropriate actions could be taken by the operator. This step was necessary, as the 2021
emissions inventory was locked after each operator submitted their original draft data by the April 22,
2022, reporting deadline. After changes were made in OCS AQS and emissions recalculated, operators
resubmitted the inventories to BOEM to review and finalize.

4.4 Review of Inventory Completeness

Another important QA/QC task was to determine completeness of the inventory by examining if there
were facilities operating in the GOM that did not report emissions in OCS AQS for the 2021 inventory.
Two separate investigations were necessary to accomplish this task: (1) compare the facilities in 2021
OCS AQS inventory against the BSEE Technical Information Management System (TIMS) database to
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identify and resolve any discrepancies; and (2) identify facilities in 2021 OCS AQS inventory which did
not report emissions and resolve any issues. The first investigation revealed whether there were facilities
missing in the OCS AQS database, and the second investigation determined if any of the facilities in OCS
AQS failed to report and why.

441 Comparison Between TIMS and OCS AQS Platforms

To accomplish this task, a comparison was performed between the facilities (or platforms) in the 2021
OCS AQS inventory and the platforms managed in the TIMS database. TIMS is a critical information
system operated and maintained by the BSEE Office of Administration. The system automates many of
the business and regulatory functions supporting BOEM and BSEE. TIMS serves as the database of
record for permitted facilities operating in the GOM and Alaska and includes key information about the
operational status of these facilities. The data used in this analysis was acquired from
https://www.data.boem.gov/Platform/PlatformStructures/Default.aspx.

The Team conducted a comparative analysis to investigate platforms in TIMS that were potentially
missing from the 2021 inventory. Prior to this analysis, the following steps were taken to pre-process
TIMS data:

1. Platforms that were removed prior to 2021 were filtered out from the TIMS data.

2. The operating platforms under State Lease authority were filtered out (i.e., omitted from the
analysis) to keep only the operating platforms under the OCS Lease authority. The OCS Lease
authority includes OCS State, Right-of-Use and Easement, Right-of-Way, and “Blank™ Authority
Types.

3. The operating platforms with a blank install date were also filtered out. This action eliminates the
platforms that have not been constructed.

As presented in Table 39, the analysis determined that 81 platforms listed in TIMS were not in the 2021
OCS AQS inventory. These 81 missing platforms belong to 32 operating companies. The data presented
under the “Decommissioning Status” column were extracted from
https://bobson.maps.arcgis.com/apps/dashboards/400bba386d3d4ec58396dbaas559¢c422c.

Based on further review of the decommissioning status and TIMS Authority Type/Status, it was
determined that 58 platforms either were decommissioned or had their lease terminated (TERMIN),
relinquished (RELINQ or RELQ), or expired (EXP). These statuses indicate that no emissions occurred
during the 2021 reporting period. An additional 14 facilities were listed as Right-of-Way (ROW) / Active
(ACT). The following four facilities (shown below by Facility ID#: Company Name) had a status of
production (PROD) and were contacted via email to determine if emissions from these facilities needed to
be reported; however, no responses were received.

22445-1: Chevron

2253-2: Contango

2522-1: Bois d’ Arc Exploration LLC
27008-1: Resources, Inc.

el

Finally, four of the remaining five missing facilities had a status of SOP, indicating that these platforms
were under a “Suspension of Production (SOP),” and, therefore, no reportable emissions were expected.
Lastly, one facility, Facility ID# 2219-1 under Apache Shelf Exploration LLC, had a Right-of-Use and
Easement authority type with a blank authority status; therefore, the reason for its absence could not be
clearly established.
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Based on this analysis, no additional platforms were added to OCS AQS or expected to have failed to
report emissions.

Table 39: List of platforms in TIMS that are not in the 2021 draft emission inventory

# | CompanyName | Conany [[Fackiy [ (arerty Typel | Do | Fepmer®
1 | ANKOR Energy LLC 3059 22039-1 | OCS Lease / TERMIN no 8/23/2021
2 | ANKOR Energy LLC 3059 22039-4 | OCS Lease / TERMIN no 8/23/2021
3 | ANKOR Energy LLC 3059 22039-3 | OCS Lease / TERMIN no 8/23/2021
4 | ANKOR Energy LLC 3059 22039-2 | OCS Lease / TERMIN no 8/23/2021
5 | ANKOR Energy LLC 3059 22039-5 | OCS Lease / TERMIN no 8/23/2021
6 | ANKOR Energy LLC 3059 23461-1 | OCS Lease / TERMIN no 7/13/2021
7 | Arena Offshore, LP 2628 2193-1 | OCS Lease / TERMIN no 8/10/2021
8 | Castex Offshore, Inc. 2970 10268-1 | Right-of-Way / RELQ no 9/19/2021
9 | Castex Offshore, Inc. 2970 2512-1 | OCS Lease / RELINQ no 10/13/2021

10 | Chevron U.S.A. Inc. 78 22445-1 | OCS Lease / PROD yes -

11 | Cochon Properties, LLC 3288 20922-3 | Right-of-Way / ACT yes -

12 | Contango Operators, Inc. 2503 2253-2 | OCS Lease / PROD no -

13 | Kinetica Partners, LLC 3203 20739-1 | Right-of-Way / ACT yes -

14 | McMoRan Oil & Gas LLC 2312 10084-1 | OCS Lease / TERMIN yes -

15 | McMoRan Oil & Gas LLC 2312 10077-1 | OCS Lease / TERMIN yes -

16 | McMoRan Oil & Gas LLC 2312 22411-1 | OCS Lease / TERMIN yes -

17 | McMoRan Oil & Gas LLC 2312 21716-1 | OCS Lease / TERMIN yes -

18 | McMoRan Oil & Gas LLC 2312 23925-1 | OCS Lease / TERMIN no 7/2/2022

19 | McMoRan Oil & Gas LLC 2312 10089-1 | OCS Lease / TERMIN no 11/29/2021

20 g"jrrr‘]tsaii?’ff_tg_e””g 1796 | 232121 | Right-of-Way / ACT no -

21 ﬁgﬂfj‘s‘fiﬁzomh‘“g 2738 1866-1 | OCS Lease / RELINQ no -

22 | Apache Corporation 105 24260-1 | OCS Lease / TERMIN no -

23 | Bennu Oil & Gas, LLC 3308 2027-1 | OCS Lease / TERMIN no -

24 | Bennu Oil & Gas, LLC 3308 1942-1 | OCS Lease / TERMIN yes -

25 | Bennu Oil & Gas, LLC 3308 1319-1 | OCS Lease / TERMIN no 10/25/2021

26 g':rf]pDa?]'Shi” Pz Lz 125 919-1 | Right-of-Way / RELQ yes ;

27 | Do ¢ Are Exploration 3093 | 25221 | OCS Lease / PROD no -

29 | Conn Energy, Inc. 1071 21337-3 | Right-of-Way / ACT no -

30 | Conn Energy, Inc. 1071 21337-1 | OCS Lease / TERMIN no 7/25/2021

31 | Conn Energy, Inc. 1071 21337-2 | OCS Lease / TERMIN no 7125/2021

3 | =C Offshore Properties, 3147 | 20217-1 | OCS Lease / SOP no ;

33 | FC Offshore Properties, 3147 | 20217-2 | OCS Lease / SOP no ;

34 | EC Offshore Properties, 3147 | 1525-1 | OCS Lease / SOP yes ;
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Company | Facility (Authority Type / Decommis Removal
# e 2 LR 1D ID Authority Status) sioned Date
35 ﬁg’ Offshore Properties, 3147 1526-1 | OCS Lease / SOP no -
o || [FIEEERiIEL) ORE 2313 | 23874-2 | OCS Lease / TERMIN yes ;
Energy LLC
37 | Freeport-McMoRan 2313 | 23872-1 | OCS Lease / TERMIN yes -
Energy LLC
oy || (I L LR RIRET 2313 | 23874-1 | OCS Lease / TERMIN yes -
Energy LLC
39 | Freeport-McMoRan 2313 | 23876-1 | OCS Lease / TERMIN yes ;
Energy LLC
ag | EEEEETHEIDRED 2313 | 23896-1 | OCS Lease / TERMIN yes -
Energy LLC
41 | Freeport-McMoRan 2313 | 23874-4 | OCS Lease / TERMIN yes -
Energy LLC
ap | EEEEPSIHAEERED 2313 | 23873-1 | OCS Lease / TERMIN yes ;
Energy LLC
43 | Freeport-McMoRan 2313 | 24248-9 | OCS Lease / TERMIN yes -
Energy LLC
as || EEEECTE S BRE 2313 | 24248-8 | OCS Lease / TERMIN yes -
Energy LLC
45 | Freeport-McMoRan 2313 | 24248-7 | OCS Lease / TERMIN yes -
Energy LLC
ap | EEEETTHAEIDRED 2313 | 24248-2 | OCS Lease / TERMIN yes -
Energy LLC
47 | Grand Isle Corridor, LP 3387 22311-1 | Right-of-Way / ACT yes -
Gulf South Pipeline .
48 Company, LP 178 516-1 Right-of-Way / ACT no -
49 | Gulf South Pipeline 178 | 2039-1 | Right-of-Way / ACT no :
Company, LP
High Island Offshore .
50 System, L.L.C. 410 25002-2 | Right-of-Way / ACT no -
High Island Offshore .
51 System, L.L.C. 410 25002-3 | Right-of-Way / ACT no -
High Island Offshore .
52 System, L.L.C. 410 25002-4 | Right-of-Way / ACT no -
High Island Offshore .
53 System, L.L.C. 410 25002-5 | Right-of-Way / ACT no -
High Island Offshore 3
54 System, L.L.C. 410 25024-3 | Right-of-Way / ACT no -
High Island Offshore .
55 System, L.L.C. 410 25024-2 | Right-of-Way / ACT no -
. Right-of-Use and
56 | Hoactzin Partners, L.P. 2801 10468-1 Easement / TERMIN no 7/21/2021
. Right-of-Use and
57 | Hoactzin Partners, L.P. 2801 10503-1 Easement / TERMIN no 7/21/2021
58 | Hoactzin Partners, L.P. 2801 1360-1 | OCS Lease / TERMIN no 9/12/2021
. Right-of-Use and
59 | Hoactzin Partners, L.P. 2801 1601-1 Easement / TERMIN no 8/23/2021
Manta Ray Offshore
60 | Gathering Company, 2162 23021-1 | Right-of-Way / ACT no -
L.L.C.
61 | Maritech Resources, Inc. 2409 27008-1 | OCS Lease / PROD no -
Matagorda Island Gas
62 Operations, LLC 2747 21271 OCS Lease / TERMIN no -
Matagorda Island Gas
63 Operations, LLC 2747 1985-1 OCS Lease / TERMIN no -
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# Company Name Company | Facility (Authority Type / Decommis Removal

ID ID Authority Status) sioned Date
64 '(\)”S;?gggizv'f_'fgd e 2747 1976-1 | OCS Lease / TERMIN no -
65 gsggggﬁ"sﬂfgd Gas 2747 | 216141 | OCS Lease / TERMIN no ]
66 '\O"gteigg;‘:;"’ﬂfgd S 2747 | 1950-1 | OCS Lease / TERMIN no -
67 gsggﬁgﬁ "f_'fgd Gas 2747 | 10170-1 | OCS Lease / TERMIN yes ;
68 g";ﬁgﬁ;ﬂ:’sﬂfg‘j Ces 2747 | 10228-1 | OCS Lease / TERMIN yes ;
69 '(\)"gteigg;‘:;"’ﬂfgd Gas 2747 | 1958-1 | OCS Lease / TERMIN no -
70 gsg‘iggﬁi"f_’fg‘j G 2747 2178-1 | OCS Lease / TERMIN no -
71 ﬁﬁgche Shelf Exploration 2219-1 E;gsr:;r?;:{/siégﬁﬂm no )
73 li‘:;j.itz Energy Venture, 2655 2046-1 | OCS Lease / TERMIN no 6/6/2022
74 ﬁgitz Energy Venture, 2655 | 23646-1 | OCS Lease / TERMIN no 6/5/2022
75 | Doltz Energy Venture, 2655 | 1717-1 | OCS Lease / TERMIN no 6/20/2022
76 Ifé'or ST CRmE] 2863 | 23051-1 | OCS Lease / RELINQ no -
77 | Tengasco, Inc. 3008 1511-1 OCS Lease / TERMIN no 4/30/2021
78 Eiﬁ;:ﬁiﬁiﬁépipe"”e 14 524-1 | Right-of-Way / EXP no .
79 | Tennessee Gas Pipeline 14 524-3 | Right-of-Way / EXP no -

Company, L.L.C.

Texas Eastern .
80 Transmission, LP 176 25001-1 | Right-of-Way / RELQ no 11/15/2021

Texas Eastern .
81 Transmission, LP 176 25026-1 | Right-of-Way / RELQ no 11/21/2021

4.4.2 2021 Platforms by Submission Status

In the previous section, the 81 facilities missing from OCS AQS were reported and analyzed to identify
the underlying reason for their absence from the 2021 inventory. This section, on the other hand, focuses
on the facilities that are already in OCS AQS 2021 inventory but failed to submit their emissions
inventory.

Facilities were identified in OCS AQS when the operators for the facilities did not contact the Team to
request an account, thereby resulting in failure to report their 2021 emissions or provide justification
explaining why they were not required to submit.

There are 1,738 platforms (including operating and non-operating) listed in the 2021 OCS AQS draft
inventory, and these platforms were owned by 64 companies. Of these, 1,723 platforms have successfully
submitted their calculated 2021 emissions. The remaining 15 facilities, operated by five companies, failed
to submit their inventories before the submittal deadline. Table 40 lists those 15 facilities and the
associated companies.

As an additional QA/QC step on the completeness of the 2021 inventory, the Team reviewed the
Authority Type and Authority Status in TIMS (see column TIMS [Authority Type / Authority Status] in
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Table 40) for those facilities. Only 1 of the 15 facilities that did not submit had a status of PROD in
TIMS, specifically Facility ID# 1259-1 under Castex Offshore, Inc.

Multiple attempts were made by the Team to contact these companies; however, no attempts were
successful.

Table 40: Facilities in OCS AQS that did not submit their 2021 emissions data

# Company Name Company ID Facility ID [Authority Typ;rlll\,lll\suthority Status]
1 Garden Banks Pipeline, LLC 02202 33032-1 Right-of-Way / ACT

2 Rooster Petroleum, LLC 02871 794-1 OCS Lease / TERMIN

3 Rooster Petroleum, LLC 02871 10213-2 OCS Lease / TERMIN

4 Rooster Petroleum, LLC 02871 24451 OCS Lease / TERMIN

5 Gulf Offshore LLC 03628 24231 Right-of-Use and Easement / Approved
6 Cochon Properties, LLC 03288 20922-1 OCS Lease / TERMIN

7 Castex Offshore, Inc. 02970 2557-1 OCS Lease / TERMIN

8 Castex Offshore, Inc. 02970 27053-1 OCS Lease / TERMIN

9 Castex Offshore, Inc. 02970 580-1 OCS Lease / TERMIN

10 | Castex Offshore, Inc. 02970 24191 OCS Lease / TERMIN

11 | Castex Offshore, Inc. 02970 2419-2 OCS Lease / TERMIN

12 | Castex Offshore, Inc. 02970 2644-1 OCS Lease / UNIT

13 | Castex Offshore, Inc. 02970 2564-1 OCS Lease / TERMIN

14 | Castex Offshore, Inc. 02970 1207-1 OCS Lease / UNIT

15 | Castex Offshore, Inc. 02970 1259-1 OCS Lease / PROD

4.4.3 Summary of Possible Reasons for Non-reporters

Based on the results of the above two sections (Sections 4.4.1 and 4.4.2), 96 platforms did not report their
2021 emissions inventory to OCS AQS. Of the 96 platforms, 15 of them had access to OCS AQS but did

not calculate or submit their 2021 emissions. The remaining 81 were completely missing from OCS AQS
2021 inventory.

Table 41 below summarizes the count of non-reporters and their corresponding suspected reason for
delinquency or absence from the 2021 submitted inventory. Figure 6 provides a visual representation of
Table 41. It can be assumed that OCS Lease / TERMIN, OCS Lease / RELINQ, and OCS Lease / SOP
platforms (representing 51 of 96 non-reporting platforms) had no emissions to submit to the 2021
inventory in OCS AQS. However, the remaining 45 platforms might have emissions to report. If the
assumptions are true, the 2021 draft inventory would be 99.97%° complete.

Count of Platforms Might Possibly Have Emissions to Report 100 45

Total Count of Platforms in OCS AQS 2021 Inventory + Total count of Non—Reporters Platforms - 1738496

3 Inventory completion =100 — =99.97%
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Table 41: Summary of possible reasons for non-reporters

Reason of Absence Count of Platforms
Submittal Available but Did Not Submit 15
(Table 34)
OCS Lease / TERMIN 44
OCS Lease / RELINQ 3
OCS Lease / SOP 4
Right-of-Use and Easement / TERMIN 5
g ariiay (R (14 ROW/ ACT + 4 il RELQ + 2 ROW / EXP)
Undetermined (4 OCS Lease / PROD + 1 Rigr?t-of-Use and Easement without
Authority Status)
Total Count 96

Non-Reporter Platforms Under Companies in OCS AQS

0CS Lease / SOP

Undetermined 2%
5% _\
Right-of-Use and Easem enl\

TERMIN
6%

Figure 6: Summary of possible reasons for non-reporters, with percentages

4.5 Review of Facilities Operational Status

Operators that submitted their facility activity data and calculated their emissions under the OCS AQS

2021 inventory can have various standard operating statuses, including Operating (OP), Temporarily Shut

Down (TS), Permanently Shut Down (PS) and Operating Not Reporting Emissions (ONRE). Figure 7
compares the operational status of platforms in 2021 and 2017. The total number of operating platforms
decreased by 212 in the 2021 reporting year in comparison to 2017.
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Figure 7: Differences between years 2017 (blue, left columns) and 2021 (orange, right columns) of
facilities count (number) by operational status

According to the 2021 inventory data, 410 of the operators that submitted their platform inventory did not
have any equipment (emission units). Table 42 below summarizes the count of platforms with no
equipment by their operational status. This table shows that 38 platforms out of the 410 were marked as
OP, while the remaining were either TS, PS, or ONRE. Table 43 lists the number of operating platforms
with no equipment by the company name (this table is only for the 38 operating platforms).

Table 42: Count of platforms (number) with no equipment by operational status

Operational Status 3;:",::22'::;?;::3
OP (Submitted only) 38
PS 52
TS 304
ONRE 16
Total Count 410
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Table 43: Count of operational platforms (number) with no equipment by company name and ID

Company Name Company Cpunt of Pla_tforms
ID with No Equipment
Arena Offshore, LP 02628 7
Castex Offshore, Inc. 02970 6
Cochon Properties, LLC 03288 1
Fieldwood Energy Offshore LLC 03035 2
Fieldwood Energy, LLC 03295 9
Garden Banks Pipeline, LLC 02202 1
GOM Shelf LLC 02451 1
Gulf Offshore LLC 03628 1
Renaissance Offshore, LLC 03209 2
Rooster Petroleum, LLC 02871 3
Sanare Energy Partners, LLC 03520 3
Shell Pipeline Company LP 02289 1
Transcontinental Gas Pipe Line Company, LLC 00011 1
Total Count - 38

4.6 Additional QA/QC Checks

When the operators enter data in OCS AQS in the Activity and Emissions Manager, most fields have
automated QA/QC checks (Table 38), such as making sure that numerical values instead of words are
entered and values fall within a specific range (e.g., no negative values for throughput). The following
sections provide an overview of the additional tools and safeguards implemented in OCS AQS, as well as
the actions taken by the Team, to verify that the activity data is as accurate as possible. These system
tools and actions are intended to ensure that the activity data, which is provided by the operators and used
to calculate the monthly emissions, is reliable.

As a result of the analysis and checks done in this section, the Team has improved the acceptable ranges
for different activity data variables, such as flare gas heating values, number of operating hours and days
within a month, and natural gas and diesel fuels heating values. Furthermore, a new anomaly detector tool
was integrated into OCS AQS to help users perform the checks and analyses before submitting their data.
This tool prevents submission of erroneous data in future reporting cycles.

4.6.1 Sales Gas Compositions

During the 2021 reporting cycle in OCS AQS, operators could specify the sales gas compositions when
filling in facility data (optional). The QA field automatically checks the percentage total, ensuring the
summation of weights percentages is between 99 and 101%. OCS AQS pre-defined calculators for
pneumatic pumps, pneumatic controllers, cold vents, and combustion flares depend on the sales gas
compositions for some of the pollutants’ emissions calculations. If the operators did not provide sales gas
compositions, the emissions for the processes that use the calculators listed above were not calculated.
Operators will be required to enter sales gas composition for future emissions inventory efforts, as OCS
AQS has been updated to makes the field mandatory.

After analyzing the sales gas data that was exported using the QA — Sales Gas report (OCS AQS Reports
module), it was observed that 51 facilities did not provide sales gas compositions. However, 26 out of
those 51 facilities either did not have any emission units or were set to facility-wide zero emissions. The
remaining 25 facilities had emission units that did not depend on the sales gas compositions for emissions
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calculations. This means that the missing sales gas data did not impact any of the emissions calculations,
and no further corrective actions from the operators are required. A list of these facilities missing the sales
gas compositions is presented below in Table 44.

Table 44: Facilities that did not provide sales gas data in the 2021 draft data

# Company Name Company ID Facility ID
Arena Offshore, LP 02628 20618-5
2 Arena Offshore, LP 02628 20849-1
3 Arena Offshore, LP 02628 21448-3
4 Arena Offshore, LP 02628 2208-1
5 Arena Offshore, LP 02628 22296-1
6 Arena Offshore, LP 02628 2346-1
7 Arena Offshore, LP 02628 261111
8 BP Exploration & Production Inc. 02481 2665-1
9 Cantium, LLC 03481 20049-2
10 Cantium, LLC 03481 20060-1
11 Cantium, LLC 03481 20301
12 Cantium, LLC 03481 20332-2
13 Cantium, LLC 03481 20388-1
14 Cantium, LLC 03481 20454-2
15 Cantium, LLC 03481 20456-1
16 Cantium, LLC 03481 204701
17 Cantium, LLC 03481 22752-1
18 Cantium, LLC 03481 23086-1
19 Castex Offshore, Inc. 02970 1207-1
20 Castex Offshore, Inc. 02970 1259-1
21 Castex Offshore, Inc. 02970 2564-1
22 Chevron Pipe Line Company 00400 21781-2
23 Chevron Pipe Line Company 00400 784-1
24 Dauphin Island Gathering Partners 01847 24146-1
25 Dauphin Island Gathering Partners 01847 24258-1
26 Dauphin Island Gathering Partners 01847 258-1
27 Fieldwood Energy Offshore LLC 03035 224511
28 Fieldwood Energy Offshore LLC 03035 22696-1
29 Fieldwood Energy, LLC 03295 10070-1
30 Fieldwood Energy, LLC 03295 20724-4
31 Fieldwood Energy, LLC 03295 20745-3
32 Fieldwood Energy, LLC 03295 21988-3
33 Fieldwood Energy, LLC 03295 21988-6
34 Fieldwood Energy, LLC 03295 21988-7
35 Fieldwood Energy, LLC 03295 21988-8
36 Fieldwood Energy, LLC 03295 228-2
37 Fieldwood Energy, LLC 03295 23967-1
38 Fieldwood Energy, LLC 03295 86-1
39 GOM Shelf LLC 02451 20046-2
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# Company Name Company ID Facility ID
40 GOM Shelf LLC 02451 20046-3
41 GOM Shelf LLC 02451 20046-4
42 Renaissance Offshore, LLC 03209 21244-2
43 Renaissance Offshore, LLC 03209 22277-1
44 Sea Robin Pipeline Company, LLC 00207 250151
45 Sea Robin Pipeline Company, LLC 00207 25016-1
46 Sea Robin Pipeline Company, LLC 00207 250171
47 Shell Pipeline Company LP 02289 1093-2
48 Shell Pipeline Company LP 02289 1093-1
49 Talos Third Coast LLC 03619 23930-1
50 I;?n:f)g?:;/tlﬁrgal iz Plpz Lins 00011 20928-1
51 'ér:r::gc;‘r;t,lrlirgal Gas Pipe Line 00011 2648-1

NOTE: 1t is important to mention that in future reporting cycles, OCS AQS will mandate that
operators have to enter sales gas compositions for all facilities to avoid any calculation issues.

4.6.2 Data Range Checks

4.6.2.1 API Gravity

API gravity is used in the formulas for calculating emissions from losses from flashing (under calculator
LOS-MO1R). The Team analyzed all API provided values under 407 losses from flashing processes in the
2021 reporting cycle and found that the maximum provided value was 65 and the lowest was 25. A
typical API gravity value for most petroleum liquids ranges between 9 and 70 degrees (Engineering
Toolbox 2007). Therefore, all provided values in the 2021 inventory in OCS AQS are considered
acceptable, and no corrective action was required.

The average value of the 3,216 API gravity monthly records (under the 407 process) in OCS AQS was
35.68. This value is comparatively close to the Gulf Coast API gravity weighted average of crude oil
input to refineries reported for 2020 and 2021 by the U.S. Energy Information Administration, ranging
between 33 and 34 (EIA 2023). This gave the Team higher confidence in the accuracy of the provided
data.

NOTE: As a result of findings from the analysis conducted in this section, the upper and lower
bounds of the API gravity range in OCS AQS were modified to allow lower and higher bounding
values (modified from [16—68] to [9-70]).

4.6.2.2 Combustion Flare

4.6.2.2.1 Combustion Flare Efficiency

Combustion flare efficiency is a mandatory data request field that operators must provide for all active
combustion flares because it is used in the formulas for calculating combustion flare emissions (under
calculator FLA-MO01). Multiple factors should be considered when determining the combustion flare
efficiency, including adherence with the manufacturer’s maintenance requirements.

The Team analyzed all combustion flare efficiency values provided for 114 flaring processes in the 2021
reporting cycle and found that the maximum provided value was 98% and the lowest was 95% with an
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average of 96.33%. Table 3-2 of the Year 2017 Emissions Inventory Study document indicated that the
combustion flare efficiency should range from 90% to 99% (Wilson et al. 2019). In addition, AP-42

Ch 13.5 states that properly operated flares should achieve at least 98% combustion efficiency in the flare
plume, meaning that hydrocarbon and CO emissions amount to less than 2% of hydrocarbons in the gas
stream (USEPA 1995). However, the University of Michigan research suggests that onshore flares were
found to be unlit approximately 3—5% of the time; even when lit, they were found operating at low
efficiency. Combined, those factors lead to an average effective flaring efficiency rate of only 91% (Plant
et al. 2022). Therefore, all provided values in the 2021 inventory in OCS AQS are considered acceptable,
and no corrective action was required.

NOTE: In the 2021 inventory, 22 records had a value of 0% combustion flare efficiency. Those
record entries were under two facilities, Facility ID# 70020-1 belonging to Eni US Operating Co.
Inc. and Facility ID# 23846-1 under Shell Pipeline Company LP. Facility ID# 70020-1 zeroed out
the emissions from the combustion flare that had 0% efficiency and reported this combustion
flare was removed in the reporting year. The other facility (Facility ID# 23846-1) reported that
during the months the efficiency was reported as 0, the combustion flare was out of service. Both
facilities used the “zero out emissions” feature in OCS AQS to report those two non-emitting
flaring cases.

4.6.2.2.2 Combustion Flare Smoking Conditions

Combustion flare smoking condition (no, light, medium, and heavy) is a mandatory data request field for
which the operators must provide a value for all active combustion flares because it is used in the
formulas for calculating PM;¢ and PM; s combustion flare emissions (under calculator FLA-MO01).

The Team analyzed the smoking conditions provided for 114 flaring processes in the 2021 reporting cycle
and found that 63% reported light smoke conditions. Table 45 below summarizes the findings of the
smoking conditions analysis. As shown 72 flaring processes operated with light smoke, and only 1
process reported medium smoke conditions.

Table 45: Smoking conditions analysis results in the 2021 draft data

Smoking Condition P?g::sts(::s Percentage
No Smoke 33 29%
Light Smoke 72 63%
Medium Smoke 1 1%
Heavy Smoke 0 0%
Blank (not provided) 8 7%

NOTE: The eight (8) processes that did not report smoking conditions are under zeroed-out (not
emitting) combustion flare emission units.

4.6.2.3 Fuel Heating Value

Fuel heating value is used in the formulas for calculating emissions from combustion equipment
(including boilers, DRI diesel or gasoline engines, natural gas engines, and turbines) and combustion
flares. The Team analyzed all heating values in the 2021 reporting cycle and compared them to the
acceptable ranges provided in Table 3-2 of the Year 2017 Emissions Inventory Study document (Wilson et
al. 2019) as well as the ranges published in the Engineering ToolBox website (Engineering Toolbox
2005). Table 46 summarizes the results of the analysis conducted.
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Table 46: Heating values ranges analysis and results

Range in 2017 Engineering Range in 2021

el Final ToolBox Draft

Requires Corrective Actions?

The minimum and maximum values in
the 2021 inventory were out of
acceptable range and required further
1,000-1,500 950-1,150 300-1,848.75 | investigations to identify the emission
units that have those values and
request verification and/or corrective
actions.

Natural Gas /
Flare gas [Btu/scf]

All diesel heating values in the 2021
inventory in OCS AQS are considered
acceptable, and no further corrective
action was required.

Diesel [Btu/lb] 18,000-20,000 | 18,315-19,604 | 18,000-20,139

As shown above, 300 Btu/scf was the lowest natural gas heating value in the 2021 inventory. Upon
further investigation, it was found that these low values were specified for the flare gas heating values
under the combustion flare. Typical values for Flare Gas Heating Values are generally between 1,020 and
1,600 Btu/scf. Four processes were identified for low and high outliers after all the Flare Gas Heating
Values submitted by operators. Table 47 provides further details on these four flare processes, which were
all under the company name BP Exploration & Production Inc. The Team contacted BP Exploration &
Production Inc. and requested corrective action for those values. The company confirmed the inaccuracy
of those values and corrected them accordingly (Table 48 shows the revised values).

NOTE: The low heating values under the combustion flares caused the unexpected decrease in
flaring processes emissions (see section 6.6.4.1, in which the flare emissions were analyzed).

The maximum natural gas heating value of 1,848.75 Btu/scf provided in the 2021 inventory was also
outside the acceptable range. These values were specified for a boiler fuel heating value over 4 months for
one boiler process under the Cox Operating LLC. Table 49 provides further details about those processes.
The Team contacted the Cox Operating LLC and requested corrective action for those values. The
company confirmed the inaccuracy of those values and corrected them accordingly. The 1,848.75 Btu/scf
value for September, October, November, and December was corrected to 1,050 Btu/scf.
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Table 47: Out-of-range flare gas heating values (Btu/scf) per month in the 2021 draft data

Company Name Facility ID Eml';sit'on Process | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec
BP Exploration & 1001-1 FL-01 FL-NPf | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
Production Inc.

BP Exploration & 1101-1 FL-01 FL-NPf | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
Production Inc.

BP Exploration & 1215-1 FL-01 FL-NPf | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
Production Inc.

BP Exploration & 1223-1 FL-01 FL-NPf | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
Production Inc.
Table 48: Revised flare gas heating values (Btu/scf) per month in the 2021 draft data

Company Name Fa::glty Eml';sit'on Process Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
BP Exploration & | ;04 4 FL-01 FL-NPf | 1,136 | 1,129 | 1,136 | 1,145 | 1,150 | 1,154 | 1,196 | 1,194 | 1,196 | 1,199 | 1,193 | 1,193
Production Inc.

BP Exploration & | ;444 4 FL-01 FL-NPf | 1,470 | 1,485 | 1,483 | 1462 | 1,457 | 1,485 | 1148 | 1,482 | 1,490 | 1488 | 1,481 | 1,484
Production Inc.

BP Exploration & | 4,5 4 FL-01 FL-NPf | 1,270 | 1272 | 1,265 | 1258 | 1,267 | 1,274 | 1249 | 1,264 | 1268 | 1272 | 1,275 | 1,273
Production Inc.

BP Exploration & | 4554 4 FL-01 FL-NPf | 1,136 | 1,129 | 1,136 | 1,145 | 1,150 | 1,154 | 1,196 | 1,194 | 1,196 | 1,199 | 1,193 | 1,193
Production Inc.
Table 49: Out-of-range boiler fuel heating values (Btu/scf) per month in the 2021 draft data

Company | Facility | Emission

Name D Unit Process| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
EféOperat'”g 1490-3 | HTBRN-1 |BOI<10n|1,081.8 |1,081.8|1,081.8|1,081.8|1,081.8|1,081.8|1,081.81,081.8 | 1,848.75 | 1,848.75 | 1,848.75 | 1,848.75

NOTE: Some instances under flares and turbines had natural gas fuel heating values that were slightly out of range (between 1,500 and
1,516 Btu/scf). The Team decided to accept those values and not to consider them as out of range. Therefore, no corrective actions were

taken.
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4.6.2.4 Hours of Operation per Month

The maximum range for the number of hours of operation per month in OCS AQS was set to 744 (31
days x 24 hours) for all months in the 2021 reporting period. Although this is the highest possible number
of hours for some months, a lower maximum number of hours should have been applied in OCS AQS for
others, such as February (672 or 696 hours) and April, June, September, and November (720 hours). If
operators used the Copy Monthly Data feature in OCS AQS to fill in the activity values, then it was
possible that some users mistakenly copied the January data to the rest of the months and not correct the
hours of operation for the months with fewer maximum allowable hours.

A thorough analysis was conducted on all equipment types with the hours of operation fields to identify
the emission units that have the wrong number of hours under the months that do not have 31 days. Table
50 summarizes the results of the analysis. The Team contacted all the operators that had AMI, GLY,
PNE, and PRE emissions units with the inaccurate number of hours entries and requested corrective
actions (those bolded in Table 50). Operators of those facilities with erroneous entries revised their values
and provided the correct ones.

NOTE: The Team only contacted operators regarding those four equipment types (AMI, GLY,
PNE, and PRE) because the number of hours of operation per month directly impacts the
calculated emissions for those equipment types and would result in overestimation of the
generated emissions. For other equipment types, the hours of operation per month were not
mandatory and did not impact calculated emissions.

Table 50: Count of entries (number) having incorrect hours of operation per month by equipment
type in the 2021 draft data (bold and asterisk types contacted for corrective action)

s Monthly SRS Contacted for
# Type Description Having In_correct Hours Corrective Action
of Operation per Month

1 AMI | Amine Unit* 14* Contacted
2 BOI Boiler/Heater/Burner 5 -

3 DIE Engine - Diesel or Gasoline Engine 12 -

4 DRI Drilling Equipment 0 -

5 FLA | Combustion Flare—Flare 1 -

6 FLA | Combustion Flare—Pilot N/A -

7 FUG | Fugitives N/A -

8 GLY | Glycol Dehydrator* 55* Contacted
9 LOA | Loading Operation 0 -

10 LOS | Losses from Flashing 5 -

11 MUD | Mud Degassing 0 -

12 | NGE | Engine - Natural Gas 5 -

13 NGT | Turbine - Natural Gas, Diesel, or Dual Fuel 6 -
14 PNE | Pneumatic Pump* 6* Contacted
15 PRE | Pneumatic Controller® 138* Contacted
16 STO | Storage Tank N/A -

17 | VEN | Cold Vent 12 -

- - Total Count of Inaccurate Entries 254 -

In future reporting cycles, the Team will mandate the hours of operation per month for all equipment
types, and the QA checks will alert the users to the number of operating hours fields with values that
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exceed the maximum number of hours within a month, taking into account if the month has 31, 30, 28, or
29 (during leap years) days. In addition, copying operational hours and days from month to month will be
prohibited to avoid similar issues in future reporting cycles.

4.6.2.5 Number of Operating Days in Month

The maximum range for the number of operating days in the month in OCS AQS was set to 31 for all 12
months in the 2021 reporting cycle. Although this is the highest possible number of days for some
months, a lower maximum number of days in a month should have been set for others, such as February
(28 or 29 days) and April, June, September, and November (30 days). If operators used the Copy Monthly
Data feature in OCS AQS to fill in the activity values, then it was possible that some users would
mistakenly copy the January data to the rest of the months and not correct the number of operating days
for the months with fewer maximum allowable days.

A thorough analysis was conducted to identify the emission units with the wrong number of days under
the months that do not have 31 days. Table 51 below summarizes the results of the analysis. The Team
contacted all the companies that had emissions units with the inaccurate number of days entries and
requested corrective actions. The companies revised their values and provided the correct ones.

OCS AQS has been updated to correctly apply the maximum number of days for each month. In future
reporting cycles, the QA field will alert the user if the number of operating days in month fields exceed
the number of actual days within each month. In addition, copying operational hours and days from
month to month will be prohibited to avoid similar issues in future reporting cycles.

Table 51: Count of entries (number) having incorrect days of operation per month by equipment
type in the 2021 draft data

# Type Description Entrie(s)::gzgr:n:;rrmeg:lgjays i
1 AMI Amine Unit N/A
2 BOI Boiler/Heater/Burner N/A
3 DIE Engine - Diesel or Gasoline Engine N/A
4 DRI Drilling Equipment N/A
5 FLA Combustion Flare—Flare N/A
6 FLA Combustion Flare—Pilot 0
7 FUG Fugitives 934
8 GLY Glycol Dehydrator N/A
9 LOA Loading Operation N/A
10 LOS Losses from Flashing N/A
11 MUD | Mud Degassing 0
12 NGE | Engine - Natural Gas N/A
13 NGT Turbine - Natural Gas, Diesel, or Dual Fuel N/A
14 PNE Pneumatic Pump N/A
15 PRE Pneumatic Controller N/A
16 STO | Storage Tank 19
17 VEN Cold Vent N/A
Total Count of Inaccurate Entries 953
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4.6.3 Equipment Monthly Activity Data Consistency Checks

OCS AQS performs automated QA/QC checks to prevent users from calculating emissions with missing
or incomplete mandatory activity data. These checks also prevent the users from submitting a facility (or
whole inventory) containing missing or incomplete activity data. This check ensures that all inventories
submitted through OCS AQS for the 2021 reporting year had complete mandatory activity data.

These data quality checks do have limitations. For example, they cannot verify the consistency of data
within an emission unit across the 12 months. Some activity data, such as fuel sulfur content and fuel
heating values, are not expected to change month to month, or even vary between different emission units
within the same facility. The Team checked the consistency of fuel heating values and fuel sulfur content
for all emission units with those two variables. Although a few instances of inconsistent heating values
were found, these inconsistent values were within the typical range of fuel heating values. Therefore, the
Team did not request any corrective actions for fixing those minor discrepancies.

Other variables, like throughputs (or any emission unit activity-related variables), are expected to vary
month to month and might differ depending on the monthly emissions unit activity. Although mistyped
values that are not representative of the actual activity on the platform can be expected, they cannot be
easily identified. Therefore, the Team designed a new automated tool to detect such anomalies; the tool
finds any entries that deviate from the non-zero 12-month average by a set of percentages the user can
select from, depending on the variable and the case. This tool will highlight the anomalies and help the
operator identify inconsistencies or mistyped values in the activity data.

The Team used this tool to identify emission units that had throughputs that deviated from the non-zero
monthly average by more than 90%. However, since the operating hours were not mandatory for all
emission units, it was not possible for the Team to determine whether the instances identified as a
throughput anomaly were actual anomalies or reflected the actual higher or lower operating conditions
during that month. Therefore, the Team decided not to set the companies with those emission units to
corrective actions for this reporting cycle. Table 52 below shows the count of emission units by company
that had entries deviating by 90% from the non-zero 12-month average.

In the future, the 2021 inventory data will serve as a baseline to compare the 2023 data to, allowing for
tracking of the anomalies. This tool would also be available to the operators, and they would be able to
use it to verify the quality of their own data, before submitting their inventories.

Table 52: Count of emission units (number) having throughputs deviating by 90% from the
average by operating company in the 2021 draft data

Emission Units Having
# Company Name Throughputs Deviating by 90%
from the Average
1 | Anadarko Petroleum Corporation 165
2 | ANKOR Energy LLC 58
3 | Arena Offshore, LP 146
4 | BHP Billiton Petroleum (GOM) Inc 19
5 | BP Exploration & Production Inc 59
6 | Byron Energy Inc. 5
7 | Cantium, LLC 47
8 | Chevron USA Inc. 54
9 | Contango Operators, Inc. 2
10 | Cox Operating LLC 463
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Emission Units Having

# Company Name Throughputs Deviating by 90%
from the Average
11 | Destin Pipeline Company, L.L.C. 3
12 | Energy XXl GOM, LLC 32
13 | Eni US Operating Co. Inc. 33
14 | Enven Energy Ventures 54
15 | EPL Oil & Gas, Inc. 16
16 | Equinor USA E&P Inc. 11
17 | Exxon Mobil Corporation 11
18 | ExxonMobil Pipeline 1
19 | Fieldwood Energy Offshore LLC 145
20 | Fieldwood Energy, LLC 448
21 | Fieldwood SD Offshore LLC 4
22 | Flextrend Development Company, LLC 2
23 | GOM Shelf LLC 96
24 | GoMex Energy Offshore, Ltd. 3
25 | Helis Oil & Gas Company, LLC 5
26 | Hess Corporation 42
27 | High Point Gas Gathering, L.L.C. 7
28 | LLOG Exploration Offshore, L.L.C. 14
29 | Manta Ray Gathering Company, LLC 20
30 | MC Offshore Petroleum, LLC 20
31 | Monforte Exploration L.L.C. 9
32 | Murphy Exploration & Production Company - USA 65
33 | Peregrine Oil and Gas II, LLC 1
34 | Renaissance Offshore, LLC 88
35 | Ridgelake Energy, Inc. 15
36 | Sanare Energy Partners, LLC 15
37 | Sea Robin Pipeline Company, LLC 8
38 | Shell Offshore Inc. 90
39 | Shell Pipeline Company LP 22
40 | Talos Energy Offshore, LLC 52
41 | Talos ERT LLC 55
42 | Talos Oil and Gas LLC 9
43 | Talos Petroleum LLC 90
44 | Talos Third Coast LLC 21
45 | TANA Exploration Company, LLC
46 | Transcontinental Gas Pipe Line Company, LLC
47 | W& T Energy VI, LLC 20
48 | W&T Offshore, Inc. 140
49 | Walter Oil & Gas Corporation 43
50 | Whitney Oil & Gas, LLC 9
51 | Williams Oil Gathering, LLC 1

58




4.6.4 Flat Emissions Checks

If an emission unit operates consistently throughout the year, its monthly calculated emissions would be
flat (i.e., non-variable) and without monthly variations. Changes in the platform activities from one month
to another are expected, since some months have fewer operating days/hours, and some might incorporate
special events, which can impact operating activities, such as maintenance. Flat emissions could also
result from using the copy monthly data feature in OCS AQS, where activity data is copied from one
month to multiple others. The Team located some issues related to the use of this feature without
addressing the variations in the activity data variables, such as copying operating hours from longer
months to the shorter ones. This issue was addressed and discussed in detail in Section 4.6.2.4, where it
was mentioned that copying operational hours and days from month to month will be prohibited in future
reporting cycles, ensuring that the operators will take into account at least temporal monthly variations.

As an additional safeguard, the "Highlight Flat Emissions" feature was introduced to the monthly
emissions data grid in OCS AQS, which will help identify emission units with flat emissions in future
reporting cycles.

4.6.5 Stream Analysis

In OCS AQS, certain emission units have an emissions destination drop-down field in their data request
tab in the Activity and Emissions Manager. Operators can select the emissions to be vented locally,
vented remotely, flared locally, flared remotely, or routed to the system. Emissions are calculated under
the process if the destination is selected as vented locally; however, any other selection will set emissions
to zero at the process level. For emissions vented or flared remotely, operators are responsible for
accounting for the emissions under cold vents or combustion flares, respectively. Table 53 summarizes
the count of processes that reported emissions as non-vented locally by equipment type in the 2021
inventory.

The Team performed a stream analysis on emissions vented and flared remotely. The approach in this
analysis was to verify that a facility with an emission unit that vents or flares remotely has a
corresponding vent or flare associated with it. Table 54 summarizes the results of that analysis. There
were four instances (at four separate facilities) where an emission unit had emissions vented remotely, but
there was no corresponding vent under the same facility.

For some emission units, although the facility did not have an associated vent or flare, operators added a
comment and clarified that emissions were sent to another facility and explicitly identified that facility.
However, for emission units in Table 54, the users did not provide any such information, and the Team
contacted the facilities to request further details to fix this issue.

The operator of Facility ID# 21786-4, which belongs to Cox Operating LLC, confirmed that FLASH-01
vented its emissions to a cold vent located on Facility ID# 21786-8 and that those flash emissions were
accounted for under that vent. Similarly, Facility ID# 2103-3 verified that its glycol dehydrator emission
unit vented its emission to a vent at Facility ID# 2103-1. Therefore, the Team confirmed the existence of
cold vent emission units at the facilities specified by the operators, to ensure the quality of data in the
2021 inventory.

The operators of Facilities IDs# 1218-1 and 1799-1, which belong to W&T Offshore, Inc. and Enven
Energy Ventures, respectively, confirmed that the emissions from their emission units listed in Table 54
were flared remotely, not vented remotely, and that they needed their facilities to be set to corrective
action so they could fix the issue. Therefore, the Team first confirmed that those facilities (1218-1 and
1799-1) have flares and then set them to corrective action to fix their erroneous emissions destination. All
necessary stream analysis corrections were updated for the 2021 final inventory.
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Table 53: Count of emissions destination entries (number) by equipment type in the 2021 draft

data
# | Type Description ey | ety || iy
1 AMI Amine Unit 0 2 34
2 BOI Boiler/Heater/Burner 0 0 0
3 DIE Engine - Diesel or Gasoline Engine 12 0 0
4 DRI Drilling Equipment 0 0 0
5 FLA Combustion Flare N/A N/A N/A
6 FUG | Fugitives N/A N/A N/A
7 GLY Glycol Dehydrator 929 12 0
8 LOA Loading Operation 0 0 0
9 LOS Losses from Flashing 2,222 0 0
10 MUD | Mud Degassing 0 0 0
11 NGE Engine - Natural Gas 0 0 0
12 NGT Turbine - Natural Gas, Diesel, or Dual 0 0 0
Fuel
13 PNE Pneumatic Pump 287 13 0
14 PRE Pneumatic Controller 0 0 0
15 STO Storage Tank 949 0 0
16 VEN Cold Vent 0 0 0
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Table 54: Stream analysis emissions destination results per month in the 2021 draft data

Company Name Facility ID | Emission Unit | Process | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Cox Operating LLC 21786-4 FLASH-01 LOS VR | VR | VR | VR | VR |VR|VR|VR| VR | VR | VR | VR
W&T Offshore, Inc. 1218-1 T-01 STO VR | VR | VR | VR | VR |VR | VR | VR | VR | VR | VR | VR
Contango Operators, Inc. 2103-3 GLYCOL GLY VR VR VR | VR VR VR VR VR VR VR | VR VR
Enven Energy Ventures 17991 MAF-3050 GLY - - - - - - - VR VR VR VR VR

VR = Vented Remotely
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4.6.6 QA/QC Comments

In OCS AQS, entering out-of-range data is prohibited. The automated QA/QC checks flag out-of-range
data and do not allow calculating emissions or submitting the emissions inventory. Nonetheless,
submitting out-of-range data without flags is allowed if and only if operators explain those values under
the linked QA comment tab in the data request fields. This process allows the Team to review the
comments and decide whether the provided out-of-range value is legitimate or requires revisions.

In the OCS AQS Reports module, the QA/QC Comments report summarizes all the operators' QA/QC
comments on the data request fields. As part of the QA/QC efforts, the Team generated this report for the
2021 draft inventory data to assess the comments and verify their accuracy.

Using the generated report, the Team identified QA/QC comments on the number of days in the month
field under a pilot flare process belonging to Facility ID# 2089-1 under company Equinor USA E&P Inc.
Figure 8 is a screenshot of the generated QA/QC Comments Report and shows the comments entered for
the three fields.

The comments state that the "Platform shut in following Hurricane Ida," which means the platform was
not generating emissions during those three months because of Hurricane Ida, which occurred in late
August 2021. However, the operator provided the activity data and calculated emissions with those
provided comments.

The Team contacted the operator and explained that if the platform was not emitting during those months,
an option to zero out emissions is available in OCS AQS by clicking the Facility-Wide Zero Emissions
button and selecting "Destroyed by hurricane in reporting year" as the reason for the three months of
inactivity. The operator requested corrective action, zeroed-out emissions properly using the Facility-
Wide Zero Emissions feature in OCS AQS and recalculated emissions.

NOTE: In future reporting cycles, the feature of providing out-of-range activity data by entering
a comment will be disabled, and if an operator needs to enter a value that is not within the range
specified, they will need to contact the OCS AQS technical support first to review the value.

OCS A AS QA/QC Comments

Facility: (Titan) (2089-1)
Equipment: FLAOO1 - Combustion Flare - Pilot - FLA-Pilot -

Field Value Month Request Type Comment

[N;ar;\]t:er of Days in Month 30 September  Data Request  Platform shut in following Hurricane Ida
P;aT]t:)er of Days in Month 31 October Data Request  Platform shut in following Hurricane Ida
Number of Days in Month 30 November Data Request  Platform shut in following Hurricane Ida

[Day]:

Figure 8: Screenshot of the QA/QC comments report
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5 EFs and Revised Calculation Methods (Platform Sources)

5.1 EF Comparison

Initial configuration of OCS AQS to support the 2021 emissions inventory effort utilized EFs from the
Year 2017 Emissions Inventory Study (Wilson et al. 2019). In 2021, the original 2017 EFs in OCS AQS
were updated using the latest information available from the USEPA’s AP-42 compilation of EFs, which
can be found at https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-
emissions-factors.

The EFs comparison methodology is summarized as follows:

1. The 2017 EFs were compared against the March 2022 version of USEPA’s AP-42 EFs. The EFs
used in 2017 were based on the Year 2017 Emissions Inventory Study. As a result of the
comparison, the Team revised five EFs were revised (Table 55).

2. The five EFs (Table 55) were corrected and updated in OCS AQS for operators to use in the 2021
effort.

3. All the calculation methods in OCS AQS utilizing the corrected EFs were externally validated by
the Team.

Table 55 lists the EFs that required corrections.

Table 55: Summary of EFs corrected for the 2021 effort

Emissions Calculation Method Pollutant EF (2017) EF (2021) Units
Diesel Engines Where Max HP < 600 VOC 0.33 0.36 Ib/MMBtu
Diesel Engines Where Max HP = 600 PMz.s 0.056 0.0479 Ib/MMBtu
Drilling Equipment (Diesel Fuel Use) VOC 0.08 0.0819 Ib/MMBtu
Combustion Flares CO2 114.285 117.65 Ib/MMBtu
Combustion Flares-Pilot Pb 0.005 0.0005 Ib/MMscf

Table 55 summarizes the differences in EFs between the 2017 and 2021 inventories. The review
confirmed that the EFs used in the 2021 effort are accurate and reflect the data published on the AP-42
website.

Two examples (e.g., CO, and Pb EFs for Combustion Flares) are provided below illustrating how the
Team identified and corrected the erroneous EFs.

5.1.1 Carbon Dioxide (CO.) in Combustion Flares

The CO, Combustion Flares EF for the flaring process published in the Year 2017 Emissions Inventory
Study (Table 4-12, Page 29) equals 114.285 Ib/MMBtu (Wilson et al. 2019). A footnote in that report
states that “[f]actors for N,O and CO; were derived from pilot emissions factors.” Converting the pilot
CO; EF 120,000.0 Ib/MMscf to an energy basis (Ib/MMBtu) does not equal 114.285 1b/MMBtu as per the
calculation below.

Converting a volume basis (Ib/MMscf) to an energy basis (Ib/MMBtu) is done by dividing by a heating
value of 1,020 MMBtu/MMscf:

[120,000.0 Ib/MMscf] / [1,020 MMBtu/MMscf] = 117.65 Ib/MMBtu
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As aresult, the Team updated the CO, Combustion Flares EF value. This increase in the 2021 CO,
combustion flares EF value would result in an increase of CO, emissions from 2017 final to 2021 draft
data by a factor of 3.37, provided the activity data and the number of emission units is the same.
However, this is not the case because the number of reported combustion flares in the 2017 final data was
90; in the 2021 draft data, operators reported a total number of 114 combustion flares, which did not
clearly reflect the impact of the EF discrepancy (other factors resulted in the emissions discrepancies) (see
Section 6.5.1).

5.1.2 Lead (Pb) in Combustion Flares

The Pb EF in combustion flares published in the Year 2017 Emissions Inventory Study (Table 4-13, page
29) equals 5.0E-03 Ib/MMsct (Wilson et al. 2019). However, when the Team reviewed the AP-42 EF
values, the published EF value was 5.0E-04 1b/MMscf. This value was incorporated into OCS AQS. This
considerable decrease in the EF value from 2017 final data to 2021 draft data would result in a reduction
of 10% of Pb emissions, provided all other parameters held constant (i.e., activity data and number of
emission units). As described above, the number of Combustion Flares in the 2017 final data varies from
the number of reported Combustion Flares in the 2021 draft data. Overall, the Pb emissions from
Combustion Flares were less. Collectively, for Combustion Flares, operators reported 5.44E-05 tons of Pb
in the 2021 draft data, and 8.46E-05 tons in the 2017 final data. These numbers yield a 36% decrease in
Pb emissions from Combustion Flares in the 2021 reporting year.

5.2 Revised Calculation Methods

5.2.1 Storage Tanks

Storage tanks calculators in OCS AQS use the equations from the latest version of AP-42’s Chapter 7:
Liquid Storage Tanks (USEPA 2022). In OCS AQS, four storage tank calculators are designed based on
the storage tank orientation (Horizontal/Vertical) and type (Rectangular/ Cylindrical). All conditions and
rules provided in AP-42’s Chapter 7 are strictly followed. The tool considers the state and paint of the
storage tanks, their roof type and shape, and their processed material (Section 3.2.15).

In contrast, storage tank emissions in the 2017 final inventory were estimated using the methods provided
in the Year 2017 Emissions Inventory Study document (Wilson et al. 2019). The EF methodologies
provided in section 4.2.15 of that document were outdated and do not follow the most recent
methodologies as published in AP-42 (USEPA 2022). Thus, emissions from storage tanks can potentially
differ when comparing 2017 final to 2021 draft inventories, as any minor changes in calculation methods
will subsequently affect the final calculated losses and emissions.

NOTE: Please note that the calculations in the Year 2017 Emissions Inventory Study document
are current except for 4.2.15.

5.2.2 Diesel Turbines

In section 4.2.12 of the Year 2017 Emissions Inventory Study document (Wilson et al. 2019), the
following equation was used to estimate natural gas, diesel, and dual-fuel turbines emissions:

Efy = EF up/mmBew) X 103 xHXU (Eq.69)
where:

Ef,, = Emissions in [b/month
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EF = Emission factor in in [b/MMBtu
H = Fuel heating value in Btu/scf
U = Fuel usage in Mscf /Month

In OCS AQS, however, the above equation was only used for estimating emissions from NGT. For diesel
turbines, the following equation, from section 4.2.4 of the Year 2017 Emissions Inventory Study
document (Wilson et al. 2019), was used instead:

Egie = EFqp/mumprny X 1076 x U x 7.1 1b/gal x 19,300 (Eq.70)

where:
E4ie = Emissions from diesel turbines in [b/Month
EF = Emission factor in [b/MMBtu
U = Fuel usage in gal/Month
7.1 is the diesel density (conversion factor from gal to 1b)

19,300 is the default diesel heating value in Btu/lb

The above equation was used primarily to avoid any possible confusion coming from unit conversion.
Furthermore, using the diesel default heating value, rather than requiring the user to provide it, simplified
the users’ data-entry process and will assure more reliable and accurate data.

Since users in the 2017 reporting cycle provided the heating value, the usage of the system default value
is expected to contribute to minor discrepancies in diesel turbine emissions. Nevertheless, when analyzing
2017 data, we found that 60% of the 2017 diesel equipment used the value of 19,300 for heating value;
this percentage supports our default value selection.

NOTE: The 19,300-heating value was also used as the surrogate value for missing values in the
2017 inventory; see Table 4-1 in Wilson et al. (2019).
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6 Comparison to 2017 Inventory (Platform Sources)

To document abnormal and unexpected trends and conduct further QA/QC, the Team conducted a
comparison between the 2017 final and 2021 draft inventory. According to the Year 2017 Emissions
Inventory Study, during the 2017 reporting cycle, 57 companies submitted data for a total of 1,842
platforms, of which 1,194 of them were operating (Wilson et al. 2019). Conversely, the 2021 complete
inventory in OCS AQS incorporated a total 1,738 platforms, 982 of them operating and belonging to 56
companies—not including the operating platforms omitted from the 2021 inventory. There are several
possible reasons for those changes in the count of the companies and their platforms between inventory
years. These changes may be due to an actual decline in the number of the operating platforms in 2021 or
due to some operators not reporting their emissions for some platforms in the 2021 inventory (15
platforms were not submitted to and 81 were missing from the OCS AQS 2021 inventory, see Section 4.4
for details). These discrepancies in the number of operating platforms can lead to other differences related
to the count of emission units, types of emitted pollutants, and total annual emissions. At the same time,
actual year-to-year variations in operational activities on the platforms also may contribute to variations in
the calculated emissions. For example, on August 29, 2021, Hurricane Ida made landfall near Port
Fourchon, Louisiana, as a Category 4 hurricane. As a result, according to BSEE estimates, 96% of crude
oil production and 94% of natural gas production in the U.S. federally administered areas of the GOM
were shut in between one week to several months depending on severity of the damage and the logistics
require to complete repairs and transport staff to the platforms to restart operations.

The following sections summarize how the Team analyzed and verified several factors to ensure the
reliability of the 2021 submitted inventory and drew additional conclusions regarding which changing
factors resulted in increases or decreases in emissions between 2017 and 2021. Those verifications were
performed by evaluating the 2021 data and/or by comparing them to the 2017 inventory activity data and
calculated emissions. Comparisons to 2017 data can help detect unexpected anomalies in the emissions or
activity data and generally gives an overview of the usual platform trends and their activities. As a result
of those investigations, corrective actions and re-submissions were requested from operators, depending
on the issues discovered.

6.1 Platform Count by OPD Area

The comparison tables in Sections 6.1, 6.2, 6.3, and 6.4 serve as a starting point for the comparative
analysis of emissions for the 2017 and 2021 reporting years. The analysis, conducted in the following
sections, helps to identify abnormal activity resulting in large discrepancies between the two inventory
years or detect data entry errors in activity data to be fixed.

As presented in Table 56, 982 operating platforms in the 2021 inventory are distributed throughout the
GOM and located within 33 OPD areas. Approximately 50% of the 2021 platforms are located in four
OPD areas, specifically, the Ship Shoal (SS), Eugene Island (EI), South Marsh Island (SM), and South
Timbalier (ST) areas (Table 56). Figure 9 is the visual representation of the same data and shows the
variations between 2021 and 2017 platform counts by OPD area.

4 In the 2017 final inventory in OCS AQS, there are 1,195 operating facilities. The additional facility is Facility ID#
940-1A, which is under company ExxonMobil Pipeline. This facility is the leased portion of Facility ID# 940-1
under company Williams Oil Gathering, LLC.
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Table 56: Operating platform count (humber) by OPD area by inventory year with % of total

] oroam =T | [y
1 | SS (Ship Shoal) 191 145 14.766%
2 | El (Eugene Island) 147 124 12.627%
3 | MP (Main Pass) 105 114 11.609%
4 | ST (South Timbalier) 104 108 10.998%
5 | SM (South Marsh Island) 120 97 9.878%
6 | WD (West Delta) 64 67 6.823%
7 | SP (South Pass) 35 39 3.971%
8 | VR (Vermilion) 69 39 3.971%
9 | Gl (Grand Isle) 40 38 3.870%

10 | WC (West Cameron) 69 31 3.157%

11 | HI (High Island) 51 27 2.749%

12 | GC (Green Canyon) 19 22 2.240%

13 | MC (Mississippi Canyon) 23 22 2.240%

14 | MO (Mobile) 17 17 1.731%

15 | EC (East Cameron) 22 12 1.222%

16 | VK (Viosca Knoll) 15 11 1.120%

17 | PL (South Pelto) 29 10 1.018%

18 | BS (Breton Sound) 6 9 0.916%

19 | BM (Bay Marchand) 6 8 0.815%

20 | GA (Galveston) 11 8 0.815%

21 | EW (Ewing Bank) 7 7 0.713%

22 | GB (Garden Banks) 7 7 0.713%

23 | BA (Brazos) 10 6 0.611%

24 | WR (Walker Ridge) 3 4 0.407%

25 | EB (East Breaks) 5 3 0.305%

26 | AC (Alaminos Canyon) 2 2 0.204%

27 | PN (North Padre Island) 3 2 0.204%

28 | CA (Chandeleur) 1 1 0.102%

29 | KC (Keathley Canyon) 1 1 0.102%

30 | MU (Mustang Island) 2 1 0.102%

31 | MI (Matagorda Island) 10 0 0.000%

32 | SA (Sabine Pass (Louisiana)) 1 0 0.000%
- Total Operating platforms 1,195 982 100%

Draft 2021 Count of Operating Platforms by OPD Area
Total Count of Draft 2021 Operating Platforms

Notes: @ Percentage of Total 2021 = X 100%
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Operating Platform Count by OPD Area by Inventory Year
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Figure 9: Operating platform count by OPD area by inventory year with 2017 (blue, left columns) and 2021 (orange, right columns)
See Table 54 for OPD Abbreviations Key.
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6.2 Platform Count by Structure Type

This section provides a summary of operating platform counts by structure type. As demonstrated in
Table 57, the fixed leg platform is the dominant structure type in both 2021 and 2017. Figure 10 provides
a visual representation of the same data.

Table 57: Operating platform count (number) by structure type by inventory year

AT ; Percentage of
Structure Type Description? 2017 Final 2021 Draft Total 2021®
FIXED Fixed Leg Platform 969 758 77.2%
SPAR SPAR Platform - Floating Production 173 155 15.8%
System
WP Well Protector 18 18 1.8%
Semi Submersible (Column Stabilized o
el Unit) Floating Production System Iz i 175
CAIS Caisson 10 12 1.2%
TLP Tension Leg Platform 4 4 0.4%
MTLP Mini Tension Leg Platform 3 16 1.6%
FPSO Floatlng Production, Storage, And 3 2 0.2%
Offloading
CT Compliant Tower 2 2 0.2%
MOPU Mobile Production Unit 1 1 0.1%

Notes: @ Structure Type Description is from Platform Structures Online Query Field Definitions from the BOEM Data
Center: https://www.data.boem.gov/Platform/PlatformStructures/FieldDefinitions.aspx

Draft 2021 Count of Operating Platforms by Structure Type
Total Count of Draft 2021 Operating Platforms

b percentage of Total 2021 = x 100%
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Platforms by Structure Type by Inventory Year
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Figure 10: Operating platform count by structure type by inventory year with 2017 (blue, left columns) and 2021 (orange, right columns)
See Table 55 for the Structure Type Abbreviations Key.
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6.3 Platform Count by Water Depth

This section provides a summary of operating platform count by shallow or deep water. As defined by
BOEM, any areas with water depths greater than 1,000 feet (305 m) is considered “deepwater” (Wilson et
al. 2019). As demonstrated in Table 58, 94% of 2021 draft operating platforms are in shallow water.
Figure 11 provides a visual representation of the same data.

It is important to note that the Team identified 37 platforms missing the water depth values (33 operating
platforms + 4 not operating [temporarily or permanently shut down]). As part of the QA/QC efforts, the
Team filled in the missing water depths using the published data in the BOEM data center found in the
Platform Structures Online Query. As an additional verification step, the Team compared all the entered
water depths in OCS AQS to the BOEM data center data. A total of 14 platforms in OCS AQS had water
depths entered incorrectly—the OCS AQS values did not match the values in the public database. The
Team also took into consideration those findings and adjusted the values to match the published values.
For example, Facility ID# 20049-2 had a value of 48 ft in OCS AQS, while the value in the BOEM’s
database was 50; the Team adjusted the value to 50 ft.

Table 58: Operating platform count (number) by shallow/deep water distinction by inventory year

. Percentage of
Water Depth 2017 Final 2021 Draft Total 20212
Shallow 1,139 923 94.0%
Deep 56 59 6.0%

Draft 2021 Count of Operating Platforms by Water Depth

. a =
Notes: Percentage Of Total 2021 Total Count of Draft 2021 Operating Platforms

X 100%
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Figure 11: Operating platform count by shallow/deep water depth by inventory year with 2017
(blue, left columns) and 2021 (orange, right columns)
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https://www.data.boem.gov/Platform/PlatformStructures/Default.aspx

6.4 Platform Emissions by OPD Area

Using the OCS AQS Analytics module, we generated Figure 12 and Figure 13 to visualize greenhouse
gas (GHG) emissions by OPD area for the 2017 final inventory and 2021 draft inventory. As shown in
both figures, Mississippi Canyon (MC) area had the highest annual emission of CO,-E in 2021 and 2017.
However, as previously presented in Table 56, MC did not have the highest count of operating platforms;
this area had 24 and 23 platforms in 2021 and 2017, respectively. Table 59 is part of the table generated
by the OCS AQS Annual Facility Pollutant Totals — Highest Emitters report for CO»-E in 2021. As
shown, 6 out of 10 highest CO,-E emitting facilities are in the MC area. Cumulatively, those six facilities
made the MC area have the highest emissions of CO,-E. Those high values of CO;-E could have resulted
from extensive operational activities at those facilities or inaccurate activity data. We conducted deeper
analysis of emissions and equipment types in the following sections to further document issues in the
activity data.

From Figure 13, the analysis showed a noticeable dip in the 2021 draft CO,-E emissions in September.
This dip is likely due to Hurricane Ida, which crossed the Gulf near Port Fourchon, Louisiana, as a
Category 4 from August 26—September 5, 2021. Two hurricanes passed through the region in 2017 in
August and September: Hurricane Harvey (August 17—September 1, 2017) passed through the western
Gulf as a Category 2 and reached category 4 prior to making landfall, and Hurricane Irma (August 30—
September 12, 2017) entered the eastern GOM as category 4; however, there was minimal disruption to
total production for September in 2017 (Wilson et al. 2019). This can be seen in Figure 12, where the dip
in September emissions is minimal compared to the clear dip in September in Figure 13. This is likely
because both Harvey and Irma hurricanes in 2017 cut through the Gulf in areas with few active platforms
(Wilson et al. 2019). There was, however, a slight dip in 2017 October emissions due to the disruption of
production caused by Hurricane Nate (October 4-8, 2017), which took place in the central Gulf as a
Category 1 storm by the end of the hurricane season (Wilson et al. 2019).

NOTE: The CO»-E values are obtained by multiplying the GHG emissions by their global
warming potential (GWP) factors. In the 2017 final and 2021 draft inventory years, GWP factors
were 1, 25, and 298 for CO,, CHa4, and N»O, respectively.

Table 59: Highest CO2-E emitting facilities (tons/year) in the 2021 draft data

# | Facility ID Facility Name Company Name Areallglock Annuz:!rir:;)ssions
1 2623-1 A-Appomattox Shell Offshore Inc. MC437 285,628.33
2 1101-1 A - Thunder Horse BP Exploration & Production Inc. MC778 249,964.73
3 2008-1 A-Perdido Shell Offshore Inc. AC857 248,613.47
4 1223-1 A-Atlantis BP Exploration & Production Inc. GC787 240,390.18
5 244041 A Chevron USA Inc. WR718 200,362.88
6 70004-1 | A-Ursa TLP Shell Offshore Inc. MC809 195,603.13
7 24199-1 | A-Mars TLP Shell Offshore Inc. MC807 164,442.62
8 2660-1 A Hess Corporation GC468 148,146.94
9 1001-1 Nakika BP Exploration & Production Inc. MC474 147,039.04
10 1175-1 A Eni US Operating Co. Inc. MC773 138,035.06
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Figure 12: 2017 final GHG emissions (tons) by OPD area from the OCS AQS Analytics Module
See Table 54 for OPD Abbreviations Key.
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Figure 13: 2021 draft GHG emissions by OPD area from the OCS AQS Analytics Module
See Table 54 for OPD Abbreviations Key.

6.5 Platform Emissions by Pollutants

Table 60 shows data exported from the inventory analysis tab in the Data Analytics Dashboard in OCS
AQS. It provides an overview of the calculated emissions in the previous and current inventories
(specifically, 2017 final and 2021 draft [July 2022 version] with some initial QA/QC).

NOTE: The Data Analytics dashboard and the Analytics module are tools developed by the Team
specifically to aid in the 2021 QA/QC effort. These tools were used extensively in the preparation
of this document and will be referred to in the following sections. In the future reporting cycles,
the Analytics module will be available to both BOEM and operators, while the Data Analytics
dashboard will only be available to BOEM, as it is used to audit aggregated data to which only
administrative users have access.

If large discrepancies were found, data in this table serve as the basis for the sections that followed, where
the 2021 draft emissions for each pollutant in question were extensively analyzed and compared with the
2017 final emissions to investigate the underlying reason for the significant changes observed. The “see
Section” column in Table 60 guides the reader to the specific analysis of each pollutant.
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Throughout this section, the following terminology is used to describe percentage change:

Minimal: 0-15%
Moderate: 15-50%
Considerable: 50-100%
Extensive: 100%+

It is important to note that emissions by pollutants in this section are analyzed on a high level; only
equipment types contributing the most to the total emissions of a pollutant are investigated deeply to
identify the dominant underlying reasons for high discrepancies between the calculated emission in the
two inventory years (2017 final and 2021 draft); not all equipment types are analyzed or investigated. All
equipment types have contributed to the change or discrepancies in emissions, but the focus of this
section is on the highest contributor only. In Section 6.6, emissions by equipment type by inventory are
analyzed and compared to identify less apparent issues under the different equipment types contributing
to the changes (discrepancies) in the 2021 draft emissions inventory.

NOTE: 2021 draft emissions analyzed in this section are from the 2021 inventory dated July 14,
2022. Therefore, all comparisons in this section are based on emissions dated on this date,
including any corrective action received and incorporated into the draft inventory.

NOTE: In this section and Sections 4.6 and 6.6, various data input-entry errors were identified,
and different operators requested corrective actions to address and correct those issues. All those
corrective actions changed the final calculated emissions (increased or decreased, depending on
the situation). As a result, the 2021 final emissions are represented and discussed in Section 8 to

incorporate all the corrective actions requested in Sections 4.6, 6.5 and 6.6.

Table 60: Platform emissions (tons/year) by pollutant by inventory year with 2021 draft data as of

July 2022
# Pollutant 2017 Final 2021 Draft Difference | % Change? si‘:;n
1 | Sulfur Dioxide (SO2) 462.055 1,534.591 1,072.536 +232.12% | 655
2 | Carbon Dioxide (CO2) | 6,857,359.61 | 15,793,642.6 | 8,936,282.98 | +130.32% | 6.5.1
3 | Arsenic 0.0026 0.0041 0.0015 +57.83% | 6.5.14
4 (E::Lti)\?::leaito(xci‘,d(iE) 11,589,943.1 | 18,228,399.3 | 6,638,456.17 +57.28% | 6.5.4
5 | Lead 0.0038 0.0056 0.0018 +47.38% | 6.5.12
6 | Beryllium 0.000086565 | 0.00012506 | 0.000038499 +44.47% | 6.5.15
7 | Acetaldehyde 155.005 213.211 58.206 +37.55% | 6.5.21
8 | Chromium (V1) 0.019 0.0206 0.0016 +843% | 6.5.16
9 | Chromium III 0.4479 0.4817 0.0338 +754% | 6517
10 | Mercury 0.2309 0.2477 0.0168 +7.27% | 65.18
11 | Cadmium 0.2441 0.2613 0.0172 +7.06% | 6.5.19
12 | Nitrous Oxide (N20) 118.21 121.196 2.986 +253% | 653
13 \églr?]tgsu%g?\?gc) 38,832.769 | 39,727.642 894.873 +2.30% | 6.5.10
14 | 2,2,4-Trimethylpentane 9.619 8.517 -1.102 -11.45% | 6.5.23
15 | Hexane 765.512 617.415 -148.097 -19.35% |  6.5.20
16 | Formaldehyde 705.165 542.427 -162.739 -23.08% | 6.5.22
17 | Nitrogen Oxides (NOx) | 49,962.027 | 34,651.346 | -15,310.681 -30.65% | 6.5.9
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# Pollutant 2017 Final 2021 Draft Difference % Change? Sescisan
18 | Ammonia (NH3) 8.394 4.614 -3.779 - 45.03% 6.5.11
19 | Carbon Monoxide (CO) 51,872.132 28,387.616 -23,484.516 -45.27% 6.5.8
20 | Methane (CHa4) 187,894.28 95,945.61 -91,948.67 - 48.94% 6.5.1.1
21 Ethyl Benzene 17.91 4.234 -13.676 - 76.36% 6.5.13
22 | Benzene 225433 49.893 -175.54 -77.87% 6.5.13
23 l’;ﬂ;’;‘i)('\’"xed 101.58 17.623 -83.957 -82.65% | 6.5.13
24 | Toluene 226.231 25.249 -200.982 - 88.84% 6.5.13
25 | Chromium - 0 - - -
26 | Cyclohexane - 0.3525 - - -
27 | Cyclopentane - 1.96 - - -
28 | Ethane - 138.377 - - -
29 | Hydrogen Sulfide - 0.3811 - - -
30 Isobutane - 48.447 - - -
31 Isopentane - 42.304 - - -
32 | Methylcyclohexane - 0.5991 - - -
33 | N-Butane - 124111 - - -
34 | N-Dodecane - 3.968 - - -
35 | N-Heptane - 129.871 - - -
36 | N-Nonane - 0 - - -
37 | N-Octane - 0 - - -
38 | N-Pentane - 57.835 - - -
39 | PAH, total - 1.351 - - -
40 f&':’p PoM q 2.276 N/A - - -
Particulate Matter Less
41 Than 10 Microns N/A 420.622 - - -
(PM10)
Particulate Matter Less
42 | Than 2.5 Microns N/A 414.334 - - -
(PM25)
43 E“O",\%O”densm'e (PM- 192.413 N/A - - -
44 EM;O Filterable (PM10- 443.569 ) } ) )
o e S A | I
46 fp'\l’\'/lzz'g_FFil'tLe)rab'e 442.409 . - . .
A - 1
48 | Propane - 148.031 - - -
49 | [y yerocarens - 38,866.129 - . .
Notes: a Percentage Change — 2021 Draft Emissions—2017 Final Emissions % 100%

2017 Final Emissions

NOTE: The 2021 final emissions data (after the incorporating corrective actions) are compared to
2017 final emissions data and presented in Section 8.
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6.5.1 Carbon Dioxide (CO)

Table 60 shows that 2021 draft annual emissions of CO; increased compared to 2017. In the 2021 draft
inventory, operators reported 15,793,642.6 tons of CO, emissions, which is 130.32% higher than the
reported emissions in 2017 of 6,857,359.61 tons.

6.5.1.1 CO; Emissions by Equipment Type

Using the Reports module in OCS AQS, CO; emissions for both the 2017 final and 2021 draft inventories
were exported into Microsoft (MS) Excel and used to generate Figure 14. As illustrated, combustion
flares are the highest contributors to the total CO, emissions in the 2021 draft inventory. The contribution
of combustion flares in the 2021 draft inventory drastically increased, making “Turbine - Natural Gas,
Diesel, or Dual Fuel” and “Engine - Natural Gas” lower compared to their contribution to the 2017 CO,
emissions. Therefore, the following sections provide a deeper investigation of the combustion flares
emission units in the 2021 draft and 2017 final inventories are conducted to identify data- or calculation-
related issues.
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Figure 14: Percentage of CO2 emissions by equipment type for 2017 final and 2021 draft data
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6.5.1.2 Increase in CO; Emissions — Investigations

CO, emissions from combustion flares are calculated under flaring processes and pilot using the
following equations (Wilson et al. 2019):

e Flaring processes: E =V X H X EF x 0.001

where V = Total volume of gas flared, not including pilot (Mscf), H = Flare gas heating value
(Btu/scf), EF = Emission factor (Ib/MMBtu)

The above equation indicates that the calculated CO, emissions from flaring processes are directly
proportional to the volume of gas flared (not including pilot), flare gas heating value, and EF.

e Pilot processes: E =P XD X EF x0.001

where E = Emissions (Ib/month), P = Pilot feed rate (Mscf/day), D = Number of days in month
(day), EF = Emission factor (Ib/MMscf)

The above equation indicates that the calculated CO, emissions from pilot processes are directly
proportional to the pilot feed rate and EF.

Therefore, the quality of data provided for the throughput to both processes (total volume of gas flared not
including pilot and the pilot feed rate) will be further investigated in the following section.

NOTE: A slight increase in CO, flares emissions was anticipated from 2017 final to 2021 draft
data by a factor of 3.37 due to the different CO, EFs used for calculating the CO, flares emissions
(Section 5.1.1). Nonetheless, this discrepancy in EFs is not high enough to cause that 130%
increase in CO; annual emissions.

6.5.1.2.1 Investigations on Combustion Flares Throughputs (Total Volume of Gas Flared
not Including Pilot and Pilot Feed Rate)

As previously mentioned, a considerable increase in the flares throughput (total volume of gas flared not
including pilot and pilot feed rate) should lead to an increase in the flares’ CO emissions. Comparing the
total annual volume of gas flared would only be valid if the overall count of the combustion flare
emission units is also analyzed. Any change in the total count of combustion flare emission units should
lead to a corresponding difference in the throughput (gas flared).

As shown in Table 61, the count of combustion flares reported in the 2021 Draft Emissions Inventory
increased by 26.67%, but only 100 of 114 flares were actively emitting; the remaining combustion flare
emission units belonged to non-operating facilities or were reported as Zero Emissions processes. As a
result, the actual increase in the count of emitting combustion flares emission unit was 11.11%.
Nevertheless, the corresponding increase in the total annual volume of flared gas because of the increase
in the total count of emission units was highly questionable (2,607% increase). That percentage increase
cannot be considered acceptable and requires further investigations.

Table 61: Comparison of combustion flares throughputs and equipment counts by inventory year
(pre-corrective action)

Parameter 2017 Final 2021 Draft % Change
Number of Combustion Flare Emissions Units Reported in the 20 114 +26.67%
Inventory
Number of Active Emitting Flares Emission Units 90 of 90 100 of 114 +11.11%
Total Volume of Gas Flared (including both flaring and pilot) [Mscf] 6,264,700 | 169,615,121 + 2,607%
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The Flare Gas Volume by Facility report in OCS AQS provides detailed information on the amounts of
gas flared by the flare emission units (flaring and pilot processes) for each month at each selected facility
in the inventory. The Team generated the report for the 2021 draft inventory and analyzed the data to find
any data entry issues in the throughputs causing this substantial increase in the combustion flares’ CO,
emissions. Based on review of combustion flare throughputs, the highest value of 163,349,231 Mscf of
flared gas, representing 96.2% of the total flared gas by all the 100 emitting combustion flares was
determined to belong to Facility ID# 23846-1 (Shell Pipeline Company LP). Table 62 provides a detailed
breakdown of the volume of gas flared by Facility ID# 23846-1 in the 2021 draft inventory. It can be
observed that the pilot process FL-NPP under INTER combustion flare emission unit is the process
contributing the highest value of 163,153,375 Mscf of flared gas in the 2021 draft inventory.

Table 62: Annual volume of gas flared (Mscf/year) by Facility ID# 23846-1 (Shell Pipeline Company
LP) in the 2021 draft inventory (pre-corrective action)

Emi§sion Process ID 2_021 Tc_)tal Volume Pf Gas Fla'lred
Unit ID (including both flaring and pilot)
INTER FL-NPp 163,153,375

ROUTINE FL-NPp 18,582

ROUTINE FL-NPf 4,341
INTER FL-NPf 172,933

- Total 163,349,231

The Team contacted the operator of Facility ID# 23846-1 and requested further explanation on the
questionably high pilot throughput. The operator confirmed that this high annual throughput was the
result of data entry errors in the monthly throughputs provided in the 2021 inventory and requested
setting the facility to corrective action to fix the monthly values and recalculate emissions. The Team set
the facility to corrective action, and the operator fixed the monthly data. Table 63 shows the corrected
values after the corrective action.

Table 63: Monthly volume of gas flared (Mscf/month) by process FL-NPp under INTER emission
unit in Facility ID# 23846-1 in the 2021 draft inventory (pre- vs. post-corrective action)

Month Pre-Corrective Action Process | Post-Corrective Action Process
FL-NPp Monthly Throughput FL-NPp Monthly Throughput

January 15,097,775 1,519
February 13,636,700 1,372
March 15,097,775 1,519
April 14,610,750 1,470
May 15,097,775 1,519
June 14,610,750 1,470
July 15,097,775 1,519
August 15,097,775 1,519
September - -

October 15,097,775 1,519
November 14,610,750 1,470
December 15,097,775 1,519
Total [Mscf] 163,153,375 16,415
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6.5.1.3 CO; Emissions - Findings

After analyzing the CO; emissions and investigating combustion flares’ CO, emissions, the Team
concluded that CO, emissions increased by approximately 131% in the 2021 draft inventory due to the
2,607% increase in the volume of gas flared. That increase in the throughput resulted from a data entry
error that was corrected, as presented above in Table 63. The corrective action requested in this section
and other corrections made throughout the document resulted in a 62% reduction in total annual CO,
emissions. The estimated emissions in the 2021 draft amount were 15,793,642 tons/year, whereas the
final amount, after corrective action was completed, was reduced to 5,935,334.81 tons/year (Section 8.1).

Table 64 compares the flared gas by inventory year after incorporating the corrective actions and shows
that the annual volume of gas flared increased by 3.41% due to the 11% increase in the count emitting
combustion flares. Those results are reasonable; therefore, no further investigations are conducted in this
section.

Table 64: Flared gas (Mscfl/year) by inventory year (post-corrective action)

Parameter 2017 Final ZO DIELG CEEE g Change
Corrective Action
Number of Combustion Flare Emissions Units Reported 90 114 +26.67%
in the Inventory
Number of Active Emitting Flares Emission Units 90 of 90 100 of 114 +11.11%
Tptal Volume of Gas Flared (including both flaring and 6.264.700 6,478,161 +3.41%
pilot) [Mscf]

6.5.2 Methane (CH,)

Table 60 shows that 2021 draft annual emissions of CH4 decreased compared to 2017. In the 2021 draft
inventory, operators reported 95,945 tons of CH4 emissions, which is 48.94% lower than the reported CH4
emissions in the 2017 final data of 187,895 tons.

6.5.2.1 CH, Emissions by Equipment Type

Using the Reports module in OCS AQS, CH4 emissions for both the 2017 final and 2021 draft inventories
were exported into MS Excel and used to generate Figure 15. As illustrated, cold vents are the highest
contributors to the total CH4 emissions in both inventory years. Therefore, the following sections provide
a deeper investigation of the cold vent emission units in the 2021 draft and 2017 final inventories are
conducted to identify data- or calculation-related issues.
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Figure 15: Percentage of CH4 emissions by equipment type for 2017 final and 2021 draft data
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6.5.2.2 Decrease in CH4s Emissions — Investigations
CH4 emissions from cold vents are calculated using the following equation (Wilson et al. 2019):

mg

scf
379415 mol

Eey, = WPy, X x 1000 X V (Eq.71)

The above equation indicates that the calculated CH, emissions from cold vents are directly proportional
to the weight percent of CHs (WP¢y, ), the volume of gas vented from miscellaneous sources (V), and the
sale gas mole weight. Both the weight percent of CH,4 and the sales gas mole weight depend on the
compositions of the constitutes in the sales gas (provided by each facility); those compositions might
differ from one platform to another.

Therefore, the quality of data provided for the volume of gas vented and facilities’ sales gas compositions
will be further investigated.

6.5.2.2.1 Investigations on Volume of Vented Gas

As analyzed, a decrease in the vent’s throughput (volume of vented gas) should lead to a decrease the
cold vent CH4 emissions. Comparing the total annual vented gas volumes would only be valid if the
overall count of the cold vent units is also analyzed. This is because any change in the total count of cold
vents should lead to a corresponding difference in the throughput (vent gas).

As shown in Table 65, the count of cold vents reported in the 2021 effort increased by 23.33%, but only
372 of 666 cold vents were actively emitting; the remaining cold vents belonged to non-operating
facilities or were reported as Zero Emissions processes. As a result of the 31.11% decrease in the count of
emitting cold vent processes, the annual volume of vented gas decreased by 38.2%.

Table 65: Comparison of cold vent throughputs and equipment counts in the 2021 draft data

Parameter 2017 Final 2021 Draft % Change
Number of Cold Vent Processes Reported in the Inventory 540 666 +23.33%
Number of Active Emitting Cold Vent Processes 540 of 540 372 of 666 -31.11%
Volume of Vented Gas to Active Emitting Processes [Mscf] 3,691,354 2,282,582 - 38.16%

The decrease in vented gas due to the decrease of active emitting venting processes could explain the
decrease in CH4 emissions, but it would be more informative to conduct a more in-depth analysis on the
sales gas data to investigate if any of the facilities failed to provide proper sales gas compositions
(including CHy). This analysis is discussed in the following subsection.

6.5.2.2.2 Investigations on Sales Gas Data

An in-depth analysis was previously conducted in Section 4.6.1 to study the provided sales gas data for all
submitted inventories in the 2021 draft data. It was reported that 51 facilities did not provide sales gas
compositions (see Table 44 for more information about those 51 facilities). However, the automated QA
checks in OCS AQS prevent calculating cold vent emissions under facilities that do not have sales gas
data and require the users to provide the missing sales gas data if they attempt to calculate cold vent

emissions. This eliminates the possibility of a decrease in CH4 emissions due to missing CHy

compositions in sales gas. Therefore, it can be concluded that the missing sales gas data did not impact
the CH4 emissions values in the 2021 draft inventory and did not contribute to the decrease in CH4

emissions.
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6.5.2.3 Decrease in CH4s Emissions — Findings

After analyzing the CH4 emissions and investigating cold vent CH, emissions, it was concluded that CHa4
emissions decreased to nearly half the 2017 amount in 2021 due to the 38% reduction in the combined
values specified for the Volume of Vented Gas parameter of the Cold Vent emission units.

6.5.2.4 Decrease in CHs Emissions — Recommendations

Our analysis confirmed that the decrease in CH4 emissions does not result from poor data or incorrect
calculation methods; it can be considered acceptable and compatible with the analyzed variables.
Therefore, no further action is required. In future inventory efforts, operators will be able to analyze their
activity data (in this case, volume of vented gas) as a deviation of their average reported historical values
by a percentage selected by the operator. This feature should flag activity data that could be in error for
correction before operators submit emissions data to BOEM.

6.5.3 Nitrous Oxide (N20)

Table 60 shows a minimal increase in the total 2021 draft annual emissions of N>O. In the 2021 draft
inventory, operators reported 121.2 tons of NoO emissions, which is 2.53% higher than the reported
emissions in the 2017 final data of 118.21 tons.

6.5.3.1 N20 Emissions by Equipment Type

Using the Reports module in OCS AQS, N,O emissions for both the 2017 final and 2021 draft inventories
were exported into MS Excel and used to generate Figure 16. As illustrated, the NGT are the highest
contributors to the total nitrous oxide emissions in both inventory years. The emissions in both inventory
years (2017 final and 2021 draft) were comparable, and no further analysis or corrective action was
conducted on the 2021 draft activity data in this section.
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Figure 16: Percentage of N2O emissions by equipment type for 2017 final and 2021 draft data
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6.5.4 Carbon Dioxide Equivalent (CO--E)

CO,-E values are obtained by multiplying the emissions of GHG pollutants by their GWP factors. In the
2017 final and 2021 draft inventory years, GWP factors were 1, 25, and 298 for CO,, CHa, and N»O,
respectively. Table 60 shows that 2021 draft annual emissions of CO»-E increased in comparison to 2017
final emissions. In the 2021 draft inventory, 18,228,399.3 tons of CO»-E were calculated based on the
GHG annual emissions, which is 57.28% higher than the reported emissions in 2017 of 11,589,943.1 tons.
All observed discrepancies in the emissions of the CO,, CHs, and N>O contributed to the discrepancy in
CO,-E emission. Therefore, this percentage change is expected due to the excessive increase in the CO;
emissions that was discussed earlier in Section 6.5.1.

The excessive 130% increase in the CO; emissions was addressed and fixed in Section 6.5.1, and the
2021 draft CO,-E emissions were recalculated using the revised CO; emissions after incorporating the
corrective action that was done in Section 6.5.1. Therefore, the new 2021 draft CO,-E emissions became
8,316,052.40 tons. This is now 28.25% lower (-) than the reported emissions in 2017 (a total of
11,589,943 tons).

Therefore, in Section 6.5.4.1, the value of 8,316,052.40 tons of CO;-E emissions was used as the 2021
draft emissions value (this value takes into account the corrective action done in Section 6.5.1).

6.5.4.1 CO-E by Equipment Type

Using the Analytics module in OCS AQS, GHG annual emissions by equipment type stacked column
charts were generated for both the 2017 final and 2021 draft inventories. Exported charts are presented in
Figure 17 and Figure 18. As illustrated in both figures, turbines (NGT) and engines (NGE) are the two
highest GHG emitting sources. Both sources (turbines and engines) are combustion pieces of equipment,
and most of their CO,-E emissions are acquired from the CO, emissions.

From analysis, GHG emissions from cold vents and fugitive sources primarily result from CH4 emissions
because vents and fugitives do not encounter any combustion processes when releasing emissions into the
atmosphere. In general, when compared to the 2017 final emissions, emitted GHG (mostly CHy4) from
both cold vents and fugitive units decreased in 2021. Conversely, in 2021, overall CO,-E emission from
pneumatic pumps (PNE) increased because of the increase in the PNE CH4 emissions; this increase made
the PNE contribution to CO,-E more than the combustion flares’ contribution (unlike 2017, where PNE
contributed less than the flares).

In both reporting years (2021 draft and 2017 final), the slight N>O contribution to the GHG emissions is
driven by Turbine - Natural Gas, Diesel, or Dual Fuel (NGT). The decrease in CO»-E emissions is mainly
due to the decrease in CH4 emissions that was discussed earlier in Section 6.5.2.2, and no further analysis
and corrective actions was conducted on the 2021 draft activity data in this section.
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Figure 17: 2021 draft GHG emissions (tons/year) by equipment type
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Figure 18: 2017 final GHG emissions (tons/year) by equipment type

6.5.5 Sulfur Dioxide (SO,)

Table 60 shows an excessive increase in the total 2021 draft annual emissions of SO». In the 2021 draft
inventory, operators reported 1,534 tons of SO, emissions, which is 232% higher than the reported
emissions in the 2017 final data of 462 tons. In the following subsection, investigations are conducted to
identify the fundamental reason for this excessive increase in the 2021 draft SO, emissions.

6.5.5.1 Sulfur Dioxide Emissions by Equipment Type

Using the Reports module in OCS AQS, SO, emissions for both the 2017 final and 2021 draft inventories
were exported into MS Excel and used to generate Figure 19. As illustrated, the Turbine - Natural Gas,
Diesel, or Dual Fuel (NGT) are the highest contributors to the total sulfur dioxide emissions in the 2021
draft inventory year. Therefore, the following sections provide a deeper investigation of the turbine
emission units in the 2017 final and 2021 draft inventories to identify data- or calculation-related issues.
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Figure 19: Percentage of sulfur dioxide emissions by equipment type for 2017 final and 2021 draft
data
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6.5.5.2 Increase in Sulfur Dioxide Emissions — Investigations

SO, emissions from NGT are calculated using the following equation (Wilson et al. 2019):

E=EFxH xU x0.001 (Eq.72)

The above equation indicates that turbines’ SO, emissions are directly proportional to EF and Fuel Usage

(U).

This makes turbine throughput (i.e., fuel usage) and SO, EF possible causes for the increase in SO,
emissions. Therefore, the quality of data provided for the turbine units will be further examined.

NOTE: The Fuel Heat Value (H) also has a direct impact on emissions; however, this property is
intensive’ and depends on the fuel type, therefore cannot be investigated.

6.5.5.2.1 Investigations of Turbine Throughputs

As seen in Eq.72 above, an increase in the turbine’s throughput would lead to an increase in the SO,
emissions. To compare the total annual throughput of turbines, their overall emission unit count needs to
be considered.

The count of NGT processes reported in the 2021 effort increased by 14%, but only 336 of 396 NGT
processes were actively emitting (the remaining NGT processes belonged to non-operating facilities or
were reported as zero emissions processes) (Table 66). Even though there was a 4% decrease in the count
of emitting NGT processes, annual volume of fuel usage by the NGT processes increased by 2.88%.
Actively emitting diesel turbine (NGT-D) processes increased by 56.14% and resulted in a 44.68%
increase in the total volume of diesel fuel usage by the diesel turbines (Table 66).

Table 66: Comparison of turbines throughputs and equipment counts in the 2017 final and 2021
draft data

Parameter 2017 Final 2021 Draft % Change
Number of NGT Processes Reported in the Inventory 350 399 + 14.00%
Number of Active Emitting NGT Processes 350 of 350 336 of 399 - 4.00%
Total Fuel Usage by Active Emitting Processes [Mscf] 58,631,713.19 | 60,321,144.52 + 2.88%
Number of NGT-D Processes Reported in the Inventory 57 111 +94.74%
Number of Active Emitting NGT-D Processes 57 of 57 89 of 111 + 56.14%
El'cg);alillolzgiel Usage by Active Emitting NGT-D Processes 3.468,139.36 5017,722.15 +44.68%

Although the increase in the total fuel usage by the two types of turbines (NGT and NGT-D) can

contribute to the increase in the SO, emissions, it is not enough to explain the excessive 232.12% increase

of SO, emissions shown in the 2021 draft inventory; other factors are suspected to be highly contributing
to that substantial increase. In the following sections, suspected factors are analyzed and investigated.

6.5.5.2.2 Investigations of the Calculated SO, EF For NGT

The SO, EF is calculated based on the fuel sulfur content. The SO, EF for NGT in the Year 2017
Emissions Inventory Study was calculated using the following equation (Wilson et al. 2019):

5 An intensive property is a property of matter that its magnitude is independent of the extent of the system

(Scheider and Huisjes 2019).
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EFsp, = 0.94 XS (Eq.73)

where S is the fuel sulfur content (wt%)

As described in Eq.73, SO, EF depends on a constant value of (0.94) and the fuel sulfur content.
Therefore, any changes to the constant multiplier (0.94) and/or the fuel sulfur content can be viewed as
possible causes of the change in SO, EF and thus the SO, emissions.

6.5.5.2.3 Investigation of the SO, EF Multiplier Value

To identify any changes in the value of the multiplier (0.94), SO, emissions from January 2017 were
recalculated with the January 2017 provided inputs (throughputs, heat values, and sulfur contents). If a
similar multiplier was used in 2017, then the following ratio should be valid:

2017 Historic Emissions

Recalculated 2017 Emissions

However, this was not the case. The historic emissions were significantly lower than the recalculated ones
and the ratio between them was as follows:

2017 Historic Emissions
= 0.000178

Recalculated 2017 Emissions

This ratio value was consistent for all 350 processes. This indicates that the EF formulation used in 2017
was as follows:

2017 EFso, = 0.000178 X 2021 EFg = 0.000178 X 0.94 X §

This calculation supports our Team’s hypothesis regarding the change of the EF but does not explain the
change in the multiplier because the formulations of emissions calculations used in both inventory years
(2021 and 2017) were obtained from the Year 2017 Emission Inventory Study document (Wilson et al.
2019). However, the 0.000178 value warranted a deeper analysis of this multiplier to understand why it
was used and how it was calculated.

Using the definition of sulfur percentage weight content, ideal gas equation, and the mass to molar basis
conversion basics, the following was established:

As previously shown, the SO, EF for NGT(s) in the Year 2017 Emissions Inventory Study was calculated
using the following equation (Wilson et al. 2019):

EFgp, = 094 XS (Eq.73)
where S is the Fuel sulfur content (wt%)
From the definition of mass percentage:
Mass of H,S
Fuel sulfur content (Wt%) = f H x 100 (Eq.74)

Total Mass of Fuel

Mass = Moles x MW (Eq.75)

90



Substituting (Eq.75) in (Eq.74),

Moles of HyS X MWy
Moles of Fuel X MWgye

Fuel sulfur content (wt%) = X 100 (Eq.76)

Form the definition of parts per million volumes:

Volume of H,S

PPM, = x 108 Eq.77
V" Volume of Fuel 0 (Eq.77)
For ideal gas (only):
Volume of H,S Moles of H,S
Volume of Fuel = Moles of Fuel
Substituting (Eq.78) and (Eq.77) in (Eq.76),
Fuel sul (Wt%) PPy X MWes o 100 (Eq.79)
tent (wt = X .
uel sulfur content (Wt% 106 X MWy, q
If the fuel is natural gas (NG) then,
g
MWeyer = MWy = 19.14382@
This value is the industrial average and could differ for different natural gas compositions.
g
MWy s = 341—
Hs$ mol
Substituting the molecular weights in (Eq. 79),
PPM, x 34.1
Fuel sulfur content (wt%) = x 100 = PPM,, x 0.000178 (Eq.80)

106 x 19.14382

The above equation (£q. 80) confirms that the EFgq,, in 2017 is consistent with the one used in 2021

EXCEPT that the sulfur content in 2017 was provided in PPM,,, NOT wt%, and that the 0.000178 value
is the conversion factor used to convert from PPM,, to wt%. This conclusion shows that there is no
change in the SO, EF formulation. Therefore, analysis of the submitted sulfur content data is required to
identify any anomalous trends or/and data entry errors.

6.5.5.2.4 Investigations of Fuel Sulfur Content

An increase in natural gas fuel sulfur content leads to an increase in EFsg,, as already documented, which
would increase SO, emissions.

In OCS AQS, sulfur values are user-defined and are requested in wt%. It is possible that OCS AQS
operators and consultants provided the sulfur content values in PPM,, as they were requested in 2017
efforts (as shown in the previous section). To support this hypothesis, a comparison between the 2021
data and 2017 historic data was conducted to identify any increase or changes in the fuel sulfur content.

Figure 20 compares the NGT sulfur content data as entered by operators in 2021 and 2017. The maximum
provided value for fuel sulfur content was 0.000712 in 2017; however, 953 entries (see the count of
entries highlighted by the red box in Figure 20) have a value greater than that in 2021. Therefore, those
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953 entries, belonging to different facilities for different emissions units, could substantially increase the
SO, EFs and would, ultimately, increase the overall SO, emissions from turbines.

2017 vs 2021 Sulfur Content Entries
2943
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Figure 20: Count of NGT sulfur content (wt%) entries for 2017 final (orange columns) and 2021
draft (green columns) data

The red box in Figure 20 highlights the count of 2021 draft NGT sulfur content (wt%) entries with high
values (ranging from 0.000716% to 4%).

NOTE: The 2017 sulfur content entries are in PPM,, and before preparing Figure 20, all PPM,,

values were converted to wt% with an assumption of 19.14382 g/mol natural gas molecular
weight. See Figure 21 for the 2017 raw sulfur content data in PPM,.
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2017 Sulfur Content Entries
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Figure 21: Count of 2017 final NGT sulfur content (ppm) entries

Based on the observations above, it can be concluded that although the formulation of the SO, EF did not
change, the final calculated values are substantially higher. This increase considerably impacted turbines’
SO, calculated emissions and caused the spike seen in 2021.

6.5.5.3 Increase in Sulfur Dioxide Emissions — Investigations Findings

By analyzing the entries shown in Figure 20, the wt% 0.0004 has the highest number of entries in the
2021 draft data, while the wt% 0.000712 has the highest count in the 2017 final data. The value 0.000712
is equivalent to 4 PPM,,. This indicates that in the 2021 draft data, 1,080 entries were incorrectly
converted from PPM,, to wt% by the following formula: PPM,,/10,000. This direct division by 10,000
does not consider the molecular weights of the gases (H,S and natural gas) and converts the data to mol%
(assuming ideal gas) NOT to wt%. In fact, 0.000712 wt% has the second highest number of entries in the
2021 draft data, which means that 712 entries were properly converted from wt% to PPM,, in the 2021
draft data.

In Table 3-2 of the Year 2017 Emissions Inventory Study, the fuel hydrogen sulfide (H»S) content should
be within the range of 0—5 PPM,, (equivalent to 0—0.00089 wt%, assuming MWy, = 19.14382 mi

ol

(Wilson et al. 2019). Therefore, values that are substantially greater than 0.00089 are considered high and
required corrections to properly convert the units from PPM,, to wt%.

For instance, in Figure 20, there are 534 entries with a value of 0.0015 wt% (equivalent to 8.4269663
PPM,,, assuming MWy, = 19.14382 %). This value is beyond the accepted range for fuel hydrogen

sulfide (H»S) content and leads to a considerable increase in SO, emissions. In fact, this value was
commonly used by the operators because it was provided as the surrogate diesel sulfur content value; see
Table 4-1 in Wilson et al. (2019). Consequently, operators mistakenly used the value of 0.0015 wt% for
natural gas fuels. Other high values in the 2021 draft data such as (3, 3.38, and 4) are for operators who
failed to notice the change in the unit and provided the PPM,, values directly without converting them to
wt%.
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6.5.5.4

Increase in Sulfur Dioxide Emissions — Corrective Actions

After analyzing the sulfur content inputs for all turbine processes in both the 2017 final and 2021 draft
inventories, the following corrective actions were requested to resolve the sulfur content data entry issue
and recalculate turbines’ SO, emissions in the 2021 draft inventory:

For processes listed in Table 67, operators were requested to review provided sulfur content
values for NGT and make sure that they are in wt%, not PPM,, for all months (including zeroed-
out months). The column “Post-Corrective Action Fuel Sulfur Content [wt%]” in Table 67 shows
the corrected values.

NOTE: For the purposes of data-keeping and to avoid similar issues in future reporting cycles,
the Team recommend correctly converting the sulfur content values for all processes and months
even if they are zeroed out and do not affect the final calculated emissions.

For processes listed in Table 68, operators were requested to review the entered NGT sulfur
content inputs; although they are converted, they are very high and not consistent with the values
in the 2017 final data. The Column “Post-Corrective Action Fuel Sulfur Content [wt%]” in Table
68 shows the corrected values. The fuel sulfur content values under the four NGT processes
belonging to Facility #2623-1 were not corrected; the operator confirmed the accuracy of the
slightly high sulfur content values, justifying this by stating that the facility produces slightly sour
gas.

For processes listed in Table 69, operators were requested to review the provided wt% sulfur
content values for the NGT processes and use the appropriate conversion method from PPM,, to
wt%, considering the molecular weights. Here the operators directly divided the PPM,,value by
10,000 (to convert PPM,, to mol%, not wt%). The Column “Post-Corrective Action Fuel Sulfur
Content [wt%]” in Table 69 shows the corrected values.

For processes listed in Table 70, operators were advised to review the wt% sulfur content values
for NGT, as they used the default diesel sulfur content value (0.0015) provided in the 2017
document. This value is considered high for natural gas, (equivalent to 8.4269663, assuming

MWye = 19.14382 %). The Column “Post-Corrective Action Fuel Sulfur Content [wt%]” in

Table 70 shows the corrected values.

NOTE: The default value for sulfur content in natural gas fuel is given in the 2017 document as
3.38 PPM,, (equivalent to 0.00060164 wt%, assuming MWy, = 19.14382 mi).

ol
For Table 71, operators were advised to review the diesel sulfur content wt%, as they are not

consistent with the values provided in the 2017 final inventory. The Column “Post-Corrective
Action Fuel Sulfur Content [wt%]” in Table 71 shows the corrected values.

The corrective actions requested in this section and other corrections made throughout the document
resulted in an 80% reduction in total annual SO, emissions. The estimated emissions in the 2021 draft

amount

were 1,534.591 tons/year, and the final amount was reduced to 299.419 tons/year (Section 8.1).
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Table 67: Summary of emission units with sulfur content values not converted to wt% in the 2021 draft data

# Company Name Facility ID 2021 E[nission Process Pre- Corrective Action Post- Corrective Action
Unit ID ID Fuel Sulfur Content [wt%] | Fuel Sulfur Content [wt%]

1 | Cantium, LLC 20390-3 COMPRESS NGT 3 0.0015

2 | Cox Operating LLC 21809-1 CT-01 NGT 4 0.000712

3 | Cox Operating LLC 21809-1 CT-02 NGT 4 0.000712

4 | Cox Operating LLC 21809-1 CT-03 NGT 4 0.000712

5 | Cox Operating LLC 21809-1 CT-04 NGT 4 0.000712

6 | Cox Operating LLC 21809-1 CT-05 NGT 4 0.000712

7 | Cox Operating LLC 21809-4 GE-01 NGT 4 See note below

8 | Cox Operating LLC 22564-1 GT-01-A NGT 4 0.000712

9 | Cox Operating LLC 22564-1 GT-02-B NGT 4 0.000712

10 | GOM Shelf LLC 21270-2 COMP NGT 4 0.000774

11 | High Point Gas Gathering, L.L.C. 24201-1 NGT001 NGT 3.38 0.00055

12 | High Point Gas Gathering, L.L.C. 242011 NGTO002 NGT 3.38 0.00055

13 | Sea Robin Pipeline Company, LLC 70026-2 COM-NG-1 NGT 4 See note below

NOTE: Only Cox Operating LLC and Sea Robin Pipeline Company, LLC corrected the erroneous sulfur content values for operating
emission units (i.e., non-zero emissions). However, these companies did not correct the erroneous values for emission units that were
under zeroed-out months; these instances did not impact calculated emissions.

Table 68: Summary emissions units with high sulfur content wt% in the 2021 draft data

# Company Name Facility 2021 Ernission Process Pre- Corrective Action Post- Corrective Action
ID Unit ID 1D Fuel Sulfur Content [wt%] | Fuel Sulfur Content [wt%]

1 | Shell Offshore Inc. 2623-1 Turbine 1 NGT 0.0067 0.0067

2 | Shell Offshore Inc. 2623-1 Turbine 2NG NGT 0.0067 0.0067

3 | Shell Offshore Inc. 2623-1 Turbine 3 NGT 0.0067 0.0067

4 | Shell Offshore Inc. 2623-1 Turbine 4NG NGT 0.0067 0.0067

5 | Eni US Operating Co. Inc. 1175-1 CT-01 NGT 0.015 0.0015
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Table 69: Summary of emission units with incorrect sulfur conversion (i.e., PPMv divided by 10,000) in the 2021 draft data

# Company Name Facility 2021 Emission Unit Process Pre- Corrective Action Post- Corrective Action
ID ID ID Fuel Sulfur Content [wt%] | Fuel Sulfur Content [wt%]

1 | Anadarko Petroleum Corporation 235-1 CT-03 NGT 0.0004 0.000712
2 | Anadarko Petroleum Corporation 822-1 GT-01 NGT 0.0004 0.000712
3 | Anadarko Petroleum Corporation 822-1 GT-02 NGT 0.0004 0.000712
4 | Anadarko Petroleum Corporation 876-1 GT-01A NGT 0.0004 0.000712
5 | Anadarko Petroleum Corporation 876-1 GT-02A NGT 0.0004 0.000712
6 | Anadarko Petroleum Corporation 876-1 GT-03A NGT 0.0004 0.000712
7 | ANKOR Energy LLC 361-1 GT-01 NGT 0.0004 0.000712
8 | ANKOR Energy LLC 361-1 GT-02 NGT 0.0004 0.000712
9 | Chevron USA Inc. 1819-1 EZZ5010 NGT 0.0004 0.0007
10 | Chevron USA Inc. 1819-1 EZZ5110 NGT 0.0004 0.0007
11 | Chevron USA Inc. 1819-1 EZZ5210 NGT 0.0004 0.0007
12 | Chevron USA Inc. 1819-1 EZZ6705 NGT 0.0004 0.0007
13 | Chevron USA Inc. 1819-1 EZZ6745 NGT 0.0004 0.0007
14 | Chevron USA Inc. 1930-1 GT-01 NGT 0.0004 0.0007
15 | Chevron USA Inc. 1930-1 GT-02 NGT 0.0004 0.0007
16 | Chevron USA Inc. 2422-1 NGTO001 NGT 0.0004 0.0007
17 | Chevron USA Inc. 2422-1 NGTO002 NGT 0.0004 0.0007
18 | Chevron USA Inc. 2422-1 NGTO003 NGT 0.0004 0.0007
19 | Chevron USA Inc. 2440-1 TG-01 NGT 0.0004 0.0007
20 | Chevron USA Inc. 24401 TG-02 NGT 0.0004 0.0007
21 | Chevron USA Inc. 24401 TG-03 NGT 0.0004 0.0007
22 | Chevron USA Inc. 70012-1 CT-01 NGT 0.0004 0.0007
23 | Chevron USA Inc. 700121 CT-02 NGT 0.0004 0.0007
24 | Chevron USA Inc. 700121 CT-03 NGT 0.0004 0.0007
25 | Chevron USA Inc. 700121 GT-01 NGT 0.0004 0.0007
26 | Chevron USA Inc. 700121 GT-02 NGT 0.0004 0.0007
27 | Chevron USA Inc. 700121 GT-03 NGT 0.0004 0.0007
28 | Chevron USA Inc. 700121 GT-04 NGT 0.0004 0.0007
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Facility

2021 Emission Unit

Process

Pre- Corrective Action

Post- Corrective Action

e Gra iy WEAE ID ID ID Fuel Sulfur Content [wt%] | Fuel Sulfur Content [wt%]
29 | Contango Operators, Inc. 2103-3 NGT NGT 0.0004 0.000712
30 | Exxon Mobil Corporation 183-1 NGTO001 NGT 0.0004 0.000712
31 | Exxon Mobil Corporation 183-1 NGTO002 NGT 0.0004 0.000712
32 | Exxon Mobil Corporation 183-1 NGTO003 NGT 0.0004 0.000712
33 | Exxon Mobil Corporation 183-1 NGTO004 NGT 0.0004 0.000712
34 | Exxon Mobil Corporation 183-1 NGT005 NGT 0.0004 0.000712
35 | Exxon Mobil Corporation 183-1 NGTO006 NGT 0.0004 0.000712
36 | Exxon Mobil Corporation 183-1 NGTO007 NGT 0.0004 0.000712
37 | Exxon Mobil Corporation 183-1 NGTO008 NGT 0.0004 0.000712
38 | Exxon Mobil Corporation 183-1 NGTO009 NGT 0.0004 0.000712
39 | Manta Ray Gathering Company, LLC 23212-2 OSP-01 NGT 0.0004 0.000712
40 | Manta Ray Gathering Company, LLC 23212-2 OSP-02 NGT 0.0004 0.000712
41 | Manta Ray Gathering Company, LLC 23212-2 OSP-03 NGT 0.0004 0.000712
42 | Manta Ray Gathering Company, LLC 23212-2 OSP-04 NGT 0.0004 0.000712
43 | Manta Ray Gathering Company, LLC 23353-1 OIL-P-01 NGT 0.0004 0.000712
44 | Manta Ray Gathering Company, LLC 233531 OIL-P02 NGT 0.0004 0.000712
45 | Manta Ray Gathering Company, LLC 233531 OIL-P0O3 NGT 0.0004 0.000712
46 | MC Offshore Petroleum, LLC 23567-1 GT-01 NGT 0.0004 0.000712
47 | MC Offshore Petroleum, LLC 23567-1 GT-02 NGT 0.0004 0.000712
48 | MC Offshore Petroleum, LLC 23567-1 GT-03 NGT 0.0004 0.000712
49 | MC Offshore Petroleum, LLC 23583-1 GT-01 NGT 0.0004 0.000712
50 | MC Offshore Petroleum, LLC 23583-1 GT-02 NGT 0.0004 0.000712
87 | MC Offshore Petroleum, LLC 70004-1 NGT106 NGT 0.0004 0.000712
88 | MC Offshore Petroleum, LLC 70004-1 NGT107 NGT 0.0004 0.000712
89 | MC Offshore Petroleum, LLC 70004-1 NGT108 NGT 0.0004 0.000712
90 | MC Offshore Petroleum, LLC 70004-1 NGT109 NGT 0.0004 0.000712

97




Table 70: Summary of emission units with incorrect sulfur values for NGT (i.e., sulfur content for diesel fuel was used) in the 2021 draft

data

# Company Name Facility ID 2021 E[nission Process | Pre- Corrective Action Fuel | Post - Corrective Action
Unit ID ID Sulfur Content [wt%] Fuel Sulfur Content [wt%]

1 | ANKOR Energy LLC 21-1 GEN1 NGT 0.0015 0.000712
2 | ANKOR Energy LLC 21472-1 GEN1 NGT 0.0015 0.0006
3 | ANKOR Energy LLC 21472-1 XPUMP1 NGT 0.0015 0.0006
4 BP Exploration & Production Inc. 1001-1 CT-01 NGT 0.0015 0.000338
5 BP Exploration & Production Inc. 1001-1 CT-02 NGT 0.0015 0.000338
6 BP Exploration & Production Inc. 1001-1 GT-01B NGT 0.0015 0.000338
7 BP Exploration & Production Inc. 1001-1 GT-02B NGT 0.0015 0.000338
8 BP Exploration & Production Inc. 1001-1 GT-03B NGT 0.0015 0.000338
9 BP Exploration & Production Inc. 1001-1 GT-04B NGT 0.0015 0.000338
10 | BP Exploration & Production Inc. 1001-1 GT-05B NGT 0.0015 0.000338
11 | BP Exploration & Production Inc. 1101-1 GT-01B NGT 0.0015 0.000338
12 | BP Exploration & Production Inc. 1101-1 GT-02B NGT 0.0015 0.000338
13 | BP Exploration & Production Inc. 1101-1 GT-03B NGT 0.0015 0.000338
14 | BP Exploration & Production Inc. 1101-1 GT-04B NGT 0.0015 0.000338
15 | BP Exploration & Production Inc. 1101-1 GT-05B NGT 0.0015 0.000338
16 | BP Exploration & Production Inc. 1215-1 CT-01 NGT 0.0015 0.000338
17 | BP Exploration & Production Inc. 1215-1 CT-02 NGT 0.0015 0.000338
18 | BP Exploration & Production Inc. 1215-1 GT-01 NGT 0.0015 0.000338
19 | BP Exploration & Production Inc. 1215-1 GT-02 NGT 0.0015 0.000338
20 | BP Exploration & Production Inc. 1215-1 GT-03 NGT 0.0015 0.000338
21 | BP Exploration & Production Inc. 1223-1 GT-01B NGT 0.0015 0.000338
22 | BP Exploration & Production Inc. 1223-1 GT-02B NGT 0.0015 0.000338
23 | BP Exploration & Production Inc. 1223-1 GT-03B NGT 0.0015 0.000338
24 | BP Exploration & Production Inc. 2665-1 GE-04 NGT 0.0015 0.000338
25 | BP Exploration & Production Inc. 2665-1 GE-05 NGT 0.0015 0.000338
26 | BP Exploration & Production Inc. 2665-1 GE-06 NGT 0.0015 0.000338
27 | Cantium, LLC 20468-1 CBA301 NGT 0.0015 0.0015
28 | GOM Shelf LLC 20021-2 GEN-1 NGT 0.0015 0.0007364
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Table 71: Summary of diesel-powered turbines with low sulfur content in the 2021 draft data as compared to the 2017 effort

# Company Name Facility ID 2021 Emission Unit ID Prolcsess Preéf.?;:eggxfeﬁﬁmﬁque' Postshﬁz:r(e:zt;\::nlz«c[::\iltt)l; ]Fuel
1 | Anadarko Petroleum Corporation 1035-1 GT-03A NGT-D 0.0004 0.0015
2 | Anadarko Petroleum Corporation 876-1 GT-01A NGT-D 0.0004 0.0015
3 | Anadarko Petroleum Corporation 876-1 GT-02A NGT-D 0.0004 0.0015
4 | Anadarko Petroleum Corporation 876-1 GT-03A NGT-D 0.0004 0.0015
5 | Exxon Mobil Corporation 183-1 NGTO007-D NGT-D 0.0004 0.0015
6 | Exxon Mobil Corporation 183-1 NGTO008-D NGT-D 0.0004 0.0015
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6.5.6 Particulate Matter Less Than 10 Microns (PM1o)

This section's comparison differs slightly from those conducted for other pollutants. PM; emissions
reported in the 2021 draft inventory were not speciated into filterable or primary, as opposed to the 2017
final data (Table 60). Consequently, comparing the 2021 draft inventory total PM;¢ emissions (from all
equipment types) against the 2017 final PM,¢ emissions does not provide a representative picture of the
discrepancies between the two reporting years. However, comparing 2017 final versus 2021 draft
inventory PM is achievable if examined by equipment type because the calculated PM;o emissions in the
2021 draft inventory for the boilers, combustion flare pilots, natural gas engines, and turbines represents
the filterable PM ;o emission and can be compared against 2017 final PM,, filterable emissions. Similarly,
calculated PM; emissions under drilling equipment and diesel engines represent the primary PMj
emissions and can be compared against the 2017 final primary PMo emissions. Therefore, in this section,
PM, emissions will be broken down by equipment type.

6.5.6.1 Emissions of Particulate Matter Less Than 10 Microns by Equipment Type

Using the Reports module in OCS AQS, PM;,emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 22 and Figure 23. Table 72
compares 2021 draft PM; emissions against 2017 final emissions based on PM; species and equipment
type. Section 6.6 discusses high percentage changes by equipment type.

Table 72: PM1o emissions (tons/year) by inventory year with % change

Equipment Type SEeNtI:?;s é?’r;llz:lgl:sl égﬁlgfnf; Difference % Change
Boiler/Heater/Burner PMio-FIL 4.85 2.56 -2.29 -47%
Combustion Flare—Flare PM10-PRI N/A 4.65 - -
Combustion Flare—Pilot PMio-FIL N/A 0.21 - -
Drilling Equipment PM10-PRI 8.77 7.87 -0.9 - 10%
Engine — Diesel or Gasoline Engine PM10-PRI 212 259 47 +22%
Engine — Natural Gas PM1o-FIL 158 74.5 -83.5 -53%
Lurbine - Natural Gas, Diesel, or PMio-FIL 66.6 722 56 +8%

NOTE: Combustion flare and corresponding pilot processes were excluded from Figure 22 and
Figure 23 because those emissions were not reported separately as flare and pilot in the 2017 final
data.
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- i 2021
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Figure 22: Percentage of PM1o-PRI emissions by equipment type (combustion flare and pilot
excluded) for 2017 final and 2021 draft data
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Boiler/Heater/Burner
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Diesel, or Dual Fuel
48.37%

Figure 23: Percentage of PM1o-FIL emissions by equipment type (combustion flare and pilot
excluded) for 2017 final and 2021 draft data
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6.5.7 Particulate Matter Less Than 2.5 Microns (PMa:)

This section's comparison differs slightly from those conducted for other pollutants. PM, s emissions
reported in the 2021 draft inventory were not speciated into filterable or primary as opposed to the 2017
final inventory (Table 60). Consequently, comparing the 2021 draft inventory total PM; s emissions (from
all equipment types) against the 2017 final PM, s emissions does not provide a representative picture of
the discrepancies between the two reporting years. However, comparing 2017 final versus 2021 draft
inventory PM, s is achievable if examined on the equipment type level because the calculated PM s
emissions in the 2021 draft inventory for the boilers, combustion flare pilots, natural gas engines, and
turbines represents the filterable PM, s emissions and can be compared by equipment type against 2017
final PM; s filterable emissions. Similarly, 2021 draft calculated PM> s emissions under drilling equipment
and diesel engines represent the primary PM, s emissions and can be compared by equipment type against
the 2017 final primary PM, s emissions. In this section, PM> s emissions will be broken down by
equipment type so that the appropriate evaluation is presented accurately.

6.5.7.1 Particulate Matter Less Than 2.5 Microns Emissions by Equipment Type

Using the Reports module in OCS AQS, PM; s emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 24 and Figure 25. Table 73
compares the 2021 draft PM, s emissions against the 2017 final ones based on the PM, s species and
equipment type. Section 6.6 analyzes high percentages by equipment type.

Table 73: PM2s emissions (tons/year) by inventory year with % change

Dual Fuel

Equipment Type SIZF:(I:(I:Zi.:s é?’r:;slzllt;]:sl é?‘ils[l);?g Difference | %Change
Boiler/Heater/Burner PM2.s-FIL 4.58 2.52 -2.06 -45%
Combustion Flare—Flare PM2.5-PRI N/A 4.45 - -
Combustion Flare—Pilot PM2.s-FIL N/A 0.12 - -
Drilling Equipment PM2.5-PRI 8.77 7.69 -1.08 -12%
Engine - Diesel or Gasoline Engine PM2.5-PRI 212 252 40 +19%
Engine - Natural Gas PM2s-FIL 158 74.5 -83.5 - 53%
Turbine - Natural Gas, Diesel, or PMa.s-FIL 66.6 722 56 +8%

NOTE: Combustion flare and corresponding pilot processes were excluded from the Figure 24
and Figure 25 because those emissions were not reported separately as flare and pilot in the 2017

final.

103




2017

Drilling Equipment
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Figure 24: Percentage of PM25-PRI emissions by equipment type (combustion flare and pilot
excluded) for 2017 final and 2021 draft data
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Boiler/Heater/Burner
2.00%

Turbine - Natural Gas, Diesel, or Dual Fuel
29.06%

2021
Boiler/Heater/Burner
1.69%
Turbine - Natural Gas, Diesel, or Dual Fuel
48.38%

Figure 25: Percentage of PM2s-FIL emissions by equipment type (combustion flare excluded) for
2017 final and 2021 draft
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6.5.8 Carbon Monoxide (CO)

Table 60 shows a moderate decrease in the total 2021 final annual emissions of CO compared with 2017
emissions. In the 2021 draft inventory, operators reported 28,387 tons of CO emissions, which is 45.27%
lower than the reported emissions in 2017 of 51,872.1 tons.

6.5.8.1 CO Emissions by Equipment Type

Using the Reports module in OCS AQS, CO emissions for both the 2017 final and 2021 draft inventories
were exported into MS Excel and used to generate Figure 26. As illustrated, NGE are the highest
contributors to the total CO emissions in both inventory years. Therefore, the following sections provide a
deeper investigation of NGE units in the 2021 draft and 2017 final inventories to identify data- or
calculation-related issues.
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Figure 26: Percentage of CO emissions by equipment type for 2017 final and 2021 draft data
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6.5.8.2 Decrease in CO Emissions — Investigations

6.5.8.2.1 Investigations on NGE CO Emissions

CO emissions from NGE are calculated using the following equation (Wilson et al. 2019):
ECO = EFCO X 10_3 X HXU (Eq81)

The above equation indicates that the calculated emissions are directly proportional to the EF and the Fuel
Usage (U). This makes the engine throughput (i.e., Fuel usage, U) and the CO EF (EFq) possible causes
for the decrease in CO emissions. Therefore, the quality of data provided for the NGE units will be further
investigated.

NOTE: The Fuel Heat Value (H) also has a direct impact; however, this property is intensive and
depends on the fuel type.

6.5.8.2.2 Investigations on NGE Throughputs

As previously mentioned, based on the equation above (Eq. 81), a decrease in the throughput corresponds
to the decrease in emissions. Therefore, comparing the total annual throughput for NGE would only be
valid if the overall count of NGE units is also analyzed.

The count of NGE processes reported in the 2021 effort increased by 4.17%, but only 708 of 1,199 NGE
processes were actively emitting (Table 74); the remaining NGE belonged to non-operating facilities or
were reported as zero emissions processes. As a result of the 38.49% decrease in the count of emitting
NGE processes, the annual fuel usage by emitting processes decreased by 54.73%. NGE equipment
contributed 89% to the total CO emissions, and the 54.73% decrease in the throughput to those engines
resulted in the observed 45% decrease in the total CO emissions in the 2021 draft data. Therefore, no
further analysis or corrective action was conducted on the 2021 draft activity data in this section. In future
inventory efforts, operators will be able to analyze their activity data (in this case, fuel usage) as a
deviation of their average reported historical values by a percentage selected by the operator. This feature
should flag activity data that could be in error for correction before operators submit emissions data to
BOEM.

Table 74: Comparison of NGE throughputs and equipment counts by inventory year with %
change

Parameter 2017 Final 2021 Draft % Change
Number of Natural Gas Processes Reported in the Inventory 1,151 1,199 +4.17%
Number of Active Emitting Natural Gas Processes 1,151 of 1,151 708 of 1,199 - 38.49%
Total Fuel Usage by Active Emitting Processes [Mscf] 33,872,765 15,334,732 -54.73%

6.5.9 Nitrogen Oxides (NO,)

Table 60 shows a moderate decrease in the total 2021 draft annual NOx emissions. In the 2021 draft
inventory, operators reported 34,651 tons of NOy emissions, which is 30.6% lower than the reported
emissions in 2017 of 49,962 tons.

6.5.9.1 NO, Emissions by Equipment Type

Using the Reports module in OCS AQS, NOy emissions for both the 2017 final and 2021 draft inventories
were exported into MS Excel and used to generate Figure 27. NGEs are the highest contributors to total

108



NOx emissions in both inventory years. Therefore, the following sections provide a deeper investigation
of NGE units in the 2021 draft and 2017 final inventories to identify data- or calculation-related issues.

2017

Drilling Equipment Other
1%

urbine - Natural Gas, Diesel, or
Dual Fuel
22%

Other is Composed of:
Combustion Flare

Boiler/Heater/Burner

2021

Drilling Equipment
1%

Others

Turbine - Natural Gas,
Diesel, or Dual Fuel
359 Other is Composed of:
Boiler/Heater/Burner
Combustion Flare

Figure 27: Percentage of nitrogen oxides emissions by equipment type for 2017 final and 2021
draft data
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6.5.9.2 Decrease in NO, Emissions — Investigations

6.5.9.2.1 Investigations on NGE NO4 Emissions

NOx emissions from NGE are calculated using the following equation (Wilson et al. 2019):

The above equation indicates that the calculated emissions are directly proportional to the EF and Fuel
Usage (U). This makes the engine throughput (i.e., Fuel Usage, U) and the NOx EF (EFyoy) possible
causes for the decrease in NOx emissions. Therefore, the quality of data provided for the NGE emission
units will be further investigated.

NOTE: The Fuel Heat Value (H) also has a direct impact; however, this property is intensive and
depends on the fuel type.

6.5.9.2.2 Investigations on NGE Throughputs

Based on Eq. 82 shown above, a decrease in the throughput corresponds to a decrease in emissions.
Therefore, comparing the total annual throughput for the NGE would only be valid if the overall count of
the NGE units is also analyzed.

The count of NGE processes reported in the 2021 effort increased by 4.17%, and only 708 of 1,199 NGE
processes were actively emitting (Table 75); the remaining NGE to non-operating facilities or were
reported as zero emissions processes. As a result of the 38.49% decrease in the count of emitting NGE
processes, the annual fuel usage by emitting processes decreased by 54.73%. NGEs contributed 66% to
the total NOy emissions in the 2017 final, and the 54.73% decrease in throughput to those engines resulted
in the observed 30.6% decrease in the total NOy emissions in the 2021 draft data. Therefore, no further
analysis or corrective action was conducted on the 2021 draft activity data in this section. In future
inventory efforts, operators will be able to analyze their activity data (in this case, fuel usage) as a
deviation of their average reported historical values by a percentage selected by the operator. This feature
should flag activity data that could be in error for correction before operators submit emissions data to
BOEM.

Table 75: Comparison of NGE throughputs and equipment counts by inventory year with %
change

Parameter 2017 Final 2021 Draft % Change
Number of Natural Gas Processes Reported in the Inventory 1,151 1,199 +4.17%
Number of Active Emitting Natural Gas Processes 1,151 of 1,151 708 of 1,199 - 38.49%
Total Fuel Usage by Active Emitting Processes [Mscf] 33,872,765 15,334,732 -54.73%

6.5.10 Volatile Organic Compounds (VOC)

Table 60 shows a minimal increase in the total 2021 draft annual emissions of VOC. In the 2021 draft
inventory, operators reported 39,727 tons of VOC emissions, which is 2.3% higher than the reported
emissions in the 2017 final data of 38,832 tons.

6.5.10.1 VOC Emissions by Equipment Type

Using the Reports module in OCS AQS, VOC emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 28. As illustrated, cold vents (VEN)
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are the highest contributors to the total VOC emissions in both inventory years. The overall VOC
emissions in both inventory years (2017 final and 2021 draft) are approximately comparable, and no
further analysis and corrective actions were conducted on the 2021 draft activity data.

NOTE: Although VOC annual emissions in the 2021 draft inventory were comparable to those in
the 2017 final inventory and no further investigations were conducted in this section, the
calculated VOC emissions under cold vents were overestimated in the 2021 draft inventory (as
described in Section 6.6.4.2.1) due to the high VOC reported concentrations in vented gas that the
operators provided in the data requests of cold vents. The Team requested corrective actions to fix
those values, which ultimately changed the total VOC emissions in the 2021 final data (Section
6.6.4.2.1). This example demonstrates that comparing 2017 final and 2021 draft inventories by
equipment type can reveal discrepancies and data entry issues.
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Figure 28: Percentage of VOCs by equipment type for 2017 final and 2021 draft data
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6.5.11 Ammonia (NH3)

Table 60 shows a moderate decrease in the total 2021 draft annual emissions of NH3. In the 2021 draft
inventory, operators reported 4.614 tons of NH3 emissions, which is 45% lower than the reported
emissions in the 2017 final data of 8.394 tons.

6.5.11.1 NH; Emissions by Equipment Type

Using the Reports module in OCS AQS, the NH3 emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 29. As illustrated,
boilers/heaters/burners (BOI) are the highest contributors to the total NH3 emissions in both inventory
years. Therefore, the following sections provide a deeper investigation of BOI units in the 2021 draft and
2017 final inventories.
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Figure 29: Percentage of NHs emissions by equipment type for 2017 final and 2021 draft data
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6.5.11.2 Decrease in Ammonia Emissions — Investigations

6.5.11.2.1Investigations on Boilers/Heaters/Burners NH3; Emissions

NHj; emissions from boilers/heaters/burners are calculated using the following equation (Wilson et al.
2019):

Eyp, = EFy, X 0.001 X H X U (Eq.83)

The above equation indicates that the calculated emissions are directly proportional to the EF and Fuel
Usage (U). This makes the throughput (i.e., Fuel Usage, U) and the NH; EF(EFyy, ) possible causes for
the decrease in the NH3 emissions. Therefore, the quality of data provided for the BOI emission units is
further investigated.

NOTE: The Fuel Heat Value (H) also has a direct impact; nevertheless, this property is intensive
and depends on the fuel type.

6.5.11.2.2Investigations on BOI Throughputs

Table 76 shows a 6.3% increase of the count of the gas-fueled boiler processes reported in the 2021 draft
emissions inventory, but only 246 of 396 gas-fueled boiler processes were actively emitting; the
remaining processes belonged to non-operating facilities or were reported as zero emissions processes. As
aresult of a 38.04% decrease in the count of emitting gas-fueled boiler processes, annual fuel usage by
emitting processes decreased by 44.07%. Actively emitting liquid-fueled boiler processes did not change
and remained the same in the 2021 draft, but the total annual fuel used by those liquid-fueled boilers
decreased by 86.47%. Therefore, the observed 45% decrease in the emissions was due to the decrease in
the throughputs to the BOI emission units (both gas and liquid-fueled processes). In future inventory
efforts, operators will be able to analyze their activity data (in this case, fuel usage) as a deviation of their
average reported historical values by a percentage selected by the operator. This feature should flag
activity data that could be in error for correction before operators submit emissions data.

NOTE: The 86.47% decrease of the liquid fuel usage by boilers was suspicious and raised some
questions because the count of active emitting liquid-fueled boilers did not change between the
2017 final and 2021 draft inventory. With further investigations, it was found that annual liquid
fuel usage by one liquid-fueled boiler under Facility ID# 2503-1, operated by Shell Offshore Inc.,
was 4,125,348.44 1b in 2017 (82% of the total liquid fuel usage in 2017) and 74,690.51 1b in 2021
(98.2% lower than the fuel used in the 2017 final inventory). This substantial change in the fuel
usage by that facility caused that observed 86.47% decrease of the boilers’ liquid fuel usage in
2021 draft. The Team attempted to contact the operator of Facility ID# 2503-1 via email but did
not receive a response.

Table 76: Comparison of BOI throughputs and equipment counts by inventory year with % change

Parameter 2017 Final 2021 Draft % Change

Number of Gas-Fueled Boiler Processes Reported 397 492 +6.30%
in the Inventory
gumber of Active Emitting Gas-Fueled Boiler 397 of 397 246 of 422 - 38.04%

rocesses
Tot.al Fuel Usage by Active Emitting Gas-Fueled 4.730,809.44 2.645,770.30 - 44.07%
Boiler Processes [Mscf]
Number of Liquid-Fueled Boiler Processes 6 7 +16.67%
Reported in the Inventory
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Boiler Processes [lIb]

Parameter 2017 Final 2021 Draft % Change
Eumber of Active Emitting Liquid-Fueled Boiler 6 of 6 6 of 7 0.00%
rocesses
Total Fuel Usage by Active Emitting Liquid-Fueled 5017,792.04 678.765.31 - 86.47%

6.5.12 Lead (Pb)

Table 60 shows a moderate increase in the total 2021 draft annual emissions of lead (Pb). In the 2021
draft inventory, operators reported 0.0056 tons of Pb emissions, which is 47% higher than the reported

emissions in the 2017 final data of 0.0038 tons.

6.5.12.1 Lead Emissions by Equipment Type

Using the Reports module in OCS AQS, Pb emissions for both the 2017 final and 2021 draft inventories
were exported into MS Excel and used to generate Figure 30. As illustrated, the NGT were the highest
contributor to the total Pb emissions in both inventory years. The following sections provide a deeper
investigation of the turbine emission units in the 2021 draft and 2017 final inventories to identify data- or

calculation- related issues.

116




2017

Combustion Flare
2.24%

Turbine - Natural Gas,
Diesel, or Dual Fuel
55.22%

2021

Combustion Flare
0.97%
Boiler/Heater/Burner
12.88%

Turbine - Natural Gas, Diesel, or Dual Fuel
86.15%

Figure 30: Percentage of lead emissions by equipment type for 2017 final and 2021 draft data
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6.5.12.2 Increase in Lead Emissions — Investigations

6.5.12.2.1 Investigations on Turbines Pb Emissions

Lead is specifically emitted by the diesel turbines (NGT-D); therefore, the investigation in the following
section was focused on the NGT-D processes only and the quality of data provided for the diesel turbine

emission units.

Pb emissions from diesel turbines are calculated using the following equation (Wilson et al. 2019):

Epp = EFpp, X 1076 x U X 7.1 X 19,300

(Eq.84)

NOTE: The above equation indicates that the calculated emissions are directly proportional to the
EF in Ib/MMBtu and Fuel Usage (U) in gallons. This makes the turbine throughput (i.e., Fuel
usage, U) and the Pb EF (EFpy,) possible causes for the increase in Pb emissions.

6.5.12.2.2Investigations on Diesel Turbines Throughputs

Based on Eq. 84 shown above, an increase in the throughput corresponds to an increase in emissions.
Comparing the total annual throughput for the diesel turbines would only be valid if the overall count of
the emissions units was also analyzed. Table 77 shows that at the total diesel turbine equipment count
increased significantly from the 2017 final to 2021 draft data. Therefore, total throughput of diesel fuel
also significantly increased, which, in turn, led to an increase in the Pb emissions in the 2021 data.

Table 77: Comparison of diesel turbines throughputs and equipment counts by inventory year

with % change

Parameter 2017 Final 2021 Draft % Change
Number of NGT-D Processes Reported in the Inventory 57 111 +94.74%
Number of Active Emitting NGT-D Processes 57 of 57 89 of 111 + 56.14%
Total Fuel Usage by Active Emitting Processes [Gallons] 3,468,139.36 | 5,017,722.15 +44.68%

6.5.13 Benzene, Toluene, Ethylbenzene, and Xylene (BTEX)

These four hydrocarbons are emitted from various industrial sources. Their emissions for some equipment
types are calculated from VOC emissions (such as cold vents); for others, they are calculated using pre-
defined EFs such as combustion equipment.

Table 60 shows that BTEX emissions decreased by considerably high percentages, from 76-89%. Table
78 represents a breakdown of the BTEX emissions in both inventory years. The last row in this table also

shows that the aggregated BTEX emissions decreased by 83% in the 2021 draft data.

Table 78: BTEX emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference | Percentage Change
Benzene 225.433 49.893 -175.54 - 77.868%
Toluene 226.231 25.249 -200.982 - 88.839%
Ethyl Benzene 17.91 4.234 -13.676 - 76.360%
Xylenes (Mixed Isomers) 101.58 17.623 -83.957 - 82.651%
Aggregated (BTEX) 571.154 96.999 -474.155 - 83.02%
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6.5.13.1 BTEX Emissions by Equipment Type

Table 79 shows that glycol dehydrators were the highest contributors of BTEX emissions in the 2017
final data. Conversely, the cold vents were the highest emitters of benzene, ethyl benzene, and xylene
(toluene is excluded) in the 2021 draft inventory. Glycol dehydrator (GLY) units were the highest
emitters of toluene only, by a value considerably lower than the value of the 2017 final inventory (203
tons in the 2017 final vs. 6.83 tons in the 2021 draft data). Figure 31, Figure 32, Figure 33, and Figure 34
provide graphical representations of Table 79.

The following section provides a more in-depth investigation on the glycol dehydrator units in the 2021
draft and 2017 final inventories to reveal any data or modeling-related issues contributing to this
considerable reduction in the reported emissions.
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Table 79: 2021 draft and 2017 final BTEX emissions (tons/year) by equipment type and inventory year

Fuel

Cauipment Type | 25| Beniene | Bensene | pongano | Benzone | sensane | Touene | Tokene| Teuene | Xolno | Xlene | Xgene
2017 2021 % Change

Amine Unit 0.00 0.00 - 0.00 0.00 -| 8.69E-03 0.00| -100.00%| 0.00 0.00 -
Boiler/Heater/Burner 0.00| 2.78E-03 -| 2.25E-05| 3.04E-6| -86.49%| 1.02E-02|4.79E-03| -53.04%| 0.00| 5.21E-06 -
Cold Vent 17.00|  *23.10| +35.88% 1.05 *1.43| +36.19% 2.56 348| +3594%| 4.00|  *5.97| +49.25%
Combustion Flare 2.00 5.06| + 153.00% 0.00 0.29 - 2.14 452 +111.21%|  1.00 1.27| +27.00%
Drilling Equipment 0.00 0.11 - - - - 0.04 0.04| -12.27% 0.00 0.03 -
g’;%'o”fn; EE;’LW 1.09 1.17|  +7.34% - - - 0.43 047| +9.47%| 0.30 0.33| +9.70%
cngine — Natural 23.80| 11.40| -5210%| 0.2 0.28| -5543%|  10.00|  4.65| -53.50%| 3.50 167| -52.29%
Fugitives 14.50 - - 0.90 - - 2.19 - - 3.74 - -
Glycol Dehydrator | *159.00 589 -96.30%| *13.70 0.88| -93.55%| *203.00| *6.83| -96.64%| *85.00 5.28| -93.79%
'Efasssrﬁf]gﬁom 0.20 - - 0.01 - - 0.03 - -l 005 - -
Pneumatic Controller 2.40 0.96| -60.04% 0.15 0.06| -59.86% 0.36 0.15| -59.94%| 0.62 0.25| -60.00%
Pneumatic Pump 3.63 1.75| -51.79% 0.23 0.11| -52.00% 0.55 026 -51.82%| 0.94 045| -51.91%
Storage Tank 0.60 - - 0.04 - - 0.09 - - 0.16 - -
Turbine — Natural
Gas, Diesel, or Dual 0.43 047| +9.65% 1.11 119 +7.21% 4.51 484 +7.32%| 222 238  +7.21%

Notes: * and blue bold text indicates the highest contributor to that pollutant's total in that inventory year.
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Figure 31: Percentage of benzene emissions by equipment type for 2017 final and 2021 draft data
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Turbine - Natural Gas, Diesel, or Dual Fuel
2%

Engine - Natural Gas
4%

Other is Composed of:
Amine Unit
Boiler/Heater/Burner
Cold Vent

Combustion Flare
Drilling Equipment
Engine - Diesel or Gasoline
Fugitives

Losses from Flashing
Pneumatic Pump
Pneumatic Controller
Storage Tank

2021 Toluene

Other is Composed of:
Amine Unit
Boiler/Heater/Burner
Drilling Equipment Turbine - Natural
Engine - Diesel or Gasoline Engine Gas, Diesel, or Dual
Pneumatic Controller Fuel
Pneumatic Pump 19%

Figure 32: Percentage of toluene emissions by equipment type for 2017 final and 2021 draft data
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Figure 33: Percentage of ethyl benzene emissions by equipment type for 2017 final and 2021 draft
data
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Figure 34: Percentage of xylene emissions by equipment type for 2017 final data and 2021 draft
data
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NOTE: The considerable decrease in glycol dehydrator contributions to the 2021 benzene
emissions is investigated in Section 6.5.13.2.1. BTEX emissions from cold vents (in this case,
benzene) are calculated based on cold vent VOC emissions, and the increase in the cold vent
contribution to 2021 benzene emissions is a result of the overestimated cold vent VOC emissions
in the 2021 draft inventory. That overestimation was caused by erroneously high reporting of
VOC concentrations in vented gas. The Team requested corrective actions to fix those values,
which ultimately changed the cold vent VOC emissions in the 2021 final data and affected the
BTEX emissions from cold vents (Section 6.6.4.2.1). This example demonstrates how comparing
the two inventories on the equipment type level and can reveal discrepancies and data entry
issues.

NOTE: The considerable decrease in glycol dehydrator contributions to the 2021 toluene
emissions is investigated in the Section 6.5.13.2.1. BTEX emissions from cold vents (in this case,
toluene) are calculated based on the cold vent VOC emissions, the increase in the cold vent
contribution to 2021 toluene emissions is a result of the overestimated cold vent VOC emissions
in the 2021 draft inventory. That overestimation was caused by an erroneously high reporting of
VOC concentrations in vented gas. The Team requested corrective actions to fix those values,
which ultimately changed the cold vent VOC emissions in the 2021 final data (Section 6.6.4.2.1).
The observed increase in flare, engine, and turbine contributions result in an increase of their
throughput in the 2021 draft inventory.

NOTE: The considerable decrease in glycol dehydrator contributions to the 2021 ethyl benzene
emissions is investigated in the following subsection (Section 6.5.13.2.1). BTEX emissions from
cold vents (in this case, ethyl benzene) are calculated based on the cold vent VOC emissions. The
increase in the cold vent contribution to 2021 ethyl benzene emissions is a result of an
overestimated cold vent VOC emissions in the 2021 draft inventory. That overestimation was
caused by erroneously high reporting of VOC concentrations in vented gas. The Team requested
corrective actions to fix those values, which ultimately changed the cold vents” VOC emissions in
the 2021 final data (Section 6.6.4.2.1). The observed increase in flare, engine, and turbine
contributions resulted in an increase of their throughput in the 2021 draft inventory.

NOTE: The considerable decrease in glycol dehydrator contribution to the 2021 xylene emissions
will be investigated in Section 6.5.13.2.1. BTEX emissions from cold vents (in this case, xylene)
are calculated based on the cold vent VOC emissions. The considerable increase in the cold vent
contribution to 2021 benzene emissions is a result of the overestimated cold vent VOC emissions
in the 2021 draft inventory. That overestimation was caused by erroneously high reporting of
VOC concentrations in vented gas. The Team requested corrective actions to fix those values,
which ultimately changed the cold vent VOC emissions in the 2021 final data (Section 6.6.4.2.1).
The observed increase in flare, engine, and turbine contributions result in the increase of their
throughput in the 2021 draft inventory.
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6.5.13.2 Decrease in BTEX Emissions — Investigations

6.5.13.2.1Investigations on Glycol Dehydrators BTEX Emissions

This section analyzes glycol dehydrator (GLY) emission units to determine the reason for the decrease in
BTEX emissions. This investigation showed that 106 GLY emission units (almost 57% of the 2021 draft
GLY emission units) were zeroed out in the 2021 draft inventory. This data suggests that the 2021 draft
emissions were only generated by 81 GLY emission units. Therefore, the total count of emitting GLY
emission units technically decreased by almost 54%, which caused the observed decrease in the GLY
emissions. Table 80 compares the counts of glycol dehydrator units between the 2017 final and 2021 draft
inventory years. Furthermore, OCS AQS calculates GLY emissions based on the emission rates provided
by the operators, and it cannot validate that these are latest and correct. The users import those EFs, and
OCS AQS has no control over their estimation methodologies or values; discrepancies can be expected,
depending on the quality of the imported data in the 2021 draft and 2017 final data.

Table 80: Comparison GLY units counts (number) by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Count of GLY Emission Units 176 187 +6%
Count of GLY Emission Units — not zeroed out 176 81 - 53.97%

6.5.14 Arsenic

Table 60 shows a considerable increase in the total 2021 draft annual emissions of arsenic. In the 2021
draft inventory, operators reported 0.0041 tons of arsenic emissions, which is 57% higher than the
reported emissions in the 2017 final data of 0 0.0026 tons.

6.5.14.1 Arsenic Emissions by Equipment Type

Using the Reports module in OCS AQS, arsenic emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 35. As illustrated, turbines are the
highest contributing equipment to the total arsenic emissions in both inventory years. Therefore, the
following sections provide a deeper investigation on turbine emission units in the 2021 draft and 2017
final inventories to identify data or calculation-related issues.
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Figure 35: Percentage of arsenic emissions by equipment type for 2017 final and 2021 draft data
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6.5.14.2 Increase in Arsenic Emissions — Investigations

6.5.14.2.1 Investigations on Turbines Arsenic Emissions

Arsenic is specifically emitted from diesel turbines (NGT-D). Therefore, like Pb (Section 6.5.12.2), the
increase in arsenic emissions in the 2021 draft inventory is due to the 44.7% increase of the fuel
throughput for diesel turbines during that year. In future inventory efforts, operators will be able to
analyze their activity data (in this case, fuel usage) as a deviation of their average reported historical
values by a percentage selected by the operator. This feature should flag activity data that could be in
error for correction before operators submit emissions data.

6.5.15 Beryllium

Table 60 shows a moderate increase in the total 2021 draft annual emissions of beryllium. In the 2021
draft inventory, operators reported 1.25E-04 tons of beryllium emissions, which is 44.4% higher than the
reported emissions in the 2017 final data of 8.65E-05 tons.

6.5.15.1 Beryllium Emissions by Equipment Type

Using the Reports module in OCS AQS, beryllium emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 36. Turbines are the highest
contributors to the total beryllium emissions in both inventory years. Therefore, the following sections
provide a deeper investigation to identify data- or calculation-related issues.
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Figure 36: Percentage of beryllium emissions by equipment type for 2017 final and 2021 draft data

129



6.5.15.2 Increase in Beryllium Emissions — Investigations

6.5.15.2.1 Investigations on Turbines Beryllium Emissions

Beryllium is emitted specifically from diesel turbines (NGT-D). Therefore, like Pb (Section 6.5.12.2),
increase in beryllium emissions in the 2021 draft inventory is due to the 44.4% increase of the fuel
throughput to the diesel turbines during that year. In future inventory efforts, operators will be able to
analyze their activity data (in this case, fuel usage) as a deviation of their average reported historical
values by a percentage selected by the operator. This feature should flag activity data that could be in
error for correction before operators submit emissions data to BOEM.

6.5.16 Chromium (VI)

Table 60 shows a minimal increase in the total 2021 draft annual emissions of chromium (VI). In the
2021 draft inventory, operators reported 0.0206 tons of chromium (VI) emissions, which is 8.4% higher
than the reported emissions in the 2017 final data of 0.019 tons.

6.5.16.1 Chromium (VI) Emissions by Equipment Type

Using the Reports module in OCS AQS, chromium (VI) emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 37. Turbines are the highest
contributors to the total chromium (VI) emissions in both inventory years. Therefore, the following
sections provide a deeper investigation on the turbine emission units to identify data- or calculation-
related issues.
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Figure 37: Percentage of chromium (VI) emissions by equipment type for 2017 final and 2021 draft
data
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6.5.16.2 Increase in Chromium (VI) Emissions - Investigations

6.5.16.2.1Investigations on Turbines Chromium (VI) Emissions

Chromium (VI) is emitted from both NGT and diesel turbines (NGT-D). Throughputs to both processes
are compared in Table 81. Chromium (VI) emissions increased in 2021 draft data as compared to 2017

final data because NGT throughputs and NGR-D count and throughputs increased.

Table 81: Comparison of NGT throughputs by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Number of NGT Processes Reported in the Inventory 350 399 + 14.00%
Number of Active Emitting NGT Processes 350 of 350 336 of 399 - 4.00%
Total Fuel Usage by Active Emitting Processes [Mscf] 58,631,713.19 60,321,144.52 +2.88%
Number of NGT-D Processes Reported in the Inventory 57 111 +94.74%
Number of Active Emitting NGT-D Processes 57 of 57 89 of 111 + 56.14%
Total Fuel Usage by Active Emitting NGT-D Processes [Gallons] 3,468,139.36 5,017,722.15 + 44.68%

6.5.17 Chromium (lll)

Table 60 shows a minimal increase in the total 2021 draft annual emissions of chromium (III). In the 2021
draft inventory, operators reported 0.4817 tons of chromium (III) emissions, which is 7.5% higher than

the reported emissions in the 2017 final data of 0.4479 tons.

6.5.17.1 Chromium (lll) Emissions by Equipment Type

Using the Reports module in OCS AQS, chromium (III) emissions for both the 2017 final and 2021 draft

inventories were exported into MS Excel and used to generate Figure 38. Turbines are the highest
contributors to the total chromium (III) emissions in both inventory years. Therefore, the following

sections provide a deeper investigation on turbine emission units to identify data- or calculation-related

issues.
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Figure 38: Percentage of chromium (lll) emissions by equipment type for 2017 final and 2021 draft
data
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6.5.17.2 Increase in Chromium (lll) Emissions — Investigations

6.5.17.2.1Investigations on Turbines Chromium (lll) Emissions

Chromium (III) is emitted from both NGT and diesel turbines (NGT-D). Therefore, like chromium (VI),
chromium (IIT) emissions increased slightly in the 2021 draft data because of the increase in the count of
NGT-D in the 2021 draft inventory, which caused an increase in the total fuel usage by NGT-D.

6.5.18 Mercury

Table 60 shows a minimal increase in the total 2021 draft annual emissions of mercury. In the 2021 draft
inventory, operators reported 0.2477 tons of mercury emissions, which is 7.2% higher than the reported
emissions in the 2017 final data of 0.2309 tons.

6.5.18.1 Mercury Emissions by Equipment Type

Using the Reports module in OCS AQS, mercury emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 39. As illustrated, turbines are the
highest contributors to the total mercury emissions in both inventory years. Therefore, the following
sections provide a deeper investigation on turbine emission units in the 2017 final and 2021 draft
inventories to identify data- or calculation-related issues.
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Figure 39: Percentage of mercury emissions by equipment type for 2017 final and 2021 draft data
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6.5.18.2 Increase in Mercury Emissions — Investigations

6.5.18.2.1 Investigations on Turbines Mercury Emissions

Mercury is emitted by both NGT and diesel turbines (NGT-D). Throughputs to both processes are
compared in Table 81. Throughputs to both turbine types increased (and counts in the NGT-D) in 2021
draft data and accounts for the increase in the 2021 draft emissions of mercury.

6.5.19 Cadmium

Table 60 shows a minimal increase in the total 2021 draft annual emissions of cadmium. In the 2021 draft
inventory, operators reported 0.2613 tons of cadmium emissions, which is 7.056% higher than the
reported emissions in the 2017 final data of 0.2441 tons.

6.5.19.1 Cadmium Emissions by Equipment Type

Using the Reports module in OCS AQS, cadmium emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 40. As illustrated, turbines are the
highest contributors to the total cadmium emissions in both inventory years. Therefore, the following
sections provide a deeper investigation on turbine emission units in the 2017 final and 2021 draft
inventories to identify data- or calculation-related issues.
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Figure 40: Percentage of cadmium emissions by equipment type for 2017 final and 2021 draft data
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6.5.19.2 Increase in Cadmium Emissions — Investigations

6.5.19.2.1Investigations on Turbines Cadmium Emissions

Cadmium is emitted from both NGT and diesel turbines (NGT-D). Throughputs to both processes are
compared in Table 81. Throughputs to both types of these turbines (and count of the NGT-D) increased in
2021 draft data and accounts for the increase in the 2021 draft emissions of cadmium.

6.5.20 Hexane

Table 60 shows a moderate decrease in the total 2021 draft annual emissions of hexane. In the 2021 draft
inventory, operators reported 617.415 tons of hexane emissions, which is 19.34% lower than the reported
emissions in the 2017 final data of 765.512 tons.

6.5.20.1 Hexane Emissions by Equipment Type

Using the Reports module in OCS AQS, hexane emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 41. As illustrated, cold vents are the
highest contributors to the total hexane emissions in both inventory years. Therefore, the following
sections provide a deeper investigation of the cold vent emission units in the 2017 final and 2021 draft
inventories to identify data- or calculation-related issues.
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Figure 41: Percentage of hexane emissions by equipment type for 2017 final and 2021 draft data
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6.5.20.2 Decrease in Hexane Emissions — Investigations

6.5.20.2.1Investigations on Cold Vents Hexane Emissions

Hexane emissions are calculated from VOC emissions as shown below (Wilson et al. 2019):

myoc XV x 1,000

Eyoc = Cyoc X 107% X scf (Eq.85)
3794 7——
b mol
0.35195
Exexane = Evoc X W (ECI-86)

The above equations indicate that the calculated hexane emissions are directly proportional to VOC
emissions that are, in turn, proportional to the concentration of VOC in the vent gas (Cyqc), the molecular
weight of VOC (myq¢) (which is calculated by normalizing the VOC compositions of the sales gas data),
and the volume of gas vented from miscellaneous sources (V).

Therefore, we investigated further the data provided for the volume of gas vented and the facilities’ sales
gas compositions in the following sections.

NOTE: 1t is necessary to mention that the submitted concentrations of VOC in the vent gas can
also have a significant impact on the VOC calculated emissions. A more comprehensive analysis
of this parameter (Section 6.6.4.2) showed that some instances of anomalous concentrations of
VOC in the vented gas values caused a substantial increase in the VOC cold vents emissions,
which also increased the hexane emissions. Corrective actions for those high values were
requested to address this issue and are reflected in Section 6.6.4.2.

6.5.20.2.2Investigations on Volume of Vented Gas

As previously demonstrated in the discussion about CHy4 emissions (Section 6.5.2), the total annual
volume of vented gas decreased by 38.2%. This decrease can be considered a significant contributing
factor to the decrease of hexane emissions in the 2021 draft inventory.

6.5.20.2.3Investigations on Sales Gas Data

As stated above, 48 facilities did not provide sales gas compositions (Section 6.5.2.2.2). However, those
facilities did not have cold vents in their submitted inventories; therefore, the unreported sales gas
composition did not affect their emissions. The 48 facilities with unsubmitted sales gas did not contribute
to the decrease in the hexane emissions in the 2021 draft inventory and it can be concluded that the 19%
decrease in hexane emissions in the 2021 draft data was due to the 38.2% reduction in the combined
values specified for the volume of vented gas parameter of the cold vent emission units. In future
inventory efforts, operators will be able to analyze their activity data (in this case, volume of vented gas)
as a deviation of their average reported historical values by a percentage selected by the operator. This
feature should flag activity data that could be in error and need correction before operators submit
emissions data to BOEM.

6.5.21 Acetaldehyde

Table 60 shows a moderate increase in the total 2021 draft annual emissions of acetaldehyde. In the 2021
draft inventory, operators reported 213.211 tons of acetaldehyde emissions, which is 37.56% higher than
the reported emissions in the 2017 final data of 155.005 tons.
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6.5.21.1 Acetaldehyde Emissions by Equipment Type

Using the Reports module in OCS AQS, acetaldehyde emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 42. As illustrated, combustion flares
were the highest contributors to the total emissions in both inventory years. Therefore, the following
sections provide a deeper investigation of the combustion flare emission units in the 2017 final and 2021
draft inventories to identify data- or calculation-related issues.
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Figure 42: Percentage of acetaldehyde emissions by equipment type for 2017 final and 2021 draft
data
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6.5.21.2 Increase in Acetaldehyde Emissions — Investigations

6.5.21.2.1Investigations on Combustion Flare Acetaldehyde Emissions

Acetaldehyde emissions from combustion flares are calculated using the following equation (Wilson et al.
2019):
EAcetaldehyde =V XHX EFAcetaldehyde % 0.001 (Eq.87)

The above equation indicates that the calculated emissions are directly proportional to the total volume of
gas flared (V) in Mscf, flare gas heating value (H) in (Btu/scf), and the EF (EFpcetaldenyde) 10
Ib/MMBtu. Therefore, these three factors are possible causes for the increase in acetaldehyde emissions.

The combustion flare acetaldehyde EF is the same in both inventories, and the possibility that it
contributes to the increase in the acetaldehyde emissions is disregarded. Therefore, the following section
focus on the total volume of gas flared (V) as the potential contributing factor. Flare gas heating value
(H) can also significantly impact the combustion flares emissions. This parameter is comprehensively
analyzed later in the combustion flares section (Section 6.6.4.1).

6.5.21.2.2Investigations on Volume of Gas Flared

Table 82 shows that the overall volume of gas flared (including both main flare and pilot) increased by
3.41% in the 2021 draft inventory year. Acetaldehyde is not calculated for the pilot; therefore, the
comparison presented in Table 82 would be more informative if it was explicitly for combustions flare—
flaring process throughputs (not including pilot). However, the direct comparison is not achievable in this
inventory year; the 2017 final data combined both flaring and pilot throughputs, and there was no way for
the Team to determine flaring throughput only. In future cycles, this analysis can be performed because
the pilot and flaring processes are now separate, and operators are required to report their throughputs for
each.

After analysis, it can be assumed that the increase in the total volume of gas flared is one of the
contributing factors to the increase in the acetaldehyde emissions in the 2021 draft inventory. When the
flare emissions were analyzed in detail in Section 6.6.4.1, flaring gas heating values were substantially
lower than expected for some flare emission units, causing a decrease in the overall flaring processes
emissions. The Team addressed this issue by contacting those facilities and requesting corrections, which
made the 2021 final acetaldehyde emissions equal to 248.502 tons (Section 8.1).

NOTE: The total volume of gas flared (including both flaring and pilot) in Table 82 is the
corrected throughput after including the corrective action on the anomaly pilot throughput that
was detected in Section 6.5.1.1.1. As previously stated, this is the only corrective action that was
included in the 2021 draft inventory. All subsequent corrective actions are included in the revised
2021 inventory to prevent the abnormally high throughput value from obscuring other possible
anomalies.
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Table 82: Comparison of combustion flares throughputs and equipment counts by inventory year
with % change (post-corrective action)

Parameter 2017 Final 2021 Draft % Change
:\lumber of Combustion Flare Emissions Units Reported in the 90 114 +26.67%
nventory
Number of Active Emitting Flares Emission Units 90 of 90 100 of 114 +11.11%
ErhitsilﬂVolume of Gas Flared (including both flaring and pilot) 6.264,700 6,478,161 +3.41%

6.5.22 Formaldehyde

Table 60 shows a moderate decrease in the total 2021 draft annual emissions of formaldehyde. In the
2021 draft inventory, operators reported 542.427 tons of formaldehyde emissions, which is 23.078%
lower than the reported emissions in the 2017 final data of 705.165 tons.

6.5.22.1 Formaldehyde Emissions by Equipment Type

Using the Reports module in OCS AQS, formaldehyde emissions for both the 2017 final and 2021 draft
inventories were exported into MS Excel and used to generate Figure 43. As illustrated, NGE were the
highest contributors to the total emissions in the 2017 final inventory year. However, the flares
contribution to the 2021 draft emissions increased and made NGE the second highest contributor in the
2021 draft inventory. Therefore, the following sections provide a deeper investigation of the combustion
flare and NGE emission units in the 2017 final and 2021 draft inventories to identify data- or calculation-
related issues.
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Figure 43: Percentage of formaldehyde emissions by equipment type for the 2017 final and 2021
draft data
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6.5.22.2 Decrease in Formaldehyde Emissions — Investigations

The discussion on acetaldehyde emissions (Section 6.5.21.2.2) showed an increase in the volume of gas
flared, which would proportionally increase flare emissions and have a strong impact on formaldehyde
emissions. However, the increase seems to have been compensated for by the decrease in the
formaldehyde emissions from NGE, resulting in an overall decrease in the total 2021 draft formaldehyde
emissions. In other words, the decrease in formaldehyde emissions from NGE masked the increase in
formaldehyde emissions from combustion flares and caused a decrease in the total formaldehyde
emissions in the 2021 draft inventory.

Therefore, in the following section, the conducted investigations were focused on NGE emission units.

6.5.22.2.1Investigations on NGE Formaldehyde Emissions

Formaldehyde emissions from NGE are calculated using the following equation (Wilson et al. 2019):

EFormaldehyde = EFFormaldehyde XH xU %x0.001 (EQ- 88)

The above equation indicates that the calculated emissions are directly proportional to fuel usage (U),
formaldehyde EF (EFgormaldehyde)» and fuel heating value (H), making these variables possible causes
for the decrease in formaldehyde emissions. The NGE formaldehyde EF is the same for both inventories
and therefore would not contribute to the decrease in the formaldehyde emissions. Therefore, the
investigation in the following section focuses on fuel usage (U).

NOTE: Fuel heating value (H) can also significantly impact NGE emissions. This parameter was
comprehensively analyzed in the Section 4.6.2.3 (Data Range Checks).

6.5.22.2.2Investigations of Natural Gas Throughputs

Although the count of NGE processes reported in the 2021 draft emissions inventory increased by 4.17%,
only 708 of 1,199 NGE processes were actively emitting (Table 83); the remaining NGE belonged to non-
operating facilities or were reported as zero emissions processes. The count of emitting NGE processes
decreased 38.49%, resulting in a 54.73% decrease in annual fuel usage by emitting processes. NGE
contributed almost 79% to the total 2017 final emissions of formaldehyde, and the 54.73% decrease in the
throughput to those engines resulted in the observed 23% decrease in total formaldehyde emissions in the
2021 draft data.

Table 83: Comparison of NGE throughputs and equipment counts by inventory year with %
change

Parameter 2017 Final 2021 Draft % Change
Number of NGE Processes 1,151 1,199 +4.17%
Number of Active Emitting Natural Gas Processes 1,151 of 1,151 708 of 1,199 - 38.49%
Throughput to NGE Processes [Mscf] 33,872,765 15,396,908 - 54.54%

6.5.23 2,2,4-Trimethylpentane

Table 60 shows a minimal decrease in the total 2021 draft annual emissions of 2,2,4-trimethylpentane. In
the 2021 draft inventory, operators reported 8.517 tons of 2,2 ,4-trimethylpentane emissions, which is
11.45% lower than the reported emissions in the 2017 final data of 9.619 tons.
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6.5.23.1 2,2,4-Trimethylpentane Emissions by Equipment Type

Using the Reports module in OCS AQS, 2,2,4-trimethylpentane emissions for both the 2017 final and
2021 draft inventories were exported into MS Excel and used to generate Figure 44. As illustrated, glycol
dehydrators and combustion flares contributed equally to the total emissions in the 2017 final inventory.
However, the glycol dehydrators’ contribution to the 2021 draft emissions decreased substantially and
made the cold vents the second highest contributing equipment in the 2021 draft inventory. Additionally,
fugitive and storage contribution to the 2,2,4-trimethylpentane emissions was completely absent in the
2021 draft data. Therefore, the following sections provide a deeper investigation of the glycol
dehydrators, fugitives, and storage tanks emission units in the 2017 final and 2021 draft inventories to
identify data- or calculation-related issues.

147



2017

Other is Composed of:
Amine Unit

Losses from Flashing
Pneumatic Controller
Pneumatic Pump
Storage Tank

2021

Engine - Natural Gas
9%

Other is Composed of:
Amine Unit

Losses from Flashing
Pneumatic Controller
Pneumatic Pump

Figure 44: Percentage of 2,2,4-trimethylpentane emissions by equipment type for 2017 final and
2021 draft data
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6.5.23.2 Decrease in 2,2,4-Trimethylpentane Emissions — Investigations

The discussion on acetaldehyde emissions (Section 6.5.21.2.2) shows that the volume of gas flared
increased, which would proportionally increase flare emissions for all pollutants emitted. This increase in
volume of gas flared also increases 2,2,4-trimethylpentane emissions and made the combustion flares the
highest contributor to the 2021 draft 2,2 ,4-trimethylpentane emissions. However, this increase seems to
have been compensated for by the substantial decrease of the 2,2,4-trimethylpentane emissions from
glycol dehydrators and the complete absence of 2,2,4-trimethylpentane emissions from fugitives, which
resulted in an overall decrease in the total 2021 draft 2,2,4-trimethylpentane emissions. In other words,
the decrease in 2,2,4-trimethylpentane emissions from glycol dehydrators and fugitives might have
masked the increase in 2,2 4-trimethylpentane emissions from combustion flares and caused a decrease in
the total 2,2,4-trimethylpentane emissions in the 2021 draft inventory. Therefore, the investigations
detailed in the following sections focus on glycol dehydrators, storage tanks, and fugitive emission units.

6.5.23.2.1 Investigations on Glycol Dehydrators 2,2,4-Trimethylpentane Emissions

Emissions contributions by glycol (GLY) units were previously discussed in detail in Section 6.5.13.2.1.
Table 80 shows that the number of active glycol emission units decreased by 54% between the 2017 final
and 2021 draft inventories, which led to the observed decrease in the 2,2,4-thrimethylpentane GLY
emissions.

6.5.23.2.2Investigations on Fugitives 2,2,4-Trimethylpentane Emissions

The 2021 draft inventory counted 2,2,4-trimethylpentane emissions from fugitives under VOC emissions,
whereas in the 2017 final inventory, the volatile HAP speciation profile was used to estimate the amounts
of 2,2 4-trimethylpentane in the fugitives’ VOCs. Therefore, 2,2,4-trimethylpentane emissions are absent
from 2021 draft fugitives’ emission units, causing the observed emissions discrepancy. Nevertheless,
investigations conducted explicitly on fugitives (Section 6.6.5.2) analyze the VOC emissions from
fugitives in both inventory years and identify any data entry issues that impacted VOC emissions and,
ultimately, 2,2,4-trimethylpentane emissions. Therefore, no further investigations are conducted in this
section.

6.6 Platform Emissions by Equipment Type

Sections 4.6 and 6.4 focus on the analysis of total emissions by pollutants on the inventory level,
aggregated by all equipment types, to identify the discrepancies in emissions between the 2017 final and
2021 draft inventories. Categorizing emissions by pollutants revealed significant anomalies in data for
some emission units and specific equipment types, but this general categorization would not detect the
less noticeable discrepancies at the equipment type level. This section presents a comprehensive analysis
of emissions aggregated by equipment type and allows for a drill-down investigation to discover any
anomalies at specific emission units in the inventory.

Platform emissions were estimated for 16 different types of equipment listed in Table 84. The count of
total emission units under each distinct equipment type is expected to vary from year to year depending
on the platform’s activities. Table 84 compares the count of the units under each equipment category in
the 2017 final and 2021 draft data. As illustrated, the overall count of emission units increased by 11% in
the 2021 draft data. All equipment type counts increased in the 2021 inventory except for pneumatic
controllers and storage tanks. Figure 45 shows the trends in equipment counts in the 2021 draft and 2017
final data.
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Table 84: Equipment count (number) by inventory year with % change

Type Description 2017 Final | 2021 Draft | Difference Pg’:::;ae?e
AMI Amine Unit 4 4 0 0%
BOI Boiler/Heater/Burner 403 429 + 26 + 6%
DIE Engine — Diesel or Gasoline Engine 2,144 2,442 + 298 +14%
DRI Drilling Equipment 12 15 > & +25%
FLA Combustion Flare 90 114 + 24 +27%
FUG Fugitives 3,199 3,618 +419 +13%
GLY Glycol Dehydrator 176 187 + 11 + 6%
LOA | Loading Operation 1 1 0 0%
LOS Losses from Flashing 400 405 +5 +1.25%
MUD | Mud Degassing 7 16 +9 +129%
NGE Engine — Natural Gas 1,151 1,199 +48 +4%
NGT -Ilz—ﬁ:atl)ine — Natural Gas, Diesel, or Dual 359 437 +78 + 229
PNE Pneumatic Pump 2,757 3,265 + 508 +18%
PRE Pneumatic Controller 1,703 1,619 -84 -5%
STO Storage Tank 336 298 - 38 -11%
VEN Cold Vent 540 666 126 + 23%

- Total Equipment Count 13,282 14,715 1,433 +11%

. draft 2021 equipment Count—final 2017 equipment count
Notes: @ Percentage Change =

final 2017 equipment count X 100%

NOTE: 2021 draft equipment count includes all equipment reported in the 2021 draft inventory.
In some instances, the actual count of emitting pieces of equipment can be less than the reported
because of zeroed-out processes or because some of the pieces of equipment are under non-
operational platforms. When needed, the count breakdown will be provided in the following
sections.

NOTE: The equipment counts in Table 84 represent the number of pieces of equipment, not the
number of the processes associated with them; if a piece of equipment has two processes linked to
it, it 1s still counted as one.

An increase in the total number of emission units does not necessarily correspond to an increase in the
2021 draft emissions. This difference may be due to other factors, such as throughputs and operating
hours. The following sections present an overview of the 2021 draft GHG and criteria emissions by
equipment types and, subsequently, a detailed review and analysis of the emissions from each equipment
type as compared to the 2017 final emissions to evaluate the quality and accuracy of activity data
provided in the 2021 draft data.
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Figure 45: Count of equipment types by inventory year for the 2017 final (blue, left columns) and 2021 draft (orange, right columns) data
See Table 84 for equipment type abbreviations key.
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6.6.1 GHG Emissions by Equipment Type

Table 85 summarizes GHG emissions by all equipment types in the 2021 draft data, with bold numbers
indicating highest source contributions per pollutant. GHG emissions include CO,, N>O, and CH4, and

CO»-E values are calculated for each pollutant based on each their GWP (Bernstein et al. 2008). In the

2021 draft inventory years, GWP factors were 1, 25, and 298 for CO,, CH4, and N0, respectively.

Combustion equipment (i.e., turbines and NGE) and combustion flares are the highest contributors to CO,
emissions (Table 85). Those high contributions are expected since the combustion process converts
hydrocarbons into energy and generates high rates of CO, gas as a by-product.

Venting excess hydrocarbons directly into the atmosphere without further processing is expected to
reduce CO» emissions, but it also releases higher rates of CHs4 (see CH4 emissions from fugitives and cold
vents in Table 85). The GWP for CH; used to calculate CO,-E for the 2021 draft data was 25. The
calculated CO»-E emissions from cold vents and NGE are comparable, but the CO, emissions from cold
vents are drastically lower than CO, emissions from NGE (Table 85). CO»-E emissions for cold vents are
augmented by CH4 contributions.

N>O emissions are mostly emitted from flares, turbines, and boilers (Table 85). Although the emitted
amount of N,O is relatively low compared to CO,, their overall impact is high since the GWP factor used
to calculate CO»-E based on the N>O emissions in the 2021 draft data was 298.

Looking broadly on CO»-E emissions, natural gas, diesel, or dual fuel turbines are the highest CO,-E
emitters (in bold), followed by NGE and cold vents.

NOTE: In Table 85 and Table 86, "0" indicates that a value of 0 was calculated based on
provided activity data, or that the process was zeroed out. A "-" indicates that the equipment type
does not emit this pollutant. Bold numbers are the highest source contributors of that pollutant.

Table 85: 2021 draft total annual GHG emissions (tons/year) by equipment type

Equipment Type CO2 (GWP = 1) CH4 (GWP = 25) N20 (GWP = 298) CO:-E
Amine Unit 0 0 - 0
Boiler/Heater/Burner 159,617 3.04 2.88 160,551
Cold Vent 1,037 *40,022 - 1,001,589
Combustion Flare 387,654 2,297 6.61 447,047
Drilling Equipment 22,661 1.11 - 22,688
Engine — Diesel or Gasoline Engine 223,830 5.17 - 223,959
Engine — Natural Gas 936,117 4,436 - 1,047,013
Fugitives - 28,337 - 708,420
Glycol Dehydrator - 325 - 8,130
Losses from Flashing 28.6 1,231 - 30,807
Mud Degassing 1.22 131 - 3,283
Pneumatic Controller 140 6,329 - 158,372
Pneumatic Pump 270 12,320 - 308,278
Storage Tank - 187 - 4,677
',I:'Ldret;ine — Natural Gas, Diesel, or Dual *4,149,042 320 *112 *4,191,237
Total 5,881,297.82 95,944.32 121.49 8,316,051

Note: * = highest source for that pollutant

152




6.6.2 Criteria and Precursor Emissions by Equipment Type

Table 86 presents 2021 draft criteria and precursor pollutant emissions from the 16 different equipment
types. The main takeaways are as follows:

e (O is emitted at higher rates from the combustion equipment and combustion flares, possibly due
to incomplete combustion processes.

e NOx is emitted by the NGE in substantial amounts, followed by turbines.
NGE’s CO emissions and VOC emissions from cold vents are substantially higher than other
criteria/precursor pollutants.

Table 86: 2021 draft total annual criteria pollutants and precursor emissions (tons/year) by
equipment type

Equipment Type NH;s co Pb NOx PM1o PM25 SO VOC
Boiler/Heater/Burner *4.27 111 7.19E-04 250 2.56 2.52 0.802 7.28
Cold Vent - - - - - - - *21,401
Combustion Flare 0.348 996| 5.44E-05 227 4.93 4.93 23.7 7,526
Drilling Equipment - 117 - 439 7.87 7.69 0.208 11.2
Engine — Diesel or - 1,228 -| 5219| 259 |*252 348 309
Gasoline Engine
Engine — Natural Gas - *22,891 -1 *16,340| *74.5 74.5 5 463
Fugitives - - - - - - - 7,176
Loading Operation - - - - - - - 0]
Losses from Flashing - - - - - - - 55.4
Pneumatic Controller - - - - - - - 890
Pneumatic Pump - - - - - - - 1,622
Storage Tank - - - - - - - 189
Turbine —Natural Gas, | 3,044 *4.81E-03| 12,175| 722 | 722 |*1,157 783
Diesel, or Dual Fuel
Total 4.618 28,387| 5.5834E-03| 34,650 421.06 | 413.84 | 1,534.71 39,728.18

Note: * = highest source for that pollutant

NOTE: PMo and PM; 5 emissions in OCS AQS can be for filterable or primary depending on the
equipment type.

The above data shows that the amount of pollutants released into the atmosphere varies greatly based on
the type of equipment used and the method of release. Comparing the above data provided in the 2021
draft inventory to the historical data from the 2017 final data by equipment type allowed for greater detail
in analysis, down to the level of a specific emission unit at a facility.

NOTE: Portions of the data in this section have already been presented in Section 6.4, which
provides an inventory-level overview. This section goes into a detailed analysis of the same data
by equipment type.

The following Sections (6.6.3—6.6.5) provide a deeper assessment of the 2017 final and 2021 draft
emissions based on equipment type. The equipment types are grouped into subcategories as follows:

e Combustion equipment, which consists of equipment types that burn fuels (diesel, gasoline, or
natural gas) for operating, including BOI, DIE, DRI, NGE, and NGT (Section 6.6.3)

e Combustion flares and cold vents, which handle emissions from other emission units when their
emissions are not vented locally (flare or vented remotely) (Section 6.6.4)
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e Non-combustion equipment, which includes amine units (AMI), fugitives (FUG), glycol
dehydrator (GLY), loading operations (LOA), losses from flashing (LOS), mud degassing (MUD),
pneumatic pump (PNE), pneumatic controllers (PRE), and storage tanks (STO) (Section 6.6.5)

Emissions from all equipment subcategories will be compared to 2017 final emissions to identify notable
discrepancies and investigate underlying causes for these inconsistencies.

6.6.3 Emissions by Combustion Equipment

This section compares 2017 final and 2021 draft emissions from combustion equipment to investigate any
discrepancies between them and identify the underlying causes for those inconsistencies (if found).

Table 87 compares the combustion equipment count in the 2021 draft and 2017 final data. Table 88 and
Table 89 presents a breakdown of the GHG and criteria pollutants and precursors emissions from all
equipment types in the 2021 draft and 2017 final data. Figure 46 and Figure 47 are the visual
presentations for Table 88 and Table 89, respectively.

Figure 46 subsections display the following information:

e (O, emissions decreased between 2017 final and 2021 draft inventories, and biggest
contributions came from NGT and NGE.

e COs-E emissions decreased between 2017 final and 2021 draft inventories, and biggest
contributions came from NGT and NGE.

e CH, emissions decreased between 2017 final and 2021 draft inventories; the only contributors
were NGE and NGT, with the biggest contribution coming from NGE.

e N,O emissions increased between 2017 final and 2021 draft inventories; the only contributors
were BOI and NGT, with the biggest contribution coming from NGT.

Figure 47 subsections display the following information:

e (O emissions decreased between 2017 final and 2021 draft inventories, and the biggest
contributor was NGE.

o NOx emissions decreased between 2017 final and 2021 draft inventories, and biggest
contributions came from NGT and NGE.

e VOC emissions decreased between 2017 final and 2021 draft inventories, and the biggest
contributor was NGE.

e SO, emissions increased between 2017 final and 2021 draft inventories and were due entirely to
NGT.

e NH; emissions decreased between 2017 final and 2021 draft inventories, and the only contributor
was BOL.

e Pb emissions increased between 2017 final and 2021 draft inventories, and though boiler (BOI)
emissions decreased, it was made up for by an increase in emissions from the NGT.

In the following sections, emissions from each combustion equipment will be analyzed individually.

NOTE: In Table 88 and Table 89, "0" indicates that a value of 0 was calculated based on
provided activity data, or that the process was zeroed out. A "-" indicates that the equipment type
does not emit this pollutant.
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NOTE: PMo and PM 5 emissions are not presented in Figure 47 because, in the 2021 draft
inventory, they were not differentiated into filterable or primary, as opposed to the 2017 final

data. Consequently, comparing the 2021 draft inventory total PMo emissions (from all equipment

types) against the 2017 final PM( emissions will not provide a representative picture of the
discrepancies between the two reporting years.

The three tables presented below show that various combustion equipment types have considerable
differences when comparing their 2017 final emissions with the 2021 draft emissions. In the following

sections, emissions from each combustion equipment type will be analyzed individually to understand the

underlying reasons for those discrepancies and identify data entry issues that could be causing the

disparities.

Table 87: Combustion equipment count (number) by inventory year with % change

Equipment o 2017 2021 Draft (Emitting . Percentage

Type Description Final Equipment) Difference Change®

BOI Boiler/Heater/Burner 403 252 of 422 - 151 - 37.46%

DRI Drilling Equipment 12 13 of 15 +1 + 8.33%

pg | Engine—Diesel or Gasoline 2144 | 1,670 of 2,442 - 474 - 22.11%
Engine

NGE Engine — Natural Gas 1,151 708 of 1,199 - 443 - 38.48%

NGT Turbine — Natural Gas, Diesel, 359 495 of 437 +66 +18.38%
or Dual Fuel

- Total Combustion 4,069 | 3,068 of 4,522 - 1,001 - 24.6%

Equipment Count

2021 draft emitting equipment count—2017 final equipment count

X 100%

Note: @ Percentage Change = final 2017 equipment count

NOTE: The equipment counts in Table 87 represent the individual pieces of equipment, not the
number of the processes associated with them; if a piece equipment has two processes linked to it,
it is still counted as one.

NOTE: The 2021 draft equipment count includes all equipment reported in the 2021 draft
inventory. In some instances, the actual count of emitting pieces of equipment can be less than the
reported because of zeroed-out processes or because some of the pieces of equipment are under
non-operational platforms. When needed, the count breakdown will be provided in the following
sections.
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Table 88: GHG emissions (tons/year) from combustion equipment by inventory year

Equipment | COz(GWP =1) | CO2(GWP =1) | CHi(GWP =25) | CHi(GWP =25) | N:O (GWP =298) | N.O (GWP=208) | S*F | COrF
Type 2017 Final 2021 Draft 2017 Final 2021 Draft 2017 Final 2021 Draft Final Draft
BOI 291,729 159,617 5.46 3.04 5.27 2.88 293,435 160,551
DRI 25,844 22,661 1.25 1.11 - - 25,875 22,688
DIE 212,150 223,830 591 5.17 - - 212,297 223,959
NGE 1,978,765 936,117 10,414 4,436 - - 2,239,107 | 1,047,013
NGT 3,839,648 4,149,942 298 320 104 112 3,878,122 | 4,191,237
Note: Refer to Table 84 for equipment type descriptions.
Table 89: Criteria pollutants and precursors emissions (tons/year) from combustion equipment by inventory year
Equip- co (o70) NOx NOx PM1o PM1o PM2s | PM2s SO SO vVOoC | voC NH3 NH3 Pb Pb
ment 2017 2021 2017 2021 2017 2021 2017 2021 2017 | 2021 2017 | 2021 2017 2021 2017 2021
Type Final Draft Final Draft Final Draft Final | Draft | Final | Draft | Final | Draft Final Draft Final Draft
BOI 200 111 243 250 4.85 2.56 4.58 2.52 3.61| 0.802| 131 7.28 7.85 4.27| 0.00161| 7.19E-4
DRI 133 117 501 439 8.93 7.87 8.77 7.69| 0.237| 0.208| 12.5 11.2 - - - -
DIE 1,151 1,228 4,791 5,219 | 212 259 213 252 381 348 241 309 - - - -
NGE 46,190 | 22,891 | 32,945 | 16,340 | 158 74.5 158 74.5 10.6 5 1,074 | 463 - - - -
NGT 2,836 3,044 | 11,178 | 12,175| 66.6 72.2 66.6 72.2 441 (1,157 72.9 78.3 - -| 0.00209 | 0.00481

Note: Refer to Table 84 for equipment type descriptions.
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Figure 46: GHG emissions by combustion equipment for 2017 final and 2021 draft data
See Table 84 for equipment type descriptions key.
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Figure 47: Criteria and precursor emissions by combustion equipment for 2017 final and 2021
draft data
See Table 84 for equipment type descriptions key.
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6.6.3.1 Boiler/Heater/Burner (BOI)

In OCS AQS, BOI equipment type has three independent processes that users can select from, depending
on the calculator type and description (Table 90). Calculators BOI-MO1R and BOI-MO2R calculate
emissions from liquid-fueled boiler processes, while BOI-MO3R is used for gas-fueled boiler processes.

Table 90: Boiler/heater/burner calculators in OCS AQS used in the 2021 draft inventory

Calculator ID Calculator Description
BOI-MO1R Boilers, Heaters, and Burners (Liquid-fueled Units Powered by Diesel)
BOI-M02R Boilers, Heaters, and Burners (Liquid-fueled Units Powered by Waste Oil)
BOI-MO3R Boilers, Heaters, and Burners — Natural, Process, or Waste Gas

Looking at the data in Table 91, the annual fuel usage by emitting processes decreased by 44.07%
because of the 38.04% decrease in the count of emitting gas-fueled boiler processes. Conversely, although
actively emitting liquid-fueled boiler processes count did not change in the 2021 draft, the total annual
fuel used by those liquid-fueled boilers decreased by 86.47%.

Table 91: Boiler/heater/burner process count and fuel usage by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Number of Gas-Fueled Boiler Processes Reported in the 397 492 +6.30%
Inventory
Number of Active Emitting Gas-Fueled Boiler Processes 397 of 397 246 of 422 - 38.04%
Total Fuel Usage by Active Emitting Gas-Fueled Boiler 4.730,809.44 2.645,770.30 - 44.07%
Processes [Mscf]
Number of Liquid-Fueled Boiler Processes Reported in the 6 7 +16.67%
Inventory
Number of Active Emitting Liquid-Fueled Boiler 6 of 6 6 0f 7 0.00%
Processes
Total Fuel Usage by Active Emitting Liquid-Fueled Boiler 5017,792.04 678.765.3065 - 86.47%
Processes [Ib]

Emissions are directly proportional to boilers’ fuel usage throughputs, and an overall decrease of boilers’
emissions was expected in 2021 draft emissions. The decrease in boilers’ emissions was expected to be
approximately around 45% (ranging around the decrease in total fuel usage by active emitting gas-fueled
boiler processes) because emitting gas-fueled boilers comprise more than 97% of the 2021 draft inventory
active emitting boilers. In future inventory efforts, operators be able to analyze their activity data (in this
case, fuel usage) as a deviation of their average reported historical values by a percentage selected by the
operator. This feature should flag activity data that could be in error for correction before operators
submit emissions data.

NOTE: The 86.47% decrease of the liquid fuel usage by boilers was suspicious given that the
count of active emitting liquid-fueled boilers did not change in the 2021 draft inventory. With
further investigation, it was found that the 2017 annual liquid fuel usage by one liquid-fueled
boiler under Facility ID# 2503-1 operated by Shell Offshore Inc. was entered as 74,690.51 1b
(98.2% lower than the fuel used in the 2017 final inventory) but was 4,125,348.44 1b (82% of the
total liquid fuel usage in 2017). Therefore, that substantial change in the fuel usage by that facility
caused that observed 86.47% decrease of the boilers’ liquid fuel usage in 2021 draft. The Team
attempted to contact the operator of Facility ID# 2503-1 via email but did not receive a reply to
this request.
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Table 92 compares the annual emissions from BOI emission units in the 2017 final and 2021 draft data.
As expected, for most pollutants, annual emissions decreased by approximately 44%. However, for NOy
and SO,, the percentage change in emissions deviated from this anticipated trend, which suggests that
factors other than the decrease in throughput caused the discrepancies in emissions. In the following
subsections, investigations are conducted to study the discrepancies in BOI NOx and SO, emissions.

Table 92: Boiler/heater/burner emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CO2 291,729 159,617 - 132,112 - 45%
CHa 5.46 3.04 -242 - 44%
N20 5.27 2.88 -2.39 -45%
CO2-E 293,435 160,551 - 132,884 - 45%
CO 200 111 -89 - 45%
NOx 243 250 +7 + 3%
SOz 3.61 0.802 -2.81 -78%
VOC 131 7.28 -5.82 - 44%
NHs 7.85 4.27 -3.58 - 46%
PMio-FIL 4.85 2.56 -2.29 -47%
PM2s-FIL 4.58 2.52 -2.06 - 45%
Pb 0.00161 0.000719 - 0.000891 - 55%

Note: For NOy, see Section 6.6.3.1.1 and for SOz, see Section 6.6.3.1.2.

6.6.3.1.1 Investigations of BOl NOx Emissions

Table 92 shows that NOx emissions increased from 243 tons in the 2017 final data to 250 tons in the 2021
draft data (a 3% increase). Although this increase is not considered significant, it raises questions as to
why it deviates from the expected emission decrease of approximately 44% due to the BOI fuel usage
decrease.

As previously mentioned, BOI equipment type in the 2021 draft effort has three independent processes
that users can select from, depending on the calculator type and description. A default EF is used for each
calculator based on the values provided in USEPA AP-42 (USEPA 1995). The listed EFs used in the
2017 inventory depend on the maximum rated heat input; see footnotes for Tables 4.3, 4.4, and 4.5 in
Wilson et al. (2019). By default, one value for the NOy EF is used in the 2021 draft inventory, and
operators should provide NOy reduction efficiency values under the control request tab of boilers to
account for the variations of EFs depending on the maximum rated heat input; if users do not provide NOx
reduction efficiency, the default EF value will be used in calculating the emissions. Table 93 below
compares the BOI default NOx EFs used in 2021 draft and 2017 final inventory.

In some cases, alternative values of NOx EFs are lower than the default values used in the 2021 draft
inventory in OCS AQS. The Team analyzed the provided reduction efficiencies for all BOI processes to
check if operators considered the variations in NOx EFs in the 2021 draft inventory. Only one BOI
process considered the impact of the maximum fuel-rated heat input and provided NOx reduction
efficiency. All other BOI processes used the default values and did not reduce the NOy emissions based
on the fuel maximum rated heat input. Therefore, it can be concluded that this discrepancy in EFs that
resulted from not using NOy reduction efficiency fields in OCS AQS caused the observed 3% increase in
the NOy emissions shown in Table 92.
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Table 93: NOx EFs by boiler/heater/burner calculator by inventory year

# Calculator ID 2021 Draft (Default Value) 2017 Final

1 BOI-MO1R 24 (Ib/10° gal) 24,20 or 10 (Ib/108 gal)

2 BOI-M02R 47 (Ib/103 gal) 55, 47, or 40 (Ib/102 gal)
3 BOI-MO3R 190 (Ib/MMscf) 190,140, or 100 (Ib/MMscf)

6.6.3.1.2 Investigations of BOl SO; Emissions

SO, emissions decreased from 3.61 tons in the 2017 final data to 0.802 tons in the 2021 draft data (a 78%
decrease) (Table 92). This decrease is considerably higher than the decrease in the other pollutants’
emissions. This suggests that other factors affected the SO, emissions from BOI emission units.

As previously mentioned, BOI equipment type in the 2021 draft effort in OCS AQS has three independent
processes that users can select from, depending on the calculator type and description. For each
calculator, an EF is used based on the values provided in USEPA’s AP-42 (USEPA 1995). Table 94
shows the SO, EFs for each calculator type. As shown in Table 94, for BOI-MO1R and BOI-M02R
(liquid-fueled boilers), SO, EFs are a function of the fuel sulfur content. This variable was requested from
the operators in the data request tab in OCS AQS for the 2021 effort. Therefore, aside from the 86.5%
decrease in the liquid fuel usage, the user-defined sulfur content can also impact the overall SO,
emissions from liquid-fueled BOI emission units.

Table 94: SO: EFs by boiler/heater/burner calculator used in the 2021 draft inventory

Calculator ID SO: EF
BOI-M0O1R 142 x S (Ib/103 gal)
BOI-M02R 157 x S (Ib/10° gal)
BOI-MO3R 0.60 (Ib/MMscf)

Note: S = Fuel sulfur content (wt%)

A closer analysis was conducted on the emission units linked to those two calculators (BOI-MO1R and
BOI-MO2R) to study the provided sulfur content values and compare them to those provided in the 2017
final inventory. Table 95 lists the seven liquid-fueled boiler processes (with the associated facilities and
companies) and compares their provided sulfur content values in the 2021 draft and 2017 final
inventories. The values provided in the 2021 draft data are inconsistent with and considerably reduced
from those provided in the 2017 final data. Consequently, the decrease in the fuel usage, along with the
decrease in the sulfur content, resulted in the observed decrease in the SO, BOI emissions.

The lower fuel sulfur content in the 2021 draft data could result from data entry errors or could be due to
a change in the type of fuel used or the usage of ultra-low sulfur fuels. As part of the data QA checks, the
Team contacted the operators of the facilities listed in Table 95 to confirm the accuracy of the provided
data. As a result, the operators for Murphy Exploration & Production Company — USA and Shell
Offshore Inc confirmed the accuracy of the provided sulfur content in the 2021 draft inventory and stated
that only ultra-low sulfur fuel is used at their facilities.
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Table 95: Anomalous fuel sulfur content (wt%) in boiler/heater/burner emission units in 2021 draft

data
# Company Name Facility Emission 2017 Final Fuel Sulfur | 2021 Draft Fuel Sulfur
ID Unit Content [wt%] Content [wt%]

Sea Robin Pipeline

1 Company, LLC 25012-2 8247 0.01 -

2 | Shell Offshore Inc 2503-1 BOI700-D 0.05 0.0015

3| Shell Offshore Inc 25031 | BOI702-D | Cmission unitdid not 0.00015

exist in 2017

Murphy Exploration &

4 | Production Company — 22291 IGGB-D 0.03 0.0015
USA
Murphy Exploration &

5 | Production Company — 2229-1 DFHBA-D 0.03 0.0015
USA
Murphy Exploration &

6 | Production Company — 22291 IGGA-D 0.03 0.0015
USA
Murphy Exploration &

7 | Production Company — 2229-1 DFHBB-D 0.03 0.0015
USA

6.6.3.2 Drilling Equipment (DRI)

In the 2021 effort in OCS AQS, DRI equipment type has three independent processes that users can select
from, depending on the calculator type and description (Table 96).

NOTE: DRI analyzed in this section account only for the ones that are associated with platforms,
not mobile drilling rigs. Mobile drilling rigs are analyzed in Section 9.1.

Table 96: Drilling equipment calculators in OCS AQS used in the 2021 draft inventory

Calculator ID Calculator Description
DRI-MO1R Drilling Equipment-Gasoline Fuel
DRI-M0O2R Drilling Equipment-Diesel Fuel
DRI-MO3R Drilling Equipment-Natural Gas Fuel

Fuel usage in DRI (throughput) is directly proportional to emissions, and a decrease in throughput would
cause a corresponding decrease in the final calculated emissions. Table 97 shows that, although the active
emitting DRI count increased by 8.33% (one additional emitting DRI equipment was added in the 2021
draft effort), the amount of fuel used in DRI equipment decreased by almost 13%. This percentage
decrease is acceptable, as the operational conditions might differ from year to year. As generated
emissions are directly proportional to the fuel used, it is expected that the emissions from DRI would
decrease by around 13%.

Table 98 compares emissions from the DRI emission units in the 2021 draft and 2017 final data. For all
the pollutants, annual emissions decreased by 10—12%, which is close to the observed fuel usage decrease
of 13%. Therefore, it can be concluded that the reduction in the 2021 emissions from DRI is due to the
decrease in throughput, and the activity data for DRI emission units provided for 2021 can be considered
reliable and do not require further corrective action.
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Table 97: Drilling equipment process count and fuel usage by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
:;l]t\i:rf)tgrr;f Drilling Equipment Processes Reported in the 12 15 +25%
Number of Active Emitting Drilling Equipment Processes 12 of 12 13 of 15 + 8.33%
Total Diesel Fuel Usage [gallons] 2,302,281.65 | 2,004,478.53 -12.9%
Total Natural Gas Fuel Usage [Mscf] 0 0 -

Table 98: Drilling equipment emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CO2 25,844 22,661 - 3,183 -12%
CH4 1.25 1.11 -0.14 -11%
CO2-E 25,875 22,688 - 3,187 -12%
CO 133 117 -16 -12%
NOx 501 439 - 62 -12%
SO2 0.237 0.208 -0.03 -12%
VOC 12.5 11.2 -1.30 -10%
PM10-PRI 8.93 7.87 -1.06 -11.87
PM2.5-PRI 8.77 7.69 -1.08 -12.3

6.6.3.3 Engine — Diesel or Gasoline Engine (DIE)

In the 2021 effort in OCS AQS, DIE equipment type has three independent processes that users can select
from, depending on the calculator type and description (Table 99).

Table 99: Diesel or gasoline engine calculators in OCS AQS used in the 2021 draft inventory

Calculator ID Calculator Description
DIE-MO1R Gasoline Engines
DIE-MO2R Diesel Engines Where Max HP < 600
DIE-MO3R Diesel Engines Where Max HP >= 600

Table 100 shows that, although the count of active emitting DIE equipment decreased in the 2021 draft
inventory, the fuel used in the DIE equipment increased by almost 6%. DIE-generated emissions are
directly proportional to the fuel usage; therefore, it is expected that the emissions from DIE would
increase by around 6% as well.

Table 101 compares emissions from DIE emission units in the 2017 final and 2021 draft data. CO,, CO»-
E, CO, and NOy emissions increased, as expected, by the amount ranging between 5 to 9%, which
corresponds to the increase in throughput. However, CH4 and SO, emissions decreased in 2021,
conflicting with expected behavior based on the throughput change; VOC increased by 28%, which is
much higher than expected.

The following subsections examine the discrepancies in CHs, SO», and VOC emissions from diesel and
gasoline engines.
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Table 100: Diesel or gasoline engine process count and fuel usage by inventory year with %

change
Parameter 2017 Final 2021 Draft % Change
Number o_f Diesel and Gasoline Engines Processes 2144 2442 +13.89%
Reported in the Inventory
Number of Active Emitting Diesel and Gasoline 2.144 of 2,144 1,670 of 2,442 22.1%
Engines Processes
Total Fuel Usage [gallons] 18,829,119 19,921,133 +5.8

Pollutant 2017 Final 2021 Draft Difference | % Change See Section
CO2 212,150 223,830 + 11,680 + 6% -
CH4 5.91 5.17 -0.7 -13% 6.6.3.3.1
CO2-E 212,297 223,959 + 11,662 +5% -
(6]0) 1,151 1,228 +77 +7% -
NOx 4,791 5,219 +428 +9% -
SOz 381 348 -33 - 9% 6.6.3.3.2
vOC 241 309 + 68 +28% 6.6.3.3.3

6.6.3.3.1 Investigations of Diesel or Gasoline Engine CH; Emissions

Table 101: Diesel or gasoline engine emissions (tons/year) by inventory year with % change

CH4 emissions from DIE decreased from 5.91 tons in the 2017 final data to 5.17 tons in the 2021 draft
data (a 13% decrease) (Table 101). Although this change is not considered significant, it raises questions
because the emissions did not increase as expected based on the increase in the DIE fuel usage.

Among these three DIE calculators that users can select from, DIE-MO3R (diesel engines where max HP
>= 600) is the only calculator with an EF for CHa4. Therefore, the CH4 from DIE equipment is only
calculated from the diesel engines where max HP >= 600 from this type of emission source. Based on
this, a deeper analysis was conducted only on the throughput of the emission units with the assigned
calculator of DIE-MO3R (diesel engines where max HP >= 600).

Table 102 compares overall throughputs for diesel engines where max HP >= 600. The throughputs to the
diesel engines where max HP >=600 decreased by 12% (despite an increase in overall throughput to all
DIE emission units). Therefore, the 13% decrease in CH4 is consistent with the decrease in throughputs to
the diesel engines that emit CHs. This demonstrates that the CH, emission did not, in fact, deviate from
the expected trend. As such, 2021 draft data provided for DIE-MO3R (diesel engines where max HP >=
600) units can be considered reliable and does not require further corrective actions.

Table 102: Fuel usage (gallyear) by inventory year in diesel engines where max HP >= 600

Parameter

2017 Final

2021 Draft

% Change

Total Fuel Usage [gallons] in Diesel Engines Where Max
HP >= 600 (DIE-M0O3R)

10,778,531.43

9,470,179.48

-12.14%

6.6.3.3.2 Investigation on Diesel or Gasoline Engine SO; Emissions

SO, emissions from DIE decreased from 381 tons in the 2017 final data to 348 tons in the 2021 draft data
(a 9% decrease) (Table 101). Although this decrease is not considered significant, it raises questions since
the emissions do not increase as expected based on the increase in the DIE fuel usage in the 2021 draft

data.
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As previously mentioned, the DIE equipment type in OCS AQS has three independent processes that
users can select from, depending on the calculator type and description. An EF is used for each calculator
based on the values provided in AP-42 (USEPA 1995). Unlike DIE-MO03R, DIE-MO1R and DIE-M02R
(DIE emission units fueled by gasoline and diesel fuel where max HP<600, respectively) calculators have
constant SO, EFs and do not depend on the sulfur content values (Table 103). SO, emissions from
processes using the DIE-MO1R and DIE-MO2R rely solely on the fuel throughput, and an increase in that
throughput should lead to a corresponding rise in their SO, emissions. On the other hand, for processes
using the DIE-MO3R calculator, both the throughput and the fuel sulfur content values impact the overall
emitted SO, emissions.

Table 103: SOz EFs by DIE calculator used in the 2021 draft inventory

Calculator ID SO: EF
DIE-MO1R 0.084 (Ib/MMBtu)
DIE-MO2R 0.290 (Ib/MMBtu)
DIE-MO3R 1.01 x S (Ib/MMBtu)

Notes: S = Fuel sulfur content (wt%)

Table 104 shows the breakdown of the SO, emissions from the 3 DIE calculators and compares emissions
in the 2017 final and 2021 draft data. This table displays that the SO, emissions from processes using the
DIE-MO1R and DIE-MO2R increased in the 2021 draft data, as was expected from the increased
throughput (Section 6.6.3.3).

The third calculator that can be used for a diesel engine process is DIE-M03R, and the emissions
calculated using this calculator depend on the fuel sulfur content. Given that issues were previously
detected with the operator-provided fuel sulfur content values for other equipment types (Sections 6.5.5
and 6.6.3.1), sulfur content values provided for the DIE emission units for the 2021 draft data were
analyzed more closely.

Figure 48 compares the 2017 final and 2021 draft entries for DIE sulfur content. This figure shows that
84% of entries (3,106 entries) were 0.0015 wt% in the 2021 draft data, while only 20% of entries in 2017
final data were equal to 0.0015 wt%. More than 50% of the provided entries for sulfur content in the 2017
final data were 0.5 wt%. This level is considerably higher than 0.0015 and contributed to the decrease in
SO, emissions in the 2021 draft data. This demonstrates that most units in the 2021 draft data use fuels
with ultra lower sulfur content, which would impact emissions and cause the observed decrease in SO,
emissions.

Also important, 34 monthly entries were equal to 4 wt%. Looking at other entries from both 2021 draft
and 2017 final data, this value is considerably high. The Team contacted the operator of the facilities in
Table 105 to verify the high value of 4 wt%. The red box in Figure 48 highlights those 34 monthly entries
and shows how they deviate from all other entries. The operators confirmed that the values were
inaccurately entered and corrected them to 0.0015%. This correction changed the DIE SO, emissions
from the 2021 draft data of 348 tons to the 2021 final data of 241 tons (Section 8).

Table 104: DIE SO2 emissions (tons/year) by calculator type by inventory year with % change

Calculator ID 2017 Final 2021 Draft % Change
DIE-MO1R 0.00475 0.00955 +101%
DIE-MO2R 159.3083 207.226 + 30%
DIE-MO3R 2214214 140.74 - 36%

165



Table 105: Facilities with a fuel sulfur content (wt%) of 4 in DIE emission units in 2021 draft data
by inventory year

Company Name | Facility ID | Emission Unit 2017 Final 2021 Draft
Cox Operating LLC | 21809-4 DGE-01 This facility did not exist in 2017 4
Cox Operating LLC | 21809-4 DGE-02 This facility did not exist in 2017 4
Cox Operating LLC | 21411-11 ZAN-0902 0.5 4
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2017 vs 2021 Sulfur Content Entries
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Figure 48: Count of DIE sulfur content entries by sulfur content (wt%) for 2017 final (blue, left columns) and 2021 draft (orange, right
columns) data
Red box in highlights the 34 DIE sulfur content entries having erroneous high values.
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6.6.3.3.3 Investigation of Diesel or Gasoline Engine VOC Emissions

VOC emissions increased from 241 tons in the 2017 final data to 309 tons in the 2021 draft data (a 28%
increase) (Table 101). This moderate increase raises questions as it is higher than expected based on the
increased DIE fuel usage in the 2021 draft data.

As previously mentioned, the DIE equipment type in OCS AQS has three independent processes that
users can select from, depending on the calculator type and description (Table 106).

The VOC EF used in the 2021 draft effort for calculator DIE-MO2R is 0.36 Ib/MMBtu, while the value
used in the 2017 final effort was 0.33 Ib/MMBtu. The value used in OCS AQS for the 2021 draft effort
came from Table 3.3-1 of the USEPA’s AP-42 document, resulting from the summation of Exhaust,
Evaporative, Crankcase and, Refueling EFs (USEPA 1995).

It can be concluded that this discrepancy in the VOC EF caused the increase in calculated VOC emissions
and affected the overall emitted VOCs from DIE engines beyond the increased throughput alone. This
conclusion suggests that there is no issue with data entry or calculations, and there is no need for further
corrective actions on the DIE emission units.

Table 106: VOC EFs by DIE calculator by inventory year

Calculator ID 2017 Final 2021 Draft
DIE-MO1R 3.030 (Ib/MMBtu) 3.030 (Ib/MMBtu)
DIE-MO2R 0.330 (Ib/MMBtu) 0.360 (Ib/MMBtu)
DIE-MO3R 0.080 (Ib/MMBtu) 0.080 (Ib/MMBtu)

6.6.3.4 Engines — Natural Gas (NGE)

In the OCS AQS 2021 draft effort, NGE equipment type has four independent processes that users can
select from, depending on the calculator type and description (Table 107).

Table 107: NGE calculators in OCS AQS used in the 2021 draft inventory

Calculator ID Calculator Description
NGE-MO1R NGE Where Engine Stroke Cycle = 2-Cycle and Engine Burn = Lean
NGE-M02R NGE Where Engine Stroke Cycle = 4-Cycle and Engine Burn = Lean
NGE-MO3R NGE Where Engine Stroke Cycle = 4-Cycle and Engine Burn = Rich
NGE-M04R NGE Where Engine Burn Type = Clean

Fuel usage in NGE (throughput) is directly proportional to emissions, and a decrease in throughput should
cause a decrease in the final calculated emissions. Table 108 shows that the amount of fuel used in NGE
equipment decreased by almost 55%. Given this decrease, the emissions from NGE are expected to
decrease by around 55%. Table 109 compares emissions from the NGE emission units in the 2021 draft
and 2017 final data.
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Table 108: NGE process count and fuel usage by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Number of Natural Gas Processes Reported in 1,151 1,199 +4.17%
the Inventory
Number of Active Emitting Natural Gas 1,151 of 1,151 708 of 1,199 - 38.49%
Processes
EF,\;);&(;IT]FueI Usage by Active Emitting Processes 33,872,765 15,334,732 - 54.73%

Table 109: NGE emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CO2 1,978,765 936,117 - 1,042,648 -53%
CH4 10,414 4,436 - 5,978 -57%
CO2-E 2,239,107 1,047,013 - 1,192,094 -53%
CO 46,190 22,891 - 23,299 - 50%
NOx 32,945 16,340 - 16,605 - 50%
SOz 10.6 5 -6 - 53%
VOC 1,074 463 -611 -57%
PM10-FIL 158 74.5 -84 -53%
PM2.5-FIL 158 74.5 -84 -53%

From analysis, the annual emissions, for all pollutants, decreased between 53 to 57%. Therefore, it can be
concluded that the decrease in the 2021 draft emissions is due to the reduction in throughput for the NGE
emission units. In future inventory efforts, the operator will be able to analyze their activity data (in this
case, fuel usage) as a deviation of their average reported historical values by a percentage selected by the
operator. This feature should flag activity data that could be in error for correction before operators
submit emissions data.

6.6.3.5 Turbines — Natural Gas, Diesel, or Dual Fuel (NGT)

In the OCS AQS 2021 draft effort, NGT equipment type has three independent processes that users can
select from, depending on the calculator type and description (Table 110).

Table 110: NGT calculators in OCS AQS used in the 2021 draft inventory

Calculator ID Calculator Description
NGT-MO1R Dual-Fuel Turbines — Nat. Gas — Known Sulfur
NGT-MO2R Dual-Fuel Turbines — Nat. Gas — Unknown Sulfur
NGT-MO3R Dual-Fuel Turbines — Diesel

Fuel usage in NGT (throughput) is directly proportional to emissions, and an increase in throughput
should cause an increase in the final calculated emissions. Table 111 shows that the amount of natural gas
fuel used in NGT equipment increased by 2.9%, and the amount of diesel fuel used increased by 44.7%.
The amount of diesel fuel use increased because the number of active emitting NGT-D processes
increased by 56%. Based on the number of NGT processes and corresponding throughputs, an increase of
around 12% would be expected. Table 111 compares emissions from the NGT emission units in 2021
draft and 2017 final data.
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Table 111: NGT process count and fuel usage by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Number of NGT Processes Reported in the Inventory 350 399 +14.00%
Number of Active Emitting NGT Processes 350 of 350 336 of 399 -4.00%
Total Fuel Usage by Active Emitting Processes [Mscf] 58,631,713.19 | 60,321,144.52 +2.88%
Number of NGT-D Processes Reported in the Inventory 57 111 +94.74%
Number of Active Emitting NGT-D Processes 57 of 57 89 of 111 + 56.14%
El'cc;);"lallolr:]:]el Usage by Active Emitting NGT-D Processes 3.468.139.36 | 5,017,722.15 + 44.68%

Table 112: NGT emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CO2 3,839,648 4,149,942 310,294 +8.08%
CHas 298 320 22 +7.38%
N20 104 112 8 +7.69%
CO2-E 3,878,122 4,191,237 313,115 +8.07%
CcO 2,836 3,044 208 +7.33%
NOXx 11,178 12,175 997 +8.92%
SOz 44 1 1,157 1,113 +2,523.58%*
oC 72.9 78.3 5 +7.41%
PM1o-FIL 66.6 72.2 6 +8.41%
PM2.s-FIL 66.6 72.2 6 +8.41%
Pb 0.00209 0.00481 0 +130.14%

Note: * See Section 6.5.5.2

From analysis, annual emissions for most of the pollutants increased by an acceptable amount, except for
the Pb and SO;. The issues with NGT SO; emissions have been discussed in detail in Section 6.5.5.2.
Therefore, no further investigation on SO, is conducted in this section.

Pb emissions increased by 130%, which is unexpectedly high. Lead is only emitted from diesel turbines
and, as previously seen in Table 111, an increase of 44.7% in the diesel throughput would account for
some of the change in the emission levels. The remaining amount may be accounted for by the fact that,
in the 2021 draft data, the default diesel heating value of 19,300 Btu/lb was used to calculate Pb
emissions. In contrast, in the 2017 final data the operators were flexible in what value was used in the
calculations. The values provided in the 2017 final data ranged from 17,329 Btu/Ib to 20,139 Btu/Ib, with
vast majority of the values below the 19,300 Btu/Ib used in the 2021 draft data.

6.6.4 Emissions by Vents and Flares

Cold vents and combustion flares handle the emissions from various sources that are not vented locally or
routed to system. Cold vents can emit higher rates of hydrocarbons (depending on the composition of the
vented gas) as they release their raw feed gas to the atmosphere without further processing. In contrast,
the combustion flares dispose of the constituents of the feed flare gas by burning it. As a result, the
combustion process that occurs in the flares produces high rates of CO,, CO, NOy, N>O, and SO as by-
products of the combustion process.
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Table 113 compares the cold vent and flare equipment counts in 2017 final and 2021 draft data. Table 114
and Table 115 illustrate the difference in cold vent and flare emissions in 2017 final and 2021 draft data.
Figure 49 and Figure 50 are the visual presentations for Table 114 and Table 115, respectively.

Figure 49 subsections display the following information:

CO; emissions from the cold vents and flares decreased between the 2017 final and 2021 draft
inventories. Flares are the major contributor (cold vent contribution is so low that it does not
register on the chart as a bar and is represented by the blue value at the bottom of the chart).
CO»-E emissions from the cold vents and flares decreased between the 2017 final and 2021 draft
inventories. Cold vents were the major contributor.

CH4 emissions from cold vents and flares decreased between the 2017 final and 2021 draft
inventories. Cold vents were the major contributor.

N,O emissions decreased between the 2017 final and 2021 draft inventories and were only
generated by flares.

Figure 50 subsections display the following information:

VOC emissions from cold vents and flares increased between the 2017 final and 2021 draft
inventories. Cold vents were the major contributor. Flares VOC emissions increased significantly.
CO emissions decreased between the 2017 final and 2021 draft inventories and were only
generated by flares.

SO, emissions increased drastically between the 2017 final and 2021 draft inventories and were
only generated by flares.

NH; Emissions decreased between the 2017 final and 2021 draft inventories and were only
generated by flares.

NOx emissions decreased between the 2017 final and 2021 draft inventories and were only
generated by flares.

Pb emissions decreased between the 2017 final and 2021 draft inventories and were only
generated by flares.

In the following sections, emissions from flares and vents are individually analyzed.

NOTE: PM,, and PM; s emissions are not presented in Table 113 and Figure 50 because they
were not speciated into filterable or primary in the 2021 draft inventory, as opposed to the 2017
final data. Consequently, comparing the 2021 draft inventory total PM;, emissions (from all
equipment types) against the 2017 final PM;o emissions would not provide a representative
picture of the discrepancies between the two reporting years.

Table 113: Flare and vent equipment counts (number) by inventory year with % change

Type Description 2017 Final | 2021 Draft | Difference | % Change
FLA | Combustion Flare 90 114 + 24 +26.7%
VEN | Cold Vent 540 666 + 126 +23.3%

NOTE: The equipment counts in Table 113, represent the individual pieces of equipment, not the
number of the processes associated with them; if a piece equipment has two processes linked to it,
it is still counted as one.

NOTE: 2021 draft equipment count includes all equipment reported in the 2021 draft inventory.
In some instances, the actual count of emitting pieces of equipment can be less than the reported
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because of zeroed-out processes or because some of the pieces of equipment are under non-
operational platforms. When needed, the count breakdown is provided in the following sections.

NOTE: In the Table 114 and Table 115, a "0" indicates that a value of 0 was calculated based on
provided activity data, or that the process was zeroed out. A "-" indicates that the equipment type
does not emit this pollutant.
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Table 114: GHG emissions (tons/year) from flare and vent equipment by inventory year

Equipment | CO2(GWP =1) | CO2(GWP =1) | CHs(GWP =25) | CH4(GWP =25) | N;O (GWP =298) | N,O (GWP = 298) c;co)i}e (32(3;-1E
Type 2017 Final 2021 Draft 2017 Final 2021 Draft 2017 Final 2021 Draft .
Final Draft
FLA 506,262 387,654 3,184 2,297 8.86 6.61 588,494 447,047
VEN 1,813 1,037 70,488 40,022 - - | 1,764,004 | 1,001,589
Table 115: Criteria pollutants and precursors emissions (tons/year) from flare and vent equipment by inventory year
Equioment (o70) co NOXx NOx SO SO VOoC vVOoC NHs3 NH;s Pb Pb
qu e 2017 2021 2017 2021 2017 2021 2017 2021 2017 2021 2017 Final 2021
yp Final Draft Final Draft Final Draft Final Draft Final Draft Draft
FLA 1,362 996 303 227 0.0668 23.7 994 7,526 0.542 0.348 8.46E-5 5.44E-5
VEN - - - - - - 15,732 21,401 - - - -
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Figure 49: GHG emissions (million tons/year) by flares (in orange) and vents (in blue) for 2017 final and 2021 draft data
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Figure 50: Criteria and precursor emissions (tons/year) by flares (orange) and vents (blue) for
2017 final and 2021 draft data
See Table 84 for equipment type abbreviations key.
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6.6.4.1 Combustion Flares (FLA)

The overall volume of flared gas is directly proportional to calculated emissions, and any change in flared
gas volume would, in turn, cause a corresponding change in the final calculated emissions. The overall
flared gas volume (including both flaring and pilot) increased by 3.41% in the 2021 draft inventory year
because of 11.11% increase in the count of emitting flaring processes (Table 116). This increase in the
volume of flared gas is expected to cause a similar increase in the flare emissions.

NOTE: The percentages shown might be slightly higher or lower depending on other conditions
affecting the flaring process.

NOTE: The total volume of gas flared (including both flaring and pilot) in Table 116 is the
corrected throughput after incorporating the corrective action on the anomaly pilot throughput
detected in Section 6.5.1.1.1. This is the only corrective action that was included in the 2021 draft
inventory. All subsequent corrective actions are included in the revised 2021 inventory to prevent
the abnormally high throughput value from obscuring other possible anomalies.

The 2021 draft data presented in Table 117 shows a considerable increase in SO, and VOC emissions and
a consistent decrease (23—-37%) for other pollutant emissions. Both observations are inconsistent with
changes observed based on the 3.41% increase in throughput of flared gas. The Team further investigated
these inconsistencies of the 2021 draft flares' emissions to discover any possible issues.

Table 116: Comparison of combustion flares throughputs and equipment counts by inventory year
with % change (post-corrective action)

Parameter 2017 Final 2021 Draft % Change
gggwobrteédo:‘n(iﬂrgT)I:J\/s;ﬁr;rlillare Emissions Units 20 114 +26.67%
Number of Active Emitting Flares Emission Units 90 of 90 100 of 114 +11.11%
;o\;a:)i\llé)tl)u[rpﬂesgf; Gas Flared (including both flaring 6,264,700 6,478,161 +3.41%

Table 117: FLA emissions (tons/year) by inventory year with % change
Pollutant 2017 Final 2021 Draft Difference % Change Section
CO2 506,262 387,654 - 118,608 -23% -
CH4 3,184 2,297 - 887 - 28% -
N20 8.86 6.61 -23 -25% -
CO2-E 588,494 447,047 - 141,447 - 24% -
CO 1,362 996 - 366 -27% -
NOXx 303 227 -76 - 25% -
SO2 0.0668 23.7 +23.6 +35,379% 6.6.4.1.1
VOC 994 7,526 +6,532.0 + 657% 6.6.4.1.2
NHs 0.542 0.348 -0.2 -37% -
Pb 8.46E-05 5.44E-05 - 3.02E-05 - 36% -

6.6.4.1.1 Investigation on Combustion Flare SO, Emissions

SO, emissions from combustion flares increased by 35,379% in the 2021 draft inventory (Table 117).
Combustion flares in the OCS AQS 2021 draft effort are associated with two processes, flare—flaring and
flare—pilot. SO, emissions from the combustion flares are only calculated under the flare—flaring process
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because the flare—pilot processes do not have an EF for SO,. The SO, emissions from flare—flaring
process are proportional to the concentration of H,S in the flare gas.

The 10 highest SO, emitting flares by the facility are presented in Table 118. Flare(s) under Facility ID#
20197-1 emitted 22.2 tons of SO,, representing 93.67% of the total SO, emissions from all combustion
flares under all facilities in the 2021 draft inventory. Thus, an investigation of this facility’s data was
conducted to validate the accuracy of the high values of SO, emissions from the combustion flare(s).

Facility ID# 20197-1, under company Cantium, LLC, has one combustion flare emission unit (MBF1020)
connected to two processes (flare—flaring and flare—pilot). The H»S concentration was provided in ppm
under the flare—flaring process data request tab. It was found that an H»S concentration value of 20,480
ppm was entered for each month under the data request of the flare—flaring process. A value of

20,480 ppm is considerably higher than the values provided for all the other facilities in the 2021 draft
inventory (values ranging between 0 and 4 ppm).

Consequently, the Team contacted the operator of Facility ID# 20197-1 and requested additional
information to validate the accuracy of the high concentration of H»S. The operator confirmed the
accuracy of the provided value and explained that it accounts for the AMI emissions within the facility
that flared its emissions in flare MBF1020 rather than venting them locally. In OCS AQS, selecting the
emissions destination to be anything rather than vented locally will zero out emissions on the process
level. Thus, depending on the selection, users are responsible for accounting for the emissions under the
flare or cold vent. Therefore, the provided value is accurate to account for the SO, emissions from the
flare, and no further actions were requested from the operator.

NOTE: When the users selected “flared locally” in the 2017 effort, emissions were calculated
under the process itself, not under the flare. The SO, emissions under the AMI in 2017 final data
will be accounted for under flares in 2021 draft data (Section 6.6.5.1).

NOTE: Although the SO, emissions were previously analyzed in Section 6.5.5, a substantial
increase in flare SO, emissions was obscured. In both years, gasoline/diesel engines and turbine
generated most of the SO, emissions (Figure 19); the emissions produced by the flares were
minimal in comparison. This highlights the importance of analyzing the emissions by equipment
level and not only through pollutant inventory totals.

Table 118: 2021 draft flare SOz emissions (tons/year) by facility: highest 10 emitters

# Facility ID Flare SOz Emissions [Tons/year]
1 20197-1 222

2 2623-1 0.7752

3 70004-1 0.09991348
4 24199-1 0.069873

5 24080-1 0.0522

6 2133-1 0.050607

7 420-1 0.035319

8 2385-1 0.033541

9 2008-1 0.032079
10 24229-1 0.028891

6.6.4.1.2 Investigation on Combustion Flare VOC Emissions

VOC emissions from combustion flares increased by 657% in the 2021 draft inventory (Table 117). The
Team used the formulas provided in the Year 2017 Emissions Inventory Study (Wilson et al. 2019) to
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formulate the flare calculators in OCS AQS. VOC emissions from flares calculated using these formulas
are proportional to the molecular weight of VOC, which is determined by sales gas compositions.
However, when using the activity data from 2017 final data to calculate emissions using the 2021 OCS
AQS calculators, calculated emissions were considerably higher than for the 2017 final data using the
same activity data. This suggests that other factors, outside the purview of this analysis, affected the 2017
final calculated VOC emissions of combustion flares and are responsible for the discrepancy in emissions.

NOTE: As part of the QA/QC effort, the Team contacted consultants and confirmed that the
formulas used in OCS AQS are accurate and are the same as the ones provided in the Year 2017
Emissions Inventory Study document (Wilson et al. 2019).

6.6.4.1.3 Investigation on Combustion Flare GHG, Criteria and Precursor Pollutants
Emissions (except SOz, VOC and Pb)

Although the total flared gas volume increased by 3.4%, the emissions for all pollutants (except SO, and
VOC) showed a considerable decrease between 2017 final and 2021 draft data. This discrepancy
prompted further review of flare activity data in the 2021 draft inventory to determine the cause.

Since the flare gas heating value directly impacts the calculated emissions for all pollutants under the
process flare—flaring (except VOC, SO,, and CH4), it was a reasonable subject for investigation. Our
analysis found that four facilities under BP Exploration & Production Inc. (Table 119) provided relatively
low heating values for all months compared to all other facilities. The Team contacted the operators for
the facilities listed in the table below to confirm the accuracy of those values, and the operator confirmed
that they were mistyped. As a result, those facilities were set to corrective actions to fix the values and
recalculate the emissions. Table 120 shows the corrected values.

After the flare gas heating value corrections were made, the following emissions changed between the
2021 draft and final inventory (see also Section 8):

COy: 15,793,642.60 tons (draft) to 5,935,334.81 tons (final)
CHa: 95,945.61 tons (draft) to 95,833.721 tons (final)

N,O: 121.196 tons (draft) to 121.92 tons (final)

CO»-E: 18,228,399.31 tons (draft) to 8,367,509.97 tons (final)
CO: 28,387.616 tons (draft) to 28,551.228 tons (final)

NOx: 34,651.346 tons (draft) to 34,660.535 tons (final)

NHs: 4.614 tons (draft) to 4.442 tons (final)

Pb: 0.0056 tons (draft) to 0.0056 tons (final)

NOTE: The corrective action requested in this section and other corrections made throughout the
document collectively resulted in the changes in emissions mentioned above.
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Table 119: Relatively low flare gas heating value (Btu/scf) in FLA emission units in the 2021 draft data

Company Name Facility ID | Emission Unit | Process AV D';?;:u':;a[;l?/:zﬂHeating
BP Exploration & Production Inc. 1001-1 FL-01 FL-NPf 300
BP Exploration & Production Inc. 1101-1 FL-01 FL-NPf 300
BP Exploration & Production Inc. 1215-1 FL-01 FL-NPf 300
BP Exploration & Production Inc. 1223-1 FL-01 FL-NPf 300

Table 120: Revised flare gas heating values (Btu/scf) in the 2021 draft data

Company Name Fa::lshty Emdisi,tlon Process | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
BP Exploration & | 444 4 FL-01 FL-NPf | 1,136 | 1129 | 1,136 | 1,145 | 1,150 | 1,154 | 1196 | 1,194 | 1,196 | 1,199 | 1,193 | 1,193
Production Inc.

BP Exploration & | 444 4 FL-01 FL-NPf | 1,470 | 1,485 | 1,483 | 1,462 | 1,457 | 1,485 | 1,148 | 1,482 | 1,490 | 1,488 | 1,481 | 1484
Production Inc.
BP Exploration & | 1,5 4 FL-01 FL-NPf | 1,270 | 1272 | 1265 | 1258 | 1,267 | 1274 | 1249 | 1264 | 1,268 | 1272 | 1275 | 1273
Production Inc.
BP Exploration & | 1555 4 FL-01 FL-NPf | 1136 | 1,129 | 1136 | 1,145 | 1,150 | 1,154 | 1196 | 1,194 | 1,196 | 1,199 | 1,193 | 1.193
Production Inc.
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6.6.4.1.4 Investigation on Combustion Flare Pb Emissions

Pb is emitted only from flare—pilot processes, and the observed 36% decrease in the Pb flares emissions
results from the discrepancy in the Pb flare—pilot EF discussed in Section 5.1.2.

6.6.4.2 Cold Vents (VEN)

The volume of vented gas decreased by 38.2% because of the 31.11% decrease in the count of emitting
cold vents (Table 121). Since the pollutant emissions are directly proportional to the volume of vented
gas, this decrease should lead to the corresponding decrease in emissions. This trend was observed in CO;
and CH4 (as well as calculated CO»-E), which decreased by 43%, but not in the VOC emissions, which
increased by 36% (Table 122). Based on these observations, cold vent VOC emissions were investigated
further to determine the possible reasons.

Table 121: Comparison of cold vent throughputs and equipment counts by inventory year with %
change

Parameter 2017 Final 2021 Draft % Change
Number of Cold Vent Processes Reported in the Inventory 540 666 +23.33%
Number of Active Emitting Cold Vent Processes 540 of 540 372 of 666 -31.11%
Volume of Vented Gas to Active Emitting Processes [Mscf] 3,691,354 2,282,582 - 38.16%

6.6.4.2.1 Investigation on Cold Vent VOC Emissions

As shown in Table 122, VOC emissions from cold vents increased by 36% in the 2021 inventory.

Table 122: Cold vent emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CO2 1,813 1,037 -776 -43%
CH4 70,488 40,022 - 30,466 -43%
CO2-E 1,764,004 1,001,589 - 762,415 -43%
vVOoC 15,732 21,401 + 5,669 + 36%

VOC emissions from cold vents are calculated in OCS AQS using the concentration of VOC in the vented
gas, which is an operator-specified value under the data request tab for the cold vents. The Team analyzed
all provided values of VOC concentration in the 2021 draft inventory to highlight any anomalously high
values that might have caused this increase in the 2021 draft emissions.

Under described operations, the vented gas comprised mainly CH4 (approximately 90%) and VOCs
(approximately 10%, which equates to 100,000 ppmv). Table 123 shows that 84 emission units have
VOC concentrations considerably higher (approximately 10 times) than expected. While the value is
provided once for each emission unit in the table, it was specified for each of the 12 months for those
emission units in the 2021 draft emissions inventory, compounding the effect. The Team contacted the
operators of the facilities with those anomalous values and requested clarification. Operators confirmed
that those values were incorrectly entered and requested corrective actions to fix them accordingly and
recalculate emissions. Therefore, those high values of VOC concentrations were the reason for the
observed increase in the vent VOC emissions in the 2021 draft inventory. “Post-Corrective Action
Concentration of VOC in the Vented Gas [ppmv]” column in Table 123 shows the corrected values
provided by the operators. After corrective action, VOC emissions from cold vents decreased from 21,401
tons in the draft to 12,570 tons in the 2021 final inventory (Section 8).
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Table 123: Facilities with considerably high concentration of VOC in the vented gas (ppmv) in the
2021 draft data

Pre- Corrective Action

Post- Corrective Action

# Company Name Facility ID [Emission Unit| Concentration of VOC | Concentration of VOC
in Vented Gas [ppmv] | in Vented Gas [ppmv]
1 |GOM Shelf LLC 20575-1 | SCRUBBER 947,560 9,476
2 |Fieldwood Energy, LLC 2343-1 LPVNT 992,590 9,926
3 |Fieldwood Energy, LLC 222241 ATMVENT 986,260 9,863
4 |Fieldwood Energy, LLC 222241 VNTSCRB 986,260 9,863
5 |Fieldwood Energy, LLC 23563-1 ATMVENT 984,110 9,841
6 |Fieldwood Energy, LLC 23563-1 V-01 984,110 9,841
7 |Fieldwood Energy, LLC 23196-1 V-01 982,640 9,826
8 |Fieldwood Energy, LLC 687-1 ATMVENT 982,540 9,825
9 |Fieldwood Energy, LLC 10071-1 VENT 980,450 9,805
10|Fieldwood Energy, LLC 23162-1 VNTBM 978,400 9,784
11|Fieldwood Energy, LLC 23162-1 | VNTSCRB2 978,400 9,784
12|Fieldwood Energy, LLC 23162-1 | VNTSCRB1 978,400 9,784
13| Fieldwood Energy, LLC 20724-2 LPSCRUB 975,970 9,760
14 |Fieldwood Energy, LLC 201141 VNTSCRB 975,370 9,754
15|Fieldwood Energy, LLC 23415-1 ATMVENT 975,370 9,754
16| Fieldwood Energy, LLC 23415-1 | VNTSCRUB 975,370 9,754
17 |Fieldwood Energy, LLC 24159-1 VNTSCRB 975,370 9,754
18|Fieldwood Energy, LLC 410-1 SCRUBBER 975,370 9,754
19|Fieldwood Energy, LLC 22087-1 VNTBM 973,960 9,740
20 |Fieldwood Energy, LLC 22087-1 VNTSCRB 973,960 9,740
21 |Fieldwood Energy, LLC 23321-1 VNTBM-1 971,910 9,719
22 |Fieldwood Energy, LLC 23321-1 VNTSCRB 971,910 9,719
23 |Fieldwood Energy, LLC 20630-3 FLRKO 970,110 9,701
24 |Fieldwood Energy, LLC 23083-1 ATMVNT 967,310 9,673
25|Fieldwood Energy, LLC 23083-1 VNTSCRB 967,310 9,673
26 |Fieldwood Energy, LLC 2430-1 VNTSCRB 967,310 9,673
27 |Fieldwood Energy, LLC 686-1 HPSCRUBB 967,040 9,670
28 |Fieldwood Energy, LLC 686-1 ATMVNT 967,040 9,670
29 |Fieldwood Energy, LLC 686-1 LPSCRUB 967,040 9,670
30 |Fieldwood Energy, LLC 20341-1 VNTSCRB 965,970 9,660
31|Fieldwood Energy, LLC 23402-1 VNTSCRB 965,970 9,660
32|Fieldwood Energy, LLC 228-1 VNTSCRB1 965,160 9,652
33|Fieldwood Energy, LLC 228-1 VNTSCRB2 965,160 9,652
34 |Fieldwood Energy, LLC 1027-1 VNTSCRB 964,190 9,642
35|Fieldwood Energy, LLC 1027-1 VNTBM 964,190 9,642
36 |Fieldwood Energy, LLC 21860-1 VNTSCRB 963,410 9,634
37 |Fieldwood Energy, LLC 21864-1 VNTSCRB 963,410 9,634
38 |Fieldwood Energy, LLC 21864-3 VNTSCRB 963,410 9,634
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Pre- Corrective Action

Post- Corrective Action

# Company Name Facility ID |[Emission Unit| Concentration of VOC | Concentration of VOC
in Vented Gas [ppmv] | in Vented Gas [ppmv]
39 |Fieldwood Energy, LLC 22335-1 VNTSCRB 963,410 9,634
40|Fieldwood Energy, LLC 23800-1 ATMVNT 963,030 9,630
41 |Fieldwood Energy, LLC 23800-1 VNTSCRB 963,030 9,630
42|Fieldwood Energy, LLC 2247-1 VNTBM 961,370 9,614
43 |Fieldwood Energy, LLC 2247-1 VNTSCRB 961,370 9,614
44 |Fieldwood Energy, LLC 26050-2 ATMVNT 955,790 9,558
45|Fieldwood Energy, LLC 26050-2 VNTSCRB 955,790 9,558
46 |Fieldwood Energy, LLC 22286-1 | VENTSCRB 954,270 9,543
47 |Fieldwood Energy, LLC 232401 VNTSCRB 953,750 9,538
48 |Fieldwood Energy, LLC 232401 ATMVNT 953,750 9,538
49|Fieldwood Energy, LLC 232401 HPVENT 953,750 9,538
50 |Fieldwood Energy, LLC 22707-3 ATMVNT 951,410 9,538
51 |Fieldwood Energy, LLC 22707-3 VNTSCRB 951,410 9,514
52 |Fieldwood Energy, LLC 22954-1 LPSCRUB 951,410 9,514
53 |Fieldwood Energy, LLC 21580-1 VNTSCRB 951,050 9,511
54 |Fieldwood Energy, LLC 224211 FLRSCRUB 950,560 9,506
55| Fieldwood Energy, LLC 21590-1 | VNTSCRUB 948,870 9,489
56 | Fieldwood Energy, LLC 217781 VNTSCRB 948,870 9,489
57 |Fieldwood Energy, LLC 20375-1 | ATMSCRUB 921,550 9,216
58 |Fieldwood Energy, LLC 20375-1 | VNTSCRUB 921,550 9,216
59 |Fieldwood Energy, LLC 20375-2 ATMVNT 921,550 9,216
60 |Fieldwood Energy, LLC 20375-2 VNTSCRB 921,550 9,216
61|Fieldwood Energy, LLC 20376-1 ATMVNT 921,550 9,216
62 |Fieldwood Energy, LLC 20376-1 VNTSCRB 921,550 9,216
63 |Fieldwood Energy, LLC 21739-2 LPVENT 921,200 9,212
64 |Fieldwood Energy, LLC 22046-1 VNTSCRB 963,410 9,673
65 |Fieldwood Energy Offshore LLC| 20285-1 LPVENT 991,140 9,911
66 | Fieldwood Energy Offshore LLC| 20285-1 ATMVENT 991,140 9,911
67 | Fieldwood Energy Offshore LLC| 20285-2 HPVENT 991,140 9,911
68 |Fieldwood Energy Offshore LLC| 20285-3 HPVENT 991,140 9,911
69 | Fieldwood Energy Offshore LLC| 20319-1 V-01 991,140 9,911
70|Fieldwood Energy Offshore LLC| 20319-1 V-02 991,140 9,911
71 |Fieldwood Energy Offshore LLC| 20319-1 V-03 991,140 9,911
72 |Fieldwood Energy Offshore LLC| 20491-1 ATMVENT 991,140 9,911
73 |Fieldwood Energy Offshore LLC| 20491-1 UW-VENT 991,140 9,911
74 |Fieldwood Energy Offshore LLC| 21169-1 V-01 991,140 9,911
75 |Fieldwood Energy Offshore LLC| 21169-1 V-02 991,140 9,911
76 |Fieldwood Energy Offshore LLC| 27021-1 V-01 990,700 9,907
77 |Fieldwood Energy Offshore LLC| 23552-1 ATMVENT 987,500 9,875
78 |Fieldwood Energy Offshore LLC| 319-1 V-01 979,740 9,797
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Pre- Corrective Action | Post- Corrective Action
# Company Name Facility ID |[Emission Unit| Concentration of VOC | Concentration of VOC
in Vented Gas [ppmv] | in Vented Gas [ppmv]
79 |Fieldwood Energy Offshore LLC| 319-1 V-02 979,740 9,797
80 |Fieldwood Energy Offshore LLC| 1266-1 VNTSCR 978,470 9,797
82| Fieldwood Energy Offshore LLC| 27017-1 V-01 978,470 9,785
83| Walter Oil & Gas Corporation 70029-1 V-02 143,460 53,440
84 |Walter Oil & Gas Corporation 70029-1 V-03 143,460 53,440
85| Walter Oil & Gas Corporation 2606-1 V-01 95,320 43,130
86 |Walter Oil & Gas Corporation 2606-1 V-02 95,320 43,130

6.6.5 Emissions by Non-Combustion Equipment

This section compares 2017 final and 2021 draft emissions from non-combustion equipment to
investigate discrepancies and identify the underlying possible causes.

Table 124 compares the non-combustion equipment count in 2017 final and 2021 draft data. Table 125
and Table 126 present a breakdown of the GHG and criteria pollutants and precursor emissions from all
equipment types in 2017 final and 2021 draft data. Figure 51 and Figure 52 are the visual representations
for Table 125 and Table 126, respectively.

Figure 51 subsections display the following information:

CO, emissions decreased between 2017 final and 2021 draft inventories, and the biggest
contributors were PNE and PRE.

CO:»-E emissions decreased between 2017 final and 2021 draft inventories, and the biggest
contributors were FUG and PNE.

CH,4 emissions decreased between 2017 final and 2021 draft inventories, and the biggest
contributors were FUG and PNE.

N,O emissions were not generated from all non-combustion equipment.

Figure 52 subsections display the following information:

VOC emissions decreased between 2017 final and 2021 draft inventories, and the biggest
contributor was FUG.

SO, emissions from non-combustion equipment were attributed exclusively to AMI in the 2017
final inventory, and no SO, emissions were recorded under the non-combustion equipment in the
2021 draft inventory.

NOTE: Figure 52 has subsection for VOC and SO, only because other criteria pollutants are not
emitted from all non-combustion equipment (see Table 126)

The following sections individually analyze emissions from each non-combustion equipment types.

Table 124: Non-combustion equipment count (number) by inventory year with % change

# | Type Description 2017 Final 2021 Draft Difference % Change
1 | AMI Amine Unit 4 4 0 0%
2 | FUG Fugitives — Total components 34,999,206 24,391,952 - 10,607,254 - 30%
3 | GLY Glycol Dehydrator 176 187 +11 +6%
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# | Type Description 2017 Final 2021 Draft Difference % Change
4 | LOA Loading Operation 1 1 0 0%
5 | LOS Losses from Flashing 400 405 +5 +1.25%
6 | MUD | Mud Degassing 7 16 +9 +129%
7 | PNE Pneumatic Pump 2,757 3,265 + 508 +18%
8 | PRE Pneumatic Controller 1,703 1,619 - 84 - 5%
9 | STO Storage Tank 336 298 -38 -11%
Total 8,583 9,413 830 +9.7%

NOTE: The equipment counts in Table 124 represent the individual pieces of equipment, not the
number of the processes associated with them; if a piece equipment has two processes linked to it,
it is still counted as one.

NOTE: The fugitive count presented in Table 124 is the total number of fugitive components, not
the count of fugitive pieces of equipment; a piece of fugitive equipment has multiple components.

NOTE: The 2021 draft equipment count includes all equipment reported in the 2021 draft
inventory. In some instances, the actual count of emitting pieces of equipment is less than the
reported because of zeroed-out processes or because some of the pieces of equipment are under
non-operational platforms. When needed, the count breakdown is provided in the following
sections.
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Table 125: GHG emissions (tons/year) from non-combustion equipment by inventory year

Equipment | COz(GWP = 1) | COz(GWP =1) | CH«(GWP =25) | CHi(GWP =25) | N;O (GWP =298) | N:O (GWP=298) | G0°r CorE
Type 2017 Final 2021 Draft 2017 Final 2021 Draft 2017 Final 2021 Draft 2017 2021
AMI 140 0 337 0 - 224 0
FUG - - 54,239 28,337 - 1355971 | 708,420
GLY - - 557 325 - 13,914 8,130
LOA - - - - - - -
LOS 93.7 28.6 4,033 1.231 - 100,922 | 30,807
MUD 0.79% 122 85.9 131 - 2,147 3,283
PNE 537 270 28,559 12,320 - 714508 | 308,278
PRE 377 140 15,470 6,329 - 387138 | 158,372
STO - - 551 187 - 13,784 4,677

Table 126: Criteria pollutants and precursors emissions (tons/year) from non-combustion equipment by inventory year

co co NOx NOx SOz SO vocC voC NHs3 NHs3 Pb Pb
Equipment 2?17 2021 2?17 2021 2917 2021 2017 Final 2021 Draft 2917 2021 2917 2021
Type Final | Draft | Final Draft Final Draft Final | Draft | Final Draft
AMI - - - 22.7 0 0.0647 - - - - -
FUG - - - - - | 13,408 7,176 - - - -
GLY - - - - - 851 0 - - - -
LOA - - - - - 70.1 - - - - -
LOS - - - - - 181 55.4 - - - -
MUD - - - - - 35.6 0 - - - -
PNE - - - - -| 3,370 1,622 - - - -
PRE - - - - - | 2,222 890 - - - -
STO - - - - - 556 189 - - - -

NOTE: In Table 125 and Table 126, "0" indicates that a value of 0 was calculated based on provided activity data, or that the process was
zeroed out. A "-" indicates that the equipment type does not emit this pollutant.

NOTE: PM;, and PM; s are not in Table 126 because non-combustion pieces of equipment do not emit PM;o and PM, 5 emissions.
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Figure 51: GHG emissions (tons/year) by non-combustion equipment for 2017 final and 2021 draft data
See Table 124 for equipment type abbreviations key.
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Figure 52: Criteria and precursor emissions (tons/year) by non-combustion equipment for 2017 final and 2021 draft data
See Table 124 for equipment type abbreviations key.
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6.6.5.1 Amine Units (AMI)

Although the total count of reported AMI emissions remained the same in the 2021 draft inventory (four
emissions units in both inventory years) (Table 124), no emissions were attributed to these four emission
units in the 2021 draft emissions inventory (Table 125 and Table 126).

The Team conducted a rigorous analysis on the 2021 draft AMI data to investigate the underlying reason
for no emissions from those four AMI in the 2021 draft inventory. It was determined that the emissions
from those AMI were not vented locally (three were flared remotely and one was routed to the system). In
OCS AQS, the selection of non-vented locally emissions destination zeroes out emissions at the emission
unit level, and the operators must report the emissions under flares or vents, depending on the selection of
the emissions destination. In the 2017 final inventory, emissions from AMI were reported under the
emission units that generated them regardless of whether they were vented or flared locally. Therefore,
the different approaches of handling non-vented locally emissions in 2017 final and 2021 draft caused this
discrepancy.

NOTE: In Table 127, "0" indicates that a value of 0 was calculated based on provided activity
data, or that the process was zeroed out. A "-" indicates that no data regarding this pollutant was
provided and the emissions were not calculated.

Table 127: Amine unit emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CO2 140 0 - 140 - 100%
CH4 3.37 0 -3.37 - 100%
CO2-E 224 0 -224 - 100%
SO2 22.7 - -22.7 N/A
vVOC 0.0647 - -0.0647 N/A

6.6.5.2 Fugitives (FUG)

The total count of FUG components decreased by 30% in the 2021 draft inventory (to 24,391,952
components) (Table 124). However, only 22,953,993 of 24,391,952 were active and emitting, while the
remaining components belonged to non-operating facilities or were reported as zero emissions processes).
Table 128 provides a breakdown of the count of fugitive components and shows that the emitting
components decreased by 34.4% in the 2021 draft inventory. Although this data suggests that the decrease
in the FUG components contributed to the decrease in emissions, Table 129 shows that the emissions
decreased between 46.5% and 47.8%, which is higher than the 34.4% expected if FUG component count
were the only factor.

Total FUG hydrocarbon emissions are calculated based on equipment component types, equipment
counts, and stream type (gas, light oil, heavy oil, natural gas liquid, water/oil, or water/oil/gas). CH4 and
VOC emissions from fugitives are calculated from total hydrocarbons emissions based on their
composition fractions within the stream type. In the OCS AQS 2021 draft effort, all EFs and fractions are
pre-defined for users based on the values provided in Tables 4-14 and 4-15 of the Year 2017 Emissions
Inventory Study (Wilson et al. 2019).

Analysis of the 2017 final data showed that users had the flexibility to provide the VOC weight percent of
fugitives. Therefore, unlike the 2021 draft inventory, different fractions were used within the same stream
type and component type. This inconsistency in identifying the VOC fractions can impact the overall
calculated emissions and cause the discrepancies in the emissions calculations between the two inventory
years.
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Table 128: Comparison of fugitive component counts by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Number of Fugitive Components 0
Reported in the Inventory 34,999,206 24,391,952 -30 %
number of Active Emitting FUgitive | 34.999,206 of 34,999,206 | 22,953,993 0f 24,391,952 | - 34.4%
omponents

Table 129: Fugitive emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference %Change
CH4 54,239 28,337 - 25,902 - 47.8%
CO2-E 1,355,971 708,420 - 647,551 - 47.8%
vOC 13,408 7,176 - 6,232 -46.5%

6.6.5.3 Glycol Dehydrator (GLY)

The total count of the GLY emission units increased by 6% (see Table 124), but Table 125 and Table 126
show that the amount of the GLY emitted pollutants actually decreased by a considerable amounts in
2021. This discrepancy prompted further investigation of the GLY emission units to determine the reason.

The investigation found that 106 GLY emission units (almost 57% of GLY emission units) were zeroed
out in the 2021 draft inventory. Therefore, 2021 draft emissions included reporting from only 81 GLY
emission units, effectively decreasing the count of emitting GLY emission units by almost 54% (Table
130). This decrease led to the observed decrease in the GLY emissions from 2017 final to 2021 draft data.
A list of the 106 zeroed-out GLY processes is provided in Appendix E.

NOTE: 1t is essential to mention that, for the first time, the operators were responsible for
running the GLY Calc model to estimate emissions in the 2021 inventory.

CH,4 and CO»-E emissions decreased by a reasonable percentage resulting from the decrease in the total
count of the emitting GLY units (Table 131). However, VOC emissions decreased by 100% (no VOC
emissions were reported in 2021). Although OCS AQS calculates GLY emissions based on the emission
rates provided by the operators, the system cannot validate that these are latest and correct (Section
6.5.13.2.1). Users import those emissions, and OCS AQS has no control over their estimation
methodologies or values. Therefore, discrepancies might occur depending on the quality of the imported
data. The absence of VOC emissions may be explained by users not importing VOC emission rates in
2021 draft data.

Table 130: Glycol dehydrator equipment count (hnumbers) by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Count of GLY Emission Units 176 187 + 6%
Count of GLY Emission Units — not zeroed out 176 81 -53.97%

Table 131: Glycol dehydrator emissions (tons/year) by inventory year with % change

Pollutant | 2017 Final | 2021 Draft Difference % Change
CHa 557 325 -232 -42%
CO2-E 13,914 8,130 -5,784 - 42%
VOC 851 - - 851 -100%

NOTE: "-" indicates that no data regarding this pollutant was provided and emissions were not calculated.



6.6.5.4 Loading Operation (LOA)

LOA emitted pollutants from loading operations are calculated in OCS AQS for the 2021 effort using
calculator LOA-MO1R. Users are requested to provide the monthly throughput, as well as the tanks
specifications and the material conditions, under the data request fields in OCS AQS to calculate the
emissions. Only one loading operation process was reported in both 2017 final and 2021 draft inventory
years (Table 124). VOC is the only pollutant emitted from LOA processes, and Table 132 compares 2021
draft and 2017 final LOA emissions for VOC. The analysis showed that the 2021 draft LOA emissions
are zero because the emissions were routed to system in 2021 draft, whereas they were vented locally in
the 2017 final data. This variation in emission destination caused the 100% decrease of LOA emissions in
2021 draft data (Table 132).

Although the 2021 draft emissions are zeroed out on the process level (routed to system), the Team
compared the provided throughputs to the ones reported in the 2017 final data to ensure data quality. The
total annual throughput decreased only by 3.7%, which indicates that there are no issues in the 2021 draft
reported throughputs (Table 133).

Table 132: Loading operation emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
VOC 70.1 0 -70.1 - 100%

Table 133: Loading operation throughput (bbl/year) by inventory year with % change

Parameter 2017 Final 2021 Draft % Change

Throughput Volume [bbl] 4,403,776.70 | 4,241,933.00 -3.7%

6.6.5.5 Losses from Flashing (LOS)

OCS AQS calculated LOS in the 2021 effort using calculator LOS-MO1. Users provide data related to the
throughput and conditions of the material being flashed in the OCS AQS data request fields to calculate
emissions. Only four additional LOS processes (1.25%) were added to the 2021 draft inventory (405
losses from flashing processes in the 2021 draft inventory) (Table 124). However, 244 of 405 processes
were active and emitting; the remaining processes belonged to non-operating facilities or were reported as
zero emissions processes. The emitting processes decreased by 39% in the 2021 draft inventory, which
resulted in 44% decrease in total throughput to the LOS processes (Table 134).

Table 134: Comparison of losses from flashing throughputs and equipment counts by inventory
year with % change

Parameter 2017 Final 2021 Draft % Change

Number of Losses from Flashing
Processes Reported in the Inventory
Number of Active Emitting Losses
from Flashing Processes
Throughput Volume to Active
Emitting Losses from Flashing 155,086,403.62 86,492,832.68 -44.23%
Processes [bbl]

400 405 +1.25%

400 of 400 244 of 405 - 39%

Therefore, any noticeable discrepancies between emissions from LOS emission units should be attributed
to discrepancies in the throughput or other factors. The emissions from LOS emission units decreased by
almost 70% in the 2021 draft data (Table 135). This decrease in throughput (resulting from the decrease
in the count active emitting LOS processes) is largely responsible for the decrease in emissions. Other
factors, such as pressure and temperature, also could affect calculated emissions from LOS emission units
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and are likely responsible for further reducing the emissions; however, at the time of this analysis, the

Team did not have access to this 2017 data.

Table 135: Losses from flashing emissions (tons/year) by Inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CH4 4,033 1,231 -2,802 - 69.5%
CO2 93.7 28.6 - 65.1 - 69.5%
CO2-E 100,922 30,807 -70,115 - 69.5%
vVOC 181 55.4 -125.6 -69.4%

6.6.5.6 Mud Degassing (MUD)

Total count of MUD emission units increased by 129% in the 2021 draft inventory (Table 124), and the
amount of emitted pollutants also increased in the 2021 draft data (Table 125 and Table 126). It was
expected that the emissions from MUD emission units would increase by high percentages due to the
increase in the total count of reported MUD emission units. The Team also looked at the number of
drilling days (Table 137), which increased along with the count of the MUD emission units. These factors
resulted in an increase in the reported emissions from MUD emission units.

In addition, days per month of drilling are proportionally correlated to the MUD emissions (Section
3.2.9). Therefore, if the days of drilling increased in 2021 draft data, this would explain the increase in the
2021 draft MUD emissions. Different types of mud have different EFs (Table 25), and it was necessary to
categorize the days of drilling and their corresponding MUD emissions based on the mud type to compare
the 2017 final and 2021 draft emissions against the days per month of drilling. Days of drilling with
water-based mud increased by 29% in the 2021 draft data (Table 136), which is consistent with the
increase in emissions from drilling with water-based mud (Table 137). Similarly, a 153% increase in days
of drilling with synthetic/oil-based mud caused a similar increase of emissions (between 151 and 155%)
from drilling with synthetic/oil-based mud (Table 137).

Therefore, the increase in drilling days directly resulted in increased emissions from MUD emission units.
No further investigations or corrective actions were required for the 2021 draft MUD emission units.

Table 136: Drilling days (number) by inventory year with % change

2017 2021
Parameter Final Draft % Change
Days per Month of Drilling with Water-based Mud 242 311 +29%
Days per Month of Drilling with Synthetic / Oil-based Mud 262 663 +153%
Total Days per Month of Drilling with Mud 504 974 + 93%

Table 137: Mud degassing emissions (tons/year) by mud type by inventory year with % change

Mud Type Pollutant 2017 Final 2021 Draft Difference | %Change
Water-based Muds CHas 69.02 88.73 19.71 + 28.55%
Water-based Muds CO2 0.640 0.823 0.183 +28.50%
Water-based Muds CO2-E 1,724 2,219 495 +28.71%
Synthetic / Oil-based Muds CHa4 16.81 42.27 25.46 +151.47%
Synthetic / Oil-based Muds CO2 0.156 0.397 0.241 +155.10%
Synthetic / Oil-based Muds CO2-E 421 1,064 643 +152.91%
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NOTE: Synthetic and oil-based mud drilling days and emissions were combined in Table 136.
Table 137 identifies that they have the same EF, therefore separating them would not reveal any
additional information.

6.6.5.7 Pneumatic Pump (PNE)

OCS AQS calculated PNE emissions in the 2021 effort using calculator PNE-MO1R. Users provide the
operational hours of the pumps, as well as their fuel usage rate, in the OCS AQS data request fields to
calculate emissions. The 2021 draft inventory included 508 additional PNE processes, totaling to 3,265
PNE processes in the 2021 draft inventory (Table 124). However, 1,544 of 3,265 processes were active
and emitting; the remaining processes belonged to non-operating facilities or were reported as zero
emissions processes. Emitting PNE processes decreased by 43.6% in the 2021 draft inventory, which
resulted in 68.6% decrease in total fuel usage by the PNE processes (Table 138).

Table 138: Comparison of pneumatic pump throughputs and equipment counts by inventory year
with % change

Parameter 2017 Final 2021 Draft % Change
Number of Pneumatic Pumps Processes Reported in the 2757 3.265 +18.4%
Inventory
Number of Active Emitting Pneumatic Pumps Processes 2,757 of 2,757 | 1,554 of 3,265 -43.6%
Total Fugl Usage Per Device [scf/month] by Active Emitting 1593,203,534 | 499,828,037 - 68.6%
Pneumatic Pumps Processes

The amount of emissions generated by the PNE emission units is directly proportional to the fuel usage
(throughput), and any change in this value would have an effect on the calculated emissions. The
approximately 70% decrease in the fuel usage by emitting PNE processes is similar enough to the
decrease in PNE emissions (Table 139) that it can be concluded that this reduction in throughput is the
major cause in the change in emissions between 2017 final and 2021 draft data. Based on these
conclusions, no further assessments were conducted on PNE processes.

NOTE: The six-monthly records of erroneous PNE hours of operation in month that were
identified in Section 4.6.2.4 and corrected by operators also impacted PNE emissions.

Table 139: Pneumatic pump emissions (tons/year) by inventory year with % change

Pollutant | 2017 Final | 2021 Draft | Difference | % Change
CH4 28,559 12,320 - 16,239 - 56.9%
CO2 537 270 - 267 -49.7%
CO2-E 714,508 308,278 | -406,230 - 56.9%
VOC 3,370 1,622 -1,748 -51.9%

6.6.5.8 Pneumatic Controller (PRE)

Although the total count of the PRE emission units (controllers) decreased only by 5% in the 2021 draft

inventory (1,619 PRE processes were reported in the 2021 draft inventory), only 856 of 1,619 PRE
processes were active and emitting (Table 124); the remaining processes belonged to non-operating

facilities or were reported as zero emissions processes. Emitting PRE processes decreased by 49.7% in

the 2021 draft inventory, which resulted in 57.8% decrease in total fuel usage by the PRE processes

(Table 140).
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Table 140: Comparison of pneumatic controller throughputs and equipment counts by inventory
year with % change

Parameter 2017 Final 2021 Draft % Change
Number of Pneumatic Controllers Processes 1,703 1,619 5%
Reported in the Inventory
IF\)lumber of Active Emitting Pneumatic Controllers 1,703 of 1,703 856 of 1,619 -49.7%
rocesses
Total Fuel Usage Per Device [scf] by Active 200,630,389.36 | 84,570,528.33 -57.8%
Emitting Pneumatic Controllers Processes

The amount of emissions generated by the PRE emission units is directly proportional to fuel usage
(throughput), and any change in fuel usage would have an effect on the calculated emissions. The
approximately 50% decrease in the fuel usage by emitting PRE processes is similar enough to the
decrease in PRE emissions (Table 141) that it can be safely concluded that the reduction in throughput is
the major cause in the change in emissions between 2017 final and 2021 draft data. Based on these
conclusions, no further assessments are conducted on PRE processes.

NOTE: The 138 monthly records of erroneous PRE hours of operation in month that were
identified earlier in Section 4.6.2.4 and corrected by operators also impacted PRE emissions.

Table 141: Pneumatic controller emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Draft Difference % Change
CH4 15,470 6,329 -9,141 -59.1%
CO2 377 140 - 237 - 62.9%
CO2-E 387,138 158,372 - 228,766 -59.1%
VOC 2,222 890 - 1,332 - 59.9%

6.6.5.9 Storage Tank (STO)

The total count of the STO emission units decreased by 11% in the 2021 draft inventory (298 STO
processes were reported in the 2021 draft inventory), but only 197 of 298 STO processes were active and
emitting (Table 124); the remaining processes belonged to non-operating facilities or were reported as
zero emissions processes. Emitting STO processes decreased by 41.36% in the 2021 draft inventory,
which resulted in a 60.7% decrease in total throughput to the STO processes (Table 142). This decrease in
throughput is consistent with the decrease in emissions (Table 143), and it can be concluded that this is
the main cause of the decrease in STO emissions.

Table 142: Storage tank throughputs and equipment counts by inventory year with % change

Parameter 2017 Final 2021 Draft % Change
Number of Storage Tanks Processes Reported in the Inventory 336 298 -11.3%
Number of Active Emitting Storage Tanks Processes 336 of 336 197 of 298 -41.4%
Throughput to Active Emitting Storage Tanks Processes 1,197,889,584 | 469,937,282 -60.7%

Table 143: Storage tank emissions (tons/year) by inventory year with % change

Pollutant | 2017 Final | 2021 Draft | Difference | % Change
CHa4 551 187 - 364 -66.1%
CO2-E 13,784 4,677 - 9,107 - 66.1%
vVOC 556 189 - 367 - 66.0%
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7 Summary of Issues Found and Corrective Actions (Platform
Sources)

This section summarizes the notable QA/QC findings where the analysis done in the previous sections
identified corrective actions for reporting of emissions from platform sources. Table 144 summarizes the
issues identified in the 2021 draft inventory, grouped by equipment type.

Error in hours of operation per month were identified under all equipment types that had hours of
operation fields under their data request in OCS AQS (Table 144). Similarly, activity data submitted for
equipment types requiring the number of operating days in a month (rather than the hours) also had
inaccurate values (values exceeding the maximum number of days in a month). These two commonly
observed data entry issues led implementing targeted automated QA checks in OCS AQS for future
efforts. These checks will flag entries with out-of-range values (e.g., days in a month and hours in a
month) and account for the differences in the number of days per month. Although these issues were
identified under all equipment types, the Team requested corrective actions only for the equipment types
that directly depend on the number of hours and days of operation per month for emissions calculations
(specifically PNE, PRE, AMI, GLY, FUG, and STO) (marked as “X” in Table 144). For other equipment
types, the hours, and days of operation per month were not mandatory and does not impact calculated
emissions, which will not impact calculated emissions (marked as “O” in Table 144).

Data entry issues found in the fuel sulfur content data strongly influenced the SO, emissions from
combustion equipment (specifically BOI, DIE, and NGT) and caused a substantial (but misleading)
increase in calculated SO, emissions. Fuel heating value can also affect combustion equipment emissions;
however, issues in fuel heating values were only observed under BOI emissions units.

Detecting issues with cold vents and flares is more complex than combustion equipment because there are
multiple inputs used in calculating these emissions. Vents also account for emissions generated by other
emissions units that do not vent their emissions locally. The Team was able to identify the issues in the
reported concentration of VOCs in the vented gas data under the cold vent emission units. In addition,
flare gas heating values for some of the combustion flare emission units were unexpectedly low and
required corrective action because they considerably impacted combustion flare emissions.

Except for the issues related to hours and days of operation, data reported under non-combustion
equipment did not require corrective action. The Team identified some instances with inconsistent
reporting of emissions destination when stream analysis was conducted under GLY, LOS, and STO;
however, these issues (marked as “O” in Table 144) did not impact final emissions calculations and did
not require corrective action.

Table 145 summarizes the number of emission units with data entry issues by equipment type. In
addition, Figure 53 provides a stacked bar chart showing the number of emissions units with data entry
issues by equipment type. As illustrated, the majority of the problematic emission units were FUG,
followed by NGT. To reiterate, the issues related to stream analysis identified under GLY, LOS, and STO
did not require corrective actions. The Team only needed to verify the emissions destination's consistency
and ensure they were vented or flared to facilities with a cold vent or flare (Section 4.6.5).

NOTE: The counts of the issues in Table 145 are aggregated by emissions unit, meaning that, if
an emission unit has an activity data issue for more than 1 month, the reported count is still 1 (the
emission unit).
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Table 144: Summary of issues found by equipment type in the 2021 draft inventory for platform sources

caupment | S8 | Firning, | SrvoCimihe | Hesing | Opermion | Oporing | Steam
Content Value Vented Gas Value per Month Days in Month
AMI - - - - X - -
BOI X - - X o - -
DIE X - - - o - -
DRI - - - - o - -
FLA - X - - o - -
FUG - - - - - X -
GLY - - - - X - o
LOA - - - - S 5 -
LOS - - - - o - o
MUD - - - - - - -
NGE - - - - o - -
NGT X - - - o - -
PNE - - - - X - -
PRE - - - - X 5 -
STO - - - - - X o
VEN - - X - o - -

NOTES: X = identified issue, corrective action taken
O = identified issue, corrective action not taken (does not have direct impact on calculated emissions)
See Table 124 for equipment type abbreviations key.
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Table 145: Count of emission unit (number) with issues by equipment type in the 2021 draft
inventory

# Equipment Emission Units in 2021 Emi_ssion Units
Type Draft Inventory with Issues
1 FUG 3,618 192
2 PNE 3,265 6
3 DIE 2,442 8
4 PRE 1,619 30
5 NGE 1,199 5
6 VEN 666 84
7 NGT 437 159
8 BOI 429 12
9 LOS 405 4
10 STO 298 13
11 GLY 187 50
12 FLA 114 5
13 MUD 16 0
14 DRI 15 0
15 AMI 4 3
16 LOA 1 0
- Total 14,715 571

See Table 124 for equipment type abbreviations key.
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Figure 53: Count of emission units (number) with and without issues by equipment type in the 2021 draft inventory

See Table 124 for equipment type abbreviations key.
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8 Incorporating 2021 Draft Inventory Revisions — Platform Emissions

Operators were advised to review and revise the data they initially submitted into OCS AQS, as per the
deadline specified in the BOEM NTL No. 2020-N03
(https://www.boem.gov/sites/default/files/documents/about-boem/NTL-2020-N03.pdf ") . The requests for
revisions were submitted to BOEM, and the operators were given until November 2022 to complete those
revisions. Of the 64 companies that submitted their inventories into OCS AQS, 227 facilities belonging to
46 companies were set to corrective action to address activity data issues identified and discussed in
previous sections. The Team incorporated the operators’ revisions into the main 2021 database in OCS
AQS. As a result of this action, two databases are available: 2021 draft inventory data (before corrective
actions, July 2022 version) and 2021 final inventory data (after incorporating the corrective actions).

8.1 2021 Draft vs. Final Emissions Inventory

Table 146 compares the 2021 draft and final inventories. This table demonstrates the adjustment of
different pollutants emissions after correcting the data entry issues reported by the Team.

Due to the corrective actions that were made to fix the anomaly value of the flare pilot feed rate, the CO;
and CO;-E emissions decreased by 62% and 54%, respectively, in the final 2021 inventory (Table 144).
Moreover, corrective actions that addressed the high fuel sulfur content in turbines decreased SO,
emissions by 80% in the final inventory. Similarly, due to the revisions on VOC concentration in vented
gas, emissions of hexane, VOC, benzene, ethylbenzene, and xylene decreased by 28%, 22%, 17%, 13%,
and 13%, respectively, in the 2021 final inventory. Revisions made to the throughputs of the three boiler
emissions units resulted in slight decreases for NH3, beryllium, chromium (VI), chromium (III), cadmium,
and mercury. Likewise, fixing the hours of operation for pneumatic pumps to not to exceed the maximum
number of hours in a month also caused a decrease in CH4 in the 2021 final emissions.

In contrast, acetaldehyde, formaldehyde, and 2,2,4-trimethylpentane included in the 2021 final inventory
increased by 17%, 12%, and 10%, respectively, after low flare gas heating values were resolved (Section
6.6.4.1). Fixing the low flare gas heating values on a small scale increased the N,O, CO, and NOy
emissions in the 2021 final inventory.

NOTE: The activity data that prompted the corrective action for each pollutant is summarized in
Table 146 under the “Activity Data that Triggered the Corrective Action” column. It should be
mentioned that other corrective actions might have also contributed to the emissions changes
from the 2021 draft to final inventory.
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Table 146: 2021 draft vs. final emissions inventory (in tons/year) by pollutant with % change

# Pollutant fgf;n[::‘,;t zlg\zlln':tg‘r;' Difference Pg’:::;ae?e Ad:;::ﬁfrt:ctt?:; mgg‘;’ed 0CS AQS Data Request Field
1 | Acetaldehyde 213.211 248.502 + 35.291 + 17% | Low Flare Gas Heating Value |Flare Gas Heating Value [Btu/scf]
2 | 2,2,4-Trimethylpentane 8.517 9.507 +0.99 + 12% | Low Flare Gas Heating Value |Flare Gas Heating Value [Btu/scf]
3 | Formaldehyde 542.427 595.353 + 52.926 + 10% | Low Flare Gas Heating Value |Flare Gas Heating Value [Btu/scf]
4 | Nitrous Oxide (N20) 121.196 121.92 +0.724 + 1% | Low Flare Gas Heating Value |Flare Gas Heating Value [Btu/scf]
5 | Carbon Monoxide (CO) | 28,387.616 28,551.228 +163.612 + 1% | Low Flare Gas Heating Value |Flare Gas Heating Value [Btu/scf]
6 | Nitrogen Oxides (NOx) 34,651.346 34,660.535 +0.811 0% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]

7 |Arsenic 0.0041 0.0041 0 0% |- -

8 |Lead 0.0056 0.0056 0 0% |- -

9 | Methane (CHa) 95,945.61 95,833.721 -111.889 - 0.1% | PNE hours Hours of Operation per Month [hr]
10 | Mercury 0.2477 0.2467 -0.001 - 0.4% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]
11 | Chromium 111 0.4817 0.4797 - 0.002 - 0.4% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]
12 | Cadmium 0.2613 0.2602 - 0.0011 - 0.4% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]
13 | Chromium (V1) 0.0206 0.0205 - 1E-04 - 0.5% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]
14 | Beryllium 0.00012506 0.00012442 - 6.4E-07 - 1% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]
15 | Toluene 25249 24.692 - 0.557 - 29 | (1dh YOS Soncentration in Sg;‘f&”gﬁoﬂ) S;\C]OC inthe

16 | Ammonia (NHs3) 4.614 4.442 -0.172 - 4% | High Fuel Usage in Boilers Total Fuel Usage [Mscf/month]
17 l);;g;r;erz)(Mixed 17 623 15.395 2298 -13% \Ijifnr][e\goc?agoncentration in \C;ggfe%ntcr;zt;o[r;)g;\c]OC in the

18 | Ethyl Benzene 4.234 3.603 -0.541 - 13% |igh VOO Concentration In \C/g:fe%”gzt;"['l‘o F?rfn\\i]oc in the

19 | Benzene 49.893 41.354 -8.539 - 179 |{19h VO© Soncentration in Sg;‘f&”gﬁoﬂ) S;\C]OC inthe

20 \égﬁtgsu%%a(”\ifoc) 39,727.642 | 30911.005 | -8,816.637 - 229 | (9h VOS Concentration In Sggf;”gio{; S:n\\f]oc in the

21| Hexane 617.415 440.942 176.473 - 29% | hgh VOO Concentration in Sggtce%”g‘:fﬁ) grfn\é]oc inthe

22 | CO2-E (CO2E) 18,228,399.31 | 8,367,509.97 | -9,860,889.34 - 54% | High volume of gas flared Pilot Feed Rate [Mscf/day]

23 | Carbon Dioxide (CO2) | 15,793,642.60 | 5,935,334.81 | -9,858,307.79 - 62% | High volume of gas flared Pilot Feed Rate [Mscf/day]

24 | Sulfur Dioxide (SO2) 1,534.591 299.419 -1,235.172 - 80% | ign Fuel Sulfur Contentin 1 £ o1 syifur Content [wt%]

Notes: @ Percentage Change =

2021 Final Emissions—2021 Draft Emissions

2021 Draft Emissions

X 100%
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8.2 2017 vs. 2021 Final Emissions Inventory

Table 147 shows data exported from the inventory analysis tab in the Data Analytics Dashboard in OCS
AQS. The Data Analytics Dashboard was implemented to support and automate QA/QC of submitted
data. The dashboard provides an overview of the calculated emissions in the previous and current

inventories (in this case, 2017 final and 2021 final).

In summary, the amount of most emitted pollutants decreased in 2021 in comparison to 2017. For
example, CO, and CH4 emissions decreased moderately, resulting in an overall reduction in the CO»-E
emissions despite a minimal increase in N>O emissions. Except for acetaldehyde, VOC and HAP
emissions also decreased in the 2021 revised inventory. Likewise, criteria emissions decrease ranged
between 20 and 50% in the 2021 inventory. Those discrepancies in the amounts of annual emissions are
directly related to the decrease in the count of operational emitting platforms in the 2021 inventory
(Section 4.5). The reduced count of operating platforms also resulted in a decrease in the fuel usage and
throughput. The following section presents a summary of the total 2021 final inventory platform

emissions, grouped by equipment type, to show the annual pollutant contributions (in tons).

Table 147: Platform emissions (tons/year) by inventory year with % change

# Pollutant 2017 Final 2021 Final Difference %Change
1 | Acetaldehyde 155.005 248.502 +93.497 +60.32 %
2 | Arsenic 0.003 0.004 +0.002 +57.42 %
3 | Lead 0.004 0.006 +0.002 +46.67 %
4 | Beryllium 8.6565E-05 1.2442E-04 + 3.7852E-005 +43.73 %
5 | Chromium (VI) 0.019 0.021 +0.002 +8.01 %
6 | Chromium llI 0.448 0.480 +0.032 +7.10 %
7 | Mercury 0.231 0.247 +0.016 +6.84 %
8 | Cadmium 0.244 0.260 +0.016 +6.62 %
9 | Nitrous Oxide 118.210 121.920 +3.710 +3.13%
10 | 2,2,4-Trimethylpentane 9.619 9.507 -0.112 -1.16 %
11 | Carbon Dioxide (COz2) 6,857,359.616 5,935,334.814 -922,024.8 -13.45%
12 | Formaldehyde 705.165 595.353 -109.813 -15.57 %
13 \ég'rf]tgguon;%a&i/%c) 38,832.769 30,911.005 -7,921 £20.40 %
14 | CO2-E (COzE) 11,589,943.12 8,367,509.973 - 3,222,433 -27.80 %
15 | Nitrogen Oxides (NOx) 49,962.027 34,660.535 -15,301.5 - 30.63 %
16 | Sulfur Dioxide (SO2) 462.055 299.419 -162.6 - 35.20 %
17 | Hexane 765.512 440.942 -324.5 -42.40 %
18 | Carbon Monoxide (CO) 51,872.132 28,551.228 - 23,320.9 -44.96 %
19 | Ammonia (NHs) 8.394 4.442 - 3.952 -47.08 %
20 | Methane (CHa) 187,894.280 95,833.721 - 92,060.56 -48.00 %
21 | Ethyl Benzene 17.910 3.693 -14.217 -79.38 %
22 | Benzene 225433 41.354 - 184.079 - 81.66 %
23 | Xylenes (Mixed Isomers) 101.580 15.395 - 86.185 -84.84 %
24 | Toluene 226.231 24.692 -201.539 - 89.09 %
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8.3 2021 Final Emissions by Equipment Type

8.3.1 2021 Final GHG Emissions by Equipment Type

Table 148 presents the platform calculated emissions for GHG pollutants, with the highest values for each
pollutant, by equipment type, in bold. Appendix B displays geographical distribution of GHG emissions
for the region.

Combustion equipment (specifically turbines and NGE) and combustion flares are the highest
contributors of CO; emissions. Those high contributions are expected since the combustion process
converts hydrocarbons into energy and generates high rates of CO; gases as a by-product.

N0 emissions are only emitted from flares, turbines, and boilers. The emitted amount of N,O is
relatively low compared to CO», but their overall impact is high since the GWP factor used to calculate
CO;-E for N,O emissions in the 2021 draft data was 298.

Although venting excess hydrocarbons directly into the atmosphere without further processing is expected
to reduce CO» emissions, venting also releases higher rates of CHs4 (see CH4 emissions from fugitives and
cold vents in Table 148). The GWP used to calculate CO,-E for CHy in the 2021 draft data was 25. Table
148 shows that, for example, the calculated CO,-E emissions from cold vents and NGE are comparable,
but CO; emissions from cold vents are drastically lower than CO, from NGE. CO,-E emissions for cold

vents are augmented by the CH4 contributions.

Looking broadly at CO,-E emissions, natural gas, diesel, or dual fuel turbines are the highest CO,-E
emitter, followed by NGE and cold vents.

Table 148: 2021 final total annual platform GHG emissions (tons/year) by equipment type

Equipment Type CO2(GWP =1) CH4 (GWP = 25) N20 (GWP = 298) CO2-E

Amine Unit 0 0 - 0
Boiler/Heater/Burner 153,160 2.92 2.76 154,056
Cold Vent 1,038 *40,077 0 1,002,969
Combustion Flare 462,900 2,297 7.89 522,674
Drilling Equipment 22,661 1.11 - 22,688
Engine — Diesel or Gasoline Engine 225,831 5.26 - 225,962
Engine — Natural Gas 935,394 4,436 - 1,046,301
Fugitives - 28,273 - 706,820
Glycol Dehydrator - 325 - 8,130
Losses from Flashing 28.6 1,231 - 30,807
Mud Degassing 1.22 131 - 3,283
Pneumatic Controller 139 6,346 - 158,800
Pneumatic Pump 265 12,139 - 303,730
Storage Tank - 250 - 6,238
Turbine — Natural Gas, Diesel, or 4,133,918 319 111 *4,175,051
Dual Fuel

Total 5,935,335.82 95,833.29 121.65 8,367,509

Notes: * = highest emission source per pollutant (also in bold)

8.3.2 2021 Final Criteria Pollutants and Precursors Emissions by Equipment Type

Table 149 presents the draft criteria and precursor pollutant emissions from the 16 different equipment
types of platform sources. Appendix B displays geographical distribution of criteria pollutant emissions

for the region.




The main takeaways from Table 149 are as follows:

e CO is emitted at higher rates from the combustion equipment and combustion flares (possibly due
to incomplete combustion process).

e NOx is emitted by the NGE in substantial amounts, followed by turbine — natural gas, diesel, or
dual fuel turbines.

e VOC emissions from cold vents are substantially higher than all other equipment type.

Table 149: 2021 final total annual criteria pollutants and precursor platform emissions (tons/year)

by equipment type

Equipment Type NH3 CcO Pb NOx PM1o PM2.s SO2 vOoC
Amine Unit - - - - - - - -
Boiler/Heater/Burner *4.09 107 | 6.92E-04 240 2.46 242 0.771 6.98
Cold Vent - - - - - - - *12,570
Combustion Flare 0.348 1,194 | 5.43E-05 271 6.2 6.2 23.7 7,518
Drilling Equipment - 117 - 439 7.87 7.69 0.208 11.2
cngine Einegsiﬁ'e“ ; 1,239 | 5250|*260 | *253 | *241 311
Engine — Natural Gas - *22,862 - *16,323 74.4 74.4 5 463
Fugitives - - - - - - - 7,162
Loading Operation - - - - - - - 0
Losses from Flashing - - - - - - - 55.4
Pneumatic Controller - - - - - - - 892
Pneumatic Pump - - - - - - - 1,592
Storage Tank - - - - - - - 252
B‘I‘égg?eo‘r gﬁ;‘frﬁhgas’ 3,032| 0.00481| 12128| 72 72 29.1 78
Total 4.44 28,551 0.01 34,660 | 422.9 415.7 299.78 30,911.6

Notes: * = highest emission source per pollutant (also in bold)

NOTE: In Table 148 and Table 149, "0" indicates that a value of 0 was calculated based on
provided activity data, or that the process was zeroed out. A "-" indicates that the equipment type
does not emit this pollutant.

NOTE: PM; and PM; s emissions in OCS AQS can be for filterable or primary depending on the

equipment type.
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9 Lease Operations QA/QC (Non- platform Sources)

This year is the initial year that operators were requested under BOEM NTL No. 2020-N03 to report lease
operations (in the past, these inputs were labeled as ‘“non-platform sources”). Lease operations include
activities of drilling rigs (for example, mobile offshore drilling units), installation support vessels, and
well stimulation vessels.

This section describes two separate QA/QC investigations on the lease operations data. Section 9.1
reviews the quality and accuracy of the lease operations data submitted in the 2021 draft inventory.
Section 9.2 reviews the completeness of submitted lease operations by comparing them against the
BOEM eWell database to report the non-submitted or missing drilling rigs activities from the 2021
inventory.

9.1 Lease Operations Emissions Trends

This section presents a review of the quality and accuracy of the lease operations data submitted during
the 2021 reporting cycle.

NOTE: The reviewed 2021 lease operations activity data and emissions serve as a baseline for
further comprehensive comparisons in future reporting cycles.

9.1.1 Hours of Operation Per Period

When reporting a lease source activity to calculate emissions, operators are required to provide the dates
on which the source moved on and off. OCS AQS calculates emissions based on the provided activity
data, such as hours of operation per period. During the analysis of activity data, the Team observed that,
in some instances, provided hours of operation per period exceeded the maximum number of hours
between the moved on and moved off dates.

Consequently, the Team contacted the companies reporting those inconsistent hours of operation and
requested corrective actions. Table 150 lists information regarding the sources that required corrective
actions. After those operators fixed the inconsistent values, the Team verified the accuracy of the
corrected values and approved the resubmitted values.

Table 150: Lease sources that require corrective action based on move on and move off dates in
the 2021 draft data

Company Lease Date Moved | Date Moved Hours_of
Lease Process Operation
Name Source On Off .
per Period
Anadarko
Petroleum G35315 DRI-Crude | DIE-MO3R-DO | 12-May-2021 | 06-Jun-2021 672
Corporation
A G00981 DRI-Crude | DIE-MO3R-DO | 14-Oct-2021 | 15-Nov-2021 816
Offshore, LP
AEITE OCS-G-06093 | DRI-Crude | DIE-MO3R-DO | 25-Nov-2021 | 31-Dec-2021 912
Offshore, LP
AEITE OCS-G-06093 | DRI-Crude | DIE-MO3R-DO | 31-Oct-2021 | 24-Nov-2021 768
Offshore, LP

9.1.2 Fuel Sulfur Content

The data request for the lease emission sources that operate with diesel engines where max HP => 600
have a fuel sulfur content parameter field. This field is required to calculate the SO, emissions from those
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sources, based on the amount of sulfur in the fuel used. The Team reviewed all provided fuel sulfur
content values under all leases to investigate high values and request corrective actions if needed. As a
result of this analysis, 98 sources belonging to BP Exploration & Production Inc. were found to have 1%
sulfur content. This value is considered high and was suspected to be a data entry error or related to the
confusion of using different units (Section 6.5.5.2). Table 151 provides details for the 98 sources under
BP Exploration & Production Inc requiring corrective actions for their sulfur content values. After the
requested corrective actions, all resubmitted sources now have 0.0015 wt% value instead of 1%. This
value is considered adequate, and no further corrective action is required.

In addition, anomalous fuel sulfur content values were noted for 50 sources belonging to Shell Offshore
Inc. Those 50 sources reported a value of 0.1% sulfur content. The Team contacted the operator and
requested further information regarding those values to confirm their accuracy. The operator verified the
accuracy of the submitted values and confirmed that those tankers run on high sulfur diesel fuel.

Table 151: BP Exploration & Production Inc lease sources that required fuel sulfur content
corrective actions in the 2021 draft data

Pre- Post-
Date Date Co!'rective Co!'rective
# Lease SLoe:rscee Process M_oved On M_oved Off Ac’gz:}:ruel Actslzrf:ruel
12024 Lau2 Content Content
[wt%] [wt%]

1 | G09868 CSV-PC DIE-MO3R-LO 01-Dec 13-Dec 1 0.0015
2 | OCSG-G-14658 CSV-PC DIE-MO3R-LO 01-Jan 16-Jan 1 0.0015
3 | OCSG-G-14658 CSV-PC-2 | DIE-MO3R-LO 28-Mar 13-Apr 1 0.0015
4 | OCSG-G-14658 CSV-PC-3 | DIE-MO3R-LO 22-Apr 27-Apr 1 0.0015
5 | OCSG-G-14658 CSV-PC-4 | DIE-MO3R-LO 23-Jan 30-Jan 1 0.0015
6 | OCSG-G-14658 CSV-PC-5 | DIE-MO3R-LO 04-Feb 16-Feb 1 0.0015
7 | OCSG-G-14658 CSV-PC-6 | DIE-MO3R-LO 04-Mar 11-Mar 1 0.0015
8 | OCSG-G-14658 CSV-PC-7 | DIE-MO3R-LO 06-Aug 21-Aug 1 0.0015
9 | OCSG-G-14658 CSV-PC-8 | DIE-MO3R-LO 06-Jan 26-Jan 1 0.0015
10 | OCSG-G-14658 CSV-PC-9 | DIE-MO3R-LO 08-Feb 28-Feb 1 0.0015
11 | OCSG-G-14658 CSV-PC-10 | DIE-MO3R-LO 01-Mar 06-Mar 1 0.0015
12 | OCSG-G-14658 CSV-PC-11 | DIE-MO3R-LO 01-Jan 10-Jan 1 0.0015
13 | OCSG-G-14658 CSV-PC-12 | DIE-MO3R-LO 16-Jul 20-Jul 1 0.0015
14 | OCSG-G-14658 CSV-PC-13 | DIE-MO3R-LO 17-Jan 20-Jan 1 0.0015
15 | OCSG-G-14658 CSV-PC-14 | DIE-MO3R-LO 28-Apr 30-Apr 1 0.0015
16 | OCSG-G-15607 CSV-PC DIE-MO3R-LO 24-May 31-May 1 0.0015
17 | OCSG-G-15607 CSV-PC-2 | DIE-MO3R-LO 01-Jan 06-Jan 1 0.0015
18 | OCSG-G-15607 CSV-PC-3 | DIE-MO3R-LO 21-Feb 28-Feb 1 0.0015
19 | OCSG-G-15607 CSV-PC4 | DIE-MO3R-LO 01-Mar 03-Mar 1 0.0015
20 | OCSG-G-15607 CSV-PC-5 | DIE-MO3R-LO 17-Sep 22-Sep 1 0.0015
21 | G15610 CSV-PC DIE-MO3R-LO 05-May 09-May 1 0.0015
22 | G15610 CSV-PC-2 | DIE-MO3R-LO 25-Jun 27-Jun 1 0.0015
23 | G15610 CSV-PC-3 | DIE-MO3R-LO 23-Sep 27-Sep 1 0.0015
24 | G30300 CSV-PC DIE-MO3R-LO 12-Aug 27-Aug 1 0.0015
25 | G30300 CSV-PC-2 | DIE-MO3R-LO 01-Sep 10-Sep 1 0.0015
26 | G30300 CSV-PC-3 | DIE-MO3R-LO 28-Oct 19-Nov 1 0.0015
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Pre- Post-
Date Date Co_rrective Co_rrective
# Lease SL:::cee Process M_oved On M_oved Off Actslzrf:ruel Acgﬁ:}:ruel
In A [a2ual Content Content
[wit%] [wt%]
27 | G30300 CSV-PC-4 | DIE-MO3R-LO 21-Sep 24-Nov 1 0.0015
28 | G30300 CSV-PC-5 | DIE-MO3R-LO 30-Nov 27-Dec 1 0.0015
29 | G30300 CSV-PC-6 | DIE-MO3R-LO 01-Dec 31-Dec 1 0.0015
30 | G30300 CSV-PC-7 | DIE-MO3R-LO 08-Jan 14-Jan 1 0.0015
31 | G30300 CSV-PC-8 | DIE-MO3R-LO 20-Oct 09-Nov 1 0.0015
32 | OCSG-G-19966 CSV-PC DIE-MO3R-LO 07-Jan 08-Jan 1 0.0015
33 | OCSG-G-19966 CSV-PC-2 | DIE-MO3R-LO 20-Jun 21-Jun 1 0.0015
34 | OCSG-G-19966 CSV-PC-3 | DIE-MO3R-LO 27-Oct 27-Oct 1 0.0015
35 | OCSG-G-19966 CSV-PC4 | DIE-MO3R-LO 28-Oct 30-Oct 1 0.0015
36 | OCSG-G-19966 CSV-PC-5 | DIE-MO3R-LO 21-Nov 22-Nov 1 0.0015
37 | OCSG-G-19966 CSV-PC-6 | DIE-MO3R-LO 18-Nov 30-Nov 1 0.0015
38 | OCSG-G-19966 CSV-PC-7 | DIE-MO3R-LO 01-Dec 03-Dec 1 0.0015
39 | OCSG-G-19966 CSV-PC-8 | DIE-MO3R-LO 07-Nov 21-Nov 1 0.0015
40 | OCSG-G-09821 CSV-PC DIE-MO3R-LO 07-Jan 13-Jan 1 0.0015
41 | OCSG-G-09821 CSV-PC-2 | DIE-MO3R-LO 01-Feb 18-Feb 1 0.0015
42 | OCSG-G-09821 CSV-PC-3 | DIE-MO3R-LO 04-Mar 19-Mar 1 0.0015
43 | OCSG-G-09821 CSV-PC-4 | DIE-MO3R-LO 26-Mar 31-Mar 1 0.0015
44 | OCSG-G-09821 CSV-PC-5 | DIE-MO3R-LO 14-Apr 13-May 1 0.0015
45 | OCSG-G-09821 CSV-PC-6 | DIE-MO3R-LO 24-Jun 29-Jun 1 0.0015
46 | OCSG-G-09821 CSV-PC-7 | DIE-MO3R-LO 01-Apr 09-Apr 1 0.0015
47 | OCSG-G-09821 CSV-PC-8 | DIE-MO3R-LO 01-May 13-May 1 0.0015
48 | OCSG-G-09821 CSV-PC-9 | DIE-MO3R-LO 14-Jun 24-Jun 1 0.0015
49 | OCSG-G-09821 CSV-PC-10 | DIE-MO3R-LO 19-May 23-May 1 0.0015
50 | OCSG-G-09821 CSV-PC-11 | DIE-MO3R-LO 01-Jun 09-Jun 1 0.0015
51 | OCSG-G-09821 CSV-PC-12 | DIE-MO3R-LO 24-May 28-May 1 0.0015
52 | OCSG-G-09821 CSV-PC-13 | DIE-MO3R-LO 02-Jun 14-Jun 1 0.0015
53 | OCSG-G-09821 CSV-PC-14 | DIE-MO3R-LO 18-Oct 24-Oct 1 0.0015
54 | OCSG-G-09821 CSV-PC-15 | DIE-MO3R-LO 21-Oct 22-Oct 1 0.0015
55 | OCSG-G-09821 CSV-PC-16 | DIE-MO3R-LO 07-Dec 16-Dec 1 0.0015
56 | OCSG-G-09821 CSV-PC-17 | DIE-MO3R-LO 09-Dec 10-Dec 1 0.0015
57 | OCSG-G-09821 CSV-PC-18 | DIE-MO3R-LO 19-Oct 29-Oct 1 0.0015
58 | OCSG-G-09821 CSV-PC-19 | DIE-MO3R-LO 01-Dec 15-Dec 1 0.0015
59 | OSCG-G-09981 CSV-PC DIE-MO3R-LO 12-Nov 13-Nov 1 0.0015
60 | OSCG-G-09981 CSV-PC-2 | DIE-MO3R-LO 01-Jan 28-Feb 1 0.0015
61 | OCSG-G-15604 CSV-PC DIE-MO3R-LO 21-May 23-May 1 0.0015
62 | OCSG-G-15604 CSV-PC-2 | DIE-MO3R-LO 11-Nov 11-Nov 1 0.0015
63 | OCSG-G-15604 CSV-PC-3 | DIE-MO3R-LO 04-Dec 04-Dec 1 0.0015
64 | OCSG-G-15604 CSV-PC-4 | DIE-MO3R-LO 28-Sep 29-Sep 1 0.0015
65 | OCSG-G-09867 CSV-PC DIE-MO3R-LO 03-Jun 03-Jun 1 0.0015
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Pre- Post-
Date Date Co_rrective Co_rrective
# Lease SL::rscee Process M_oved On M_oved Off Actslzrf:ruel Acgﬁ:}:ruel
In A [a2ual Content Content
[wit%] [wt%]

66 | OCSG-G-09867 CSV-PC-2 | DIE-MO3R-LO 15-dJun 15-dJun 1 0.0015
67 | OCSG-G-09867 CSV-PC-3 | DIE-MO3R-LO 24-Jun 24-Jun 1 0.0015
68 | OCSG-G-09867 CSV-PC-4 | DIE-MO3R-LO 17-Jul 18-Jul 1 0.0015
69 | OCSG-G-09867 CSV-PC-5 | DIE-MO3R-LO 27-Jul 31-Jul 1 0.0015
70 | OCSG-G-09866 CSV-PC DIE-MO3R-LO 31-Oct 10-Nov 1 0.0015
71 | OCSG-G-09866 CSV-PC-2 | DIE-MO3R-LO 01-Aug 03-Aug 1 0.0015
72 | OCSG-G-09866 CSV-PC-3 | DIE-MO3R-LO 25-Oct 25-Oct 1 0.0015
73 | OCSG-G-23624 CSV-PC DIE-MO3R-LO 10-Jun 09-Jul 1 0.0015
74 | OCSG-G-23624 CSV-PC-2 | DIE-MO3R-LO 09-Jul 26-Jul 1 0.0015
75 | OCSG-G-23624 CSV-PC-3 | DIE-MO3R-LO 01-Aug 27-Aug 1 0.0015
76 | OCSG-G-23624 CSV-PC-4 | DIE-MO3R-LO 04-Sep 07-Sep 1 0.0015
77 | OCSG-G-23624 CSV-PC-5 | DIE-MO3R-LO 30-Sep 30-Sep 1 0.0015
78 | OCSG-G-23624 CSV-PC-6 | DIE-MO3R-LO 06-Aug 23-Aug 1 0.0015
79 | OCSG-G-23624 CSV-PC-7 | DIE-MO3R-LO 19-Dec 20-Dec 1 0.0015
80 | OCSG-G-08823 CSV-PC DIE-MO3R-LO 01-Oct 02-Oct 1 0.0015
81 | OCSG-G-35823 CSV-PC DIE-MO3R-LO 04-Nov 06-Nov 1 0.0015
82 | OCSG-G-35823 CSV-PC-2 | DIE-MO3R-LO 12-Dec 14-Dec 1 0.0015
83 | OCSG-G-09962 CSV-PC DIE-MO3R-LO 13-Mar 05-Apr 1 0.0015
84 | OCSG-G-33855 CSV-PC DIE-MO3R-LO 01-Jan 25-Jan 1 0.0015
85 | OCSG-G-33855 CSV-PC-2 | DIE-MO3R-LO 11-Jul 18-Jul 1 0.0015
86 | OCSG-G-23579 CSV-PC DIE-MO3R-LO 27-Jun 27-Jun 1 0.0015
87 | OCSG-G-28101 CSV-PC DIE-MO3R-LO 01-May 07-May 1 0.0015
88 | OCSG-G-15609 CSV-PC DIE-MO3R-LO 01-May 18-May 1 0.0015
89 | OCSG-G-15609 CSV-PC-2 | DIE-MO3R-LO 05-Jul 15-dul 1 0.0015
90 | OCSG-G-14658 CSV-Ws DIE-MO3R-LO 27-Nov 30-Dec 1 0.0015
91 | OCSG-G-15607 CSV-wWs DIE-MO3R-LO 08-Jan 10-Feb 1 0.0015
92 | OCSG-G-15607 CSV-WS-2 | DIE-MO3R-LO 20-Feb 04-Mar 1 0.0015
93 | OCSG-G-15607 CSV-WS-3 | DIE-MO3R-LO 12-Mar 12-Apr 1 0.0015
94 | OCSG-G-19966 CSV-Ws DIE-MO3R-LO 04-May 04-Jun 1 0.0015
95 | OCSG-G-07944 CSV-Ws DIE-MO3R-LO 05-Jul 17-dul 1 0.0015
96 | OCSG-G-09867 CSV-Ws DIE-MO3R-LO 01-Jan 09-Jan 1 0.0015
97 | OCSG-G-09866 CSV-Ws DIE-MO3R-LO 10-Jan 31-Jan 1 0.0015
98 | OCSG-G-08823 CSV-Ws DIE-MO3R-LO 18-Jul 25-Jul 1 0.0015

9.1.3 Total Vessel Power

Lease emission sources that depend on vessel power to calculate emissions have a total vessel power data
request field in OCS AQS. Determining an acceptable value of a total vessel power is not straightforward
because the consumed power depends, in large part, on the operations that a vessel is performing.
Moreover, the absence of the 2017 final data makes it difficult to locate or track data anomalies in the
2021 submitted total vessel power data.
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The Team attempted to compare all 2021 draft vessel power rating data using a box-and-whisker plot to
identify anomalous values and investigate whether they are valid or resulted from inaccurate data entry
(Figure 54). Vessel power data ranged between 0 and 48,666 kW, with a median of 24,360.9 kW and only
one outlying value of 87,518 kW. Further investigation of this value revealed that three sources under BP
Exploration & Production Inc. had an unexpectedly high vessel power value (Table 152). When
contacted, the operators confirmed the entry was mistyped and corrected it to 51,700 kW. Figure 55
shows the post-corrective action box-and-whisker plot. The correction adjusted the median value, and all
provided values are now considered acceptable.

Table 152: BP Exploration & Production Inc lease sources requiring vessel power corrective
actions in the 2021 draft data

Pre- Post-
Corrective Corrective
Lease S Process DRI L] | LD e Action Total Action Total
Source On Off
Vessel Power | Vessel Power
[kW] [kW]
OCSG-G-15607 | DRI-SP-4N | C1C2-DRILL-LO-F | 01-Jan-2021 | 17-Mar-2021 87,518 51,700
OCSG-G-09982 | DRI-SP-4-2 | C1C2-DRILL-LO-F | 11-Apr-2021 | 26-May-2021 87,518 51,700
OCSG-G-15608 | DRI-SP-4N | C1C2-DRILL-LO-F | 18-Mar-2021 | 10-Apr-2021 87,518 51,700
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Figure 54: Pre-corrective action total vessel power in the lease operations 2021 draft inventory
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Figure 55: Post-corrective action total vessel power in the lease operations 2021 final inventory

9.2 QA/QC on Completeness of Lease Operations Data — OCS AQS vs.
BSEE eWell

The 2021 emissions inventory effort was the first reporting cycle that directly required reporting of non-
platform lease operations—which still met the definition of a facility—including drilling operating while
connected to the seabed. The objective of this analysis was to account for all reportable lease operation
emissions by comparing permitted drilling operation activities registered in the BSEE eWell database
with the emissions data reported by operators in OCS AQS to identify discrepancies, errors, or omissions.
The BSEE eWell database serves as the permitted record for all drilling activities in the GOM, and the
Team queried the database to extract all drilling rig activity, including Drilling (D) or Exploration (E)
activities, for the 2021 effort. The extracted eWell data was then compared with operator reported drilling
rig emissions from OCS AQS.

The data comparison revealed three types of discrepancies:

e Dirilling rig emissions were reported in OCS AQS, but no corresponding permitted activities were
found in eWell.

e Permitted drilling activity was reported in eWell, but no corresponding records were reported in
OCS AQS.

e Drilling rig activity records were found in both eWell and OCS AQS, but there were
discrepancies between move on and move off dates.

To resolve the observed discrepancies, the Team prepared reconciliation reports and emailed operators
with instructions to review and comment on each activity.

The comments in the reconciliation report either affirmed that the activity was reported in OCS AQS or, if
it was not included, the comment indicated why the activity was not subject to reporting under the NTL
and, therefore, not required to be reported in OCS AQS for the 2021 effort.

Table 153 provides a summary of this information and identifies the number of reports delivered and
whether corrective action was completed.
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Table 153: Summary of corrective action status and reports delivered per operating companies in
the lease operations 2021 draft data

¢ | commnyname [ Gomieny [ Sepore [Coreone | commen

1 Anadarko Petroleum Corporation 00981 19 Yes Operator corrected submittal
2 ANKOR Energy LLC 03059 8 No -

3 Arena Offshore, LP 02628 33 No -

4 gi?;:nirt\frgo OPRIETE 03567 1 Yes Operator corrected submittal
5 BOE Exploration & Production LLC 03572 2 No -

6 BP Exploration & Production Inc. 02481 16 Yes Operator corrected submittal
7 Byron Energy Inc. 02961 2 No -

8 Cantium, LLC 03481 14 Yes Operator corrected submittal
9 Chevron U.S.A. Inc. 00078 10 No -

10 | Contango Operators, Inc. 02503 1 No -

11 | Cox Operating, L.L.C. 03151 22 No -

12 | Energy XXI GOM, LLC 02375 1 No -

13 | Eni US Operating Co. Inc. 02782 6 No -

14 | EnVen Energy Ventures, LLC 03026 6 No -

15 | EPL Oil & Gas, LLC 02266 1 No -

16 | Equinor Gulf of Mexico LLC 02748 1 No -

17 | GOM Shelf LLC 02451 9 No -

18 | Helis Oil & Gas Company, L.L.C. 01978 2 No -

19 | Hess Corporation 00059 4 No -

20 g%se?;otisorlf:eiﬁéGulf of Mexico 03362 3 No }

21 LLOG Exploration Offshore, L.L.C. 02058 2 No -

22 | MC Offshore Petroleum, LLC 02957 1 No -

23 hcﬂgr?ggnifpgsrilon & Production 02647 7 Yes Operator corrected submittal
24 | Peregrine Oil & Gas II, LLC 02967 1 No -

25 | Renaissance Offshore, LLC 03209 6 No -

26 | Ridgelake Energy, Inc. 02066 1 No -

27 | Sanare Energy Partners, LLC 03520 3 No -

28 | Shell Gulf of Mexico Inc. 02117 2 Yes Supber;?ttgl did not correct

29 | Shell Offshore Inc. 00689 28 Yes Supber;?ttt‘;rl did not correct

30 | Talos Energy Offshore LLC 03247 8 No -

31 | Talos ERT LLC 02899 10 No -

32 | Talos Oil and Gas LLC 03269 1 No -

33 | Talos Petroleum LLC 01834 No -

34 | Talos Third Coast LLC 03619 5 No -

35 | W& T Energy VI, LLC 03148 1 No -

36 | W& T Offshore, Inc. 01284 14 No -

37 | Walter Oil & Gas Corporation 00730 11 Yes Operator corrected submittal
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Based on feedback from the operators, responses can be categorized as follows:

e Operators provided justification as to why drilling activities recorded in eWell did not meet the
definition of a facility and therefore are not required to be reported in OCS AQS. In Table 153,
this is represented by a “No” under the Corrective Action column. A list of these justifications is
summarized below.

e Operators determined that there were errors or omissions and requested access to their submitted
OCS AQS inventory to make the necessary edits or addition. In Table 153, this is represented by
a “Yes” under the Corrective Action column. Shell Gulf of Mexico Inc. and Shell Offshore Inc.
both had corrective actions that were not resolved.

The justifications provided by the operators that did not result in a corrective action included the
following:

e Temporarily abandoned or primarily abandoned: no drilling or drill rig connected to the seabed,
nor a construction/installation of facilities/pipelines occurred (not subject to reporting).

e No drilling or drill rig connected to the seabed, nor a construction/installation of
facilities/pipelines occurred (not subject to reporting).

e Vessels were not attached to the seabed during this period; moved off lease due to loop currents.

e No drilling or drill rig connected to the seabed, nor a construction/installation of
facilities/pipelines occurred (not subject to reporting).

e Activities such as wireline and/or coil tubing were performed onboard the platform.

e The activity was already reported, and the eWell dates for "RIGMOVEON" and
"RIGMOVEOFF" are not indicative of when a source connects to the seafloor and will not
always align with "moved on" and "moved off" dates. The "moved on" and "moved off" dates
were based on when the rig connected to (e.g., latched) and disconnected from (e.g., unlatched)
the well or other subsea equipment at the seafloor.

Table 154 lists the companies that did not reach out to the Team to set up OCS AQS accounts for missing
leases. The operator's name and the associated number of reports were extracted and processed from the
BSEE eWell database. The number of reports represents the number of leases that belong to that operator.

Table 154: Companies with missing leases that did not contact the Team for the 2021 effort

# Company Name Company Number No. of Reports
1 | Apache Corporation 00105 1
2 | Beacon West Energy Group, LLC 03539 2
3 | DCOR, L.L.C. 02531 3
4 | Deepwater Abandonment Alternatives, Inc. 03521 1
5 | EC Offshore Properties, Inc. 03147 1
6 | FREEPORT MCMORAN ENERGY LLC 02313 1
7 | FREEPORT MCMORAN OIL & GAS LLC 03280 3
8 | Hoactzin Partners, L.P. 02801 3
9 | Marubeni Oil & Gas (USA) LLC 02806 1

10 | McMoRan Oil & Gas LLC 02312 5

11 | Northstar Interests, L.C. 01945 1

12 | PetroQuest Energy, L.L.C. 02222 1

13 | QuarterNorth Energy LLC 03672 5
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# Company Name Company Number No. of Reports
14 | Sojitz Energy Venture, Inc. 02655 1
15 | Tengasco, Inc. 03008 1
16 | Texaco Exploration and Production Inc. 00771 1
17 | Union Oil Company of California 00003 3

Table 155 summarizes the operating companies that were contacted by the Team but did not reply.

Table 155: Non-responsive operators with accounts in OCS AQS

# Company Name Company Number No. of Reports
1 | BHP BILLITON PETROLEUM 02010 3
2 | Rooster Petroleum, LLC 02871 1
3 | BANDON OIL AND GAS LP 02894 1
4 | FIELDWOOD ENERGY LLC 03295 40
5 | FIELDWOOD ENERGY OFFSHORE LLC 03035 19
6 | High Point Gas Gathering, L.L.C. 03255 1

After analyzing and integrating all the responses from the operators, Table 156 summarizes the number of

leases and lease sources before and after corrective actions, and Table 157 summarizes emissions.

Table 156: Lease operations summary (pre- and post-corrective action) with % change

# Category Pre-Corrective Action | Post-Corrective Action % Change
1 Lease 143 174 +21.7 %
2 Lease Source 395 456 +15.4 %

Table 157: Pre- and post-corrective action lease operations emissions (tons/year) with % change
# Pollutant Pre- Corrective Action (tons/year) ;:: 2?:;?;::7;2;?) % Change
1 | Acetaldehyde 0.0179 0.0336 +87.71%
2 | Formaldehyde 0.056 0.1007 +79.82 %
3 | Xylenes (Mixed Isomers) 0.1369 0.2366 +72.83 %
4 | Toluene 0.1993 0.3444 +72.81%
5 | Benzene 0.5503 0.9504 +72.71 %
6 | PAH, total 0.1503 0.2593 +72.52 %
7 | CHs 13.945 17.132 +22.85%
8 | voC 272.668 287.003 +5.26 %
9 | CO 5,173.166 5,109.682 -1.23%
10 | NOx 21,538.596 20,906.905 -2.93%
11 | CO2 1,457,379.439 1,396,247.274 -4.20 %
12 | CO2-E 1,476,831.872 1,413,697.462 -42%
13 | PM1o 482.323 451.573 -6.38 %
14 | PM2s 465.42 431.601 -7.27 %
15 | Lead 0.062 0.0553 -10.81 %
16 | NHs 6.204 5.528 -10.90 %
17 | N2O 64.107 57.12 -10.90 %
18 | SO2 443.344 18.984 -95.72 %
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After conducting the QA/QC system analysis on the completeness of lease operations data, the Team
makes the following recommendations:

e  Shell Gulf of Mexico Inc.: Remove any leases in OCS AQS related to decommissioning because
these activities are not captured in the definition of a facility.

e Shell Offshore Inc.: Remove any leases in OCS AQS related to decommissioning because these
activities are not captured in the definition of a facility.

e Operating companies listed in the “Companies with Missing Leases that Did Not Contact the
Team for the 2021 Effort” and “Non-responsive Operators with Accounts in OCS AQS” tables:
Reach out to the Team for assistance in accessing OCS AQS and complete 2021 submittals.

9.3 Comparison to 2017 Emissions Inventory (Lease Operations)

To identify the trends and conduct further QA/QC, the Team compared the 2017 and 2021 final
inventories (emissions inventory after incorporating the corrective actions in Sections 9.1 and 9.2) for
lease operations (non-platform) emissions. It should be noted that there are important differences between
the 2017 and 2021 final emission inventories, making comparison more challenging. For example, Year
2017 Emission Inventory Study presented emissions for other non-platform operations such as helicopters,
commercial marine vessels, recreational vessels, and military vessels, among others (Wilson et al. 2019).
The 2021 inventory only included emissions from platform and lease operations that are regulated by
BOEM based on the definition of a facility as defined by 30 CFR 550.302 (Section 2.3). Table 158
summarizes the non-platform equipment included in the inventory years.

Table 158: Non-platform source types by inventory year

# Non-platform Source Type 2017 Final 2021 Final
1 | Dirilling rigs Yes Yes
2 | Helicopters Yes No
3 Ef::ﬂggo(rsgf:rf:vc;? \?:sspé?st.f?r: ocs AQS) Yes Yes
4 | Support Vessels — Including Well Stimulation Vessel Yes Yes
5 | Survey vessels Yes No

Another significant difference is that 2017 emissions were calculated by BOEM using available data,
including vessel activity data from the Automatic Identification System (AIS) and activity data collected
by BSEE’s Engineering and Operations Division/Operation and Analysis Branch for non-self-propelled
drilling rigs (Mathews 2018). However, the 2021 inventory did not utilize this approach and, for the first
time, the operators were required to self-report their emissions for the 2021 emissions inventory effort
using the new OCS AQS system. With these differences in mind, the following comparisons were made
to identify emissions trends between 2017 and 2021 for drilling rigs and support vessels.

NOTE: In the 2021 draft inventory, support vessel sources comprised platform
construction/removal (PC) activities, whereas in the 2017 final inventory, crew freighting
activities to and off the platform were accounted for under the support vessel sources.

9.3.1 Criteria and Precursor Emissions

Table 159 below compares the 2017 and 2021 drilling rigs and support vessels aggregated annual criteria
and precursor emissions. It shows that all 2021 non-platform criteria and precursors emission decreased
by percentages ranging from 22% to 97%.
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The Team broke down the emissions presented in Table 159 by source type (drilling rigs and support
vessels) to conduct a deeper investigation on the observed discrepancies (Table 160 and Table 161).
Although annual criteria and precursors non-platform emissions decreased in 2021 (Table 159), all
criteria and precursors drilling emissions, except for SO,, increased significantly in the 2021 inventory
(Table 160). On the other hand, Table 161 shows an approximately consistent decrease in the criteria
pollutants and precursors emissions from support vessels.

Table 159: Comparison of the annual criteria pollutants and precursors drilling rig and support
vessel emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Final % Change
CO 6,541 5,109.68 -22%
NOx 28,069 20,906.90 - 26%
PM1o 913 451.56 -51%
PMz.s 872 431.60 -51%
SOz 736 19.00 -97%
VOC 716 287.00 - 60%
NHs 9 5.53 - 39%
Pb 0.1271 0.06 -57%

Table 160: Comparison of annual criteria pollutants and precursors drilling rig emissions
(tonslyear) by inventory year with % change

Pollutant 2017 Final 2021 Final % Change
Cco 1,320 4,597.11 +248%
NOx 6,418 18,974.13 + 196%
PM1o 148 416.1 +181%
PM2.s 141 401.76 + 185%
SOz 142 12.00 -92%
VOC 213 237.75 +12%
NHs 3 5.53 + 84%
Pb 2.31E-02 5.53E-02 +139%

Table 161: Comparison of the annual criteria pollutants and precursors support vessel emissions
(tonslyear) by inventory year with % change

Pollutant 2017 Final 2021 Final % Change
Cco 5,221 513 - 90%
NOx 21,651 1,933 -91%
PM1o 765 35 - 95%
PM25 731 30 - 96%
SOz 594 7 -99%
VOC 503 49 -90%
NHs 6 -100%
Pb 0 -100%

To further investigate the reasons for the increase in the 2021 drilling emissions and the decrease in the
2021 support vessels emissions, the Team compared the count of the drilling rigs and support vessels
reported in the Year 2017 Emission Inventory Study against the count in the 2021 final inventory in OCS
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AQS (Wilson et al. 2019). The count of drilling rigs increased by 68.27% in the 2021 final inventory,
while the support vessels count decreased by 74.61% (Table 162). Therefore, the increase of the 2021
criteria and precursors drilling emissions, except for SO,, directly resulted from the increase in the
number of reported drilling rigs in 2021. Similarly, the decrease in the 2021 criteria and precursors
emissions from support vessels was because of the 74.61% decrease in the count of those vessels in 2021.
The drop in the count of reported supporting vessels in the 2021 draft was expected since, unlike the 2017
final inventory, the 2021 draft inventory did not account for crew freighting activities to and off the
platform under support vessel sources because this was not under the 2021 definition for facility.

NOTE: The decrease in SO; drilling emissions could have resulted from the operators revising
their incorrectly entered high values of sulfur content (Section 9.1.2). Since the 2017 drilling
activity data was not provided, the Team was not able to compare the 2021 drilling rigs' fuel
sulfur content values against the 2017 values. In addition, the decrease in SO, emissions also
could have resulted from using only ultra-low sulfur fuels in 2021.

Table 162: Comparison of the count of drilling rigs and support vessels by inventory year with %
change

# Non-platform Source Type 2017 Final 2021 Final % Change

1 | Drilling rigs 104 175 +68.27%

2 Support Vessels — Including Well
Stimulation Vessel

1,107 281 -74.61%

NOTE: In the 2021 draft inventory, support vessel sources comprised the platform
construction/removal (PC) activities, whereas in the 2017 final inventory, crew freighting
activities to and off the platform were accounted for under the support vessel sources.

9.3.2 GHG Emissions

Table 163 compares the 2017 and 2021 aggregated annual GHG emissions for drilling rigs and support
vessels. It shows that all 2021 non-platform GHG emissions increased by percentages ranging from 39%
to 328%.

The Team broke down the emissions presented in Table 163 by source type (drilling rigs and support
vessels) to investigate the observed dependencies between the 2017 and 2021 inventory years. Therefore,
Table 164 and Table 165 compare the GHG emissions by drilling rigs and support vessels, respectively.

Although the annual GHG non-platform emissions increased in 2021 (Table 163), GHG support vessels
emissions decreased significantly in the 2021 inventory, except for CH4 (Table 165). On the other hand,
Table 164 shows an excessive increase in GHG emissions for drilling rigs. Data presented in Table 162
can explain that the increase in GHG drilling emissions directly resulted from the increase in the number
of reported drilling rigs in 2021. Similarly, the decrease in the 2021 GHG support vessel emissions,
except for CHy (Table 165), was because of the 74.61% decrease in the count of those vessels in 2021.

Table 163: Comparison of drilling rigs and support vessel GHG emission (tons/year) by inventory
year with % change

Pollutant 2017 Final 2021 Final % Change
CO2 778,874 1,395,880.054 +79%
CHa4 4 17.13 + 328%
N20 41 57.12 + 39%
CO2-E 791,150 1,413,153.41 +79%
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Table 164: Comparison of drilling rig GHG emissions (tons/year) by inventory year with % change

Pollutant 2017 Final 2021 Final % Change
CO2 508,797.00 1,296,440.29 +155%
CHa 3.00 12.34 +311%
N20 26.00 57.12 +120%
CO2-E 516,469.0 1,313,607.01 +154%

Table 165: Comparison of GHG support vessel emissions (tons/year) by inventory year with %

change
Pollutant 2017 Final 2021 Final % Change
CO2 270,077.00 99,439.76 - 63%
CHa 1.00 4.79 +379%
N20 15.00 0.0 - 100%
CO2-E 274,681.00 99,546.40 - 64%

9.3.3 Lease Operations (Non-Platform) Emissions Inventory Changes

Table 166 provides a list of non-platform source types that reported 2021 emissions.

Table 166: Description of source types that reported 2021 lease operation emissions

Source ID Source Type Source Description
CSV-PC Platform Construction/Removal (PC) | Installation Operations
DRI-Crude Drilling (DR) Drilling Rig for Crude Oil Exploration/Production Wells
DRI-NG Drilling (DR) Drilling Rig, Natural Gas Exploration and Production Wells
CSV-WS Well Stimulation Vessel (WS) Well Stimulation
DRI-SP-4N Drilling (DR) Self Propelled Drill Rig - Foreign Flagged
DRI-SP-DOM | Drilling (DR) Self Propelled Drill Rig - US Flagged (Domestic)

OCS AQS provided emission calculators for the following lease operation equipment types:

e Diesel Engines Where Max HP => 600
e Diesel Engines Where Max HP is less than 600

e  Crude Oil Production Well Drilling - Diesel Engine

e Natural Gas Production Well Drilling - Diesel Engine
e Drilling from C1/C2 Vessels (Foreign flagged)

e Dirilling from C1/C2 Vessels (U.S. flagged)

Based on review of the 2021 non-lease activities and equipment that reported emissions, it was noted that
several equipment types for which the emissions were previously calculated in the 2017 inventory were
not reported in 2021:

e Prime engines

e  Mud pumps

e Draw works

e Emergency power
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As this was the first year that operators had to self-report their emissions, operators may not have known
that emissions from these equipment types should have been reported. To better define which equipment
types must report emissions for future emission inventories, OCS AQS will be modified to specifically
ask operators to report emissions for these source types. Updates to OCS AQS will include the ability for
users to select these equipment types and enter the necessary activity data to calculate emissions based on
the equations presented in the Year 2017 Emissions Inventory Study. In addition, it may be possible in the
future to integrate BOEM’s eWell database into OCS AQS, and known drilling rig activity data would be
prepopulated in the operators’ inventories. This way, operators would have a list of known permitted
drilling rig activities and simply need to enter refined information, such as actual move on and move off
dates, as well as other activity data used to calculate emissions.
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10 Recommendations and Future Implementation

Based on the completion of QA/QC tasks and a detailed review of the 2021 draft emissions inventory, the
Team implemented the following recommendations to improve OCS AQS and future inventory efforts:

Additional baseline QA/QC: The Team identified certain errors that were repeatedly observed in
the 2021 draft inventory. These include, for example, exceeding the maximum number of days
and hours in each month, which OCS AQS can check automatically based on the user input. In
future reporting cycles, OCS AQS will require the hours or days of operation per month for all
equipment types. Automatic QA checks will alert users when the number of operating hours
exceed the maximum number of hours within a month, considering the number of actual days in
any given month. In addition, copying operational hours and days from month to month will be
prohibited; these values will need to be entered manually.

Automated system QA/QC ranges will be reviewed and adjusted based on 2021 final data to
further reduce instances of unrealistic or erroneous activity data.

OCS AQS now uses a new anomaly detector tool to help users perform checks and analyses
before submitting their data. This tool allows the user to set percentage boundaries from the 12-
month average and detects any non-zero values that fall outside this defined range. The tool will
highlight anomalies and help users identify inconsistencies or mistyped values in activity data.
This tool will ensure greater accuracy of the submitted data in future reporting cycles.

New data entry hints in the data and control request fields in the Activity and Emissions Manager
provide better clarity regarding the requested data. The hints also will emphasize the
measurement unit of the requested field to avoid confusion like the one that caused an
overestimation of SO, calculated emissions.

A new throughput descriptive statistics tool will help operators perform checks before submitting
throughput data. This tool will list the selected equipment's mean, maximum, minimum, and total
throughput.

OCS AQS will require the submission of sales gas composition for all facilities to avoid any
calculation issues.

These recommendations will need to be made to improve OCS AQS and future inventory efforts:

Comparison of volume vented and flared with the Office of Natural Resources Revenue (ONRR)
Oil and Gas Operations Report (OGOR) values is under consideration as the Team continues to
receive feedback from BOEM and operators.

Drilling rig QA/QC: As this was the initial year operators were required to provide lease
operations data, there may have been some misalignment of expectations between BOEM and
operators, resulting in data gaps (Section 9.2). The Team will support various actions, in
consultation with BOEM, to improve the data quality, including Frequently Asked Question
updates and additional feature implementation in OCS AQS.

To improve lease operation emissions, update OCS AQS to specifically ask operators to report
emissions for prime engines, mud pumps, draw works, and emergency power equipment types.

Integrate eWell into OCS AQS to provide operators with a prepopulated inventory of drilling
activities.
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Appendix A — OPD Area Abbreviation Key

OPD Area Abbreviation OPD Area Name

BM Bay Marchand

BA Brazos

BS Breton Sound

CA Chandeleur

DM Federal Waters

EB East Breaks

EC East Cameron

El Eugene Island

EW Ewing Bank

GA Galveston

GB Garden Banks

Gl Grand Isle

GC Green Canyon

HI High Island

MP Main Pass

Ml Matagorda Island
AC Alaminos Canyon
MC Mississippi Canyon
MO Mobile

MU Mustang Island

PN North Padre Island
SA Sabine Pass (Louisiana)
SS Ship Shoal

SM South Marsh Island
SP South Pass

PL South Pelto

ST South Timbalier
VR Vermilion

VK Viosca Knoll
WR Walker Ridge
wC West Cameron
WD West Delta

KC Keathley Canyon
PE Pensacola

PS South Padre Island
SX Sabine Pass (Texas)
SE Sigsbee Escarpment
LL Lloyd Ridge

FP Florida Plain

DD Destin Dome

CC Corpus Christi

AM Amery Terrace

AT Atwater Valley

LS Lund South
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OPD Area Abbreviation OPD Area Name
Pl Port Isabel
LU Lund
DC De Soto Canyon
HE Henderson
DT Dry Tortugas
AP Apalachicola
BA_S Brazos, South Addition
CA E Chandeleur, East Addition
CE Campeche Escarpment
CH Charlotte Harbor
EC_S East Cameron, South Addition
El_S Eugene Island, South Addition
EL The Elbow
FM Florida Middle Ground
GA_S Galveston, South Addition
GlL_S Grand Isle, South Addition
GV Gainesville
HH Howell Hook
HI_ES High Island, East Addition, South Extension
HI_S High Island, South Addition
HI_E High Island, East Addition
KW Key West
MA Miami
MP_SE Main Pass, South and East Addition
MU_E Mustang Island, East Addition
NO New Orleans
PB St. Petersburg
PN_E North Padre Island, East Addition
PR Pulley Ridge
PS_E South Padre Island, East Addition
RK Rankin
SM_S South Marsh Island, South Addition
SM_N South Marsh Island, North Addition
SP_SE South Pass, South and East Addition
SS S Ship Shoal, South Addition
ST_S South Timbalier, South Addition
TP Tarpon Springs
TV Tortugas Valley
VN Vernon Basin
VR_S Vermilion, South Addition
WC_S West Cameron, South Addition
wWC W West Cameron, West Addition
WD_S West Delta, South Addition
CS Chukchi Sea
BF Beaufort Sea
HB Hope Basin
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A map of OPD areas in the GOM is displayed in Figure A - 1.

Figure A - 1: OPD areas in the GOM
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Appendix B — 2021 Final Platform Gridded Emissions

This section presents the platform gridded emissions as generated by OCS AQS based on the emissions
data in the 2021 final inventory (for lease operations gridded emissions, see Appendix C).

Figure B - 1 shows the distribution of the platform structures in the GOM. The image shows the entire
region, and it is evident that platforms are concentrated in areas south of Louisiana.

NOTE: If multiple platforms are near each other, their markers will be aggregated under a single
one with a number indicating the number of structures that marker represents.

100 mi.

Figure B - 1: Distribution of platforms in the GOM in 2021

The settings used to generate the gridded emissions in this section are as follows (some of the information
below is available in the color legend in each figure):

Emissions: Platform

Grid Type: OCS Blocks

Emission Units: Tons

Period: Annual (January to December)

Method: Facility (combined facility emissions are centered on the platform coordinates)
# of Levels: 10

Equipment Type: All

The following figures display the 2021 final platform gridded emissions for the GHG pollutants:

Figure B - 2: 2021 final platform CO, annual emissions (tons) in the GOM region
Figure B - 3: 2021 final platform CH4 annual emissions (tons) in the GOM region
Figure B — 4: 2021 final platform N»O annual emissions (tons) in the GOM region
Figure B - 5: 2021 final platform CO»-E annual emissions (tons) in the GOM region
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Figure B - 3: 2021 final platform CH4 annual emissions (tons) in the GOM region
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Figure B - 5: 2021 final platform CO2-E annual emissions (tons) in the GOM region

The following figures display the 2021 final platform gridded emissions for criteria pollutants:

Figure B - 6: 2021 final platform NH3 annual emissions (tons) in the GOM region
Figure B - 7: 2021 final platform CO annual emissions (tons) in the GOM region
Figure B - 8: 2021 final platform Pb annual emissions (tons) in the GOM region
Figure B - 9: 2021 final platform NOx annual emissions (tons) in the GOM region
Figure B - 10: 2021 final platform PM; annual emissions (tons) in the GOM region
Figure B - 11: 2021 final platform PM, s annual emissions (tons) in the GOM region
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e Figure B - 72: 2021 final platform SO, annual emissions (tons) in the GOM region
e Figure B — 13: 2021 final platform VOC annual emissions (tons) in the GOM region
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Figure B - 6: 2021 final platform NHs; annual emissions (tons) in the GOM region
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Figure B - 7: 2021 final platform CO annual emissions (tons) in the GOM region
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Figure B - 9: 2021 final platform NOx annual emissions (tons) in the GOM region

226



PLATFORM EMISSIONS

Period: January - December, 2021

Equipment Type: All
Pollutant: Particulate Matter Less Than
Than 10 Microns (PM10)
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Figure B - 11: 2021 final platform PMzs annual emissions (tons) in the GOM region
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Figure B — 13: 2021 final platform VOC annual emissions (tons) in the GOM region
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Appendix C — 2021 Final Lease Operations Gridded Emissions

This section presents the gridded emissions as generated by OCS AQS based on the lease operations
emissions data in the 2021 final inventory (for platform gridded emissions, see Appendix B).

Figure C - 1 shows the distribution of the lease operations in the GOM. The image shows the entire
region, and it is evident that lease operations are concentrated south of Louisiana.

NOTE: If multiple lease operations are near each other, their markers will be aggregated under a
single one with a number indicating the number of lease operations that marker represents.

X Mexanaba ] T |

Figure C - 1: Distribution of lease operations in the GOM

The settings used to generate the gridded emissions in this section are as follows (some of the information
below is available in the color legend in each figure):

Emissions: Lease Operations

Grid Type: OCS Blocks

Emission Units: Tons

Period: Annual (January to December)
# of Levels: 10

The following figures display the 2021 final lease operations gridded emissions for the GHG pollutants:

Figure C - 2: 2021 final lease operations CO, annual emissions in the GOM Region
Figure C - 3: 2021 final lease operations CH4 annual emissions in the GOM Region
Figure C - 4: 2021 final lease operations N>O annual emissions in the GOM Region
Figure C - 5: 2021 final lease operations CO,-E annual emissions in the GOM Region
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Figure C - 2: 2021 final lease operations CO2 annual emissions in the GOM Region
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Figure C - 3: 2021 final lease operations CH4 annual emissions in the GOM Region
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Figure C - 4: 2021 final lease operations N20 annual emissions in the GOM Region
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Figure C - 5: 2021 final lease operations CO2-E annual emissions in the GOM Region

The following figures display the gridded emissions for critical pollutants:
e Figure C - 6: 2021 final lease operations NH3 annual emissions in the GOM Region

e Figure C - 7: 2021 final lease operations CO annual emissions in the GOM Region
e Figure C - 8: 2021 final lease operations Pb annual emissions in the GOM Region
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e Figure C - 9: 2021 final lease operations NOx annual emissions in the GOM Region
e Figure C - 10: 2021 final lease operations PM o annual emissions in the GOM Region
e Figure C - 11: 2021 final lease operations PM, s annual emissions in the GOM Region
e Figure C - 12: 2021 final lease operations SO, annual emissions in the GOM Region
e Figure C - 13: 2021 final lease operations VOC annual emissions in the GOM Region

F i
Besumont_L-"|ake Charles
o<t

4

LEASE OPERATIONS EMISSIONS | x|

Period: January - December, 2021
Pollutant: Ammonia (NH3)

Emissions [Tons]
01796 - 0.674
I 0.0923 - 0.1737

) 0.064 - 0.092
0.0387 - 0.0593
0.0295 - 0.0357
0.0215-0.0276
N 0.0178 - 0.0213
I 0.0108 - 0.0168
I 0.0051 - 0.0098
I ©.0021 - 0.0048

Figure C - 6: 2021 final lease operations NH3 annual emissions in the GOM Region

" S = w = i
; F 3 s , bogan |

b 5 N Louriana | / f B

ot { 1 e £ k%
L e bt Bedumont_ Lake Charles Lafayette T

el ) : LEASE OPERATIONS EMISSIONS | x|

Vietoria

Period: J]anuary - December, 2021
Pollutant: Carbon Monoxide (CO)

Emissions [Tons]

12464584

o7 1158

P 31.5-54.8
23.5-31.1
13.9-23.2
8.6-13.7

-6

647

] i I 0.4276-26

I 0.0865 - 0.4077

0 100 mi 200 mi

Figure C - 7: 2021 final lease operations CO annual emissions in the GOM Region
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Figure C - 8: 2021 final lease operations Pb annual emissions in the GOM Region
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Figure C - 9: 2021 final lease operations NOx annual emissions in the GOM Region

233



Period: January - December, 2021
Pollutant: Particulate Matter Less
Than 10 Microns (PM10)

Emissions [Tons]
G0 -35.6
Blcz-9.1
B =1 -61
1.8-3.0
a b f
0.8433-0.9187
[ 0.3807 - 0.6373
I 0.2188- 0.3779
I 0.0385- 0.2076
I 0.0058 - 0.031

T
100.mi_ ?__{LDD mi

o

Figure C - 10: 2021 final lease operations PM1o annual emissions in the GOM Region
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Figure C - 11: 2021 final lease operations PM2.5 annual emissions in the GOM Region

234



v o — - — _ .
1>] | 1\ Nexaharia l o Dothan :

LEASE OPERATIONS EMISSIONS | x|

Period: January - December, 2021
Pollutant: Sulfur Dioxide (S02)

Emissions [Tons]
- 0.3496- 3.7
- 0.1679-0.3474
I 0.1207 - 0.1543
0.069 -0.1166
0.0426 - 0.0677
0.0291 - 0.0426
m 0.0132-0.0281
- 0.0066-0.013
- 0.001 - 0.0064
- 0.0002 - 0.0008

4 \ LovAiane | .I / 3 b valdcs]
ke Ny \ - e
Siton £ | & jned — — S )
N y { { Bavcnfougel 1 . L it
. | ; \ AT o o Tallshasien
Latapette SRR

LEASE OPERATIONS EMISSIONS | x |

Period: January - December, 2021

Pollutant: Volatile Organic
Compounds (VOC)

Emissions [Tons]

Bl -17.0
Bl s-63
| 1.6-3.4
1.1-16
0.8089- 1.1
0.4604 - 0.7825
[ 0.3058 - 0.4587
[ 0.197 - 0.3055
| 0.0537-0.1817
I 0.0021 - 0.0432

Figure C - 13: 2021 final lease operations VOC annual emissions in the GOM Region
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Appendix D — Emission Factor Review

The emission review process for OCS AQS involved meticulously comparing the EFs used in the OCS
AQS software with the AP-42 document (USEPA 1995) and other references. Any discrepancies or
inaccuracies were carefully documented in the review notes column in the below tables. The Team’s goal
was to ensure that OCS AQS was using accurate and up-to-date EFs, which would, in turn, help to ensure
that the estimated emissions were as precise as possible.

In addition, where available, the EF ratings are included as it is important to consider when determining
the basis of the EF values and any uncertainty involved in their calculation. AP-42 EFs are given a
general rating factor from A through E, with A being the best and E being the worst (USEPA 1995). The
rating factor provides an indication of the reliability of the EF value. The rating is subjective and assigned
based on the estimated reliability of the tests used to develop the factor and on both the amount of data
available and the representative characteristics of the studies. The assigned EF rating is largely a
reflection of the professional judgment of AP-42 authors and reviewers concerning the reliability of any
estimates derived with these factors.

In general, EFs based on multiple observations, or on more widely accepted test procedures, are assigned
higher rankings. Conversely, a factor based on a single observation of questionable quality, or one
extrapolated from another factor for a similar process, would generally be rated much lower. Because EFs
are based on source tests, modeling, mass balance, or other information, factor ratings can vary greatly.
Some factors have been through more rigorous quality assurance than others.

Please note that the AP-42 EFs and ratings are primarily based on onshore equipment data. As a result,
they may not accurately represent offshore equipment, resulting in an unknown level of uncertainty. AP-
42 EF quality ratings are described as follows:

A — Excellent Factor is developed from A- and B-rated source test data taken from many randomly
chosen facilities in the industry population. The source category population is sufficiently
specific to minimize variability.

B — Above average Factor is developed from A- or B-rated test data from a "reasonable number" of facilities.
Although no specific bias is evident, it is not clear if the facilities tested represent a
random sample of the industry. As with an A rating, the source category population is
sufficiently specific to minimize variability.

C — Average Factor is developed from A-, B-, and/or C-rated test data from a reasonable number of
facilities. Although no specific bias is evident, it is not clear if the facilities tested
represent a random sample of the industry. As with the A rating, the source category
population is sufficiently specific to minimize variability.

D — Below average Factor is developed from A-, B- and/or C-rated test data from a small number of facilities,
and there may be reason to suspect that these facilities do not represent a random
sample of the industry. There also may be evidence of variability within the source
population.

E — Poor Factor is developed from C- and D-rated test data, and there may be reason to suspect
that the facilities tested do not represent a random sample of the industry.
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D.1 Boilers, Heaters, and Burners

Table D - 1: Units powered by diesel (BOI-M01R Ver.4)

Pollutant EF Value Units R E!: Review Notes
ating

. Reference verified: AP-42, Sections 1.3 and 1.4

Ammonia (NHs) 0.8 1b/1,000 gal E | (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 1.3 and 1.4

Arsenic (7440382) 0.0013 Ib/1,000 gal C (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 1.3 and 1.4

Benzene (71432) 0.0002 | 1b/1,000gal | C | ;SEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 1.3 and 1.4

Beryllium (7440417) 2.78E-05 Ib/1,000 gal C (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 1.3 and 1.4

Cadmium (7440439) 0.0004 Ib/1,000 gal C (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 1.3 and 1.4

Carbon Dioxide (COz) 22,300 Ib/1,000 gal B (USEPA 1995) and WebFIRE (USEPA 2015)
Carbon Monoxide 5 Ib/1.000 gal A Reference verified: AP-42, Sections 1.3 and 1.4

(CO) ’ 9 (USEPA 1995) and WebFIRE (USEPA 2015)
Chromium (VI) Reference verified: AP-42, Sections 1.3 and 1.4

(18540299) 0.0002 | 16/1,000gal | C | ;SEPA 1995) and WebFIRE (USEPA 2015)
Chromium Il Reference verified: AP-42, Sections 1.3 and 1.4

(16065831) 0.0006 | 1b/1,000gal | C | ;SEPA 1995) and WebFIRE (USEPA 2015)
Ethyl Benzene Reference verified: AP-42, Sections 1.3 and 1.4

(100414) 6.36E-05 | 1b/1,000gal | E | ;SEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 1.3 and 1.4

Formaldehyde (50000) 0.033 Ib/1,000 gal C (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 1.3 and 1.4

LeE! (i) 0.0012 | 1b/1000gal | C | ;SEPA 1995) and WebFIRE (USEPA 2015))
Reference verified: AP-42, Sections 1.3 and 1.4

Mercury (7439976) 0.0001 Ib/1,000 gal C (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 1.3 and 1.4

RS (Clik) 0.052 | Ib/1,000gal | A | ;SEPA 1995) and WebFIRE (USEPA 2015)

. . Reference verified: AP-42, Sections 1.3 and 1.4
Nitrogen Oxides (NOx) 24 Ib/1,000gal | D | (ySEPA 1995) and WebFIRE (USEPA 2015)

. . Reference verified: AP-42, Sections 1.3 and 1.4
Nitrous Oxide (N20) 0.26 Ib/1,000 gal E (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less - .

. Reference verified: AP-42, Sections 1.3 and 1.4
(TQGTO;O Microns ! 1b/1,000 gal E | (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less o .

. Reference verified: AP-42, Sections 1.3 and 1.4
(Tli‘,a'; 52)'5 MBI b2 2700 gL E | (USEPA 1995) and WebFIRE (USEPA 2015)
Sulfur Dioxide (SOz2) 142 x S Ib/1,000 gal A Reference verified: AP-42, Sections 1.3 and 1.4

(USEPA 1995) and WebFIRE (USEPA 2015)
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Pollutant

EF Value

Units

EF

Review Notes

Isomers) (1330207)

Rating
Reference verified: AP-42, Sections 1.3 and 1.4
Toluene (108883) 0.0062 Ib/1,000 gal D (USEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic 0.2 1b/1.000 qal A Reference verified: AP-42, Sections 1.3 and 1.4
Compounds (VOC) ) ’ 9 (USEPA 1995) and WebFIRE (USEPA 2015)
Xylenes (Mixed 0.0001 Ib/1,000 gal E Reference verified: AP-42, Sections 1.3 and 1.4

(USEPA 1995) and WebFIRE (USEPA 2015)

Table D - 2: Units powered by diesel (BOI-M02R Ver.3)

Pollutant EF Value Units Rallzt::ng Review Notes
— 05 | oo | £ | Fleeees 042 sectors 130 14
Arsenic (7440382) 0.0013 | Ib/1,000gal | C &eégggcfg‘geg;ﬁ::a /x’égﬁisg‘ﬁ?é; A32%’}%)1 =
Benzene (71432) 0.0002 Ib/1,000 gal c (Fte;%rgxcﬁ’g‘geg;ﬁaega Aﬁééﬁis’gﬁg‘ég A32%q(23)1 4
Beryllum (7440417) | 278E-05 | bi,000gal | C | Ao e e oA 2015)
Cadmium (7440439) 0.0004 | Ib/1,000gal | C (FfJeéeErgﬁg‘geg;ﬁ::a ﬁéﬁﬁif@‘iﬂ?éﬁ A?’Z%’}%; 4
Carbon Dioxide (CO2) 24,400 Ib/1,000 gal B (Fbe;gg&cﬁ’g‘geg;ﬁ:gé Aﬁééﬁisg‘zﬂg‘; A32%’]%)1 4
Carbon Monoxide 5 Ib/1,000 gal A Reference verified: AP-42, Sections 1.3 and 1.4
(CO) (USEPA 1995) and WebFIRE (USEPA 2015)
CHOmUnY) | ooz | mnooogar | o | Feleemesertes ez seetons 5o 14
G o005 | mromoga | o | Fleoescron ez seeiors 15 14
g | asoeas | wiomgn | £ | R e 02 secons 1o 14
Formaldehyde (50000) |  0.033 | Ib/1,000gal | C (FfJeéeErgﬁg‘geg;ﬁ::a ﬁéﬁﬁif@‘iﬂ?éﬁ A?’Z%’}%; 4
Lead (7439921) 0.0015 Ib/1,000 gal c ije;%rggcﬁ’g‘geg;ﬁ:ga Aﬁéﬁﬁigg‘zg’é‘é; A32%’]%)1 4
Mercury (7439976) 0.0001 Ib/1,000 gal c me;gggcﬁg‘geg;ff:é Aﬁéﬁﬁisgiﬁﬁég Asz?;%; 4
Methane (CHa) 1 Ib/1,000 gal A ﬁfé%ﬁﬁg‘éesr;ﬁa?:& C\}/DeslglRSE((:tllJ?EstAISZ%qu)1 4
Nisgen O 7 oo | | R setes an 4z seters 1.9 nd 1
Nitrous Oxide (N20) 053 Ib/1,000 gal E Reference verified: AP-42, Sections 1.3 and 1.4

(USEPA 1995) and WebFIRE (USEPA 2015)
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Pollutant EF Value Units RaEt::ng Review Notes
Sulfur Dioxide (SO2) 157xS | b/1,000gal | A &eé%rggcfg‘geg;ﬁ:ga ﬁégﬁisg‘iﬂ"s";g A?’Zaoq‘é; 4
Toluene (108883) 0.0062 Ib/1,000 gal D ije;%rgx"?g‘gesr;ﬁ::é A\/‘\';;sﬁisg‘zﬂ"snég Asz?)qu; -
weteorme |0z | mowoa | a | Rl et ez ceetors 51
oo ey | 00t | binoooga | | R eres 2 ceetons 5o 1

Table D - 3: Units powered by natural gas, process gas,

or waste gas (BOI-MO3R Ver.3)

Pollutant VEIIL:Ie Units RaEt::ng Review Notes
Ammonia (NHs) 32 | bIMMsof | C | (e e WebEIRE (USEPA 2018)
Arsenic (7440382) 00002 | MMl | E | e e WebFIRE (USEPA 2015)
Benzene (71432) 0.0021 | IoMMsct | B | (o WebE IR (USEPA2015)
Beryllium (7440417) 0.000012 | MMt | E | (e e IRE (USEPA 2015)
Cadrmium (7440439) 0.0011 | MMSel | D | e anc WebFIRE (USEPA 2015)
Carbon Dioxide (CO2) 120,000 | IMMsct | A | e WebRIRE (USEPA 2018)
Carbon Monoxide (CO) B | IMMsct | B | e WebEIRE (USEPA 2015)
Chromium (V1) (18540299) | 0.000056 | Ib/MMscf | D i,e;eéggcﬁ’g\geg;ﬁaega C&;ﬁﬁ;ﬁé ?E?EQASQ%%; 4
Chromium Il (16065831) 0.0013 | IoMMsct | D | (e o WebE IR (USEPA 2018)
Formaldehyde (50000) 0075 | IMMsof | B | (e el WeRIRE (USEPA 2015)
Hexane (110543) 18 | BMMser | E | ) and WebFIRE (USEPA 2015)
Lead (7439921) 00005 | IMMsct | D | e WebPIRE (USEPA2018)
Mercury (7430976) 0.0003 | I/MMsct | D | (i WebFIRE (USEPA 2015)
Methane (CHa) 2 RO &Je;eég,r&c?g\gef:;ﬁaega WebFIRE ((;tLiJOSnISFjAsza(‘)Tzs)1 ¢
Nitrogen Oxides (NOX) 190 | IoMMser | A | e nd WebEIRE. (USEPA 2018)
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Pollutant = Units E!: Review Notes
Value Rating

, . Reference verified: AP-42, Sections 1.3 and 1.4
Nitrous Oxide (N20) 2.2 Io/MMscf E (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less Than 19 Ib/MMscf B Reference verified: AP-42, Sections 1.3 and 1.4
10 Microns (PM1o) ) (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less Than 19 Ib/MMscf B Reference verified: AP-42, Sections 1.3 and 1.4
2.5 Microns (PMz2s) ’ (USEPA 1995) and WebFIRE (USEPA 2015)

.. Reference verified: AP-42, Sections 1.3 and 1.4
Sulfur Dioxide (SOz) 0.6 I/MMscf | A | (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 1.3 and 1.4
Veltens (lEsEs) 0.0034 | Ib/MMscf | C | \SEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic Compounds 55 Ib/MMscf c Reference verified: AP-42, Sections 1.3 and 1.4
(VOC) ) (USEPA 1995) and WebFIRE (USEPA 2015)
D.2 Diesel and Gasoline Engines
Table D - 4: Gasoline engines (DIE-M01R Ver.3)
Pollutant EF Value Units E!: Review Notes
Rating
.. Reference verified: AP-42, Sections 3.3 and 3.4
Carbon Dioxide (COz) 154 | I/MMBtU | B | ;SEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 3.3 and 3.4
Certiem L (T0) 099 | Ib/MMBt | D | ;SEPA 1995) and WebFIRE (USEPA 2015)

, . Reference verified: AP-42, Sections 3.3 and 3.4
Nitrogen Oxides (NOx) 163 | bIMMBtu | D | (;SEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less 0.1 Ib/MMBtu D Reference verified: AP-42, Sections 3.3 and 3.4
Than 10 Microns (PM1o) ) (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less 0.1 Ib/MMBtu D Reference verified: AP-42, Sections 3.3 and 3.4
Than 2.5 Microns (PMz.s) ’ (USEPA 1995) and WebFIRE (USEPA 2015)

. Reference verified: AP-42, Sections 3.3 and 3.4
Sulfur Dioxide (SO2) 0.084 Ib/MMBtu D (USEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic 303 Ib/MMBtu Reference verified: AP-42, Sections 3.3 and 3.4
Compounds (VOC) : (USEPA 1995) and WebFIRE (USEPA 2015)

Table D - 5: Diesel engines with max HP < 600 (DIE-MO02R Ver.3)

Pollutant = Units E!: Review Notes
Value Rating
Reference verified: AP-42, Sections 3.3 and 3.4
Acetaldehyde (75070) 0.0008 | Ib/MMBtu E (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.3 and 3.4
Benzene (71432) 0.0009 | Ib/MMBtu | E | \;SEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 3.3 and 3.4
Canien Iyt e (TR 164 | I/MMBtu | B | \)SEPA 1995) and WebFIRE (USEPA 2015)
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Pollutant = Units E!: Review Notes
Value Rating

. Reference verified: AP-42, Sections 3.3 and 3.4

Carbon Monoxide (CO) 095 | Ib/MMBtu | - D | ;SEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.3 and 3.4

Formaldehyde (50000) 0.0012 | Ib/MMBtu E (USEPA 1995) and WebFIRE (USEPA 2015)
. . Reference verified: AP-42, Sections 3.3 and 3.4

Nitrogen Oxides (NOx) 441 | Ib/MMB | D | (;SEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.3 and 3.4

FIAS, o] 0.0002 | Ib/MMBtu | E | ;SEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less Than 0.31 Ib/MMBtu D Reference verified: AP-42, Sections 3.3 and 3.4

10 Microns (PM1o) ' (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less Than 0.31 Ib/MMBtu D Reference verified: AP-42, Sections 3.3 and 3.4

2.5 Microns (PMz2s) ’ (USEPA 1995) and WebFIRE (USEPA 2015)
L Reference verified: AP-42, Sections 3.3 and 3.4

Sulfur Dioxide (SOz) 029 | Ib/MMBtu D (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.3 and 3.4

Veltens (lEsEs) 0.0004 | Ib/MMBtu | E | ;SEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic Compounds 036 Ib/MMBtu Reference verified: AP-42, Sections 3.3 and 3.4

(VOC) : (USEPA 1995) and WebFIRE (USEPA 2015)
Xylenes (Mixed Isomers) Reference verified: AP-42, Sections 3.3 and 3.4

(1330207) 0.0005  Ib/MMBtu E (USEPA 1995) and WebFIRE (USEPA 2015)

Table D - 6: Diesel engines with max HP 2 600 (DIE-MO3R Ver.3)

Pollutant EF Value Units RaEt::ng Review Notes
Acetaldehyde (75070) | 2.52E-05 | Ib/MMBtu | E (FfJeéeErggc‘fg‘geg;ﬁ::a ﬁéﬁﬁisg‘zﬂgés’/;\?’z%’;‘é)&”'
serzone 714 | 00008 | i | £ | Rl ertes 2 seeons 5o
Carbon Dioxide (CO2) 165 Ib/MMBtu B (FfJe;eégg‘fg‘gesr;ﬁ::é /x’éﬁﬁisg‘m?;g&%q%f 4
Carbon Monoxide (CO) 0.85 Ib/MMBtu C &eégggcfg‘geg;ﬁ::a /x’éﬁﬁisg‘zg?é;’A32%’]%f'4
Formaldehyde (50000) | 7.89E-05 | Ib/MMBtu E ije;%rggcﬁ’g‘geg;ﬁ:ga Aﬁéﬁﬁﬁé‘é&%ﬁﬁiﬁ%ﬁ 4
etane (CHi oos | e | & | Reteesoron A4z seeions 35 o o
Nitrogen Oxides (NOx) 3.2 Ib/MMBtu B ﬁfggﬁf‘fg‘ggﬁ:ga ’Wéﬁﬁ@é‘iﬂ%‘éfiﬁ%f 4
ooz | omwens | £ | Rl ortes 02 seeons 5o o
Particulate Matter Less 0.0573 Ib/MMBtu E Reference verified: AP-42, Sections 3.3 and 3.4

Than 10 Microns (PM1o)

(USEPA 1995) and WebFIRE (USEPA 2015)

241




Pollutant EF Value Units R E!: Review Notes
ating
Particulate Matter Less o .
. Reference verified: AP-42, Sections 3.3 and 3.4
(Tlfla'; 52)'5 Llclels Do el E | (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 3.3 and 3.4
Sulfur Dioxide (SO2) 1.01xS Ib/MMBtu B (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.3 and 3.4
Vel (L) DRy il E | (USEPA 1995) and WebFIRE (USEPA 2015)
Volatile Oraanic Discrepancy found as compared with AP-42,
Com oundgs (VOC) 0.08 Ib/MMBtu Sections 3.3 and 3.4 (USEPA 1995) and
P WebFIRE (USEPA 2015)
Xylenes (Mixed Reference verified: AP-42, Sections 3.3 and 3.4
Isomers) (1330207) 0.0002 Ib/MMBtu E (USEPA 1995) and WebFIRE (USEPA 2015)

D.3 Drilling Equipment

Table D - 7: Units powered by gasoline (DRI-M01R Ver.3)

(VOC)

Pollutant = Units E!: Review Notes
Value Rating
Reference verified: AP-42, Sections 3.2, 3.3
Carbon Dioxide (COz) 154 Ib/MMBtu B and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)
Reference verified: AP-42, Sections 3.2, 3.3
Carbon Monoxide (CO) 0.99 Ib/MMBtu D and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)
Reference verified: AP-42, Sections 3.2, 3.3
Nitrogen Oxides (NOx) 1.63 Ib/MMBtu D and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)
Particulate Matter Less Reference verified: AP-42, Sections 3.2, 3.3
. 0.1 Ib/MMBtu D and 3.4 (USEPA 1995) and WebFIRE (USEPA
Than 10 Microns (PM1o) 2015)
Particulate Matter Less Reference verified: AP-42, Sections 3.2, 3.3
. 0.1 Ib/MMBtu D and 3.4 (USEPA 1995) and WebFIRE (USEPA
Than 2.5 Microns (PMz:5s) 2015)
Reference verified: AP-42, Sections 3.2, 3.3
Sulfur Dioxide (SOz2) 0.084 Ib/MMBtu D and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)
Volatile Oraanic Compounds Reference verified: AP-42, Sections 3.2, 3.3
9 P 3.03 | Ib/MMBtu and 3.4 (USEPA 1995) and WebFIRE (USEPA

2015)
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Table D - 8: Units powered by diesel (DRI-MO2R Ver.4)

Pollutant

EF Value

Units

EF
Rating

Review Notes

Acetaldehyde (75070)

2.52E-05

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Benzene (71432)

0.0008

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Carbon Dioxide (COz)

165

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Carbon Monoxide (CO)

0.85

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Formaldehyde (50000)

7.89E-05

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Methane (CHa)

0.0081

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Nitrogen Oxides (NOx)

3.2

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

PAH, total

0.0002

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Particulate Matter Less
Than 10 Microns (PM1o)

0.0573

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Particulate Matter Less
Than 2.5 Microns (PMz.)

0.056

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Sulfur Dioxide (SO2)

1.01x S

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Toluene (108883)

0.0003

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Volatile Organic Compounds
(VOC)

0.0819

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)

Xylenes (Mixed Isomers)
(1330207)

0.0002

Ib/MMBtu

Reference verified: AP-42, Sections 3.2, 3.3
and 3.4 (USEPA 1995) and WebFIRE (USEPA
2015)
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Table D - 9: Units powered by natural gas (DRI-MO3R Ver.3)

Pollutant =7 Units E!: Review Notes
Value Rating

Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Acetaldehyde (75070) 5.86 Io/MMscf C (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Benzene (71432) 106 | Ib/MMscf | B | (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Carbon Dioxide (COz) 112,200 | Ib/MMscf A (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Carbon Monoxide (CO) 2,127.3 | Ib/MMscf C (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Ethyl Benzene (100414) 0.03 Ib/MMscf E (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Formaldehyde (50000) 38.54 Ib/MMscf A (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Methane (CHa) 785 | IbMMscf | C | ;SEPA 1995) and WebFIRE (USEPA 2015)
. . Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Nitrogen Oxides (NOx) 2,467.5 | Ib/MMscf B (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

PAH, total 0.09 | IbIMMscf | D | (;SEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less 4.9 Ib/MMscf E Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Than 10 Microns (PM1o) : (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less 4.9 Ib/MMscf E Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Than 2.5 Microns (PM2.5) ' (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

S Blorcels ($102) 06 | Ib/MMscf | A | ;SEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Toluene (108883) 051 | Ib/MMscf | B | (SEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic 753 Ib/MMscf c Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

Compounds (VOC) ) (USEPA 1995) and WebFIRE (USEPA 2015)
Xylenes (Mixed Isomers) 02 Ib/MMscf B Reference verified: AP-42, Sections 3.2, 3.3 and 3.4

(1330207) : (USEPA 1995) and WebFIRE (USEPA 2015)

D.4 Combustion Flares

Table D - 10: Combustion flares (FLA-M01 Ver.3)

Pollutant EF Value Units Review Notes
2,2,4-Trimethylpentane Reference verified: AP-42, Sections 13.5 and 1.4
(540841) 0.0021 I/MMBW | |;SEPA 1995) and WebFIRE (USEPA 2015)

Reference verified: AP-42, Sections 13.5 and 1.4
Acetaldehyde (75070) 0.0552 Ib/MMBtu (USEPA 1995) and WebFIRE (USEPA 2015)
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Pollutant EF Value Units Review Notes
Reference verified: AP-42, Sections 13.5 and 1.4
’ an e
Benzene (71432) 0.0016 I/MMBW | |;SEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 13.5 and 1.4
Carbon Dioxide (COz) 117.65 Ib/MMBtu (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 13.5 and 1.4
’ an e
Carbon Monoxide (CO) 0.31 Ib/MMBtu USEPA 1995) and WebFIRE (USEPA 2015
Reference verified: AP-42, Sections 13.5 and 1.4
’ an e
Ethyl Benzene (100414) 0.00009 Ib/MMBtu (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and 1.4
) an e
Formaldehyde (50000) 0.083 Ib/MMBtu USEPA 1995) and WebFIRE (USEPA 2015
Reference verified: AP-42, Sections 13.5 and 1.4
’ an e
Az (1Lt DLl I/MMBtU | )SEPA 1995) and WebFIRE (USEPA 2015
. . Reference verified: AP-42, Sections 13.5 and 1.4
’ an e
Nitrogen Oxides (NOx) 0.068 Ib/MMBtu (USEPA 1995) and WebFIRE (USEPA 2015)
. . Reference verified: AP-42, Sections 13.5 and 1.4
Nitrous Oxide (N20) 0.002 I/MMBW | ;SEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and 1.4
Toluene (108883) 0.0014 I/MMBW | |;SEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic Compounds ) Ib/Ib-mol Reference verified: AP-42, Sections 13.5 and 1.4
(VOC) (USEPA 1995) and WebFIRE (USEPA 2015)
Xylenes (Mixed Isomers) Reference verified: AP-42, Sections 13.5 and 1.4
(1330207) 0.0004 I/MMBW | (;SEPA 1995) and WebFIRE (USEPA 2015)
Table D - 11: Flare pilots (FLA-MO02 Ver.3)
. EF .
Pollutant EF Value Units Rating Review Notes
. Reference verified: AP-42, Sections 13.5 and
Ammonia (NHs) 32 Ib/MMscf | C | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 13.5 and
AIEENI (R A8 ez | lofthker| (2 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
Benzene (71432) 0.0021 | Ib/MMscf | B | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 13.5 and
Beryllium (7440417) 0.000012 Ib/MMscf E 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 13.5 and
Cadmium (7440439) 0.0011 1 Ib/MMMscf | D | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
.. Reference verified: AP-42, Sections 13.5 and
Carbon Dioxide (COz) 120,000 Ib/MMscf A 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
. Reference verified: AP-42, Sections 13.5 and
Carbon Monoxide (CO) 84 Ib/MMscf | B | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Chromium (VI) Reference verified: AP-42, Sections 13.5 and
(18540299) 0000056 Ib/MMsof B 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
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Pollutant EF Value Units R E!: Review Notes
ating
. Reference verified: AP-42, Sections 13.5 and
Chromium 11l (16065831) 0.0013 Ib/MMscf D 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
FETEREED (D) 0.075 | IbMMsct | B | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
Hexane (110543) 18 Ib/MMscf | E | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
Leerl (I712) 0.0005 | Ib/MMscf | D | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
Mercury (7439976) 0.0003 | Ib/MMscf | D | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
T (k) i I/MMscf | B | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
, . Reference verified: AP-42, Sections 13.5 and
Nitrogen Oxides (NOx) 100 Ib/MMscf |~ D 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
. . Reference verified: AP-42, Sections 13.5 and
e EEE e b Ib/MMscf | E | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less 19 Ib/MMscf B Reference verified: AP-42, Sections 13.5 and
Than 10 Microns (PM1o) ’ 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
Particulate Matter Less 19 Ib/MMscf B Reference verified: AP-42, Sections 13.5 and
Than 2.5 Microns (PMz.) ’ 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)
.. Reference verified: AP-42, Sections 13.5 and
Sulfur Dioxide (SOz) 0.6 Ib/MMscf | A~ | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Reference verified: AP-42, Sections 13.5 and
TeliEns (1) 0.0034 | Ib/MMscf | C | 4 4 (USEPA 1995) and WebFIRE (USEPA 2015)
Volatile Organic 55 Ib/MMscf c Reference verified: AP-42, Sections 13.5 and
Compounds (VOC) ) 1.4 (USEPA 1995) and WebFIRE (USEPA 2015)

D.5 Fugitive Sources

Table D - 12: Total hydrocarbon Efs (Ib/component-day) by component, for each process stream

Gas el Heavy Oil (<20 | LightOil (20 | 'Waterand | Water, Oil,

atural Gas h . Oil and Gas

Component | (FUG-MO1 | ;& yoo o R - AT (FUG-M05 | (FUG-M06
Ver.2) o (FUG-MO3 Ver.2) | (FUG-Mo4 Ver.2) | (L) o
Connector 0.011 0.011 4E-04 0.011 5.8E-03 0.011
Flange 0.021 5.8E-03 2.1E-05 5.8E-03 1.5E-04 0.021
Line 0.1 0.074 0.074 0.074 0.013 0.1
Othert 0.47 0.4 17E-03 0.4 0.74 0.74
Pump Seals 0.13 0.69 0.69 0.69 13E-03 0.13
Valve 0.24 0.13 4.4E-04 0.13 5.2E-03 0.24

T Other Includes compressor seals, diaphragms, drains, dump arms, hatches, instruments, meters, pressure relief
valves, polished rods, and vents.
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D.6 NGE

Table D - 13: Natural gas engines, 2-stroke, lean burn (NGE-M01R Ver.3)

(USEPA 1995)

Pollutant Vslfle Units RaEt::ng Review Notes
2,2,4-Trimethylpentane (540841) 0.0008 | bMMBIL | B | (fsEees cied APaz Section 3.2
Acetaldehyde (75070) 0.0078 | IbMMBtu | A (Fijeé%rgnAcﬁ’g‘geg;ﬁed: APRAZ, SREie 3.2
Benzene (71432) 0.0019 | bMMBtu | A ije;%rg”AC‘fg‘ges”)ﬂed: AP-42, Section 3.2
Carbon Dioxide (CO) 10 [ BMMBt | A | (S ae o Section 3.2
Carbon Monoxide (CO) 0353 |b/MMBtu| A (FfJeg%rgnAC‘fg‘geg;ﬁed: AP-42, Section 3.2
Ethyl Benzene (100414) 0.0001 | b/MMBtu | B (RueéeErg”AC‘fg‘éesr;ﬁe": Ao, a2
Formaldehyde (50000) 0.0552 | MMBtu | A | (SRROs cied: AP-42, Section 3.2
Hexane (110543) 0.0004 | Ib/MMBtu C (Fijeé%rgnAcﬁ’g‘geg;ﬁed: APRAZ, SREie 3.2
Methane (CHa) 145 |Ib/MMBW | C ije;eErFe,”AC‘fg‘gesr;ﬁed: AP-42, Section 3.2
Nitrogen Oxides (NOx) 194 |IbMMBl | A | (ErEICS rlied: AP-A2 Section 3.2
PAH, total 0.0001 | Ib/MMBtu D (FfJeé%rgnAc‘fg‘geg;ﬁed: AP-42, Section 3.2
I\P/I?Si;:rl:éa(tgmi;ter Less Than 10 0.0384 | Ib/MMBtu c I(-'\LjeéeErgnAc;eg\éesr;fied: AP-42, Section 3.2
“Pﬂziacr:igﬁéa(tg&/ljst)ter Less Than 2.5 0.0384 | Ib/MMBtu c I(RueéeErgnAc1eg\ge5r;fied: AP-42, Section 3.2
Sulfur Dioxide (SOz2) 0.0006 | IbMMBtu | A (Fijeé%rgnAcﬁ’g‘geg;ﬁed: Az Sl 82
Toluene (108883) 0.001 |IbMMBtu| A EJeéeErg”AC‘fg‘;esr;ﬁed: AP-42, Section 3.2
Volatile Organic Compounds (VOC) | 0.12 [ IMMBtu | C | Adehos erlied: AP-42, Section 3.2
Xylenes (Mixed Isomers) (1330207) | 0.0003 | b/MMBtu | A | Reference verified: AP-42, Section 3.2

247




Table D - 14: Natural gas engines, 4-stroke, lean burn (NGE-MO2R Ver.4)

Pollutant = Units E!: Review Notes
Value Rating
2,2 4-Trimethylpentane (540841) 0.0003 | Ib/MMBtu | C '(_‘;JeéeErg”AC?g‘geg;f'ed: AP-42, Section 3.2
Acetaldehyde (75070) 0.0084 | Ib/MMBtu A (Fijeé%rgnAcﬁ’g‘geg;ﬁed: S
Benzene (71432) 0.0004 | Ib/MMBtu A ije;%rgnAc‘fg‘ges”)ﬂed: AP-42, Section 3.2
Carbon Dioxide (COz) 110 | b/MMB | A '(_‘;JeéeErg”A‘:?g‘gesr;f'ed: WP, SEEIE 42
Carbon Monoxide (CO) 0.557 | Ib/MMBtu B (FfJeé%rgnAc‘fg‘geg;ﬁed: AP-42, Section 3.2
3.97E- Reference verified: AP-42, Section 3.2
Ethyl Benzene (100414) 05 Ib/MMBtu B (USEPA 1995)
Formaldehyde (50000) 0.0528 | bIMMBtu | A '(ijeéeErgnA"?g‘geg;f'ed: AP-42, Section 3.2
Hexane (110543) 0.0011 | Ib/MMBtu © (Fijeé%rgnAcﬁ’g‘geg;ﬁed: PP il S
Methane (CHa) 125 | Ib/MMBtu c ije;eErFe,”AC‘fg‘gesr;ﬂed: AP-42, Section 3.2
Nitrogen Oxides (NOx) 0.847 | Ib/MMBtu B ije;eErgnA"‘fg‘gesr;f'ed: P A2, BEGEE0 S
2.69E- Reference verified: AP-42, Section 3.2
PAH, total o Ib/MMBtu D (USEPA 1905)
Particulate Matter Less Than 10 7.71E- Ib/MMBtu D Reference verified: AP-42, Section 3.2
Microns (PM1o) 05 (USEPA 1995)
Particulate Matter Less Than 2.5 7.71E- Ib/MMBtu D Reference verified: AP-42, Section 3.2
Microns (PM2.5) 05 (USEPA 1995)
Sulfur Dioxide (SO2) 0.0006 | Ib/MMBtu A (Fijeé%rgnAcﬁ’g‘geg;ﬁed: R, SEBLEN 82
Toluene (108883) 0.0004 | Ib/MMBtu B ije;eErg”AC‘fg‘gesr;ﬂed: AP-42, Section 3.2
Volatile Organic Compounds (VOC) 0.118 | Ib/MMBtu c ijeéeégnAc‘fg‘geg;“ed: WP, SEBIE £l
Xylenes (Mixed Isomers) (1330207) | 0.0002 | Ib/MMBtu B (FfJeé%rgnAc‘fg"geg')ﬂed: AP-42, Section 3.2

Table D - 15: Natural gas engines, 4-stroke, rich burn (NGE-MO3R Ver.3)

Pollutant EF Value Units E!: Review Notes
Rating
Acetaldehyde (75070) 0.0028 | Ib/MMBtu c ije;%rggcﬁ’g‘geg;ﬂed: AP-42, Section 3.2
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Pollutant EF Value Units R::::ng Review Notes
Benzene (71432) 0.0016 |Ib/MMBtu| B (FfJeéeErggc‘fg‘geg;ﬁed: A, SR S
Carbon Dioxide (CO2) 110 Ib/MMBtu A ae;%rglc‘fg‘geg;ﬁed: AP-42, Section 3.2
Carbon Monoxide (CO) 351 | IbMMBlu| C if;gggfggﬁ;ﬁed: P2, SR S
Ethyl Benzene (100414) 2.48E-05 | Ib/MMBtu E (FfJeéeErggc‘fg‘geg;ﬁed: AP-42, Section 3.2
Formaldehyde (50000) 0.0205 | Ib/MMBtu A ae;%rg;"?g‘gesr;ﬁed: R SERIEN &2
Methane (CHa) 023 | Ib/MMBtu c (Ffje;eéggﬂeg‘gesr;ﬁed: AP-42, Section 3.2
Nitrogen Oxides (NOx) 227 | bMMBW | C (FfJeéeErggc‘fg‘geg;ﬁed: A, SR S
PAH, total 0.0001 | Ib/MMBtu D ifggg&cﬁ’g‘geg;ﬁed: AP-42, Section 3.2
I:grl‘t/llclzéjrlgaes l}/l;&i)r)mss Than 0.0095 Ib/MMBtu E (the;%rg'r&c;ag\gesr;ﬁed: AP-42, Section 3.2
;%rt'i/lciuclraotrelsl\/(lgt'\t/lezlislgess Than 0.0095 Ib/MMBtu E aeégggﬂeg\geg;ﬁed: AP-42, Section 3.2
Sulfur Dioxide (SO2) 0.0006 | b/MMBtu| A ije;eégg"?g‘geg;ﬁed: AP SEELE S
Toluene (108883) 0.0006 | Ib/MMBtu A (FfJe;‘fErFe,fﬁg‘gesr;ﬁed: AP-42, Section 3.2
X;)(I)act;il)e Organic Compounds 0.03 Ib/MMBtu c E;S‘(gizﬁggy;cz)u(rcjdszspcfr1n9%a5r;ed with: AP-
z?gggggél;/lixed Isomers) 0.0002 Ib/MMBtu A (Rueé?zrg'r&c?g\gesr;ﬁed: AP-42, Section 3.2

Table D - 16: Natural gas engines, clean burn (NGE-M04R Ver.3)

Pollutant EF Value Units Review Notes
2,2,4-Trimethylpentane 0.0001 Ib/MMBtu Reference verified: Section 4.2.11 Natural Gas Engines -
(540841) ’ Year 2017 Emissions Inventory Study (Wilson et al. 2019)

Reference verified: Section 4.2.11 Natural Gas Engines -

hegElznee peli) Lo RIES Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Reference verified: Section 4.2.11 Natural Gas Engines -

Benzene (71432) 0.0006 Ib/MMBtu Year 2017 Emissions Inventory Study (Wilson et al. 2019)
L Reference verified: Section 4.2.11 Natural Gas Engines -

Ceneen [Riode (@7 e RIS Year 2017 Emissions Inventory Study (Wilson et al. 2019)
. Reference verified: Section 4.2.11 Natural Gas Engines -

Carbon Monoxide (CO) 0.88 Ib/MMBtu Year 2017 Emissions Inventory Study (Wilson et al. 2019)
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Pollutant EF Value Units Review Notes
Reference verified: Section 4.2.11 Natural Gas Engines -
Bl e () GIEEEE iy Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Reference verified: Section 4.2.11 Natural Gas Engines -
Formaldehyde (50000) 0.0495 Ib/MMBtu Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Reference verified: Section 4.2.11 Natural Gas Engines -
Rl () Loy RIES Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Reference verified: Section 4.2.11 Natural Gas Engines -
Methane (CH.) 1.25 Ib/MMBtu Year 2017 Emissions Inventory Study (Wilson et al. 2019)
. . Reference verified: Section 4.2.11 Natural Gas Engines -
Nitrogen Oxides (NOx) 0.59 Jaili i i Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Particulate Matter Less 7 71E-05 | Ib/MMBtu Reference verified: Section 4.2.11 Natural Gas Engines -
Than 10 Microns (PM1o) ’ Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Particulate Matter Less 771E-05 | Ib/MMBtu Reference verified: Section 4.2.11 Natural Gas Engines -
Than 2.5 Microns (PMz2.5) ’ Year 2017 Emissions Inventory Study (Wilson et al. 2019)
. Reference verified: Section 4.2.11 Natural Gas Engines -
Sulfur Dioxide (SOz) 0.0006 Ib/MMBtu Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Reference verified: Section 4.2.11 Natural Gas Engines -
Veltiens () Lo RIES Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Volatile Organic 0.12 Ib/MMBtu Reference verified: Section 4.2.11 Natural Gas Engines -
Compounds (VOC) ' Year 2017 Emissions Inventory Study (Wilson et al. 2019)
Xylenes (Mixed Isomers) 0.0002 Ib/MMBtu Reference verified: Section 4.2.11 Natural Gas Engines -
(1330207) ' Year 2017 Emissions Inventory Study (Wilson et al. 2019)

D.7 Dual-Fuel Turbines

Table D - 17: Natural gas dual-fuel turbines with known fuel gas sulfur content (NGT-MO01R Ver.3)

Pollutant o Units E!: Review Notes
Value Rating
Acetaldehyde (75070) 0.00004 | Ib/MMBtu C nggr)e;ﬁg \\//\?QEIESQ:QTLT;ZEE%CSS?53)'1 (USEPA
Benzene (71432) 0.000012 | Ib/MMBtu | A ?ggg‘;e;‘rfj ﬁég‘gﬁéé%‘&ﬁﬁg? 59;'1 s
. Extracted from WebFIRE (USEPA 2015) SCC

Cadmium (7440439) 6.93E-06 | Ib/MMBtu U o = 20200201

Carbon Dioxide (CO2) 110 | Ib/MMBtu A nggr)e:rfg \‘/’\f;g'lfﬁ%é‘fd‘glzﬁi"ggqu B
Carbon Monoxide (CO) 0.082 | b/MMBt | A ?gs‘;es;e;‘rfj \‘,’Veég'FeldFééfJ‘SzEﬁicgg? 59;'1 (USEPA
Chromium (VI) Reference verified: AP-42 Section 3.1 (USEPA
(18540299) sczs O | s ) L 1995) and WebFIRE (USEPA 2015)
Chromium 11l (16065831) | 1.28E-05 | Ib/MMBtu U Tgs‘;%r)e:ﬁg xgg‘gﬁéé‘ﬁ‘&ﬁiﬁg?;‘ (USEPA
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(1330207)

Pollutant VElI:le Units RaEt::ng Review Notes
Ethyl Benzene (100414) | 0.000032 | Ib/MMBtu |  C ?g;%;e:rfg ﬁégigﬁéé?dgziicgg? 53;'1 (L
Formaldehyde (50000) 0.0007 | Ib/MMBtu A 'fges‘;%r)e;fg ﬁ;gfﬁ%é"(:;“sZEﬁicggqsij (USEPA
Mercury (7439976) 6.63E-06 | Ib/MMBtu | U ?g;‘g‘;e;‘rfj ﬁégfﬁéé&‘&ﬁiﬁg? 59;'1 B
Methane (CH) 0.0086 | Ib/MMBtu | C ?gg%r)e:rfg \‘/’\‘fégilfl‘géfb“s2E§i°gg? 5?;'1 (USEPA
Nitrogen Oxides (NOx) 0.32 | Ib/MMBtu A 'fgeézge;fg ﬁ;gfﬁ%é?&glzﬁicgg?g (L=
Nitrous Oxide (N20) 0.003 | Ib/MMBtu E ?g;es';e:rfj \\//\/eégﬁéé?;‘szEﬁicgg?sﬁj (USEPA
PAH, total 22E-06 | bIMMBtu | C ?g;%;e:rfg ﬁégigﬁééf’d“szlzﬁicgg? 53;'1 (L
Paredstevater ot | ooy || G| Rl erte e 42 seon 1 (U5EPA
oo Materises | oooro e | o | R verted e 42 e 31 U
Sulfur Dioxide (SOz) 094xS | b/MMBtu | B ?gg‘;r)e:rfg ﬁg‘gﬁié&‘&ﬁfgg?g‘ (USEPA
Toluene (108883) 0.0001 | Ib/MMBtu c nggr)e:rfg \‘/’\fégilfﬁ%é"a‘&ﬁicgg?;j (el
e orie | owzr e | o | Retmerceverted e a2 cenin 31 U5EPA
Xylenes (Mixed Isomers) 0.000064 | Ib/MMBtu c Reference verified: AP-42 Section 3.1 (USEPA

1995) and WebFIRE (USEPA 2015)

Table D - 18: Natural gas dual-fuel turbines with unknown fuel gas sulfur content (NGT-M02R

Ver.3)
Pollutant VElI:le Units RaEt::ng Review Notes
Acetaldehyde (75070) 0.00004 | Ib/MMBtu c 'fgggr)e;rfg Q’fég‘ﬁﬁ%é'@‘;ﬁﬁfgg?g‘ (USEPA
Benzene (71432) 0.000012 | Ib/MMBtu A nggr)e:rfg \‘/’\fégilfﬁ%é"a‘&ﬁicgg?;j B
Cadmium (7440439) 6.93E-06 | Ib/MMBtu U Eg;r:ic;ezdogggzg\qebF'RE (USEPA 2015) SCC
Carbon Dioxide (CO2) 110 | Ib/MMBtu A 'fgeézge;fg ﬁ;gfﬁ%é?&glzﬁicgg?g (L=
Carbon Monoxide (CO) 0.082 Ib/MMBtuU A Reference verified: AP-42 Section 3.1 (USEPA

1995) and WebFIRE (USEPA 2015)
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(1330207)

Pollutant VElI:le Units RaEt::ng Review Notes
Chromin ssocar e | | R verfed 42 ecion 31 P
Chromium Il (16065831) | 1.28E-05 | Ib/MMBtu U 'fges‘;%r)e;fg ﬁ;gfﬁ%é"(:;“sZEﬁicggqsij (USEPA
Ethyl Benzene (100414) | 0.000032 | Ib/MMBtu |  C ?g;‘g‘;e;‘rfj ﬁégfﬁéé&‘&ﬁiﬁg? 59;'1 B
Formaldehyde (50000) 0.0007 | b/MMBtu | A Tgeg‘;e:rfg \\//\‘Ieéitf)ilslclglfAl(DJlSzEISDiCtzig? 53;'1 (USEPA
Mercury (7439976) 6.63E-06 | Ib/MMBtu | U 'fgeézge;fg ﬁ;gfﬁ%é?&glzﬁicgg?g (USEPA
Methane (CHa) 0.0086 | Ib/MMBtu C ?g;esr)e:rfg \\;\?ergiFegéél(Ddngﬁidzig?sg;'1 (USEPA
Nitrogen Oxides (NOx) 032 |lbMMBlu| A ?g;%‘;e:rfg ﬁégigﬁéé?dgziicgg? 53;'1 (L
Nitrous Oxide (N2O) 0.003 | Ib/MMBtu E nggr)e;‘sj ﬁégigﬁéé‘fd‘glzﬁicgg?g‘)ﬁ (USEPA
PAH, total 2.2E-06 | Ib/MMBtu C ?gé‘g‘;e:rfg \‘,’\‘fégiFel‘Eé‘fJ‘SzEﬁicgg'; 5?;'1 B
et | oors | | o | Relerceverted e 42 cenin 81 (U5EPA
raregaeaterioss | oot | mawen | o | elsneeerte 642 secton 1 (U5EPA
Sulfur Dioxide (SO2) 0.0035 | Ib/MMBtu B ?gggr)e:rfj xggifﬁééib‘&ﬁicgg?;;“ (USEPA
Toluene (108883) 0.0001 | b/MMBtu | C ?g;%;e:rfg ﬁégigﬁéé?dgziicgg? 53;'1 (L
et Oy | 00021 | wawen | D |l ert 642 secton 1 (USEPA
Xylenes (Mixed Isomers) 0.000064 | Ib/MMBtu c Reference verified: AP-42 Section 3.1 (USEPA

1995) and WebFIRE (USEPA 2015)

Table D - 19: Dual-fuel tu

rbines using diesel fuel (NGT-MO3R Ver.3)

Pollutant o Units E!: Review Notes
Value Rating
Arsenic (7440382) 0.000011 | Ib/MMBtu D ?gs‘;esr)e:rfg x;g‘gﬁéé'(jd‘gzlzﬁicgg?;“ (USEPA
Benzene (71432) 0.000055 | Ib/MMBtu |  C 'fg;%';e:ﬁg vvfég'ﬁﬁé?'fd“siﬁf%? 53;'1 (L=
Beryllium (7440417) 3.1E-07 | b/MMBtu | D ngge:ﬁg xgg‘gﬁéé‘ﬁ‘gﬁi"gg?sj (USEPA
Cadmium (7440439) 4.8E-06 | Ib/MMBtu D Reference verified: AP-42 Section 3.1 (USEPA

1995) and WebFIRE (USEPA 2015)
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Pollutant V;’:e Units RaEt::ng Review Notes
Carbon Dioxide (CO?) 157 | b/MMBtu | A Tge;‘;r)e:rfg \‘/’\‘fégiFeﬁééf;“SzEﬁicgg'; 53;'1 (USEPA
Carbon Monoxide (CO) 0.0033 | Ib/MMBtu C 'fg;%r)e;fg ﬁégiﬁﬁ%éf;“sZEﬁicggqu (EE
Coror ) om0 | | D | Relrceverfe 6,42 acin 31 (05EA
Chromium Ill (16065831) | 9.02E-06 | Ib/MMBtu | D ?g;%;e:rfg ﬁégigﬁééf’d“szlzﬁicgg? 5?;'1 (L
Formaldehyde (50000) 0.0003 | Ib/MMBtu B 'fges‘;%r)e;fg ﬁ;gfﬁ%é"(:;“sZEﬁicggqsij (USEPA
Lead (Pb) 0.000014 | Ib/MMBtu |  C ?g;‘g‘;e;‘rfj ﬁégfﬁéé&‘&ﬁiﬁg? 59;'1 B
Mercury (7439976) 1.2E-06 | Ib/MMBtu D ?g;%r)e:rfg \\;\?égilgﬁq:??dé2E|§iCt2ig?s?;'1 (USEPA
Nitrogen Oxides (NOx) 0.88 | Ib/MMBtu C nggr)e;ﬁg ﬁégiﬁﬁéé‘fd“szlzﬁicggqg B
PAH, total 0.00004 | Ib/MMBtu C ?g;esr)e:rfg \‘,’\fergiFel‘Eé'(DJgEﬁicgg? 5?;'1 (USEPA
e tateriore | oo | | o | Rotsercevertd e 42 cenin 81 (U5EPA
rancgaeniater s | oonas [ | o | Feloonceverted 642 secton 1 (U5EPA
Sulfur Dioxide (SOz2) 101xS |lb/MVBW | B ?g;‘g‘;e;‘rfj Wél?ﬁﬁé?f&‘éiﬁi?S?f;” B
Volatile Organic 0.0004 Ib/MMBtu E Reference verified: AP-42 Section 3.1 (USEPA

Compounds (VOC)

1995) and WebFIRE (USEPA 2015)

253




Appendix E — Glycol Dehydrators Zero Emissions Details

Fa;l:::lyelD Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
10091-1 GV-01 Glycol Dehydrators:
B Ethylene Glycol GLY Glycol | - No | No | No | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
10135-1 GC-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol | - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
10140-2 GV-01 Glycol Dehydrators: Decommissipned/SoId/
CF Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
10144-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
C Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
10175-1 GR-SC Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
10178-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
10212-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
10223-1 GC-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol | - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
10225-3 GLYSC Glycol Dehydrators: |Decommissioned/Sold/
C-PRD Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
10220'1 Sg/itO(;LC\;(chol Dehydrator Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
1035-1 GV-01 Glycol Dehydrators: |Amine/Glycol
A Holstein Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit locally
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Facility ID

Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
10597-1 D-SC Glycol Dehydrators:  |Decommissioned/Sold/
B Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
1088-1 GLYSC Glycol Dehydrators:
(Mattérhorn EZ‘X;Z?:,{S}{JC;LGLYGWCN - No | No | No | No | No | No | No | No | Yes | Yes | Yes | No
(SE))
113-1 GV-01 Glycol Dehydrators: |Amine/Glycol
X Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A (Virgo) D s
ehydrator Unit locally
1147-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
1924-1 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol | - No | No | No | No | No | No | No | No | Yes | Yes | Yes | Yes
Dehydrator Unit
GV-01 Glycol Dehydrators: | Amine/Glycol
1288-1 |Ethylene Glycol GLY Glycol |gmissions notvented | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A - Gunnison | pehydrator Unit locally
1323-1 GV-01 Glycol Dehydrators: | Amine/Glycol
A -Marco |Ethylene Glycol GLY Glycol |emissions notvented | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Polo Dehydrator Unit locally
1665-1 GV-01 Glycol Dehydrators: | Amine/Glycol
A- Ethylene Glycol GLY Glycol |emissions not vented | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Constitution |Dehydrator Unit locally
1808-1 GV-01 Glycol Dehydrators:
K Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
1812-1 GRSCC Glycol Dehydrators: | Decommissioned/Sold/
B Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
1917-1 GC-01 Glycol Dehydrators: |Decommissioned/Sold/
o Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes

Dehydrator Unit

reporting year
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Facility ID

Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2008-1 GLY100 Glycol Dehydrators: Am_ine_/GchoI
A-Perdido Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit locally
20104-3 |GV-01 Glycol Dehydrator
L-CMP-  |Unit GLY - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
VALVE
GLYUNIT1 Glycol Shut-in/Out of Service
20%%7'1 gclahydrators. Ethylene (September - No | No | No | No | No | No | No | No | Yes | Yes | Yes | Yes
ycol GLY Glycol D
Dehydrator Unit ecember)
y
20226-1 GR-SC Glycol Dehydrators:
D Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
20330-2 GD1 Glycol Dehydrators: Decommissioned/Sold/
C-PRD Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
NBC1100 Glycol
20%%0'2 gleyr&cljrgf\r(sél;nggllene - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
20630-2 GLYSC Glycol Dehydrators: _ .
A-GEN Ethylene Glycol GLY Glycol |Shut-in/Out of Service | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
20632-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
20687-1 GLY-01 Glycol Dehydrators: |Decommissioned/Sold/
B Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
ALY Eles) Decommissioned/Sold/
20726'1 g?hydrators. STy Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
ycol GLY Glycol reporting vear
Dehydrator Unit P 9y
207é7'2 Sg/itO(;L(\B(chol Dehydrator Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
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Facility ID

Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
20724-3 GR-SC Glycol Dehydrators:
A-CMP Ethylene Glycol GLY Glycol |Shut-in/Out of Service | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
20806-1 GD1 Glycol Dehydrators: Decommissioned/Sold/
F Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
20885-4 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
CMP1 Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
21098-1 |GC-01 Glycol Dehydrator
H Unit GLY - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
. GV-01 Glycol Dehydrator
211882 UnitGLYy o - No | No | No | No | No | No | No | No | Yes | Yes | Yes | Yes
21973-3 GLY-01 Glycol Dehydrators:
F Ethylene Glycol GLY Glycol | - No | No | No | No | No | No | No | No | Yes | No | No | No
Dehydrator Unit
21284-3 GV-01 Glycol Dehydrators: |Amine/Glycol
J Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit locally
STILLCOL Glycol o
- Decommissioned/Sold/
21434'1 gler::;écljrgf\r(sélftggllene Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
y y reporting year
Dehydrator Unit
21515-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
- GLY-01 Glycol Dehydrator
215261 Unit GLY y y Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
21664-2 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
E Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
- BBC0200 Glycol Dehydrator
217551 Unit GLY y y Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
21786-8 GC-01 Glycol Dehydrators:
D Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes

Dehydrator Unit
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Facility ID

Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
21830-2 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
21831-2 GC-01 Glycol Dehydrators:
E-COMP Ethylene Glycol GLY Glycol | - No | No | No | No | No | No | No | No | Yes |Yes | No | No
Dehydrator Unit
MAF 1020 Glycol Amine/Glveol
21895'.1. Dehydrators: Ethylene emissionsy not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A (Gemini) |Glycol GLY Glycol |
Dehydrator Unit ocally
y
21895-1 |MAF1044 Glycol Dehydrator )
A (Gemini) [Unit GLY Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
21903-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
D Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
21988-4 GLY-01 Glycol Dehydrators:
B Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
2201-1 GC-01 Glycol Dehydrators: |Decommissioned/Sold/
D Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
22019-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
B Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
22153'1 BEilt_'ég(IyCOI Dehydrator Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
22178-1 GV-01 Glycol Dehydrators: |Amine/Glycol
A-Co Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
9NaC | pehydrator Unit locall
y y
29355-1 GR-SC Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
22380-1 |GLYHEYD Glycol
A Dehydrator Unit GLY - No | No | No | No | No | No | No | No | Yes | Yes | Yes | No
22380-1 |GLYHEYD-2 Glycol
A Dehydrator Unit GLY - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
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Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
22490-1 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol | - No | No | No | No | No | No [Yes| No | No | No | No | No
Dehydrator Unit
20674-2 GV-01 Glycol Dehydrators:
A-PROD Ethylene Glycol GLY Glycol | - No | No | No | No | No | No | No | No [ Yes | No | No | No
Dehydrator Unit
e GV_-01 Glycol Dehydrator Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
G Unit GLY
297711 GV-01 Glycol Dehydrators: |Amine/Glycol
A Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit locally
AR GV-01 Glycol Dehydrator Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A Unit GLY
23005-1 GLYCOL Dehydrators:
A Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
o Lok el Decommissioned/Sold/
Zeler i etz Eiene Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A Glycol GLY Glycol reporting vear
Dehydrator Unit P 9y
231731 GLYSC Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
23289-1 DEHY Glycol Dehydrators: |Decommissioned/Sold/
c Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
23454-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
23474-2 GV-01 Glycol Dehydrators: |Amine/Glycol
A - AP Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit locally
23494-1 GLYSC Glycol Dehydrators:
C Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes

Dehydrator Unit
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Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
GV-01 Glycol Dehydrators: |Decommissioned in
23427'1 Ethylene Glycol GLY Glycol |reporting year (January | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit - October)
2351 GV-01 Glycol Dehydrators: |Amine/Glycol
Marli Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
arlin TLP s
Dehydrator Unit locally
23529-1 GLYSC Glycol Dehydrators: Decommissipned/SoId/
JA Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
23813-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
23839-1 GLYSC Glycol Dehydrators:
A Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
238;’9'2 Srl;I(SBE\? lycol Dehydrator Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
2385-1 GLY001 Glycol Dehydrator |Amine/Glycol
Unit GLY emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
B-Olympus locally
GDUO001 Glycol
23828—1 gleyfggligt&r(séllf;gg:ene - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
23883-1 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol | - Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
23894-2 Dehy Glycol Dehydrators: Amine/Glycol
AP Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit locally
240-1 GV-01 Glycol Dehydrators: |Decommissioned/Sold/
B Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
GLY100 Glycol Dehydrators: | Amine/Glycol
A-i4080_'leP Ethylene Glycol GLY Glycol |emissions notvented | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
uger Dehydrator Unit

locally
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Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
GLY500 Glycol Dehydrators:
A-iﬁgse?-';LP Ethylene Glycol GLY Glycol |out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
24129-1 |GV-01 Glycol Dehydrator | Amine/Glycol
A Unit GLY emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
(LOBSTER) locally
24130-1 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
24130-1 GV-02 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol | - No | No | No | No | No | No | No | No | No | No | Yes | Yes
Dehydrator Unit
24194-1 GLYSC Glycol Dehydrators: |Decommissioned/Sold/
A Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
24199-1 GLY100 Glycol Dehydrators: | Amine/Glycol
Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A-Mars TLP D .
ehydrator Unit locally
24229-1 |GV-01 Glycol Dehydrators:
A-Ram |Ethylene Glycol GLY Glycol | . Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Powell Dehydrator Unit
2503-1 GLY700 Glycol Dehydrators: | Amine/Glycol
! Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A-Turritella .
Dehydrator Unit locally
2530-1 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
2532-1 GV-01 Glycol Dehydrators:
A Ethylene Glycol GLY Glycol |Ownership transfer Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit
2570-1 GC-01 Glycol Dehydrators: |Decommissioned/Sold/
C Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
2576-1 GV-01 Glycol Dehydrators:
A - Lucius Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes

Dehydrator Unit
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Name Equipment Reason Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
2644-1 GLYV Glycol Dehydrators:
B Ethylene Glycol GLY Glycol |Other (January - June) | Yes | Yes | Yes | Yes | Yes | Yes | No | No | No | No | No | No
Dehydrator Unit
MAF-2600 Glycol .
. Decommissioned/Sold/
27062-1 | Dehydrators: Ethylene Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A Glycol GLY Glycol reporting vear
Dehydrator Unit P 9y
. GLYSC Glycol Dehydrat
2800238 ; s B Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
B Unit GLY
420-1 l\DAeAr::-c?:a(’:o?slycI:E?tL lene Amine/Glycol
A-Brutus G y ) y emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
TLP lycol GLY Glycol locally
Dehydrator Unit
463-1 GC-01 Glycol Dehydrators: |Decommissioned/Sold/
B Ethylene Glycol GLY Glycol |Removed prior to Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Dehydrator Unit reporting year
50010-2 GC-01 Glycol Dehydrators:
Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
B-AUX .
Dehydrator Unit
70004-1 GLY100 Glycol Dehydrators: | Amine/Glycol
Ethylene Glycol GLY Glycol |emissions not vented Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A-Ursa TLP !
Dehydrator Unit locally
) GV-01 Glycol Dehydrators: . .
70020-1 Ethylene Glycol GLY Glycol Removed in reporting Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A-Morpeth . year
Dehydrator Unit
745-1 GLY-1 Glycol Dehydrator .
; Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A Unit GLY
821-1 GV-01 Glycol Dehydrators:
Ethylene Glycol GLY Glycol |Out of service Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
A - Nansen .
Dehydrator Unit
876-1 GV-01 Glycol Dehydrators: | Amine/Glycol
A-Horn |Ethylene Glycol GLY Glycol |emissions not vented | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes
Mountain |Dehydrator Unit locally
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BOEM

Bureau of Ocean Energy
Management

U.S. Department of the Interior (DOI)

DOI protects and manages the Nation's natural resources and cultural
heritage; provides scientific and other information about those resources;
and honors the Nation’s trust responsibilities or special commitments to
American Indians, Alaska Natives, and affiliated island communities.

Bureau of Ocean Energy Management (BOEM)

BOEM’s mission is to manage development of U.S. Outer Continental Shelf
energy and mineral resources in an environmentally and economically
responsible way.

BOEM Environmental Studies Program

The mission of the Environmental Studies Program is to provide the
information needed to predict, assess, and manage impacts from offshore
energy and marine mineral exploration, development, and production
activities on human, marine, and coastal environments. The proposal,
selection, research, review, collaboration, production, and dissemination of
each of BOEM’s Environmental Studies follows the DOI Code of Scientific
and Scholarly Conduct, in support of a culture of scientific and professional
integrity, as set out in the DOI Departmental Manual (305 DM 3).
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