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EXECUTIVE SUMMARY

This study provides an analysis of the criteria pollutant emissions for oil and gas exploration and
production operations in the Williston Basin in Montana and North Dakota. This analysis is
being sponsored by the United States (US) Bureau of Land Management (BLM), Montana-
Dakotas State Office, jointly with the Western Regional Air Partnership (WRAP). The overall
effort has built on the previous inventory compiled for the same Basin for 2009 (Bar-llan et.al,
2013a) and new data from a number of sources (state agencies, federal agencies, and private
companies) to create the most accurate emission inventory that has been compiled to date for
the Williston Basin.

The primary sources of information for well sites were a survey outreach effort to the
producers in the Williston Basin and Tribal Minor New Source Review emissions data. For
midstream emission sources, detailed permit data from the Montana Department of
Environmental Quality (MTDEQ), North Dakota Department of Health (NDDOH), and US
Environmental Protection Agency (EPA) was gathered. Survey forms consisting of an Excel
spreadsheet requesting data on 23 discrete source categories were forwarded to major
participating operators in the Williston Basin. For each source category, data was requested
separately for oil wells and gas wells. All data requested from participating companies were for
these companies’ activities in the calendar year 2011. Well count and production data for the
basin were obtained from a commercially available database of oil and gas data maintained by
IHS Corporation (“the IHS database”). As with the emissions estimates, the focus of the IHS
database was calendar year 2011.

The companies participating in the survey process for the Williston Basin represented
approximately 46% of well ownership in the basin, 70% of gas production in the basin, and 58%
of oil production in the basin. The surveyed producer representation is a significant
improvement over Bar-llan et.al (2009). Capturing 58% of oil production ownership in the
company surveys allows for reasonable characterization of oil production related emissions in
the Williston which is significant in terms of oil production rates in the Williston (primarily from
the Bakken Formation) that in 2011 amounted to approximately 8% of all US crude oil
production and increased to approximately 11% of all oil production in 2012. Source categories
for which no data was obtained and were therefore excluded from the study include amine
units, coal bed methane (CBM) pump engines, truck loading at gas and natural gas liquid (NGL)
processing plants, water disposal pits, and saltwater disposal engines. This study does not
consider fugitive emissions from oil and gas pipelines from well heads to the main compressor
stations. Accurate quantitative information on the length of pipeline in the basin was not
available from sources queried as part of this effort or other data bases that were analyzed, and
therefore a reasonable estimate of basin-wide pipeline fugitive emissions could not be derived.
Because of the prevalence of flaring of produced gas from oil wells (casinghead gas), casinghead
gas flaring was added as a separate source category in this study.

The Williston Basin was defined as consisting of Carter, Custer, Daniels, Dawson, Fallon,
Garfield, McCone, Prairie, Richland, Roosevelt, Sheridan, Valley, and Wibaux Counties in
Montana; Butte and Harding Counties in South Dakota; and all counties in North Dakota. For
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purposes of this report, only those counties in North Dakota with some oil and gas activity or
midstream sources were included, consisting of Barnes, Billings, Bottineau, Bowman, Burke,
Burleigh, Divide, Dunn, Golden Valley, McHenry, Mcintosh, McKenzie, McLean, Mercer,
Morton, Mountrail, Renville, Slope, Stark, Stutsman, Ward and Williams Counties in North
Dakota. The Williston Basin had significantly more oil production in 2011 than any other basin
in the Rocky Mountain States, with approximately 175.3 million barrels of oil produced in 2011,
primarily from the Bakken Shale formation. The gas production in the Williston Basin in 2011
consisted of primary gas from gas wells and associated gas from oil wells. There is minimal CBM
gas production in the Williston Basin in 2011.

The total emissions of nitrogen oxides (NOx) in the Williston Basin were 29,404 tons in 2011
while total emissions of volatile organic compounds (VOCs) in the Williston Basin were 296,488
tons in 2011. Overall, drill rigs accounted for approximately 24% of NOx emissions basin-wide,
miscellaneous engines (including diesel-powered generators, gasoline powered pumps, and
other natural gas engines) accounted for approximately 16% of NOx emissions basin-wide , and
compressor engines (including wellhead and midstream compressor engines) accounted for
approximately 14% of NOx emissions basin-wide. Venting of casinghead gas accounted for
approximately 37% of basin-wide VOC emissions, flashing emissions from oil storage tanks
accounted for approximately 25% of basin-wide VOC emissions and condensate tank flashing
and pneumatic devices accounting for an additional approximately 28% of VOC emissions,.
Approximately 86% of NOx emissions were derived from well site sources, with the remaining
approximately 14% of NOx emissions being derived from permit data for primarily midstream
sources from NDDOH, MTDEQ and EPA. The vast majority of VOC emissions were derived from
the well site sources, with only a small fraction being derived from permit data.

The total emissions of NOx in the Williston Basin were 47,624 tons in 2015 while total emissions
of VOCs in the Williston Basin were 367,624 tons in 2015 Overall, compressor engines (including
wellhead and midstream compressor engines) accounted for approximately 24% of NOx
emissions basin-wide, miscellaneous engines (including diesel-powered generators, gasoline
powered pumps, and other natural gas engines) accounted for approximately 18% of NOx
emissions basin-wide , and drill rigs and casinghead gas flaring each accounted for
approximately 12% of NOx emissions basin-wide. Venting of casinghead gas accounted for
approximately 48% of basin-wide VOC emissions, flashing emissions from oil storage tanks
accounted for approximately 11% of basin-wide VOC emissions and pneumatic devices
accounted approximately 19% of VOC emissions. Approximately 75% of NOx emissions were
derived from well site sources, with the remaining approximately 25% of NOx emissions being
derived from permit data for primarily midstream sources from NDDOH, MTDEQ and EPA. The
vast majority of VOC emissions were derived from the well site sources, with only a small
fraction being derived from permit data.

Table ES-1 and Table ES-2 contain summaries of the total emissions from oil and gas operations
in the Williston Basin by county and by mineral ownership designation, respectively. In addition
to NOx and VOCs, emissions of carbon monoxide (CO), particulate matter (PM), and sulfur
oxides (SOx) are reported.
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Table ES-1. Summary of 2011 and 2015 emissions from oil and gas operations in the

Williston Basin.

NOx vVOoC co SOx PM
County [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr]
2011 Emissions
Carter, MT 4 120 7 0 0
Custer, MT 0 18 0 0 0
Daniels, MT 2 16 2 0 0
Dawson, MT 82 723 142 4 4
Fallon, MT 1,205 12,080 2,328 140 50
Garfield, MT 12 89 12 0 1
McCone, MT 8 52 10 0 0
Prairie, MT 20 129 59 0 1
Richland, MT 1,703 22,299 3,007 413 82
Roosevelt, MT 539 3,089 819 42 20
Sheridan, MT 285 2,485 581 19 17
Valley, MT 127 1,263 155 3 5
Wibaux, MT 140 1,155 394 5 5
Barnes, ND 119 6 2 3 6
Billings, ND 970 8,578 1,761 407 34
Bottineau, ND 726 5,230 1,442 14 31
Bowman, ND 747 20,548 1,538 51 22
Burke, ND 714 6,798 1,060 137 31
Burleigh, ND 44 0 24 1 0
Divide, ND 685 9,521 1,310 185 29
Dunn, ND 2,905 27,290 4,643 531 99
Golden Valley, ND 92 1,202 190 16 4
Mc Henry, ND 130 136 31 3 7
Mclntosh, ND 106 13 97 6 7
McKenzie, ND 6,798 60,939 9,555 1,511 224
McLean, ND 89 510 219 12 3
Mercer, ND 1 8 1 0 0
Morton, ND 219 34 210 12 14
Mountrail, ND 5,576 57,968 8,797 1,195 194
Renville, ND 325 2,864 511 8 16
Slope, ND 20 1,973 52 2 1
Stark, ND 274 3,363 637 58 7
Stutsman, ND 9 0 14 0 0
Ward, ND 18 152 29 1 1
Williams, ND 4,529 43,179 6,391 2,104 134
Butte, SD 0 0 0 0 0
Harding, SD 182 2,657 276 11 9
Totals 29,404 | 296,488 46,305 6,895 1,060
2015 Emissions
Carter, MT 33 122 22 0 1
Custer, MT 0 17 0 0 0
Daniels, MT 3 23 4 0 0
Dawson, MT 97 753 163 4 6
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NOx VOoC co SOx PM
County [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr]
Fallon, MT 1,762 12,389 3,092 333 71
Garfield, MT 359 174 190 0 15
McCone, MT 15 76 25 0 1
Prairie, MT 19 128 56 0 1
Richland, MT 3,025 37,137 6,178 797 160
Roosevelt, MT 1,209 5,158 2,068 90 43
Sheridan, MT 568 4,122 1,479 41 38
Valley, MT 266 1,486 378 7 9
Wibaux, MT 134 1,132 375 4 5
Billings, ND 1,978 11,104 4,159 1,030 65
Bottineau, ND 1,435 6,718 3,751 36 58
Bowman, ND 1,094 20,616 1,830 48 24
Burke, ND 1,203 8,941 2,249 294 54
Divide, ND 1,125 11,664 2,694 353 52
Dunn, ND 4,569 32,720 9,763 1,124 140
Golden Valley, ND 175 1,461 442 33 7
Mc Henry, ND 348 187 79 9 18
McKenzie , ND 10,032 77,024 18,584 3,075 283
McLean, ND 171 856 519 34 6
Mercer, ND 2 10 3 0 0
Mountrail, ND 7,751 67,528 18,051 2,492 238
Renville, ND 613 3,549 1,239 19 30
Slope, ND 19 1,967 44 2 1
Stark, ND 584 3,993 1,539 116 13
Ward, ND 35 214 73 1 2
Williams, ND 7,431 53,667 12,656 5,061 175
Harding, SD 175 2,540 264 11 9
Butte, SD 0 0 0 0 0
Barnes, ND 332 16 6 8 15
Morton, ND 613 96 590 34 39
Mclntosh, ND 297 36 272 17 20
Burleigh, ND 123 0 66 2 1
Stutsman, ND 26 0 39 0 0
Total 47,624 | 367,624 92,942 15,075 1,598

® numbers in the table may not sum exactly to the total value listed due to rounding

<« ENVIRON

Table ES-2. 2011 emissions for all criteria pollutants by mineral ownership designation in the

Williston Basin.

NOXx vocC co SOx PM
Mineral Designation | [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr]
Tribal 3,485 17,306 6,245 432 103
Private/State 22,715 231,430 33,837 5,834 833
BLM 1,738 27,981 3,445 293 72
USFS 1,466 19,771 2,778 337 51
Total 29,404 | 296,488 46,305 6,895 1,060
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Table ES-3 below shows a summary of the 2011 and 2015 emissions inventory results compared
to 2009 emission inventory results from Bar-llan et.al (2013a). This table is intended for
comparison purposes and therefore should be considered in conjunction with Table ES-4, which
shows a summary of the production and well count characteristics for the 2009, 2011 and 2015
emission inventories. As these two tables show, there are significant increases in oil and gas
activity (i.e. well count, oil production, gas production, and spud count), and subsequent
emission increases for NOx emissions from 2009 to 2011 and 2011 to 2015. Notably, even with
increased oil and gas activity, VOC emissions have decreased from 2009 to 2011; additional
control of oil tanks is the largest contributor to this decrease. VOC emissions increase from
2011 to 2015 due to significant increases in oil and gas activity. It should also be noted that
significant updates in the characterization of well site source emissions based on 2011 survey-
data and tribal minor source registration data also account for differences from the 2009 to
2011 basin-wide emissions.

Table ES-3. Comparison of Williston Basin emissions conducted to date.

Emissions (tons/yr)
Basin NOx vocC co SOx PM
2015 Williston Basin 47,624 367,624 92,942 15,075 1,598
2011 Williston Basin 29,404 296,488 46,305 6,895 1,060
2009 Williston Basin® 14,387 357,798 18,765 2,081 1,045

! Bar-llan et.al, 2013a

Table ES-4. Comparison of production characteristics in the Williston Basin inventories

conducted to date.

Oil/Condensate Production (bbl) Gas
Gas Well Production Spud
Basin Well Count Total 0il Well Oil Condensate (MCF) Counts
2015 Williston Basin 20,165 | 459,830,574 | 456,021,833 3,808,741 529,328,486 2,132
2011 Williston Basin 10,303 | 175,349,887 | 171,276,043 4,073,844 202,670,504 1,556
2009 Williston Basin® 8,144 | 105,868,409 | 101,729,112 4,139,297 150,025,060 716

! Bar-llan et.al, 2009
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Report Outline

The contents of the report by Chapter are summarized as follows:

e Chapter 1.0 is an executive summary and briefly describes the methodology and key
study results

e Chapter 2.0 describes the development of 2011 midstream emissions
e Chapter 3.0 describes the development of 2011 well site emissions

e Chapter 4.0 describes the calculation methodology for estimating 2011 emissions from
well site sources

e Chapter 6.0: describes the 2015 emissions forecast methodology

e Chapter 7.0: presents summaries in graphical and tabular formats of base year 2011 and
future year 2015 emissions
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1.0 INTRODUCTION

The Bureau of Land Management (BLM) is sponsoring the development of a regional oil and gas
emission inventory for the Williston Basin jointly with the Western States Air Resources Council
(WESTAR), as an update to the WRAP Phase Ill Williston Basin baseline (2009) and future
emission inventories (Bar-llan et.al 2013a,b) published in June-July 2013. This effort is focused
on creating a comprehensive criteria pollutant emissions inventory for all activities associated
with oil and gas field operations in the Williston Basin for a baseline year of 2011 as well as a
future projection year of 2015 that includes all point and area sources related to the oil and gas
industry.

1.1 Baseline 2011 Inventory

The inventory presented in this analysis is for the Williston Basin in Montana, North Dakota and
South Dakota. The 2011 baseline inventory consists of four primary categories: (1) sources that
were permitted by the State of Montana; (2) sources that were permitted by the State of North
Dakota; (3) sources that were permitted by the US EPA (for tribal land), including both Part 71
major sources and Tribal Minor New Source Review sources; and (4) sources that were either
exempt from any permitting or for which data was collected from surveys of major companies
operating in the Williston Basin, which are collectively termed “survey-based” sources in this
document. At the time that this study was prepared, no midstream permitted sources were
known to be located in the South Dakota area of the basin, therefore, midstream permitted
emissions in South Dakota were assumed negligible. This document describes the
methodologies by which the 2011 inventory was constructed. For midstream sources which
were based on state and federal permitting databases, the source of emissions and any
important assumptions for these emissions are described. For each well site source category, a
basic description is given of the methodology used to estimate emissions based on
representative inputs from either the survey effort or from EPA Tribal Minor New Source
registrations.

In general, the inventory was developed using a combination of well count and production
activity from a commercially available database of oil and gas data maintained by IHS
Corporation (“the IHS database”), extensive data on large sources from state and EPA permits,
detailed data from EPA tribal minor source registrations available for the Fort Berthold
Reservation in North Dakota, and detailed survey responses of oil and gas activity from a
number of major participating companies that operate in the Williston Basin. Some additional
data sources were also used, including the US EPA’s AP-42 emissions factor technical guidance
(EPA, 1995), the US EPA’s NONROAD emissions model (EPA, 2009), and the US EPA’s Natural
Gas Star program technical guidance (EPA, 2008).

1.2 Future Year 2015 Inventory

The methodology used to develop the 2015 projections for the Williston Basin is described
below in subsections:
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e Geographic grouping of data — regional differences in production or activity are factored
into the projection methodology by geographic region;

e Projected parameters —basic oil and gas activity parameters are projected forward to
2015 for purposes of developing scaling factors: well counts by type (i.e. oil, gas, and
total), gas production by well type (i.e. primary gas production from gas wells,
associated gas production from oil wells, and total gas production), liquid hydrocarbon
production by well type (i.e. oil production from oil wells, condensate production from
gas wells, and total liquid hydrocarbon production), spud counts by well type (i.e oil well
spuds, gas well spuds, and total spuds) and total gas processed;

e Scaling factors and developing uncontrolled emissions projections — the projected
parameters are used to develop scaling factors (incorporating geographic groupings),
and these scaling factors are applied to the 2011 baseline emissions;

e Application of “on-the-books” regulations and control measures — existing regulations
are summarized for their impacts on the future year emissions and applied to adjust the
uncontrolled 2015 inventory.

1.3 Temporal and Geographic Scope

This inventory considers a base year of 2011 for purposes of estimating emissions. All data
requested from participating companies were for these companies’ activities in the calendar
year 2011. Similarly, all base year well count and production data for the basin obtained from
the IHS database were for the calendar year 2011. Emissions from all source categories are
assumed to be uniformly distributed throughout the year except for heaters and pneumatic
pumps, which are assigned seasonality fractions as they are typically used primarily in winter.

The geographic scope of this inventory is the Williston Basin in Northeastern Montana, North
Dakota, and including a small portion of Northwestern South Dakota. For the purposes of this
study, the boundaries for the Williston Basin were modified from those of the US Geological
Survey (USGS) (USGS, 2008) to wholly include Carter, Custer, Daniels, Dawson, Fallon, Garfield,
McCone, Prairie, Richland, Roosevelt, Sheridan, Valley, and Wibaux Counties in Montana; Butte
and Harding Counties in South Dakota; and all counties in North Dakota. For purposes of this
report, only those counties in North Dakota with some oil and gas activity or midstream sources
were included, consisting of Barnes, Billings, Bottineau, Bowman, Burke, Burleigh, Divide, Dunn,
Golden Valley, McHenry, Mclntosh, McKenzie, McLean, Mercer, Morton, Mountrail, Renville,
Slope, Stark, Stutsman, Ward and Williams Counties in North Dakota. The geographic scope of
the analysis also considers activities by mineral estate ownership: BLM, United States Forest
Service (USFS), Bureau of Indian Affairs (BIA) and state or private fee land.

Figure 1-1 and Figure 1-2 show the boundaries of the Williston Basin, with the 2011 well
locations extracted from the IHS database overlaid. Figure 1-1 presents wells by type and Figure
1-2 presents wells by mineral designation.
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1.4 Waell Count and Production Data

Williston Basin boundaries overlaid with 2011 oil and gas well locations by

Oil and gas related activity data across the entire Williston Basin were obtained from the IHS
Enerdeq database queried via online interface. The IHS database uses data from each state’s Qil
and Gas Conservation Commission (OGCC or equivalent) as sources of information for oil and
gas activity. This data is also available directly through database querying tools maintained by
the respective agencies, however it was determined that the IHS database is more accurate and
complete than these state databases and therefore was chosen as the basis for production
statistics for this analysis. Two types of data were queried from the Enerdeq database:
production data and well data. Production data includes information relevant to producing
wells in the basin while well data includes information relevant to drilling activity (“spuds”) and

completions in the basin.

% Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved.

10
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Production data were obtained for all counties in the Williston Basin in the form of IHS “298”
format data files. The “298” well data contain information regarding historical oil and gas
production. The “298”well data were processed with a PERL script to arrive at a database of by-
American Petroleum Institute (API)-number, well type, annual gas production, oil production,
and water production with latitude and longitude information.

The APl number in the IHS database consists of 14 digits as follows:

Digits 1 to 2: state identifier

Digits 3 to 5: county identifier

Digits 6 to 10: borehole identifier

Digits 11 to 12: sidetracks

Digits 13 to 14: event sequence code (recompletions)

Based on the expectation that the first 10 digits, which include geographic and borehole
identifiers, would predict unique sets of well head equipment, the unique wells were identified
by the first 10 digits of the APl number.

Well data were also obtained from the IHS Enerdeq database for the counties that make up the
Williston Basin in the form of “297” well data. The “297” well data contain information
regarding spuds and completions. The “297”well data were processed with a PERL script to
arrive at a database of by-APl-number, spud and completion dates with latitude and longitude
information. Drilling events in 2011 were identified by indication that the spud occurred within
2011. If the well API number indicated the well was a recompletion, it was not counted as a
drilling event, though if the APl number indicated the well was a sidetrack, it was counted as a
drilling event.

The well counts by well type are presented in Table 1-1, and the oil, gas and water production
by county are presented in Table 1-2. The spuds by county are presented in Table 1-3. Appendix
C presents similar oil and gas activity tables by mineral designation. Because of the minimal
number of coal-bed methane (CBM) wells in the basin (3 CBM wells total) and minimal volume
of CBM gas produced in the basin (less than 0.02% of all gas produced) CBM wells and
production are lumped together with other gas wells.

11
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Table 1-1. 2011 well count by well type and by county for the Williston Basin (counties
without oil and gas production are not shown).

Well Count

County Gas Wells Oil Wells

Carter, MT 17 1
Custer, MT 3 0
Daniels, MT 0 2
Dawson, MT 0 62
Fallon, MT 982 495
Garfield, MT 0 12
McCone, MT 0 7
Prairie, MT 1 12
Richland, MT 4 995
Roosevelt, MT 0 206
Sheridan, MT 1 209
Valley, MT 149 41
Wibaux, MT 32 81
Billings, ND 3 460
Bottineau, ND 5 533
Bowman, ND 212 329
Burke, ND 5 433
Divide, ND 5 275
Dunn, ND 10 701
Golden Valley, ND 0 69
McHenry, ND 0 17
McKenzie , ND 46 1,231
McLean, ND 0 29
Mercer, ND 0 1
Mountrail, ND 4 1,124
Renville, ND 6 284
Slope, ND 5 13
Stark, ND 0 102
Ward, ND 0 16
Williams, ND 38 800
Harding, SD 99 136
Total 1,627 8,676

12
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Table 1-2. 2011 production by production type and by county for the Williston Basin
(counties without oil and gas production are not shown).

Liquid Hydrocarbon
Production Gas Production
Condensate oil Primary Gas | Associated Gas Produced

County (bbl) (bbl) (mcf) (mcf) Water (bbl)

Carter, MT 0 27,436 49,295 0 139,164
Custer, MT 0 0 60,449 0 0
Daniels, MT 0 3,230 0 0 12,488
Dawson, MT 0 595,113 0 53,615 2,700,813
Fallon, MT 15,418 4,822,211 14,055,984 3,549,143 46,058,213
Garfield, MT 0 13,159 0 1,969 74,713
McCone, MT 0 4,200 0 0 90,419
Prairie, MT 0 63,325 430 0 1,880,916
Richland, MT 31,260 11,962,438 21,204 13,428,072 5,983,761
Roosevelt, MT 0 1,779,002 0 999,229 13,167,825
Sheridan, MT 6,435 1,276,436 1,948 439,261 12,952,771
Valley, MT 0 100,412 1,539,084 8,221 1,002,778
Wibaux, MT 0 741,512 221,939 229,797 12,295,410
Billings, ND 7,054 3,830,377 25,874 4,102,338 22,306,981
Bottineau, ND 36,240 1,750,108 2,952 77,376 37,632,266
Bowman, ND 1,866,510 8,018,738 4,570,444 7,945,295 33,665,670
Burke, ND 16,780 2,235,526 40,185 3,196,199 7,074,419
Divide, ND 38,855 5,186,853 52,420 6,021,999 5,948,983
Dunn, ND 154,372 22,268,833 126,213 15,258,523 12,260,749
Golden Valley, ND 0 652,781 0 498,881 2,417,409
McHenry, ND 0 25,849 0 0 513,965
McKenzie , ND 843,889 29,044,894 2,897,188 41,054,821 21,427,508
McLean, ND 0 747,001 0 316,753 355,773
Mercer, ND 0 2,111 0 0 10,598
Mountrail, ND 123,231 50,959,389 71,989 34,121,971 18,254,096
Renville, ND 44,189 810,957 0 100,171 9,950,411
Slope, ND 254,656 307,887 82,364 518,533 1,213,648
Stark, ND 0 2,344,297 0 1,757,258 10,005,696
Ward, ND 0 38,845 0 11,132 570,370
Williams, ND 606,902 20,076,648 3,607,091 29,101,957 26,750,917
Harding, SD 28,053 1,586,475 1,295,351 11,155,586 3,979,830
Total 4,073,844 | 171,276,043 28,722,404 173,948,100 310,698,560

13
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Table 1-3. 2011 spud counts by county for the Williston Basin (counties without oil and gas
production are not shown).

County Spuds

Carter, MT 0
Custer, MT 0
Daniels, MT 0
Dawson, MT 2
Fallon, MT 2
Garfield, MT 1
McCone, MT 0
Prairie, MT 0
Richland, MT 34
Roosevelt, MT 29
Sheridan, MT 9
Valley, MT 3
Wibaux, MT 0
Billings, ND 31
Bottineau, ND 12
Bowman, ND 4
Burke, ND 47
Divide, ND 95
Dunn, ND 220
Golden Valley, ND 7
McHenry, ND 0
McKenzie , ND 353
McLean, ND 14
Mercer, ND 0
Mountrail, ND 336
Renville, ND 5
Slope, ND 1
Stark, ND 35
Ward, ND 0
Williams, ND 306
Harding, SD 10
Total 1,556

14
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2.0 2011 MIDSTREAM SOURCES

Permitted midstream sources in the Williston Basin analysis refer to three types of sources for
which data was gathered: (1) Title V or major sources in use in midstream, gas gathering
applications from permit data from the Montana Department of Environmental Quality
(MTDEQ); (2) Title V or major sources in use in midstream applications from NDDOH (North
Dakota Department of Health); and (3) Part 71 major sources on tribal land from US EPA Region
8. The three source types are described below. In general, these permitted sources were used
to supplement the emissions associated with well-site sources which were derived from survey
data and tribal minor source registrations. Most permitted emissions used in this inventory
were for midstream facilities which were not included in the exploration and production (E&P)
sector surveys described in the next section. Although the MTDEQ and NDDOH register
production-site equipment, this study used the detailed survey of operators to estimate
emissions from these sources rather than permit data for individual production sites due to the
availability of the data and the resources available for processing this data.

2.1 Permit Data for Midstream Facilities from State Agencies

Similar to the WRAP Phase Ill emissions inventories®, midstream companies were generally not
participants in the survey process conducted in the Williston Basin, with the exception of some
gas and oil producers who may also own and operate midstream facilities. Because NDDOH and
MTDEQ permit large midstream sources on non-tribal land in each state respectively, it was
determined that these permit databases would be the most comprehensive source of data on
midstream facilities such as gas plants, compressor stations and associated equipment.
Requests were made to the MTDEQ and NDDOH to query their database of permitted facilities
to identify midstream oil and gas sources in the Williston Basin using a combination of NAICS
(SIC) and SCC codes corresponding to onshore oil and gas sources. This query was focused on
facilities and to the extent possible excluded production sites. It is noted that both NDDOH and
MTDEQ require registration of production sites including registration of equipment at the sites,
but discussions with both agencies indicated that this information was not considered readily
available for use in the inventory.

2.2 Permit Data from EPA Region 8

2.2.1 TitleV

Title V and Part 71 permits were requested from EPA Region 8 covering the Williston Basin,
primarily for the Fort Berthold and Fort Peck Indian Reservations. Data provided by EPA
indicated only a single source in the Fort Peck Indian Reservation meeting the Title V emission
thresholds.

2.2.2 Tribal Minor Source Reporting

Tribal minor source registration emissions were requested from EPA Region 8 covering the
Williston Basin, primarily for the Fort Berthold and Fort Peck Indian Reservations. Data provided
by EPA indicated eleven compressor stations that did not meet Title V emission threshold, but
were reported under EPA’s minor source program.

® http://www.wrapair2.org/Phaselll.aspx
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3.0 2011 WELL SITE SOURCES

Emissions from well site sources were estimated based primarily on two sources of data. A
survey effort was conducted to develop basin-wide representative data for well site emission
sources. Additionally, tribal minor source well site registrations were obtained from EPA for the
Fort Berthold Indian Reservation which allowed for compilation of representative well site data
specific to the Fort Berthold Indian Reservation for select well site emission sources. Tribal
minor source well site registrations were not obtained from EPA for the Fort Peck Indian
Reservation due to the small number of well site registrations that were available for that
reservation.

Detailed inventory methodologies for each of the source categories are presented in Section
4.0. Emission estimates were generally made by extending representative emissions per well or
per unit of production developed from the survey and tribal minor source data to the entire
basin by scaling by the appropriate oil and gas surrogate. Similarly, emissions by mineral
designation were estimated by scaling basin-wide emissions by the oil and gas activity
surrogate appropriate to each source category.

3.1 Surveyed Sources

A survey spreadsheet was forwarded to participating operators in the Williston Basin. The
spreadsheet contained requests for specific data related to one of the following 23 source
categories:

e Drill Rigs

e Fracing Engines

e Completion Engines

e Initial Completion Venting
e Qil and Condensate Tanks
e Well Truck Loading

e Artificial Lift Engines

e Casinghead Flaring

e Well-site Fugitive Components
e Heaters

e Pneumatic Devices

e Pneumatic Pumps

e Dehydrators

e Workover Rigs

e Refracing Engines

e Recompletion Venting

e Other Flaring

16
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e Miscellaneous Engines

e Well Blowdown (liquids unloading)

e Wellsite Compressor Engines

e Compressor Start-ups and Shutdown
e Water Tanks

e \Water Disposal Pits

The companies participating in the survey process for the Williston Basin represented
approximately 46% of well ownership in the basin, 70% of gas production in the basin, and 58%
of oil production in the basin. Company participation is significantly higher than in the WRAP
Phase Il Williston Basin Emission Inventory (Bar-llan et.al, 2013a) for which the companies
participating in the survey process represented approximately 20% of well ownership in the
basin, 30% of gas production in the basin, and 33% of oil production in the basin. The
percentage of oil and gas activity that was captured in the survey process allow for good
representation of oil and gas operations in the basin.

Insufficient survey data was obtained to estimate emissions for certain source categories. These
source categories were therefore excluded from the study and include amine units, CBM pump
engines, truck loading at gas and natural gas liquid (NGL) processing plants, water disposal pits,
and saltwater disposal engines. Finally, potential fugitive emissions from oil and gas pipelines
from well heads to the main compressor stations were not estimated, consistent with the
previous WRAP Phase lll study (Bar-llan et.al, 2013a). Insufficient data was available on the
components of pipelines or the complete extent of pipelines to tractably estimate basin-wide
pipeline fugitive emissions.

It should be noted that the emission estimates calculated for survey-based sources rely on data
that is not as rigorously documented as permitted sources. Much of the data provided for these
sources is based upon estimates and extrapolation from the survey responses. However the
level of detail of the surveys and the extent of participation in the survey effort allow for
emissions estimates of survey-based sources which are a significant improvement over previous
emission inventory efforts for the Williston Basin.

For emissions from those source categories that relied on estimates of volume of gas vented or
leaked, such as tank flashing, well blowdowns, completions, and fugitive emissions, gas
composition analyses were requested from all participating companies for gas produced from
oil wells (i.e. casinghead or associated gas), gas produced from gas wells (primary gas), and
flash gas associated with oil tanks. These composition analyses were averaged to derive basin-
wide gas composition averages for oil wells by associated gas production, for gas wells by
primary gas production, and for oil tank flash gas based on oil production. The average
composition analyses were used to determine the average basin-wide VOC volume and mass
fractions of the vented gas by type (i.e. associated gas, primary gas, and oil tank flash gas). It is
noted that due to lack of survey data, condensate tank flash gas compositions were taken from
Bar-llan et.al (2013a).

17
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Survey data was aggregated together at the basin-wide level to maintain the confidentiality of
each company’s data. Survey data was aggregated across all operators by the weighted average
contribution of each company’s data using the surrogate as the weighting factor. This
methodology allows each company’s survey data to impact the emissions from each source
category in proportion to the company’s ownership of the surrogate assigned to each category.

3.2 Tribal Minor Source Registrations

Tribal minor source registration data was obtained for seven companies representing 73% of oil
production, 74% of gas production, and 69% of active well count on the Fort Berthold Indian
Reservation according to the IHS Enerdeq database®. This is a large percentage of oil and gas
activity on the Fort Berthold Indian Reservation which made it possible to obtain a reasonable
representation of oil and gas operations on the Fort Berthold Indian Reservation. Analysis of the
well site registrations allowed for estimation of representative emission source inputs for use in
developing Fort Berthold area emissions for the following categories:

e Artificial Lift Engines

e Compressor Engines

e Well-Site Fugitive Components
e Heaters

e Miscellaneous Engines

e Oil Tanks

e Truck Loading of Oil

e Water Tanks

A technical memorandum describing the tribal minor sources registration analysis with
comparison to basin-wide survey-based data is included in Appendix A.

For source categories that are not listed above, all Fort Berthold Indian Reservation well site
emissions were estimated based on the basin-wide input factors which were developed
primarily based on operator surveys. Similarly, all well site emissions outside of the Fort
Berthold Indian Reservation were also based on the basin-wide input factors which were
developed primarily from operator surveys.

It should be noted that the emission estimates calculated for unpermitted sources rely on data
that is aggregated over all tribal minor source registrations analyzed. Since the minor source
registration data is not specific to a particular year, emissions may not always reflect 2011 well
site operations. However, the detailed well site data presented in the registrations and the
extent of the Fort Berthold Indian Reservation data that was analyzed represent a significant
improvement over using basin-wide survey data.

* IHS Enerdeq Database http://www.ihs.com/products/oil-gas/ep-data/tools/enerdeg-browser.aspx
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Similar to the survey-based emission inventory inputs, tribal minor source data was aggregated
together into representative data. Registration data was aggregated across all operators by the
weighted average contribution of each company’s data using the surrogate as the weighting
factor. This methodology allows each company’s registration data to impact the emissions from
that source category in proportion to the company’s ownership of the surrogate assigned to
that category.
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4.0 2011 WELL SITE SOURCES EMISSION CALCULATION METHODOLOGIES

Described below are the methods used to calculated emissions from well site sources. The
methodologies presented were applied for both oil wells and gas wells, as oil wells and gas
wells were treated separately in the emission inventory analysis. For sources that were based
on registration-based data for the Fort Berthold Indian Reservation and survey-based sources
outside of the Fort Berthold Indian Reservation (as described in Section 3.0) emissions were
calculated similarly for registration-based and survey-based sources with scale-up of
registration-based sources to the Fort Berthold Indian Reservation and scale-up of survey-based
sources to the basin-wide level excepting the Fort Berthold Indian Reservation. Input factors
used to estimate emissions for all well-site sources basin-wide and specific to the Fort Berthold
Indian Reservation are presented in Appendix B.

4.1 Drilling and Completion Phase
4.1.1 Drill Rigs

Methodology

The participating companies provided data on drill rig engine usage in their operations.
Emission calculations for drill rig engines are based on engine parameters including
horsepower, hours of operation per spud and brake-horsepower-based emissions factors.

The basic methodology for estimating emissions from a drill rig engine is shown in Equation 1:

EF, xHP x LF xt
drilling engine — 907,185

drilling

E

(Equation 1)

where:
Edriiing,engine 1S the emissions from one engine on the drilling rig for drilling one well
[ton/engine/spud]
EF;is the emissions factor for the engine for pollutant i [g/hp-hr]
HP is the horsepower of the engine [hp]
LF is the load factor of the engine
tarining is the actual on-time of the engine for a typical drilling event in the basin [hr/spud]
907,185 is the mass units conversion factor [g/ton]

A single drilling rig may contain more than one engine, depending on the rig configuration. The
total emissions from drilling one well are thus the sum of emissions from each engine,
according to Equation 2:

E griting = Z E dritting engine.i (Equation 2
i

where:
Edrining is the total emissions from drilling one well [tons/spud]
Edritiing,engine,i 1S the total emissions from engine i from drilling one well [tons/engine/spud]
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It should be noted that SO, emissions were estimated using the brake-specific fuel consumption
(BSFC) of the engine, as obtained from the US EPA’s NONROAD model (EPA, 2009) for a
similarly sized drill/bore rig engine, and the 2011 sulfur content of the off-road diesel fuel (32
ppm) as obtained from the EPA Suggested Nationwide Fuel Properties (EPA, 2009). The EPA
NONROAD model guidance was used to determine the fraction of fuel sulfur that would go to
forming PM emissions — for drilling rig engines this was only 2.2% of sulfur content. It was
assumed that the remaining sulfur in the fuel would be emitted as SO,.

Emissions factors for all other pollutants were obtained from the US EPA’s NONROAD model
(EPA, 2009) for other oil field equipment (SCC 2270010010).

Extrapolation to Basin-Wide Emissions

Drilling emissions were scaled up to the basin level by multiplying the per spud drilling
emissions by the number of spuds according to Equation 3:

E aritting totaL = Eritting % StoraL (Equation 3)

where:
Edriing, ToaL is the total emissions in the basin from drilling activity [tons/year]
Edrining is the average emissions per spud [tons/year/spud]
Storac is the total number of spuds that occurred in the basin in 2011

County-level emissions were estimated by allocating the total basin-wide drilling rig emissions
into each county according to the fraction of total 2011 spuds that occurred in each county.
Emissions by mineral designation were estimated in each county by allocating the county total
emissions into each mineral designation according to the fraction of total 2011 spuds that
occurred in each mineral designation in that county.

4.1.2 Fracing Engines

Methodology

The participating companies provided data on fracing engine usage in their operations. Similar
to drilling engines, emission calculations for fracing engines are based on engine parameters
including horsepower, hours of operation per spud and brake-horsepower-based emissions
factors.

The basic methodology for estimating emissions from a frac engine is shown in Equation 4:

EF, x HP x LF xt

fracin
E _ g

fracing engine — 907,185

(Equation 4)

where:
Efracing,engine 1S the emissions from one engine in the fracing setup [ton/engine/spud]
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EF;is the emissions factor for the engine for pollutant i [g/hp-hr]

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

tfracing is the actual on-time of the engine for a typical fracing event in the basin [hr/spud]
907,185 is the mass units conversion factor [g/ton]

A single fracing setup typically contains multiple engines. The total emissions from fracing one
well are thus the sum of emissions from each engine, according to Equation 5:

Efracing = Z E fracing engine,i (Equation 5)
i

where:
Efracing is the total emissions from fracing one well [tons/spud]
Efracing,engine,i is the total emissions from engine i from fracing one well [tons/engine/spud]

It should be noted that SO, emissions were estimated using the BSFC of the engine, as obtained
from the US EPA’s NONROAD model (EPA, 2009) for a similarly sized fracing engine, and the
2011 sulfur content of the off-road diesel fuel (32 ppm) as obtained from the EPA Suggested
Nationwide Fuel Properties (EPA, 2009). The EPA NONROAD model guidance was used to
determine the fraction of fuel sulfur that would go to forming PM emissions — for drilling rig
engines this was only 2.2% of sulfur content. It was assumed that the remaining sulfur in the
fuel would be emitted as SO,.

Emissions factors for all other pollutants were obtained from the US EPA’s NONROAD model
(EPA, 2009) for other oil field equipment (SCC 2270010010).

Extrapolation to Basin-Wide Emissions

Fracing emissions were scaled up to the basin level by multiplying the per fracing event
emissions by the number of spuds according to Equation 6. It was assumed that all spuds were
fracked.

(Equation 6)

E fracing, TOTAL =E fracing X STOTAL

where:
Efracing, Totac is the total emissions in the basin from fracing activity [tons/year]
Efracing is the average emissions per spud [tons/year/spud]
Storar is the total number of spuds that occurred in the basin in 2011

County-level emissions were estimated by allocating the total basin-wide fracing engine
emissions into each county according to the fraction of total 2011 spuds that occurred in each
county. Emissions by mineral designation were estimated in each county by allocating the
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county total emissions into each mineral designation according to the fraction of total 2011
spuds that occurred in each mineral designation in that county.

4.1.3 Initial Completions

Methodology

Emissions from well completions were estimated on the basis of the volume of gas vented
during completion and the average VOC content of that gas, obtained from the gas composition
analyses. The “well completion” source category refers to initial completions of wells after
drilling.

The calculations accounted for green completions and conventional completions and applied
the ideal gas law and gas characteristics defined from laboratory analyses to estimate emissions
according to Equations 7 and 8:

V =V x f +V x f (Equation 7)

vented , TOTAL vented , green green vented ,conv conv

where:
Vvented, ToTaL IS the average volume of vented gas per well [mscf/spud]
Vvented,green IS the average volume of vented gas per well from a green completion
[mscf/spud]
fg,ee,, is the fraction of completions that are green completions [%]
Viented,conv iS the average volume of vented gas per well from a conventional completion
[mscf/spud]
fconv is the fraction of completions that are conventional completions [%]

E o P X<V ened torar X 1000 x MW,
completion R » T

xvvoc}x [i-c,)xF+(@-F) (Equation8)

where:
Ecompletion is the VOC emissions from a representative well completion [Ib/spud]
MW,oc is the molecular weight of the VOC [lb/lIb-mol]
R is the universal gas constant [scf-atm/K-lb-mol]
Yvoc is the volume fraction of VOC in the vented gas
Cefr is the flaring control efficiency
F is the fraction of vented volume per completion that is flared
1,000 is the volume units conversion factor [scf/mscf]
T is the temperature [K]
P is the pressure in [atm]

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.
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Extrapolation to Basin-Wide Emissions

The total VOC emissions per spud were scaled to the entire basin by the total number of
completions in the basin according to Equation 9:

E =E x SioraL /2000 (Equation 9)

completion, TOTAL completion

where:
Ecompletion, TotaL @re the total emissions basin-wide from completions [tons/year]
Storac is the total number of spuds in the basin [spuds]
2,000 is the mass units conversion factor [Ib/ton]

County-level emissions from oil and gas well completions were estimated by allocating the total
basin-wide completion emissions into each county according to the fraction of 2011 oil well or
gas well spuds occurring in that county. Emissions by mineral designation were estimated in
each county by allocating the county total emissions into each mineral designation according to
the fraction of total 2011 spuds that occurred in each mineral designation in that county.

4.2 Production Phase

4.2.1 CBM Pump Engines

As noted above, there is minimal CBM activity in the Williston Basin and producers responding
to the surveys did not indicate any usage of CBM pump engines at gas wells in the Williston
Basin. Insufficient data was gathered to estimate emissions for this source category.

4.2.2 Amine Units

The production companies surveyed as part of this work indicated minimal or no usage of
amine units in field operations. Insufficient data was gathered to estimate emissions for this
source category. It is possible that some amine units or other acid gas removal systems are in
use at large gas processing facilities included with midstream sources and their vented
emissions would be counted with the facility total VOC emissions for purposes of the inventory.

4.2.3 Recompletion Venting and Refracing Engines
Insufficient data was gathered to estimate emissions for these source categories.

4.2.4 Oil, Condensate, and Water Tanks

Methodology

Emission factors and controls for oil tanks in the Williston Basin were estimated from company
surveys and tribal minor source registrations. Similar to Bar-llan et.al (2013a), emissions factors
for condensate tanks in the Williston Basin were derived as averages of other basins. Water
tank emission factors were estimated from survey-based data.

The basin-wide emissions from oil, condensate, and water tanks are the summation of
emissions in each county for oil, condensate, and water tanks respectively. For each county,
condensate, water, and oil tank emissions were derived from production-based emission
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factors and IHS estimates of condensate, water, and oil production, respectively. Oil and gas
wells were identified based on IHS database well designation as either an oil or gas well.

The vent rate of flash gas for oil tanks was obtained from survey-based data (68.2 scf/bbl) and
tribal minor source registration data (65.9 scf/bbl). These flash gas vent rates appear
reasonable given that NDDOH “Bakken Pool Oil and Gas Production Facilities Air Pollution
Control Permitting & Compliance Guidance” (NDDOH, 2011) reports an average vent rate of 55
scf/bbl and a 90" percentile flash gas vent rate of 98 scf/bbl.

Company surveys indicated the following controls for oil tanks in 2011: 70% of tanks were
controlled by flare, 6% of tanks were controlled by enclosed combustor, 13% of tanks were
controlled by a vapor recovery units (VRUs), and 10% of tanks were uncontrolled. Tribal minor
source registrations indicated that 100% of oil tanks are controlled by flare.

The fraction of condensate tank throughput controlled by flare was estimated to be 98% in
Montana and 13% in North Dakota based on different regulations as described in Bar-llan et.al
(2013).

Company surveys indicated that 14% of produced water was sent directly to pipeline and would
not have water tank associated emissions. For the water not sent directly to pipeline the
following control assumptions were used based on survey-based data: 54% of tanks were
controlled by flare, 2% of tanks were controlled by enclosed combustor, 8% of tanks were
controlled by vapor recovery units (VRUs), and 36% of tanks were uncontrolled.

County-level oil, water, and condensate tank emissions were estimated as per Equation 10:

PxEF .

Etan ks—county = 2000 [UC+(1_ FC flare)*CEfIare +(l_ FCEC)*CEEC +(1_ FCVRU)*CEVRU (Equat|0n 10)

where:
Etanks-county IS the county-level emissions from oil, condensate, or water tanks [tons/year]
EF is the VOC emissions factor for oil, condensate, or water tanks [lb-VOC/bbl]
P is the oil production of oil, condensate, or water tanks that is sent to tanks [bbl/year]
UC is the fraction of oil, condensate, or water production that is uncontrolled [%]
FCare is the fraction of oil, condensate, or water production controlled by flare [%]
CEfiare is the control efficiency of the flare [%]
FCec is the fraction of oil, condensate, or water production controlled by enclosed
combustor [%]
CEgcis the control efficiency of the enclosed combustor [%]
FCygry is the fraction of oil, condensate, or water production controlled by VRU [%]
CEyry is the control efficiency of the VRU [%]
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Extrapolation to Basin-Wide Emissions

Emissions were estimated for basin-wide oil, condensate, and water tanks according to
Equations 11 and 12:

Etanks = Z:(E,tanks—county)i (Equation 11)

where:
Eianks is the basin-wide emissions from oil, condensate, or water tanks [tons/year]

Emissions by mineral designation were estimated in each county by allocating the county total
emissions into each mineral designation according to the fraction of total 2011 oil, condensate,
or water production that occurred in each mineral designation in that county.

4.2.5 Casinghead Gas

Methodology

Casinghead gas venting and flaring emissions were estimated based on survey-based data and
data available from the North Dakota Qil and Gas Commission (NDOGC). VOC emissions result
from any casinghead gas that is vented to the atmosphere as well as from casinghead gas that
is flared. According to operator surveys, less that 0.3% of casinghead gas is vented. NDOGC
estimates indicated that in 2011, 63% of produced gas was sold; it was conservatively assumed
that any gas not sold was flared, hence 37% of casinghead gas was assumed to be flared. Some
casinghead gas is expected to be used at the well site to power gas-fired equipment such as
heaters or well site engines, or in other applications such as the generation of electricity or the
capture of heavier hydrocarbons. However, data was not available to adequately characterize
the percentage of gas that is used in such applications; hence all casinghead gas not sold was
conservatively assumed to be flared. Further study to quantify the extent of alternative
casinghead gas usage would allow for additional refinement of casinghead gas flaring
emissions.

Casinghead gas flaring was assumed to occur only for Bakken Formation Counties, which is
consistent with a majority of associated gas production in the Williston Basin occurring in the
Bakken Formation Counties. A flare destruction efficiency of 90% was assumed.

VOC emission from casinghead gas were estimated per Equation 12.

E | P XViened ToraL % 1000 x MW,
casinghead — RxT

vaoc}x [(1— Cu )x F+(- F)] (Equation 12)

where:
Ecasinghead is the VOC emissions from casinghead gas [Ib/year]
Vvented, ToTaL 1S the total volume of casinghead gas that is vented [mscf/year]
MW, oc is the molecular weight of the VOC [lb/lIb-mol]
R is the universal gas constant [scf-atm/K-lb-mol]
Yvoc is the volume fraction of VOC in the vented gas
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Cesr is the flaring control efficiency

F is the fraction of vented volume that is flared

1,000 is the volume units conversion factor [scf/mscf]
T is the temperature [K]

P is the pressure in [atm]

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.

Extrapolation to Basin-Wide Emissions

The total VOC emissions from all casinghead gas venting and flaring as described in Equation 12
represent basin-wide casinghead VOC emissions. County-level emissions from casinghead gas
were estimated by allocating the total basin-wide casinghead gas emissions into each county
according to the fraction of 2011 associated gas production from oil wells occurring in that
county. Emissions by mineral designation were estimated in each county by allocating the
county total emissions into each mineral designation according to the fraction of total 2011
associated gas production from oil wells that occurred in each mineral designation in that
county.

4.2.6 Oil and Gas Well Truck Loading

Methodology

Based on surveyed producer responses and tribal minor source registrations, oil and gas well
truck loading emissions were estimated based on loading losses per EPA AP-42, Section 5.2
methodology combined with IHS database statistics on the total produced oil and condensate
volumes basin-wide (EPA, 1995). The loading loss rate was estimated based on EPA AP-42,
Section 5.2 methodology, following Equation 13:

SxV xM
L :12.46x(fj (Equation 13)

where:
L is the loading loss rate [Ib/1000gal]
S is the saturation factor taken from AP-42 default values based on operating mode
Vis the true vapor pressure of liquid loaded [psia]
M is the molecular weight of the vapor [Ib/lb-mole]
T is the temperature of the bulk liquid [°R]

Total truck loading emissions were then estimated by combining, separately for oil well and gas
well truck loading, the calculated loading loss rate with the fraction of production sent directly
to pipeline and the annual total volume of oil and condensate produced basin-wide as shown in
Equation 14:
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=LxPx(1-F)x 42

E.
loading 1000

(Equation 14)

where:
E is the truck loading emissions [lb/year]
L is the loading loss rate [Ib/1000gal]
P is the hydrocarbon liquid produced [bbl/yr]
F is the fraction of hydrocarbon liquid production that is sent directly to pipeline
42 is the volume-units conversion factor [gal/bbl]
1,000 is the volume-units conversion factor [gal/1000gal]

Extrapolation to Basin-Wide Emissions

The basic emission estimation methodology described in Equations 13 and 14 above accounts
for total basin-wide emissions from truck loading losses.

County-level emissions were estimated by allocating the total basin-wide truck loading
emissions into each county according to the fraction of oil or condensate production for each
county. Emissions by mineral designation were estimated in each county by allocating the
county total emissions into each mineral designation according to the fraction of total 2011 oil
or condensate production that occurred in each mineral designation in that county.

4.2.7 Rail Loading

Methodology

Based on information provided by NDDOH (Dihle, 2013) 29 million barrels of oil was estimated
to be loaded onto rail in 2011 in Bakken Formation counties (refer to Section 6.1 for a
description of Bakken Formation counties), with 53% of the loading emissions accounted for in
the NDDOH provided midstream data; therefore 47% of rail loading emissions were estimated
as an area source using the methodology described here. Rail truck loading emissions were
estimated based on loading losses per EPA AP-42, Section 5.2 methodology combined with the
estimates of volume loaded to rail and controlled by flare. The loading loss rate was estimated
based on EPA AP-42, Section 5.2 methodology, following Equation 15 below:

SxV xM
L=12.46x (%j (Equation 15)

where:
L is the loading loss rate [Ib/1000gal]
S is the saturation factor taken from AP-42 default values based on operating mode
Vis the true vapor pressure of liquid loaded [psia]
M is the molecular weight of the vapor [Ib/Ib-mole]
T is the temperature of the bulk liquid [°R]

Total rail loading emissions were then estimated by combining the calculated loading loss rate
with the volume of oil loaded to rail as shown in Equation 16:
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=LxPx 42

Eloading 1000

(Equation 16)

where:
Eloading is the rail loading emissions [Ib/year]
L is the loading loss rate [Ib/1000gal]
P is the volume of oil loaded to rail not including the volume loaded to rail that is
accounted for in midstream source emissions [bbl/yr]
42 is the volume-units conversion factor [gal/bbl]
1,000 is the volume-units conversion factor [gal/1000gal]

Extrapolation to Basin-Wide Emissions

The basic emission estimation methodology described in Equations 15 and 16 above accounts
for total basin-wide emissions from rail loading losses.

County-level emissions were estimated by allocating the total basin-wide rail loading emissions
into each Bakken Formation County (refer to Section 6.1 for a description of Bakken Formation
Counties) according to the fraction of oil production in each county. Rail loading was assumed
to be limited to Bakken Formation Counties. Emissions by mineral designation were estimated
in each county by allocating the county total emissions into each mineral designation according
to the fraction of total 2011 oil production that occurred in each mineral designation in that
county.

4.2.8 Artificial Lift Engines

Methodology

The participating companies and tribal minor source registrations provided data on artificial lift
engine usage. Emission calculations for artificial lift engines are based on average artificial lift
engine parameters including horsepower, and brake-horsepower-based emissions factors.

The basic methodology for estimating emissions from an artificial lift engine is shown in
Equation 17:

EI:i X HP X LF ><tannual .
Eengine = 907185 (Equation 17)

where:
Eengine are emissions from an artificial lift engine [ton/year/engine]
EF; is the emissions factor of pollutant i [g/hp-hr]
HP is the horsepower of the engine [hp]
LF is the load factor of the engine
tannuar is the annual number of hours the engine is used [hr/year]
907,185 is the mass-units conversion factor [g/ton]
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Emission factors were provided in operator surveys and in tribal minor source registrations.
Based on the survey data which showed that all artificial lift engines in the basin were natural
gas-fired engines, it is assumed that sour gas containing H,S would not be used for direct
combustion in engines; therefore SO, emissions were also assumed negligible from artificial lift
engines powered by natural gas.

Extrapolation to Basin-Wide Emissions

Emissions from artificial lift engines were estimated based on representative artificial lift engine
emissions as well as survey-based and registration-based estimates of (1) the fraction of wells
served by an artificial lift engine and (2) the fraction of artificial lift engines that are electrified
according to Equation 18:

Eengine,TOTAL = Eengine xCxF xWoii toraL (Equation 18)
where:

Eengine, ToTar is the total emissions from artificial lift engines in the basin [ton/year]
Eengine are emissions from an artificial lift engine [ton/year/engine]

Cis the fraction of artificial lift engines that are not electric

F is the fraction of oil wells that are served by an artificial lift engine

Wrora0i is the total count of oil wells in the basin

County-level emissions were estimated by allocating the total basin-wide artificial lift engine
emissions into each county according to the fraction of total 2011 oil wells located in each
county. Emissions by mineral designation were estimated in each county by allocating the
county total emissions into each mineral designation according to the fraction of total 2011
active oil wells that occurred in each mineral designation in that county.

4.2.9 Fugitive Components

Methodology

Fugitive emissions from well sites were estimated using AP-42 emissions factors (EPA, 1995)
and fugitive component counts provided in the survey responses and tribal minor source
registration data. The participating companies provided representative component counts for
oil wells and gas wells in the basin by component type and by the type of service to which the
component applies — gas, light liquid, heavy liquid, or water. As noted above, due to the
minimal CBM gas production in the Williston Basin, CBM fugitive emissions were not estimated.

Fugitive VOC emissions for a representative well were estimated according to Equation 19:

1
E tugitive = Z EF, x N, xt_ . xY ><C— (Equation 19)
i 1

where:
Efugitive is the fugitive VOC emissions [ton-VOC/year]
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EF; is the emission factor of TOC [kg/hr] for component and service type i

N;is the number of devices per oil well or per gas well for component and service type i
tannual is the number annual hours of operation [hr/year]

Y is the ratio of VOC to TOC in the vented gas

C;is 907.185 kg/ton

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.

Extrapolation to Basin-Wide Emissions

Basin-wide fugitive emissions are estimated by multiplying the emissions per oil well and per
gas well emissions by the number of oil wells and gas wells in the basin, according to Equation
20:

E (Equation 20)

fugitive, TOTAL — Efugitive XWigrar

where:
Efugitive, ToTar 1S the total fugitive emissions in the basin [ton/year]
Efugitive is the fugitive VOC emissions per well [ton-VOC/year]
Wrorar is the total number of wells in the basin

County-level emissions were estimated by allocating the basin-wide fugitive emissions from oil
wells or gas wells into each county according to the fraction of 2011 oil well count or gas well
count occurring in that county. Emissions by mineral designation for gas wells or oil wells were
estimated in each county by allocating the county total gas well or oil well emissions into each
mineral designation according to the fraction of total 2011 active oil wells or gas wells that
occurred in each mineral designation in that county.

4.2.10 Heaters

Methodology

This source category refers to separator and/or tank heaters as well as dehydrator reboilers
located at well sites. Heater emissions were calculated on the basis of the emissions factor of
the heater, and the annual flow rate of gas to the heater. The annual gas flow rate was
calculated from the British Thermal Unit (BTU) rating of the heater and the local BTU content of
the gas. Participating companies’ survey data and tribal minor source registrations indicated
that heaters were natural-gas fired. AP-42 emission factors for an uncontrolled small boiler for
natural gas fuel were used for specific pollutants (EPA, 1995). Note that heaters were not
assumed to be operated continuously and data on the annual hours of operation and the
cycling fraction of the heaters were requested in the surveys.

The basic methodology for estimating emissions from heaters at a single well is shown in
Equation 21:
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1 xt xhcx N

Eheater = EFheater x Qheater Xm annual heater /2000 (Equation 21)
ocal

where:
Eneater is the heater emissions per representative well [tons/well/year]
EFpeater is the emission factor for a heater for a given pollutant [Ib/million scf]
Qheater is the heater MMBTU/hr rating [MMBTU ateq/hr]
HV/ocar is the local natural gas heating value [BTU qcal/scf]
tannuar is the annual hours of operation [hr/year]
hc is a heater cycling fraction to account for the fraction of operating hours that the
heater is firing
Nheater is the number of heaters per well
2000 is the mass-units conversion factor [Ib/ton]

Extrapolation to Basin-Wide Emissions

Basin-wide heater emissions were estimated according to Equation 22:

E =E xWigraL (Equation 22)

heater, TOTAL heater

where:
Epeater, ToTaL 1S the total heater emissions in the basin [ton/year]
Eneater is the heater emissions per representative well [tons/well/year]
Wroras is the total number of oil wells or gas wells in the basin

County-level emissions were estimated by allocating the basin-wide heater emissions from oil
wells or gas wells into each county according to the fraction of 2011 oil well count or gas well
count occurring in that county. Emissions by mineral designation for gas wells or oil wells were
estimated in each county by allocating the county total gas well or oil well emissions into each
mineral designation according to the fraction of total 2011 active oil wells or gas wells that
occurred in each mineral designation in that county.

4.2.11 Pneumatic Devices

Methodology

Pneumatic device emissions were estimated based on the numbers, types of pneumatic
devices, and bleed rates by device type provided by participating companies for representative
oil wells and gas wells.

The methodology for estimating the emissions from pneumatic devices at a representative oil
well or gas well is shown in Equations 23-24:

Vvented,TOTAL :vi X Ni X annual (Equation 23)
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where:
Viented, ToTaL 1S the volume of vented gas from all pneumatic devices at a representative
well [mscf/well/year]
V, is the volumetric bleed rate from device i [mscf/hr/device]

N; is the total number of device i per representative well [devices/well]
tannuar is the number of hours per year that devices were operating [hr/year]

E = P ><Vvented - TOTAL x 1000 x MWVOC
pneumatic RxT

XYvoc} (Equation 24)

where:
Epneumatic 1S the total conventional well pneumatic device VOC emissions per
representative well [Ib-VOC/well/year]
MW),oc is the molecular weight of the VOC for vented gas [Ib/lb-mol]
R is the universal gas constant [scf-atm/K-lb-mol]
Y voc is the volume fraction of VOC in the vented gas
1,000 is the volume-units conversion factor [scf/mscf]
T is the temperature [K]
P is the pressure in [atm]

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.

Extrapolation to Basin-Wide Emissions

Basin-wide pneumatic device emissions were estimated according to Equation 25:

E pneumatic

E pneumatic TOTAL — W X WroTaL (Equation 25)

where:
Epneumatic, TotaL 1S the total pneumatic device emissions in the basin from oil wells or gas
wells [ton/year]
Wroras is the total number of wells in the basin
2,000 is the mass-units conversion factor [Ib/ton]

County-level emissions were estimated by allocating the total basin-wide oil well or gas well
pneumatic emissions into each county according to the fraction of oil well count or gas well
count occurring in that county. Emissions by mineral designation were estimated in each county
by allocating the county total emissions into each mineral designation according to the fraction
of total 2011 oil well counts or gas well counts that occurred in each mineral designation in that
county.
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4.2.12 Pneumatic (Gas Actuated) Pumps

Methodology

Participating companies provided data on gas actuated pumps at oil wells in the Williston Basin.
The data indicated negligible usage of heat trace pneumatic pumps and limited usage of
chemical injection pneumatic pumps. Survey-based data was not available for gas well
pneumatic pump usage. For gas well pneumatic pumps, Uinta Basin estimates (Friesen et.al,
2009) of pneumatic pump emissions per well were multiplied by the number of gas wells in the
Williston Basin and scaled to the county-level and to mineral designations based on active gas
well counts.

The volume of gas vented from heat trace and chemical injection pumps for a representative oil
well and gas well were estimated according to Equation 26 and Equation 27 below

V =V, xtxn/24 (Equation 26)

vented ,heattrace
where:

Vvented, heattrace i the total volume of vented gas per well [mscf/well/year]
Vp: is the volume of vented gas per pump, daily [mscf/pump/day]

t is the annually operating hours [hours/year]

24 is the time-unit conversion [hours/day]

n is the fraction of wells that have heat trace pumps

\% =V¢p xG xn (Equation 27)

vented ,chemical
where:
Vvented,chemica 1S the total volume of vented gas per well [mscf/well/year]
Veip is the volume of vented gas per gallon of chemical pumped [mscf/gallon]
G is the gallons of chemical pumped, annually [gallon/year]
n is the fraction of wells that have heat trace pumps

VOC emissions from pneumatic pumps were estimated according to Equation 28:

E (Equation 28)

pump —

P x (Vvented,heattrace +Vvented,chemical )X 1000 X MWVOC Y
RxT X Tvoc

where:
Epump is the gas-actuated pump VOC emissions per well [Ib-VOC/well/year]
MW, oc is the molecular weight of the VOC for the vented gas [lb/lb-mol]
R is the universal gas constant [scf-atm/K-lb-mol]
Yvoc is the volume fraction of VOC in the vented gas
1,000 is the volume-units conversion factor [scf/mscf]
T is the temperature [K]
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P is the pressure in [atm]

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.

Extrapolation to Basin-Wide Emissions

Basin-wide gas-actuated pump emissions were estimated according to Equation 29:

E

_ —pump

E pump, TOTAL — M XWigraL (Equation 29)

where:
Epump,ota is the total pneumatic pump emissions in the basin [ton/year]
Wrora is the total number of wells in the basin
2,000 is the mass-units conversion factor [Ib/ton]

County-level emissions were estimated by allocating the total basin-wide gas-actuated pump
emissions into each county according to the fraction of total 2011 oil well counts or gas well
counts that are located in each county. Emissions by mineral designation were estimated in
each county by allocating the county total emissions into each mineral designation according to
the fraction of total 2011 oil well counts or gas well counts that occurred in each mineral
designation in that county.

4.2.13 Dehydrators

Dehydrator emissions were calculated from two distinct sources: still vent emissions and
reboiler emissions. Emissions from reboilers were estimated in the heaters source category as
described in Section 4.2.10. Total basin-wide dehydration still vent emissions were estimated
according to Equation 30:

R
Edehy,TOTAL = [mx PTOTAL:|X [(1_ o )x F+ (1— F)] (Equation 30)

where:
Edeny,Torar are the total VOC emissions basin-wide from oil well or gas well dehydrators
[tons/year]
R is the average dehydrator VOC emission rate [lb/mmscf]
Proracis the total gas production in the basin in 2011 from oil wells or gas wells
[mmscf/yr]
Cesr is the flaring control efficiency
F is the fraction of dehydrator emissions that are controlled by flare
2000 is a unit conversion constant [lb/ton]
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Extrapolation to Basin-Wide Emissions

The total VOC emissions from all dehydrator still vents as described in Equation 30 already
represent basin-wide dehydration VOC emissions. County-level emissions from dehydration
were estimated by allocating the total basin-wide dehydration emissions from into each county
according to the fraction of 2011 gas production from oil wells or gas wells occurring in that
county. Emissions by mineral designation were estimated in each county by allocating the
county total emissions into each mineral designation according to the fraction of total 2011 gas
production from oil wells or gas wells that occurred in each mineral designation in that county.

4.2.14 Workover Rigs

Methodology

The participating companies provided data on workover rig engine usage in their oil well
operations. Emission calculations for oil well workover rigs are based on engine parameters
including horsepower, hours of operation per workover, brake-horsepower-based emissions
factors, and workover frequency as described below.

Survey-based data was not available for gas well workovers. For gas well workovers Uinta Basin
estimates (Friesen et.al, 2009) of workover rig engine emissions per well were multiplied by the
number of gas wells in the Williston Basin and scaled to the county-level and to mineral
designations based on active gas well counts, analogous to oil wells.

The basic methodology for estimating emissions from a workover rig is shown in Equation 31:

EF, x HP x LF xt

workover

E (Equation 31)

workover,rig =
907,185
where:
Eworkover,rig is the emissions from one engine on the workover rig for one well workover
[ton/workover]

EF;is the emissions factor for the engine for pollutant i [g/hp-hr]

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

tarining 1S the actual on-time of the engine for a typical workover event in the basin
[hr/workover]

907,185 is the mass units conversion factor [g/ton]

It should be noted that SO, emissions were estimated using the BSFC of the engine, as obtained
from the US EPA’s NONROAD model (EPA, 2009) for a similarly sized drill/bore rig engine, and
the 2011 sulfur content of the off-road diesel fuel (32 ppm) as obtained from the EPA
Suggested Nationwide Fuel Properties (EPA, 2009). The EPA NONROAD model guidance was
used to determine the fraction of fuel sulfur that would go to forming PM emissions — for
drilling rig engines this was only 2.2% of sulfur content. It was assumed that the remaining
sulfur in the fuel would be emitted as SO,.
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Emissions factors for all other pollutants were obtained from the US EPA’s NONROAD model
(EPA, 2009) for other oil field equipment (SCC 2270010010).

Extrapolation to Basin-Wide Emissions

Oil well workover emissions were scaled up to the basin level by multiplying the per workover
event emissions by the well workover frequency and the number of active oil wells according to
Equation 32:

=E x f xWiora (Equation 32)

E workover, TOTAL workover

where:
Edrining, ToTa1 is the total emissions in the basin from oil well workover activity [tons/year]
Edrining is the total emissions per oil well workover [tons/workover]
fis the annual oil well workover frequency [workovers/well/year]
Wrorai is the total number of oil wells in the basin in 2011 [wells]

County-level oil well workover emissions were estimated by allocating the total basin-wide oil
well workover rig emissions into each county according to the fraction of total 2011 oil wells
that occurred in each county. Emissions by mineral designation were estimated in each county
by allocating the county total emissions into each mineral designation according to the fraction
of total 2011 oil well counts that occurred in each mineral designation in that county.

4.2.15 Compressor Engines

Methodology

The survey data provided by participating companies and tribal minor source registration
provided survey data on wellhead compressor engines in use at oil wells; both of these data
sources indicated no usage of lateral compressors in the Williston Basin. For compressor
engines at gas wells, Uinta Basin estimates (Friesen et.al, 2009) of compressor engine
characteristics and usage were used because this data was not available from survey data or
tribal minor source registration data. Large central compressor engines were assumed to be
part of midstream point sources, as described above under permitted sources. It was assumed
that all wellhead compressor engines are natural-gas fired.

Emission calculations for compressor engines follow a similar methodology as for artificial lift
engines. Emission factors and load factors for the compressor engines were directly obtained
from the survey respondents and tribal minor sources registration data. Load factors were
directly obtained from survey respondents where such information was provided; and in cases
where this information was not provided data from Bar-llan et.al (2013a) was used.

The basic methodology for estimating emissions from compressor engines on a per well basis is
shown in Equation 33:

EF, xHP xLF xt_ ., XN
Eengine = (Equation 33)
907,185
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where:
Eengine are emissions from a compressor engine [ton/year/well]
EF; is the emissions factor of pollutant i [g/hp-hr]
HP is the horsepower of the engine [hp]
LF is the load factor of the engine
tannuar 1S the annual number of hours the engine is used [hr/year]
n is the number of compressor engines per well [engines/well]
907,185 is the mass units conversion factor [g/ton]

It was assumed that gas-fired engines would not use gas high in H,S content due to operational
issues; therefore SO, emissions were assumed negligible from these engines.

Extrapolation to Basin-Wide Emissions

Emissions from a representative oil well and gas well estimated per Equation 33 were scaled to
the basin-level according to Equation 34:

E =E X Wioral (Equation 34)

engine, TOTAL engine

where:
Eengine, ToTac is the total emissions from compressor engines in the basin [ton/year]
Eengine is the emissions from compressor engines at a representative well [ton/well/year]
Wrorar is the total number of wells in the basin [wells]

County-level emissions were estimated by allocating the total basin-wide compressor engine
emissions into each county according to the fraction of total 2011 oil well counts or gas well
counts that are located in each county. Emissions by mineral designation were estimated in
each county by allocating the county total emissions into each mineral designation according to
the fraction of total 2011 oil well counts or gas well counts that occurred in each mineral
designation in that county.

4.2.16 Miscellaneous Engines

Methodology:

The participating companies’ survey data and tribal minor source registration data provided
miscellaneous engine configurations representative of Williston Basin oil well sites. Sufficient
data for miscellaneous engines at gas well sites was not available for estimating bottom-up
miscellaneous engine emissions at gas well sites.

For miscellaneous engines at gas wells, Uinta Basin (Friesen et.al, 2009) estimates of emissions
per well were multiplied by the number of gas wells in the Williston Basin and scaled to the
county-level and to mineral designations based on gas well counts, analogous to oil wells.

For oil well sites, pumps and generators were the most common types of miscellaneous
engines. Miscellaneous engines do not include engines used for such applications as drilling
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rigs, workover rigs, artificial lift engines, and compressors. Emission calculations for
miscellaneous engines follow a similar methodology as for other engine types.

The basic methodology for estimating emissions per well from a miscellaneous engine is shown
in Equation 35:

B EF, xHP x LF xt_ o XN

Eengine -
907,185

(Equation 35)

where:
Ecngine are emissions from miscellaneous engine [ton/year/well]
EF;is the emissions factor of pollutant i [g/hp-hr]
HP is the horsepower of the engine [hp/engine]
LF is the load factor of the engine
tannuar 1S the annual number of hours the engine is used [hr/year]
n is the number of miscellaneous engines per well [engines/well]
907,185 is the mass units conversion factor [g/ton]

Note that, SO, emissions are estimated using the BSFC of the engine and the assumed sulfur
content of the fuel, assuming that all sulfur emissions are in the form of SO,. For natural gas-
fired engines, SO, emissions were assumed negligible.

Extrapolation to Basin-Wide Emissions

The total emissions from miscellaneous engines were estimated by multiplying the per well
emissions by the well count in the basin according to Equation 36:

=E X WigraL (Equation 36)

Eengine,TOTAL engine

where:
Eengine, ToTac is the total emissions from miscellaneous engines in the basin [ton/year]
Eengine are emissions from miscellaneous engines [ton/year/well]
Wroras is the total number of wells in the basin [wells]

County-level emissions were estimated by allocating the total basin-wide miscellaneous engine
emissions into each county according to the fraction of total oil well counts that are located in

each county. Emissions by mineral designation were estimated in each county by allocating the
county total emissions into each mineral designation according to the fraction of total 2011 oil
well counts that occurred in each mineral designation in that county.

4.2.17 Well Blowdowns

Methodology

Emissions from well blowdowns were calculated using the estimated volume of gas vented
during blowdown events, the frequency of the blowdowns, and the VOC content of the vented
gas as documented by representative compositional analyses.
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The calculations applied the ideal gas law and gas characteristics defined from laboratory
analyses to estimate emissions according to Equations 37 to 38:

Vvented,TOTAL =Vvented x fxn (Equation 37)

where:
Vvented, ToTaL IS the total volume of vented gas per well [mscf/well/year]
Vyented is the volume of vented gas per blowdown [mscf/event]
fis the frequency of blowdowns [events/well/year]
n is the fraction of wells that conduct blowdowns

P vaented ,TOTAL X 1000 X MWVOC
RxT

Eblowdown :|: ><YVo(: :| X [(1_ Ceff )X F+ (1— F)] (Equation 38)

where:
Epiowdown is the total VOC emissions from blowdowns per representative well
[Ib/well/year]
MWyoc is the molecular weight of the VOC [Ib/lb-mol]
R is the universal gas constant [scf-atm/K-Ib-mol]
Y voc is the volume fraction of VOC in the vented gas
1000 is a volume-unit conversion (scf/mscf)
T is the temperature [K]
P is the pressure in [atm]

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.

Extrapolation to Basin-Wide Emissions

The total VOC emissions from conventional well blowdowns were estimated by scaling
representative well emissions to the entire basin according to Equation 39:

EbIowdown,TOTAL = Eblowdown ><WTOTAL /2000 (Equation 39)

where:
Epiowdown, ToTaL @re the total emissions basin-wide from blowdowns [tons/year]
Wroras is the total well count in the basin [wells]
2000 is a mass-unit conversion (lb/ton)

County-level emissions from blowdowns were estimated by allocating the total basin-wide
blowdown emissions from oil wells or gas wells into each county according to the fraction of oil
well counts or gas well counts in that county. Emissions by mineral designation were estimated
in each county by allocating the county total emissions into each mineral designation according
to the fraction of total oil well counts or gas well counts that occurred in each mineral
designation in that county.
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4.2.18 Compressor Start-ups and Shutdown

Methodology

Compressor engine startups and shutdowns refer to the emissions associated with venting of
gas contained in compressor engines when they are restarted or shut down for maintenance,
repairs or any other routine or non-routine reason. Emissions from compressor engine startups
and shutdowns were calculated separately using the estimated volume of gas vented during
compressor engine startup and shutdown events, the frequency of the startup and shutdown
events, the number of compressor engines, and the VOC content of the vented gas as
documented by representative compositional analyses. This source category does not consider
combustion-related emissions associated with compressor start-ups and shutdowns.
Insufficient survey data was provided on volumes of gas vented from compressor startups and
shutdowns in the Williston Basin, so estimates from the Great Plains Basin were utilized.

The calculations applied the ideal gas law and gas composition to estimate emissions according
to Equations 40 to 41:

Vvented ,TOTAL :Vvented xnx f (Eq Uation 40)

where:
Vvented, TotaL 1S the volume of vented gas per well [mscf/well/year]
Viented IS the average volume of vented gas per startup or shutdown [mscf/event/engine]
n is the number of compressor engines per well [engines/well]
fis the frequency of startup or shutdown [events/year]

(Equation 41)

E - P XV ened torar X 1000 x MW, Y
s = RxT X Tvoc

where:
Es is the total VOC emissions from well compressor engine startups or shutdowns
conducted per well [Ib-VOC/well/year]
MW),oc is the molecular weight of the VOC for vented gas [Ib/lb-mol]
R is the universal gas constant [scf-atm/K-lb-mol]
Yvoc is the volume fraction of VOC in the vented gas
1000 is a volume-unit conversion (scf/mscf)
T is the temperature [K]
P is the pressure in [atm]

The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.
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Extrapolation to Basin-Wide Emissions

The total VOC emissions from a representative well were scaled by the total number of wells in
the Great Plains Basin according to Equation 42:

Esrora. = Es XWrgra /2000 (Equation 42)

where:
Es rora. are the total emissions basin-wide from compressor engine startup or shutdown
at conventional wells [tons/year]
Wroras is the total well count [wells]
2000 is a mass-unit conversion (lb/ton)

County-level emissions were estimated by allocating the total basin-wide compressor startup
and shutdown emissions from oil wells or gas wells into each county according to the fraction
of oil wells or gas wells in that county. Emissions by mineral designation were estimated in each
county by allocating the county total emissions into each mineral designation according to the
fraction of total 2011 oil well counts or gas well counts that occurred in each mineral
designation in that county.

4.2.19 Compressor Fugitive Leaks

Methodology

This source category refers to leaking emissions of produced gas that escape through well site
compressor engines. It must be noted that this source category refers only to compressor
fugitive emissions for engines located at the well sites and that large midstream engine
fugitives are not part of this analysis (fugitive emissions from permit-based sources would be
included as part of the permit). Fugitive leaks from wellhead compressor seals were estimated
per well based on Equation 43:

E

compressor, fug RxT

P xV t x MW,
_( X Vienteg X L X MWyoc ] xYyoe % f (Equation 43)

where:

Ecompressor,fug are the VOC fugitive emissions from compressor seals [Ib/well/yr]
Viented is the volume of leaked gas per compressor [scf/compressor/day]

t is the annual days of operation for wellhead compressors [days/yr]

R is the universal gas constant [scf-atm/K-lb-mol]

MW),oc is the molecular weight of the VOC for vented gas [Ib/lb-mol]

fis the fraction of wells with wellhead compressors [compressors/well]

T is the temperature [K]

P is the pressure in [atm]

Y voc is the volume fraction of VOC in the vented gas
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The conversion from volume of gas vented to mass of VOC produced was evaluated at standard
temperature and pressure.

Extrapolation to Basin-Wide Emissions

Basin-wide compressor fugitive leak emissions are estimated according to Equation 44:

Efugitive,TOTAL = Ecompressor,fug x N /2000 (Equation 44)

well

where:

Efugitive, ToTar 1S the total basin-wide compressor fugitive leak emissions [ton/yr]
Nuer is the total number of active wells in the basin [wells]
2000 is a mass-unit conversion (lb/ton)

County-level emissions were estimated by allocating the total basin-wide compressor fugitive
leak emissions from oil wells or gas wells into each county according to the fraction of oil wells
or gas wells in that county. Emissions by mineral designation were estimated in each county by
allocating the county total emissions into each mineral designation according to the fraction of
total 2011 oil well counts or gas well counts that occurred in each mineral designation in that
county.

4.2.20 Flaring

Methodology

The basic methodology for estimating flaring emissions was similar among all the flaring
categories. The AP-42 methodology (EPA, 1995) was applied, combining flared volumes with
the heat content of the gas being flared and the appropriate AP-42 emission factor to
determine the NOx and CO emissions. This basic AP-42 methodology is shown below in
Equation 45:

E jare = EF, xQ x HV (Equation 45)

flare
where:
Efiare is the basin-wide flaring emissions [Ib]
EF;is the emissions factor for pollutant i [lb/MMBtu]
Q is the volume of gas flared [MMscf]
HV is the heating value of the gas [BTU/scf]

SO, emissions were estimated for flaring activities where gas analyses indicated H,S at
measureable concentrations in the flared gas. The SO, flaring emission factor was estimated
according to Equation 46:

Px MW .o xW,, s
RxT xHV

EFg., =
? |: MWHZS

} x [ MWso, } % 1,000,000 (Equation 46)
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where:
EFso; is the emissions factor for pollutant i [lb/MMBtu]
P is the flared gas pressure [atm]
MWy is the flared gas molecular weight [Ib/Ib-mol]
Wy,s is the H,S content of the gas as a weight fraction
R is the universal gas constant [scf-atm/K-lb-mol]
Tis the flared gas temperature [K]
HV is the heating value of the flared gas [BTU/scf]
MWso; is the molecular weight of SO, [Ib/Ib-mol]
MW,,s is the molecular weight of H,S [Ib/Ib-mol]
1,000,000 is the volume-unit conversion [scf/MMscf]

The conversion from volume of gas vented to mass of SO, produced was evaluated at standard
temperature and pressure.

The specific assumptions for each of the flaring categories are described below:

Oil Tank Flaring

The vent rate of flash gas used to estimated flaring volume was obtained from survey-based
data (68.2 scf/bbl) and tribal minor source registration data (65.9 scf/bbl). Survey-based data
estimates of 70% of tanks controlled by flare and 6% of tanks controlled by enclosed
combustors were used outside of the Fort Berthold Indian Reservation. Tribal minor sources
registration data indicated that 100% of tanks were controlled by enclosed combustor on the
Fort Berthold Indian Reservation.

Condensate Tank Flaring

Insufficient survey data was obtained to derive a flashing rate for condensate tanks in the
Williston Basin. Therefore a flashing rate was derived by averaging data from other basins.
Insufficient data was obtained to determine the fraction of condensate production that is flared
similar to Bar-llan et.al (2013a). For condensate tanks in the North Dakota and South Dakota
portions of the Williston Basin, flaring assumptions were based on Bar-llan et.al (2013a);
therefore 13% of condensate production in North Dakota and South Dakota was controlled by
flare. In Montana, 98% of condensate production was assumed to be controlled by flare.

Casinghead Gas Flaring

In the Williston Basin, flaring of casinghead gas that is not sold was estimated as a unique
source category. Casinghead gas flaring was estimated as a source category for the Bakken
Formation only (including portions of the basin in Montana and North Dakota). Data from the
North Dakota Industrial Commission Department of Mineral Resources was used to determine
the fraction of 2011 produced gas in all formations in the Bakken pool that were not sold. It was
assumed that all of the unsold casinghead gas was flared.
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Dehydrators

Survey-based data estimates of 20% of dehydrators at oil wells controlled by flare were used to
estimate basin-wide flaring emissions from oil wells. Lacking sufficient survey data, flaring
control was applied to 33% of dehydrators at gas wells based on Bar-llan et.al (2013). Still vent
emissions gas heating values, VOC molar fractions, and the dehydrator emission rates were
used to estimate the volume of dehydrator flaring emissions.

Well Blowdowns

Survey-based data estimates indicated that 100% of oil well blowdowns are controlled by flare.
Gas well blowdown data was unavailable from survey-based data; based on Friesen et.al
(2009), it was assumed that gas well blowdowns would not be controlled by flare.

Initial Completions

Survey-based data indicated that for oil wells, 40% of green completion volume was flared and
94% of conventional completion volume was flared. Gas well completion data was unavailable
from survey-based data; based on Friesen et.al (2009), it was assumed that for gas wells there
would be no flaring for green completions and 5% of conventional completion gas volume
would be flared.

Other Flaring

Survey-based data estimates indicated that well testing would be performed on 7% of oil wells
annually, and during a well testing event, 517 mscf of gas would be flared. Gas wells were
assumed to have negligible emissions from other flaring activity.
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5.0 2015 FORECAST
5.1 Geographic Grouping

The projections for 2015 have been conducted for three geographic groupings in the Williston
Basin. These include:

e Bakken Formation Counties — this grouping represents the core Bakken oil development
area in the basin including Daniels, McCone, Richland, Roosevelt, Sheridan, and Valley
Counties in Montana and Billings, Bottineau, Burke, Divide, Dunn, Golden Valley,
McHenry, McKenzie, McLean, Mercer, Morton, Mountrail, Oliver, Pierce, Renville,
Rolette, Sheridan, Stark, Ward and Williams Counties in North Dakota;

e Cedar Creek Anticline — this grouping represents the other major concentrated
development area in the basin including Dawson, Fallon, Prairie and Wibaux Counties in
Montana, Bowman and Slope Counties in North Dakota, and Harding County in South
Dakota;

e All Other Counties — this grouping contains primarily conventional gas and oil production
areas outside of the Bakken and Cedar Creek Anticline and includes all remaining
counties in the basin in Montana, North Dakota and South Dakota;

As noted above, the geographic groupings were constructed to group similar production types
or to group counties that do not represent significant fractions of the total production in the
Williston Basin. The Williston Basin contains the core Bakken oil shale production area. In
addition to the Bakken Formation, the Cedar Creek Anticline represents another major
concentration of development and thus was projected independently of the Bakken Formation.
Finally all other counties in the basin were grouped together as “minor” counties, not
representing significant fractions of basin-wide oil or gas production.

5.2 Parameters Forecasted

The 2015 projections for oil and gas emissions in the Williston Basin rely on scaling the
following parameters:

e Well counts by type (gas, oil, total)

e Spud counts by type (gas, oil, total)

e Gas production by type (primary, associated, total)

e Liquid Hydrocarbon production by type (oil, condensate, total)
e Total gas processed

e Total casinghead gas flared

These parameters are considered because each parameter applies to the emissions projections
of one or more source categories. Note that the analysis uses data from the IHS database,
which defines condensate production as liquid hydrocarbon production from wells which are
classified as gas wells. Similarly, oil well oil production is defined as liquid hydrocarbon
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production from wells which are classified as oil wells. The classification of gas versus oil wells is
obtained directly from the IHS database. This is the distinction made between condensate and
oil production. Because of the large amount of primary oil production in the Bakken Formation,
the effect of this definition of condensate and oil is minor. The majority of the liquid
hydrocarbon production in the basin is in the form of primary oil.

The mapping of source category to projection parameter is shown below in Table 5-1.

Table 5-1.  Scaling parameter for each oil and gas source category considered in this
inventory.
Type of
Source’ Well SCC Description Projection Parameter
Survey-based Gas Wells 2310021506 | Compressor Engine Gas Well Well Count
Fugitives
Survey-based Gas Wells 2310021000 | Fracing Gas Well Spuds
Survey-based Gas Wells 2310021000 | Other Flaring Gas Well Well Count
Survey-based Gas Wells 2310021000 | Other Venting Gas Well Well Count
Survey-based Gas Wells 2310021000 | Refracing Gas Well Well Count
Survey-based Gas Wells 2310000220 | Drill rigs Gas Well Spuds
Survey-based Gas Wells 2310000230 | Workover rigs Gas Well Well Count
Survey-based Gas Wells 2310020600 | Compressor engines Gas Well Well Count
Survey-based Gas Wells 2310021509 | Survey-based Fugitives Gas Well Well Count
Survey-based Gas Wells 2310020800 | Gas Well Truck Loading | Gas Well Qil Production
Survey-based Gas Wells 2310021100 | Heaters Gas Well Well Count
Survey-based Gas Wells 2310021300 | Pneumatic devices Gas Well Well Count
Survey-based Gas Wells 2310021310 | Pneumatic pumps Gas Well Well Count
Survey-based Gas Wells 2310021400 | Dehydrator Gas Well Gas Production
Survey-based Gas Wells 2310021411 | Dehydrator Flaring Gas Well Gas Production
Survey-based Gas Wells 2310121701 | Initial completion Gas Well Spuds
Flaring
Survey-based Gas Wells 2310021601 | Venting - initial Gas Well Spuds
completions
Survey-based Gas Wells 2310021603 | Blowdown Flaring Gas Well Well Count
Survey-based Gas Wells 2310021603 | Venting - blowdowns Gas Well Well Count
Survey-based Gas Wells 2310021604 | Compressor Engine Gas Well Well Count
Startup/Shutdown
Survey-based Gas Wells 2310021700 | Miscellaneous engines Gas Well Well Count
Survey-based Gas Wells 2310030220 | Condensate tank Gas Well Oil Production
Survey-based Gas Wells 2310021011 | Condensate tank flaring | Gas Well Qil Production
Survey-based Gas Wells 2310000550 | Water Tank Flaring Gas Well Gas Production
Survey-based Gas Wells 2310000550 | Water tank losses Gas Well Gas Production
Survey-based Oil Wells 2310011450 | Casinghead Gas Venting | Based on volume of gas flared in
2015
Survey-based Oil Wells 2310011506 | Compressor Engine Oil Well Well Count
Fugitives
Survey-based Oil Wells 2310011000 | Fracing Oil Well Spuds
Survey-based Oil Wells 2310011000 | Other Flaring Oil Well Well Count
Survey-based Oil Wells 2310011000 | Other Venting Oil Well Well Count
Survey-based Oil Wells 2310011000 | Refracing Oil Well Well Count
Survey-based Oil Wells 2310000220 | Drill rigs Oil Well Spuds
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Type of
Source' Well SCC Description Projection Parameter
Survey-based Oil Wells 2310000230 | Workover rigs Oil Well Well Count
Survey-based Oil Wells 2310000550 | Water Tank Flaring Oil Well Qil Production
Survey-based Oil Wells 2310000550 | Water tank losses Oil Well Qil Production
Survey-based Oil Wells 2310011450 | Casinghead Gas Flaring Based on volume of gas flared in
2015
Survey-based Oil Wells 2310010100 | Heaters Oil Well Well Count
Survey-based Oil Wells 2310010200 | Qil Tank Oil Well Qil Production
Survey-based Oil Wells 2310010200 | Qil Tank Flaring Oil Well Qil Production
Survey-based Oil Wells 2310010300 | Pneumatic devices Oil Well Well Count
Survey-based Oil Wells 2310010700 | Survey-based Fugitives Oil Well Well Count
Survey-based Oil Wells 2310010800 | Oil Well Truck Loading Oil Well Qil Production
Survey-based Oil Wells 2310011201 | Rail Loading Based on rail take away capacity
Survey-based Oil Wells 2310011600 | Artificial Lift Oil Well Well Count
Survey-based Oil Wells 2310020600 | Compressor engines Oil Well Well Count
Survey-based Oil Wells 2310011000 | Dehydrator Oil Well Gas Production
Survey-based Oil Wells 2310011000 | Dehydrator Flaring Oil Well Gas Production
Survey-based Oil Wells 2310111701 | Initial completion Oil Well Spuds
Flaring
Survey-based Oil Wells 2310111702 | Venting - initial Oil Well Spuds
completions
Survey-based Oil Wells 2310011000 | Blowdown Flaring Oil Well Well Count
Survey-based Oil Wells 2310011000 | Venting - blowdowns Oil Well Well Count
Survey-based Oil Wells 2310011000 | Compressor Engine Oil Well Well Count
Startup/Shutdown
Survey-based Oil Wells 2310011000 | Miscellaneous engines Oil Well Well Count
Survey-based Oil Wells 2310111401 | Pneumatic pumps Oil Well Well Count
MTDEQ Permitted All Wells 10200603 Process Heaters Total Gas Processed
Sources
MTDEQ Permitted All Wells 10500106 Process Heaters Total Gas Processed
Sources
MTDEQ Permitted All Wells 20100202 Compressor Engines Total Gas Processed
Sources
MTDEQ Permitted All Wells 20200102 Compressor Engines Total Gas Processed
Sources
MTDEQ Permitted All Wells 20200201 Compressor Engines Total Gas Processed
Sources
MTDEQ Permitted All Wells 20200202 Compressor Engines Total Gas Processed
Sources
MTDEQ Permitted All Wells 20200253 Compressor Engines Total Gas Processed
Sources
MTDEQ Permitted All Wells 20200254 Compressor Engines Total Gas Processed
Sources
MTDEQ Permitted All Wells 30501050 Natural Gas Production, | Total Gas Processed
Sources Other Not Classified
MTDEQ Permitted All Wells 30502504 Natural Gas Production, | Total Gas Processed
Sources Other Not Classified
MTDEQ Permitted All Wells 31000129 Oil Production, Total Gas Processed
Sources Gas/Liquid Separation
MTDEQ Permitted All Wells 31000202 Natural Gas Production, | Total Gas Processed
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Type of
Source' Well SCC Description Projection Parameter
Sources Gas Stripping
Operations
MTDEQ Permitted All Wells 31000205 Natural Gas Production, | Total Gas Processed
Sources Flares
MTDEQ Permitted All Wells 31000207 Permitted Fugitives Total Gas Processed
Sources
MTDEQ Permitted All Wells 31000220 Permitted Fugitives Total Gas Processed
Sources
MTDEQ Permitted All Wells 31000227 Dehydrator Total Gas Processed
Sources
MTDEQ Permitted All Wells 31000228 Dehydrator Total Gas Processed
Sources
MTDEQ Permitted All Wells 31000301 Dehydrator Total Gas Processed
Sources
MTDEQ Permitted All Wells 31000404 Process Heaters Total Gas Processed
Sources
MTDEQ Permitted All Wells 40301008 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40301009 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40301010 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40301012 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40301021 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40301117 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40400116 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40400140 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40400151 Permitted Fugitives Total Gas Processed
Sources
MTDEQ Permitted All Wells 40400250 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40400302 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40400311 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40600131 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40600135 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40700809 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40700810 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40781602 Permitted Tank Losses Total Gas Processed
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Type of
Source' Well SCC Description Projection Parameter
Sources
MTDEQ Permitted All Wells 40781604 Permitted Tank Losses Total Gas Processed
Sources
MTDEQ Permitted All Wells 40781605 Permitted Tank Losses Total Gas Processed
Sources
NDDOH Permitted All Wells 20200201 Compressor Engines Total Gas Processed
Sources
NDDOH Permitted All Wells 20200202 Compressor Engines Total Gas Processed
Sources
NDDOH Permitted All Wells 31000205 Natural Gas Production, | Total Gas Processed
Sources Flares
NDDOH Permitted All Wells 31000301 Dehydrator Total Gas Processed
Sources
NDDOH Permitted All Wells 31000404 Process Heaters Total Gas Processed
Sources
NDDOH Permitted All Wells 40400302 Permitted Tank Losses Total Gas Processed
Sources
NDDOH Permitted All Wells 31088801 Permitted Fugitives Total Gas Processed
Sources
NDDOH Permitted All Wells 31000299 Natural Gas Production, | Total Gas Processed
Sources Other Not Classified
EPA Title V Sources All Wells 20200201 Compressor Engines Total Gas Processed
EPA Title V Sources All Wells 31000000 Compressor Engines Total Gas Processed

! permitted rail loading facilities emissions were scaled by growth in estimated permitted rail facility oil loading

5.3 Projection Methodologies for the Williston Basin

For the Williston Basin, the methodology for obtaining the 2015 value of each projection
parameter is described below. In general, spud count projections were developed by obtaining
the historical spud count and well count data for the geographic grouping using the IHS
database, and reviewing the historic rate of spuds to new wells added in each geographic
grouping. Well count and production projections for the basin were estimated by developing
extrapolated trend lines from historical data, or conservatively holding well counts and
production constant into the future if historic data indicated decline. “Total gas processed” and
“casinghead gas flared” are related parameters. The “total gas processed” projection factor
applies to permitted midstream gas gathering and processing sources, and the “casinghead gas
flared” projection factor applies only to the casinghead gas flaring source category. These are
described below as they are not projected similarly to the other parameters.

Additional annual data on oil and gas production and well counts was gathered from the IHS
database for calendar years 2012 and 2013 in order to better track these recent trends.
Therefore extrapolations and projections were made for the period 2013-2015, but it should be
noted that projection factors represent the ratio of 2015 values of the parameters to 2011
values of the parameters.
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5.3.1 Associated Gas Flaring and Venting

Special consideration is given to develop projections of the total amount of gas processed in the
Williston Basin in 2015, relative to the total amount of gas processed in 2011. Information
obtained from the state and federal agencies as well as industry participants indicates that
some associated gas produced from the Bakken Formation is flared due to a lack of gas
gathering and processing infrastructure. In 2011, the amount of gas sold was used as a
surrogate for the amount of gas processed, as this information was tracked for the basin by the
North Dakota Oil and Gas Commission. Historic data on the fraction of gas sold was plotted and
extrapolated to 2015; the 2015 fraction of gas sold was then combined with the projected total
gas production to derive the projected 2015 total gas processed. The ratio of 2015 to 2011 total
gas processed was used to project midstream gas gathering emission sources. The inverse of
this value represents the fraction flared, and therefore a similar approach was used to derive
the projection factor for the casinghead gas flaring source category. Figure 5-1 below shows the
projected fraction of gas sold in the Williston Basin.

Similar to the assumption for 2011, the projection of casinghead gas to 2015 assumed that all
gas not sold would be flared. While it is understood that some casinghead gas is expected to be
used at well sites to power gas-fired equipment such as heaters or well site engines, or in other
applications such as the generation of electricity or the capture of heavier hydrocarbons, due to
lack of data to quantify alternative casinghead gas usage, all casinghead gas not sold was
assumed to be flared. Further study to quantify the extent of alternative casinghead gas usage
would allow for additional refinement of casinghead gas flaring emissions.
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40% Bakken Forecasted Percent of Gas Sold
30% e North Dakota Statewide Monthly Fraction
of Gas Sold
20%
10%
0%
2009 2010 2011 2012 2013 2014 2015 2016

Figure 5-1.  Fraction of gas produced that is processed and sold in the Bakken Formation in
North Dakota and Montana.
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This analysis was conducted for the Bakken geographical grouping, where the majority of new
gas production is occurring in the Williston Basin in this time period. It was assumed that for the
Cedar Creek Anticline and “Other Counties” geographical groupings, all gas produced was
processed. In practical application, the “total gas processed” projection factor is dominated by
the activities in the Bakken Formation.

The decline in the fraction of gas processed in the Bakken from 2010 through 2011 is due to the
increase in associated gas production without sufficient gas gathering and processing
infrastructure. During the period from 2011 through August 2013, this trend reverses as
additional infrastructure is established in this geographic area; this was the time period used to
project a trendline forward to 2015. There are three primary observations from this analysis:

(1) The “gas processed” projection factor is a combination of growth in the total amount of
gas produced and the increase in gas gathering infrastructure;

(2) This projection factor would be lower if the increase in gas gathering and processing
infrastructure were not accounted for; and

(3) Similarly the projection factor for casinghead gas flaring would be higher if the increase
in gas gathering and processing infrastructure were not accounted for.

It should be noted that this analysis used the available data on recent trends in the increase in
gas gathering and processing infrastructure, however more detailed survey data from industry
would improve these projections.

5.3.2 QOil Transport by Rail

Special consideration is given to develop projections of the oil transported by rail in the
Williston Basin in 2015, relative to the oil transported by rail in 2011. In 2011, 17% of Williston
Basin oil production was transported by rail according the North Dakota Pipeline Authority
(NDPA)>; of the oil transported by rail in 2011, ENVIRON estimated that 47% was loaded at
permitted facilities for which NDDOH provided emissions data while 53% was loaded at
facilities for which emissions were not provided by NDDOH based on Dihle (2013). At the time
of preparation of this inventory, rail transport data was available from the NDPA up to August
2013. From January 2013 to August 2013, 71% of basin wide oil production was transported by
rail (NDPA, 2013); it was assumed that in 2015, 71% of oil production would similarly be
transported by rail. Based on rail loading facility throughput capacities provided by NDDOH
(Dihle, 2013), it was estimated that in 2015, 87% of oil transported by rail would be loaded at
permitted facilities and 13% of oil transported by rail would be loaded at unpermitted facilities.
Separate growth factors for unpermitted rail loading and permitted rail loading facilities were
estimated based on growth in basin wide oil production, the fraction of oil estimated to be
transported by rail, and the fraction of oil production by rail at permitted versus unpermitted
facilities. 2011 to 2015 scaling factors of 2.7 and 20.4 were estimated for unpermitted rail
loading and permitted rail loading facilities, respectively.

> https://ndpipelines.files.wordpress.com/2012/04/ndpa-website-data42.xlsx

52


https://ndpipelines.files.wordpress.com/2012/04/ndpa-website-data42.xlsx

August 2014 “ E NVI RO N

5.3.3 Bakken Formation Counties
Oil Well Counts

Oil well counts in the Bakken Formation counties in the Williston Basin have been plotted for
the years 2000—-2012 below in Figure 5-2, including projections to 2015.
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Figure 5-2.  Oil well count historical data (from the IHS database) for Bakken Formation
Counties in the Williston Basin and projections to 2015. °

Oil well count projections were developed for the period 2013-2015 based on forecasts of
annual spuds for the same years and expected associated increases in oil well counts.
Consistent with recent trends, all spuds were assumed to be oil wells. A ratio of the average
number of annual active oil wells added to the annual spuds was developed. This ratio of 0.83
was then applied to the projected number of spuds in the Bakken Formation Counties as
described in Figure 5-4 below to estimate the projected number of active oil wells.

Gas Well Counts

Gas well counts in the Bakken Formation counties in the Williston Basin have been plotted for
the years 2000-2012 below in Figure 5-3, including projections to 2015.

6 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-3.  Gas well count historical data (from the IHS database) for Bakken Formation
Counties in the Williston Basin and projections to 2015. ’

Gas well count projections were developed for the period 2013—-2015 assuming that the gas
well count remains at 2012 levels. This is consistent with relatively flat growth over the 2010 to
2012 period.

Spud Counts
Spud counts in the Bakken Formation Counties in the Williston Basin have been plotted for the
years 2000-2012 below in Figure 5-4, including projections to 2015.

’ (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-4.  Spud count historical data (from the IHS database) for Bakken Formation
Counties in the Williston Basin and projections to 2015.

Historic spud counts in the Bakken Formation Counties, as obtained from the IHS database for
the period 2000-2012 show a steady increase in spudding activity over the 2009-2012 period.
Spud count for the Bakken Formation Counties was estimated based on North Dakota
Department of Mineral Resources estimates of 2,000 spuds annually for the foreseeable future
in North Dakota and 2011 spud counts from the IHS database which indicated that 5% of 2011
spudding occur in Montana and 95% of spudding occurred in North Dakota. Consistent with
recent trends in the Bakken Formation Counties, all spuds were assumed to be oil well spuds.

Recent analysis also suggests that drilling times in the Bakken Formation Counties have been
decreasing. Siegel (2013) reports an average drilling time of 18 days in 2013. Survey-based
drilling times of approximately 21 days in 2011 were assumed to decrease by 15% in future year
2015, which also has the effect of decreasing 2015 forecast drilling emissions by 15%.

Associated Gas Production

Associated gas production (i.e. gas production from oil wells) in the Bakken Formation Counties
in the Williston Basin has been plotted for the years 2000-2012 below in Figure 5-5, including
projections to 2015.

8 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).

55



August 2014 “ E NVI RO N

600,000,000

500,000,000

400,000,000 _4‘ —+—Associated Gas projected }

300,000,000

200,000,000 /
100,000,000 M,/

0 T T T T T T T
2000 2002 2004 20006 2008 2010 2012 2014 2016

Year

Gas Production [MCF]

Figure 5-5.  Associated gas production historical data (from the IHS database) for Bakken
Formation Counties in the Williston Basin and projections to 2015. °

Associated gas production was linearly projected from 2013 - 2015 based on the rate of
increase from the period 2010-2012 in order to account for the recent growth in Bakken
Formation activity.

Primary Gas Production

Primary gas production (i.e. gas production from gas wells) in the Bakken Formation Counties in
the Williston Basin has been plotted for the years 2000-2012 below in Figure 5-6, including
projections to 2015.

o (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-6.  Primary gas production historical data (from the IHS database) for Bakken
Formation Counties in the Williston Basin and projections to 2015. *°

Primary gas production projections were developed for the period 2013-2015 assuming that
the primary gas production remains at 2012 levels. This is conservative considering decreases in
primary gas production over the 2007-2012 period.

Oil Well Oil Production

Oil well oil production in the Bakken Formation Counties in the Williston Basin has been plotted
for the years 2000-2012 below in Figure 5-7, including projections to 2015.

10(

Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-7.  Oil production historical data (from the IHS database) for Bakken Formation
Counties in the Williston Basin and projections to 2015. **

Oil production in the Bakken Formation was linearly projected forward to 2015 based on the
growth period from 2010 to 2012. Because of the sensitivity of this projection to the selection
of projection parameters (extrapolation type, data period from which to project) and the
importance of this projection to the overall 2015 midterm emission inventory, reference data
was obtained from other studies to confirm the plausibility of this projection. A study
conducted by Bentek Energy for the North Dakota Pipeline Association (NDPA) and North
Dakota Industrial Commission (NDIC) was used to compare the midterm projections of oil
production in the Bakken Formation (Bentek, 2012). The Bentek study presented a range of oil
production projections based on a variety of parameters used to define three scenarios: (1) a
low scenario; (2) a base case scenario; and (3) a high growth scenario. The linearly projected oil
production shown in Figure 5-7 falls within a reasonable range between the base case and low
scenarios developed in the Bentek study for calendar year 2015, more closely approximating
the base case scenario. Because the consistency with the Bentek study appeared reasonable,
this linear projection was used for Bakken Formation oil production in 2015.

1 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Condensate Production

Condensate production in the Bakken Formation Counties in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-8, including projections to 2015.
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Figure 5-8.  Condensate production historical data (from the IHS database) for the Bakken
Formation Counties in the Williston Basin and projections to 2015.

Condensate production in the Bakken Formation Counties is low relative to primary oil
production. Large increases in annual condensate production were observed in the period
2005-2008 with subsequent decline to 2009, a slight increase in 2010, and a decline from 2010-
2012. The recent decline may reflect economic conditions which favored the development of
primary oil wells over gas wells producing condensate. Given the erratic nature of recent
condensate production activity in the Bakken Formation Counties, the analysis conservatively
assumed that 2012 condensate production levels would remain at 2012 levels in the period
2013-2015.

5.3.4 Cedar Creek Anticline Counties
Oil Well Counts

Oil well counts in the Cedar Creek Anticline Counties in the Williston Basin have been plotted
for the years 2000-2012 below in Figure 5-9, including projections to 2015.

12 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-9.  Oil well count historical data (from the IHS database) for Cedar Creek Anticline
Counties in the Williston Basin and projections to 2015. **

Active oil well counts in the Cedar Creek Anticline formation increased from 2000 to 2003, then
stayed relatively constant through 2008. From 2008, active oil well counts declined to 2010
after which they were relatively constant. Consistent with relatively flat growth in the 2010-
2012 period, this analysis assumed that 2012 active oil well counts would remain constant in
the period 2013-2015.

Gas Well Counts

Gas well counts in the Cedar Creek Anticline Counties in the Williston Basin have been plotted
for the years 2000—-2012 below in Figure 5-10, including projections to 2015.

3 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-10. Gas well count historical data (from the IHS database) for Cedar Creek Anticline
Counties in the Williston Basin and projections to 2015. '

Active gas well counts in the Cedar Creek Anticline formation show relatively steady increases
from 2000-2010, while the 2010-2012 period shows relatively flat growth. Consistent with the
flat growth in the 2010-2012 period, this analysis assumed that 2012 active gas well counts
would remain constant in the period 2013-2015.

Spud Counts

Oil well spud counts and gas well spud counts in the Cedar Creek Anticline Counties in the
Williston Basin have been plotted for the years 2000-2012 below in Figure 11 and Figure 12,
respectively, including projections to 2015. Spud counts by oil versus gas wells were estimated
from IHS total spuds based on the number of oil and gas wells in each calendar year.

1 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-11. Oil Well spud count historical data (from the IHS database) for Cedar Creek
Anticline Counties in the Williston Basin and projections to 2015. *°

- (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-12. Gas Well spud count historical data (from the IHS database) for Cedar Creek
Anticline Counties in the Williston Basin and projections to 2015.

Historic oil well and gas well spud counts in the Cedar Creek Anticline Counties, as obtained
from the IHS database for the period 2000-2012 are erratic, making an extrapolation from
historical data infeasible. Consistent with active oil and gas well count projections, it was
assumed that future spud counts would remain at 2012 levels in the future.

Associated Gas Production

Associated gas production in the Cedar Creek Anticline Counties in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-13, including projections to 2015.

1 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-13. Associated gas production historical data (from the IHS database) for Cedar
Creek Anticline Counties in the Williston Basin and projections to 2015. *’

Associated gas production in the Cedar Creek Anticline Counties was generally increasing during
the 2000-2008 historical period, then declining from 2008 to 2011, with a marginal increase
from 2011 to 2012. Given the lack of consistent, discernible trends over the most recent years,
this analysis assumed that associated gas production would remain at 2012 levels through the
period 2013-2015.

Primary Gas Production

Primary gas production in the Cedar Creek Anticline Counties in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-14, including projections to 2015.

v (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-14. Primary gas production historical data (from the IHS database) for Cedar Creek
Anticline Counties in the Williston Basin and projections to 2015. 2

Primary gas production in the Cedar Creek Anticline Counties was generally increasing during
the 2000-2008 historical period. Data from 2008-2012 show a declining trend in primary gas
production, likely due to economic circumstances that favor oil production over gas production,
and therefore this analysis conservatively assumed that primary gas production would remain
at 2012 levels through the period 2013-2015.

Oil Well Oil Production

Oil well oil production in the Cedar Creek Anticline Counties in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-15, including projections to 2015.

1 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-15. Oil production historical data (from the IHS database) for Cedar Creek Anticline
Counties in the Williston Basin and projections to 2015. *°

Oil production increased in the Cedar Creek Anticline Counties in the Williston Basin from 2000-
2006. During the period 2007-2012 oil production in the Cedar Creek Anticline declined by
approximately 45%. Given that no additional information was available on anticipated trends in
this formation, it was conservatively assumed that oil production would remain at 2012 levels
in the period 2013-2015.

Condensate Production

Condensate production in the Cedar Creek Anticline Counties in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-16, including projections to 2015.

19 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-16. Condensate production historical data (from the IHS database) for Cedar Creek
Anticline Counties in the Williston Basin and projections to 2015. %

Condensate production in the Cedar Creek Anticline steadily increased in the period 2005-2011,
then was relatively flat from 2011-2012. This analysis assumed that oil production would
remain at 2012 levels in the period 2013-2015.

5.3.5 Other Counties

Oil Well Counts

Oil well counts in the “Other Counties” grouping in the Williston Basin have been plotted for
the years 2000-2012 below in Figure 5-17, including projections to 2015.

20(

Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-17. Oil well count historical data (from the IHS database) for Other Counties in the
Williston Basin and projections to 2015. %

Oil well counts in the “Other Counties” grouping were the same in 2012 as in 2000, with
relatively minor variations in the intervening years. This analysis assumed that oil well count
would remain at 2012 levels in the period 2013-2015.

Gas Well Counts

Gas well counts in the “Other Counties” grouping in the Williston Basin have been plotted for
the years 2000-2012 below in Figure 5-18, including projections to 2015.

2 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-18. Gas well count historical data (from the IHS database) for Other Counties in the
Williston Basin and projections to 2015. %

Gas well counts in the “Other Counties” grouping have remained relatively constant in the
period 2006-2012. This analysis assumed that gas well count would remain at 2012 levels in the
period 2013-2015.

Spud Counts
Spud counts in the “Other Counties” grouping in the Williston Basin have been plotted for the
years 2000-2012 below in Figure 5-19, including projections to 2015.

2 (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-19. Spud count historical data (from the IHS database) for Other Counties in the
Williston Basin and projections to 2015. 2

Historic spud counts in the “Other Counties” grouping, as obtained from the IHS database for
the period 2000-2012 range from zero spuds to one spud. This analysis assumed that the spud
count would remain at 2012 levels in the period 2013-2015.

Associated Gas Production

Associated gas production in the “Other Counties” grouping in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-20, including projections to 2015.

s (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-20.

Associated gas production historical data (from the IHS database) for Other

Counties in the Williston Basin and projections to 2015. %*

Associated gas production in the “Other Counties” grouping has been relatively constant over
the 2000-2012 period. This analysis assumed that associated gas production would remain at
2012 levels in the period 2013-2015.

Primary Gas Production

Primary gas production in the “Other Counties” grouping in the Williston Basin has been plotted
for the years 2000—-2012 below in Figure 5-21, including projections to 2015.

24(

Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-21. Primary gas production historical data (from the IHS database) for Other
Counties in the Williston Basin and projections to 2015. *

Primary gas production in the “Other Counties” grouping shows a steady decline in the 2007 to
2012 period, although primary gas production levels in this grouping are minimal compared to
the other geographic groupings in the Williston Basin. This analysis conservatively assumed that
primary gas production would remain at 2012 levels through the period 2013-2015.

Oil Well Oil Production

Oil well oil production in the “Other Counties” grouping in the Williston Basin has been plotted
for the years 2000—-2012 below in Figure 5-22, including projections to 2015.

» (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-22. Oil production historical data (from the IHS database) for Other Counties in the
Williston Basin and projections to 2015. 2

Oil production in the “Other Counties” grouping shows a decline for the period 2008-2011, with
relatively flat growth from 2011-2012. This analysis assumed that oil production would remain
at 2012 levels through the period 2013-2015.

Condensate Production

Condensate production in the “Other Counties” grouping in the Williston Basin has been
plotted for the years 2000—-2012 below in Figure 5-23, including projections to 2015.

% (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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Figure 5-23. Condensate production historical data (from the IHS database) for Other
Counties in the Williston Basin and projections to 2015. %’

There has been negligible condensate production in the “Other Counties” grouping in the
Williston Basin throughout the historical period from 2000-2010. It was assumed that there
would be no condensate production in 2015 in this geographical grouping.

5.4 Scaling Factor Development and Uncontrolled 2015 Emissions

Scaling factors were generated for the Williston Basin geographic groupings described above,
for each parameter considered here:

e Well counts by type (gas, oil, total)

e Spud counts by type (gas, oil, total)

e Gas production by type (primary, associated, total)

e Liquid hydrocrabon production by type (oil production from oil wells, condensate, total)

Total gas processed and casinghead gas flared are not projected in a similar methodology to the
other parameters, as described above. These are presented for each county below. It is noted

z (Includes data supplied by IHS Inc., its subsidiary and affiliated companies; Copyright (2011) all rights reserved).
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that all geographic groupings are comprised of more than one county in which the scaling
factors for each parameter are identical for all counties in the grouping. The ratio of the value
of each of these parameters in 2015 to their values in 2011 is the scaling factor for that
parameter for purposes of this projection. This is shown in Equation 47 below:

fi’j :Wi~i’2015 (Equation 47)

i,j,2011

where:
fijis the scaling factor for geographic grouping j in the Williston Basin for parameter i (oil
or gas well count, spud count, associated or primary gas production, oil well oil
production, and condensate production)
Wi 2011 is the value of parameter i in geographic grouping j in 2011
Wi 2015 is the projected value of parameter i in geographic grouping j in 2015

The scaling factor based on the appropriate parameter is selected for each source category as
described in Table 5-1. The scaling factors for the eight parameters used in this analysis for each
county in the Williston Basin are presented in Table 5-2 below.
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Table 5-2. Scaling factors for parameters used in the projection analysis for all counties in the Williston Basin.
Well Counts Spuds Gas Production Liquid Hydrocarbon Production
oil Gas oil Gas Associated Primary Cond-

County Wells Wells Total Wells* Wells Total Gas Gas Total oil ensate Total
CARTER, MT 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
CUSTER, MT 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
DANIELS, MT 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
DAWSON, MT 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
FALLON, MT 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
GARFIELD, MT 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
MCCONE, MT 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
PRAIRIE, MT 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
RICHLAND, MT 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
ROOSEVELT, MT 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
SHERIDAN, MT 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
VALLEY, MT 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
WIBAUX, MT 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
BILLINGS, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
BOTTINEAU, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
BOWMAN, ND 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
BURKE, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
DIVIDE, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
DUNN, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
GOLDEN VALLEY, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
MC HENRY, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
MCKENZIE, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
MCLEAN, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
MERCER, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
MOUNTRAIL, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
RENVILLE, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
SLOPE, ND 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
STARK, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
WARD, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
WILLIAMS, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
HARDING, SD 1.018 0.994 1.005 1.452 1.448 1.450 0.000 0.000 0.915 0.944 1.005 0.951
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Well Counts Spuds Gas Production Liquid Hydrocarbon Production
oil Gas oil Gas Associated Primary Cond-

County Wells Wells Total Wells* Wells Total Gas Gas Total oil ensate Total
BUTTE, SD 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
BARNES, ND 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
MORTON, ND 2.309 0.996 2.263 1.346 0.000 1.346 3.198 0.915 3.077 2.843 0.860 2.819
MCINTOSH, ND 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
BURLEIGH, ND 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004
STUTSMAN, ND 1.000 0.950 0.970 0.000 0.000 0.000 0.993 0.623 0.630 1.004 0.000 1.004

! Does not include the effects of 15% reduction in drilling time as described in Section 5.3.3

77




August 2014

<« ENVIRON

5.5 Controlled 2015 Emissions

This methodology considered any “on-the-books” federal or state regulations that would affect
the uncontrolled 2015 emissions projections described above. Table 5-3 below lists the “on-the-
books” federal and state regulations that affect emissions source categories in the oil and gas

industry, and the action taken to adjust the 2015 emissions inventory appropriately. In cases
where an emissions source is regulated by both federal and state regulations, the more
stringent of either the federal or state regulation was implemented. A more detailed
description follows of the methodology used to address each of these regulations as they
affected the uncontrolled 2015 Williston Basin emissions projections. The uncontrolled 2015
emissions were adjusted based on the proposed actions or control factors developed for each
regulation described in Table 5-3 to account for how these regulations may affect any oil and
gas source category considered in this inventory.

Table 5-3.

gas source categories considered in this inventory.

Summary of federal and state “on-the-books” regulations affecting the oil and

Implementation in the 2015
Enforcing Williston Basin
Source Category Regulation Agency | Effective Date Emissions Projections
Federal
Drill Rig, Fracing |Nonroad engine Tier US EPA Phase in from |EPA NONROAD model used to create
Engines standards (1-4) 1996 - 2014 county-level control factors for the drill
Workover Rigs (EPA, 2005) rig SCC to account for fleet turnover.
Drill Rig, Fracing |Nonroad diesel fuel US EPA Phase in Assume 11 ppm sulfur in nonroad diesel
Engines sulfur standards beginning in  |fuel throughout Williston Basin. Control
Workover Rigs (EPA, 2006) 2010 factors derived from EPA NONROAD
model (see above).
All New Spark- New Source US EPA Phase in from |Control factors developed considering
Ignited Stationary | Performance Standards 2008 - 2011 the specific composition of engines in the
Engines (NSPS) inventory (described in more detail
(EPA, 2008; EPA, 2012) below).
Insufficient information to determine the
mix of wet/dry seals on compressors
therefore no additional control factor
applied due to Subpart 0000
requirements.
Pneumatic New Source US EPA Beginning Sep. |Assume all new pneumatic controllers
Controllers Performance Standards 2011 after September 2011 are low-bleed
Subpart 0000 (NSPS) devices.
(EPA, 2012)
Condensate and |[New Source US EPA Oct. 15, 2013 |Control factors developed for tanks by
Crude Oil Tanks |Performance Standards region (described in more detail below)
Subpart 0000 (NSPS)
(EPA, 2012)
Gas Well New Source US EPA Oct. 2012 (low |Insufficient information to estimate the
Completions Performance Standards pressure) / impact of this regulation requiring
Subpart 0000 (NSPS) Jan. 2015 (all |reduced emission completions
(EPA, 2012) other)
Dehydrators New Source US EPA Phase in from |Insufficient information to estimate the
Performance Standards Oct. 2012-Oct. |impact of this regulation. Dehydrators
Subpart HH (NSPS) 2015 represent less than 1% of VOC emissions.
(EPA, 2012)
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Implementation in the 2015
Enforcing Williston Basin
Source Category Regulation Agency | Effective Date Emissions Projections
Gas Processing New Source US EPA Oct. 2013 Not enough information on detailed
Plants Performance Standards emissions at gas processing facilities;
Subpart 0000 (NSPS) conservatively assumed that there would
(EPA, 2012) be no effect of this regulation on the
2015 inventory.
All Tribal Sources |Minor Source Reporting |US EPA Phase-In No information was available to
not meeting Requirements on Indian Beginning determine the future impacts of this
major source Tribal Land Aug. 2011 regulation on emissions.
thresholds
State — Montana
Well Completions |MT ARM 36.22.1221 MTDEQ 1984 Not enough information was available in
Completion venting producer data; conservatively assume
controls. that there would be no effect of this
regulation on the 2015 inventory.
Condensate and |MT ARM 17.8.1603(1)(b) [MTDEQ |Jan 2006 Control factors developed for tanks by
Crude Oil Tanks |VOC vapors from oil or region (described in more detail below)
condensate storage
tanks with a potential to
emit (PTE) > 15 tpy must
be controlled
AllVOC sources |MT ARM MTDEQ  |Apr 2006 Not enough information to make a 2015
17.8.1711(1)(a) specific analysis. Assumed that rates of
VOC vapors from each control in 2015 are similar to rates of
piece of O&G well facility control in 2011 for VOC sources not
equipment with PTE >15 controlled per other regulations.
tpy, must be controlled
MT ARM 17.8.1603(1)(a) |[MTDEQ |Jan 2006
VOC vapors must be
captured and routed to a
gas pipeline if within %
mile to control device.
MT ARM 17.8.752 MTDEQ Dec 2002
case by case BACT
determination
MT ARM 17.8.1711(1)(a) [MTDEQ_ | Apr 2006
VOC vapors from each
piece of O&G well facility
equipment, with a PTE >
15 tpy, must be
controlled
Truck loading MT ARM 17.8.1711(1)(b) IMTDEQ |Apr 2006 Assumed submerged filling for all tank
Submerged filling on all loading.
hydrocarbon liquid
loading or unloading
State — North Dakota
Condensate and |[NDAC 33-15-07 and NDDOH 2011 Control factors developed for tanks by
Crude Oil Tanks |Bakken Pool O&G region (described in more detail below)
Control Permitting &
Compliance Guidance
Flaring controls for tanks
Tank loading NDAC 33-15-07 NDDOH Initial 2011 Assumed submerged filling for all tank
Submerged filling Baseline and [loading.
requirements for tanks > All Projection
1000gal Years
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Implementation in the 2015

Enforcing Williston Basin
Source Category Regulation Agency | Effective Date Emissions Projections
Casinghead gas |Case No. 22058 NDIC May 31, 2014 |The policy requires 77% gas capture by
flaring (Continued) 1/1/2015 and 85% gas capture by
Order No. 24665 1/1/2016 with potential exceptions as

described in the NDIC order. Based on
available historical data (see Section
5.3.1) approximately 75% capture of
casinghead gas has been estimated in
2015 which is assumed to be a
reasonable approximation given the NDIC
policy.

5.5.1 Nonroad Diesel Engine Standards and Fuel Sulfur Standards

The EPA NONROAD2005 model was run with fuel inputs based on the EPA guidance for
NONROAD fuel properties (EPA, 2009a). The model outputs were used to develop county-level
emissions per unit population for “other oil field equipment” (SCC 2270010010) for the
calendar year 2011, and then separately for the calendar year 2015. These emissions per unit
population reflect the predicted fleet mix of engines — for various tier standards from baseline
uncontrolled engines through Tier IV engines — and are used as a representation of fleet
turnover for drilling rigs, fracing engines, and workover rigs. The ratios of the per unit emissions
in 2015 to those in 2011 for each county of interest were taken to be the control factors
accounting for federal non-road tier standards and diesel fuel sulfur standards.

5.5.2 New Source Performance Standards for Stationary Spark-Ignited Engines

US EPA NSPS applies to well site artificial lift engines and wellhead compressor engines as well
as midstream engines. Lack of information in the permitting databases about engine emission
rates and turnover rates prevented calculation of the effect of NSPS on midstream engines.
Well head compressor engines were all assumed controlled to interim NSPS levels in the base
year and future year emission inventory; a detailed analysis of NSPS control was not warranted
for this source considering the small magnitude of these emissions relative to other sources. A
detailed analysis was undertaken to implement the US EPA NSPS for artificial lift engines;
artificial lift engines added after 2011 were assumed to meet all applicable NSPS.

NSPS Regulations

The EPA has promulgated a new regulation covering new stationary, spark-ignited engines of
various horsepower classes. The regulation is assumed to apply to central compressor engines,
wellhead and lateral compressor engines, and artificial lift engines as well as any other
miscellaneous engines that are stationary, spark-ignited natural gas engines. The regulation
requires new engines of various horsepower classes to meet increasingly stringent NOx and
VOC emission standards over the phase-in period of the regulation.

For engines less than 25 horsepower, Table 5-4 shows the requirements of the NSPS regulation.
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Table 5-4. Federal NSPS emissions standards for engines less than 25 horsepower.
Emissions Standards Requirement in (g/hp-hr)b

HP Range® | HC + NOx NMHC + NOx° co

<25 Hp

Class | 16.1 (12.0) 14.8 (11.0) 610 (455)

Class | -A 50-37 - -

Class | -B 40 (30) 37 (27.6)

Class Il 12.1(9.0) 11.3 (8.4)

® Class I-A: Engines with displacement less than 66 cubic centimeters (cc); Class 1-B: Engines with displacement greater than or
equal to 66¢cc and less than 100cc; Class I: Engines with displacement greater than or equal to 100 cc and less than 225 cc

® Modified and reconstructed engines manufactured prior to July 1, 2008, must meet the standards applicable to engines
manufactured after July 1, 2008

© NMHC+NOX standards are applicable only to natural gas fueled engines at the option of the manufacturer, in lieu of HC+NOX
standards

For engines in the horsepower range 25 — 100 horsepower, Table 5-5 shows the requirements
of the NSPS regulation.

Table 5-5. Federal NSPS emissions standards for engines greater than 25 horsepower but
less than 100 horsepower.
Emissions Standards Requirement
(g/hp-hr)
HP Range Manufacture Date HC + NOx (o0)
25<HP<100 1-Jul-08 3.8 6.5
1-Jul-08
(severe duty) 3.8 200

For engines in the horsepower range 100 — 1,350 horsepower, Table 5-6 shows the
requirements of the NSPS regulation.

Table 5-6. Federal NSPS emissions standards for engines greater than 25 horsepower but
less than 100 horsepower.

Emissions Standards

Manufacture Requirement (g/hp-hr)
Engine Type and Fuel HP Range Date NOx co VOoC
Non-Emergency spark ignition (SI) Natural | 100<HP<500 1-Jul-08 2 4 1
Gas and Non-Emergency Sl Lean Burn 1-Jan-11 1 2 1
liquefied petroleum gas (LPG)
Non-Emergency S| Lean Burn Natural Gas |500>HP<1350 1-Jan-08 2 4 1
and LPG 1-Jul-10 1 2 1
Non-Emergency SI Natural Gas and Non- |HP>500 1-Jul-07 2 4 1
Emergency S| Lean Burn LPG (except lean
burn 500>HP<1350)

A detailed analysis was carried forward to analyze the effects of this rule on the survey-based
and the tribal minor source registration-based artificial lift engine fleet in the Williston Basin.
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Engines were sorted into bins representing horsepower ranges based on the survey data and
registration data and emissions added after 2011 were assumed compliant with final NSPS.

5.5.3 New Source Performance Standards for Pneumatic Devices

Following the requirements of the NSPS Subpart OOQOQ, it was assumed that all new pneumatic
devices installed after September 2011 would be low-bleed. This analysis assumed new
pneumatic device installation tracked the increase in well counts in each geographic grouping.

5.5.4 New Source Performance Standards and Montana Regulations for Well Completions

Both the NSPS Subpart OO0O0 and the Administrative Rules of Montana (ARM) 36.22.1221
require controls on well completions in the form of either reduced emission completions (NSPS
Subpart 0000) or combustion controls on vented gas during completions. However insufficient
information was available from the baseline 2011 survey data to accurately characterize the
uncontrolled fraction of well completions or the uncontrolled VOC emissions from these
completions, therefore it was not possible to implement these regulations in the 2015 midterm
projections for the Williston Basin.

5.5.5 New Source Performance Standards and Montana and North Dakota Regulations for
Crude Oil and Condensate Tanks

Crude oil tanks in the Bakken Formation represent one of the largest VOC sources in the 2015
midterm projected inventory for the Williston Basin, and thus special consideration was given
to this source category based on the regulatory requirements of the NSPS, and Montana and
North Dakota state regulations. The regulations and control assumptions for oil tanks were
considered separately for four geographic areas: (1) North Dakota non-tribal land; (2) Fort
Berthold Indian Reservation (tribal land in North Dakota); (3) Montana non-tribal land; and (4)
Montana tribal land (primarily the Fort Peck Indian Reservation). These are summarized in
Table 5-7 below.

Table 5-7. Crude oil tank controls assumptions in the 2015 Williston Basin midterm
emissions.

Geographic Area Controls Assumptions
North Dakota Non-Tribal Land Per NDDOH regulations, any well site with >20tpy uncontrolled
emissions requires control at 98% destruction efficiency (DRE);
<20tpy requires 90% DRE.

The participating operators indicated that oil tanks in the
Williston basins are controlled by flare, vapor recovery units
(VRUs) and enclosed combustor. An analysis of per site emissions
was conducted to determine fraction of sites with emissions
greater than the 20tpy uncontrolled emission threshold: 95%
required 98% DRE, 5% required 90% DRE. VRU and enclosed
combustors controlled 14% and 7% of production respectively.
The destruction efficiency for VRUs and enclosed combustors
were assumed to be 99% and 98% respectively.
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Geographic Area Controls Assumptions
North Dakota Tribal Land Based on analysis of tribal minor sources data for the Fort
Berthold Indian Reservation, it was assumed that all tanks were
controlled with enclosed combustors with a 98% DRE.
Montana Non-Tribal Land NSPS Subpart OO0O regulations require 95% destruction and
removal efficiency (DRE) for any tank with >6tpy uncontrolled
emissions.

Estimated control per compliance of sites meeting the 6 tpy
threshold was estimated as follows:
e Flare —79% of production control with a 95% DRE
e  VRUs—13% of production control with a 99% DRE
e Enclosed Combustor - 6% of production control with a
98% DRE

The analysis accounted for the phase-in of NSPS O00O per EPA
rulemaking:
e NSPS 0000 compliance was assumed for oil production
that was added after April 12, 2013 for the entirety of
2015.
e NSPS 0000 compliance was assumed only from April
15, 2015 for oil production that was added between
August 23, 2011 and April 12, 2013.
Montana Tribal Land Based on limited survey data and information from industry
participants, practices on the Fort Peck Reservation were
assumed similar to those on non-tribal land.

It should be noted that these assumptions utilized survey data provided by operators as part of
the 2011 baseline inventory. Although this survey data was limited, this was the only data
available for some geographic areas.

5.5.6 NDIC Casinghead Gas Flaring

The NDIC Order 24665 requires operators to take measures to capture casinghead gas at North
Dakota Bakken Formation wells to meet gas capture targets of 74% by October 1, 2014; 77% by
January 1, 2015; 85% by January 1, 2016; and 90% by October 1, 2020. Gas capture targets may
be met by routing gas to pipeline for sale, usage of gas at the well site, and/or through the
beneficial use of casinghead gas (e.g. electrical power generation). Companies may comply with
the order by well, field, county, or statewide by operator.

The order requires that after September 30, 2014, all existing and completed wells in the
Bakken, Bakken/Three Forks, and/or Three Forks Pool be evaluated for compliance. A well is in
compliance with the order if the gas capture percentage is consistent with the gas capture
targets. If gas capture targets are not met, well production is limited to 200 barrels of oil per
day if at least 60% of the monthly volume of associated gas produced from the well is captured,
otherwise oil production from such wells shall not exceed 100 barrels of oil per day. Exemptions
to the order are allowed for (1) wells that have received an exemption to North Dakota Century
Code Section 38-08-06.4, (2) the first horizontal well completed in a Bakken, Bakken/Three
Forks, and/or Three Forks Pool non-overlapping spacing unit, (3) the first 90 days commencing
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on the first day oil is produced through well-head equipment into tanks from the ultimate
producing interval after casing has been run.

While the NDIC order requires 77% gas capture by 1/1/2015 and 85% gas capture by 1/1/2016
with exemptions as described above, historical data trends (see Section 5.3.1) indicate that
approximately 75% of casinghead gas will be sold in 2015. The trends-based estimate of 75% of
casinghead gas sold in 2015, and the corresponding conservative assumption of 25% of
casinghead gas flared, has been assumed for 2015 as an approximation of the NDIC policy given
potential exemptions under the policy and potentially non-compliant wells. It is also noted that

the trends-based estimate may be conservative as (1) the NDIC rulemaking may lead to
increased gas capture and decreased flaring and (2) it does not incorporate the effects of well
site or beneficial use of casinghead gas.

5.5.7 Summary of Controls

Table 5-8 presents a summary of emissions controls by source category.

Table 5-8. Controls summary by emission category.
Source Category Well Type 2011* 2015
Drill Rigs, Fracing oil wells NONROAD default 2011 emission rates NONROAD default 2015
Engines, Workover Rigs gas wells emission rates
Initial Completions oil wells 99% green completions, assumed unchanged from
1% conventional completions 2011
gas wells 71% green completions,
29% conventional completions
Water Tanks oil wells 64% controlled, 36% uncontrolled assumed unchanged from
gas wells 2011
Condensate Tanks gas wells ND&SD: 13% controlled, 87% uncontrolled, assumed unchanged from
MT: 98% controlled, 2% uncontrolled 2011
QOil Tanks oil wells 10% uncontrolled, 90% controlled (70% by flare, ND&SD: 100% controlled
13% by VRU, and 6% by enclosed combustor) (79% by flare, 14% by
VRU and 7% by enclosed
combustor
MT*: 2% uncontrolled,
98% controlled (79% by
flare, 13% by VRU and 6%
by enclosed combustor)
Casinghead Gas oil wells 37% of casinghead gas flared 25% of casinghead gas
flared
Oil Well Truck Loading oil wells survey-based assumed unchanged from
31% of oil sent directly to pipeline, 70% loaded to | 2011
truck (100% submerged loading)
tribal minor source registration-based
54% of oil sent directly to pipeline, 36% loaded to
truck (100% submerged loading)
Gas Well Truck Loading gas wells 0% of condensate sent directly to pipeline, assumed unchanged from
100% submerged loading 2011
Rail Loading oil wells 100% submerged loading assumed unchanged from
2011
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Source Category Well Type 2011* 2015
Artificial Lift Engines oil wells Average emission rates greater than NSPS JJJJ Engines added after 2011
standards based on survey-based and registration- | emission rates conform
based data to NSPS JJJJ standards
Fugitive Components oil wells no control assumed unchanged from
gas wells 2011
Heaters oil wells no control assumed unchanged from
gas wells 2011
Pneumatic Devices oil wells 24% high bleed, 39% intermediate bleed, and 38% | Devices added after 2011
low bleed are low bleed devices per
gas wells 47% high bleed, 41% intermediate bleed, and 12% | NSPS OOOO standards
low bleed
Pneumatic Pumps oil wells uncontrolled assumed unchanged from
gas wells 2011
Dehydrators oil wells 60% uncontrolled, 20% controlled by flare, 20% assumed unchanged from
controlled by closed-loop system 2011
gas wells 67% uncontrolled, 33% controlled by flare
Wellhead Compressor oil wells interim NSPS JJJJ emission standards assumed unchanged from
Engines gas wells interim NSPS JJJJ emission standards 2011
Miscellaneous Engines oil wells emission rates based on survey and tribal minor assumed unchanged from
source registrations 2011
gas wells uncontrolled
Well Blowdowns oil wells 100% controlled by flare assumed unchanged from
gas wells 100% uncontrolled 2011
Midstream Sources not no control assumed unchanged from
applicable 2011

* For production added in time periods subject to NSPS O0O0O (as listed in Table 5-7). Production added in periods
not subject to NSPS OOOO remain controlled at 2011 levels.

5.5.8 Projection Uncertainties

There is significant uncertainty associated with the 2015 future year emission estimates since
development of the Williston Basin will depend on economic and environmental factors that
are difficult to forecast. Some of the specific factors that make the projections uncertain are as

follows:

e Uncertainty in future oil production

e Uncertainty in forecasting spudding rates and number of active wells

e New practices developed that improve efficiencies (e.g. drilling time, multi-well pads,
multi-well fracing, etc.)

e Forecast of the fraction of casinghead gas that is processed versus casinghead gas that is
flared is uncertain

e The quantity of casinghead gas used at well sites to power gas-fired equipment such as
heaters or well site engines, or in other applications such as the generation of electricity
or the capture of heavier hydrocarbons is not incorporated into the analysis, but may be
significant in the future, especially in light of the 2014 NDIC policy that limits casinghead

gas flaring

e Effect of electrification of equipment (i.e. artificial lift or compressors)
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e Forecast of oil transport by rail versus pipeline®®

Future updates to inventory forecasts may address some of these uncertainties if additional
data is available on forecasted activities, on equipment usage and processes, and on basin-level
industry trends. However, given the lack of detailed data to address these factors the
uncertainty of the projections is noted.

8 Crude transport by rail in the Williston Basin depends on such factors local rail and pipeline infrastructure and economic
tradeoffs associated with transport by pipeline versus by rail. In July 2014, the US Department of Transportation’s Pipeline and
Hazardous Materials Safety Administration released a proposed rulemaking that aims to improve the safety of rail

transportation of crude oil. It is unknown how such a rulemaking, if promulgated, will impact transport of oil in the Williston
Basin.
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6.0 SUMMARY RESULTS
6.1 Base Year 2011

Results from the combined permitted sources and the combined surveyed sources are
presented below for the entire Williston Basin as a series of pie charts and bar graphs including
county-level emissions, basin-wide emissions and emissions on tribal and non-tribal land. The
guantitative emissions summaries are presented in Table 6-1 through Table 6-3. It should be
noted that all figures showing county-level emissions only include those counties representing
1% or greater of the total emissions in the basin. A complete list of emissions for all counties is
included in the summary emissions spreadsheets that accompany this report.

Figure 6-1 shows NOx emissions by county and source category in the Williston Basin. Figure 6-
1 shows that NOx emissions are concentrated in McKenzie, Mountrail, Williams, and Dunn
Counties in North Dakota, and to a lesser extent in Richland and Fallon Counties in Montana.
These counties represent the core Bakken Formation area, with the exception of Fallon County
in the Cedar Creek Anticline. Figure 6-2 shows NOx emissions by mineral designation in the
Williston Basin. 77% of NOx emissions are from private/state fee mineral estate with less than
12% of NOx emissions from any other single mineral estate.

Figure 6-3 shows that VOC emissions are also concentrated in McKenzie, Mountrail, Williams,
and Dunn Counties in the core of the Bakken area of North Dakota, and to a lesser extent in
Richland and Fallon Counties in Montana. There are also significant VOC emissions in Bowman
County in the Cedar Creek Anticline. Figure 6-4 shows NOx emissions by mineral designation in
the Williston Basin. 78% of VOC emissions are from private/state fee mineral estate with less
than 10% of VOC emissions from any other single mineral estate.

Figure 6-5 shows that drilling rigs, miscellaneous engines, compressor engines, fracing engines,
and casinghead gas are the largest contributors to NOx emissions in the Williston Basin,
accounting for approximately 78% of NOx emissions in 2011. Figure 6-6 shows that VOC
emissions from casinghead gas, oil tank flashing, and pneumatic devices are the largest
contributor to basin-wide VOC emissions, accounting for approximately 81% of the basin-wide
VOC emissions in the Williston Basin in 2011. Condensate tank flashing represents an additional
9% of basin-wide VOC emissions in the Williston Basin in 2011.
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Figure 6-1. 2011 NOx emissions by source category and by county in the Williston Basin.
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Figure 6-2. 2011 NOx emissions by mineral designation in the Williston Basin.
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Figure 6-3. 2011 VOC emissions by source category and by county in the Williston Basin.
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Figure 6-4. 2011 VOC emissions by mineral designation in the Williston Basin.
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Table 6-1. 2011 emissions of all criteria pollutants by county for the Williston Basin.
NOx vVOC Cco SOx PM
County [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr]
Carter, MT 4 120 7 0 0
Custer, MT 0 18 0 0 0
Daniels, MT 2 16 2 0 0
Dawson, MT 82 723 142 4 4
Fallon, MT 1,205 12,080 2,328 140 50
Garfield, MT 12 89 12 0 1
McCone, MT 8 52 10 0 0
Prairie, MT 20 129 59 0 1
Richland, MT 1,703 22,299 3,007 413 82
Roosevelt, MT 539 3,089 819 42 20
Sheridan, MT 285 2,485 581 19 17
Valley, MT 127 1,263 155 3 5
Wibaux, MT 140 1,155 394 5 5
Barnes, ND 119 6 2 3 6
Billings, ND 970 8,578 1,761 407 34
Bottineau, ND 726 5,230 1,442 14 31
Bowman, ND 47 20,548 1,538 51 22
Burke, ND 714 6,798 1,060 137 31
Burleigh, ND 44 0 24 1 0
Divide, ND 685 9,521 1,310 185 29
Dunn, ND 2,905 27,290 4,643 531 99
ﬁg’de” Valley, 92 1,202 190 16 4
Mc Henry, ND 130 136 31 3 7
Mclintosh, ND 106 13 97 6 7
McKenzie , ND 6,798 60,939 9,555 1,511 224
McLean, ND 89 510 219 12 3
Mercer, ND 1 8 1 0 0
Morton, ND 219 34 210 12 14
Mountrail, ND 5,576 57,968 8,797 1,195 194
Renville, ND 325 2,864 511 8 16
Slope, ND 20 1,973 52 2 1
Stark, ND 274 3,363 637 58 7
Stutsman, ND 9 0 14 0 0
Ward, ND 18 152 29 1 1
Williams, ND 4,529 43,179 6,391 2,104 134
Butte, SD 0 0 0 0 0
Harding, SD 182 2,657 276 11 9
Totals 29,404 296,488 46,305 6,895 1,060
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Table 6-2. 2011 NOx emissions [ton/yr] by source category for the Williston Basin.
Initial Water
Compressor Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Carter, MT 0 0 0 1 0 0 0 2 1 0 4
Custer, MT 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT 0 0 0 1 1 0 0 0 0 0 2
Dawson, MT 9 1 0 32 18 0 0 5 13 4 82
Fallon, MT 328 8 0 280 140 4 0 157 231 56 1,205
Garfield, MT 0 0 0 6 3 0 0 1 0 0 12
McCone, MT 1 0 0 4 2 0 0 1 0 0 8
Prairie, MT 0 0 6 3 0 0 1 9 1 20
Richland, MT 147 176 303 517 282 90 6 86 28 69 1,703
Roosevelt, MT 213 31 23 107 58 16 1 18 62 11 539
Sheridan, MT 4 10 10 108 59 5 0 18 61 9 285
Valley, MT 58 1 0 25 12 1 0 21 5 4 127
Wibaux, MT 1 0 43 23 0 0 11 58 5 140
Barnes, ND 119 0 0 0 0 0 0 0 0 0 119
Billings, ND 181 74 93 239 130 38 3 40 105 68 970
Bottineau, ND 3 33 2 277 151 17 1 46 176 19 726
Bowman, ND 200 8 0 176 93 4 0 53 158 55 747
Burke, ND 30 106 72 225 123 54 4 38 33 29 714
Burleigh, ND 43 0 0 0 0 0 0 0 0 1 44
Divide, ND 35 136 136 143 78 69 5 24 28 31 685
Dunn, ND 356 804 347 388 218 410 27 75 180 98 2,905
Golden Valley, ND 0 3 11 36 20 1 0 6 11 4 92
Mc Henry, ND 112 0 0 9 5 0 0 1 2 1 130
Mclntosh, ND 106 0 0 0 0 0 0 0 0 0 106
McKenzie , ND 881 | 2,281 924 654 360 1,162 77 119 151 190 6,798
McLean, ND 15 2 7 21 13 1 0 6 20 5 89
Mercer, ND 0 0 0 1 0 0 0 0 0 0 1
Morton, ND 219 0 0 0 0 0 0 0 0 0 219
Mountrail, ND 212 | 1,964 770 625 352 1,001 67 121 217 246 5,576
Renville, ND 2 7 2 148 80 4 0 25 47 10 325
Slope, ND 0 0 0 7 4 0 0 2 6 2 20
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Initial Water
Compressor Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Stark, ND 58 19 40 53 29 9 1 9 47 10 274
Stutsman, ND 9 0 0 0 0 0 0 0 0 0 9
Ward, ND 0 0 0 8 5 0 0 1 3 1 18
Williams, ND 897 | 1,288 657 416 226 656 43 73 125 146 4,529
Butte, SD 0 0 0 0 0 0 0 0 0 0 0
Harding, SD 1 8 0 73 38 4 0 23 21 12 182
Total 4,241 | 6,962 3,396 4,628 2,526 3,546 236 986 1,797 1,088 | 29,404
Table 6-3. 2011 VOC emissions [ton/yr] by source category for the Williston Basin.
Venting - Survey- Oil Well
Compressor | Pneumatic | Pneumatic initial based Condensate oil Truck Casinghead Other
County engines devices pumps completions | Fugitives tank Tank | Loading | Gas Venting | Categories Totals
Carter, MT 0 70 24 0 11 0 11 1 0 4 120
Custer, MT 0 11 4 0 2 0 0 0 0 1 18
Daniels, MT 0 11 0 0 2 0 2 0 0 0 16
Dawson, MT 10 356 1 1 63 0 239 13 0 41 723
Fallon, MT 170 6,563 1,399 5 1,070 7 1,933 105 0 827 12,080
Garfield, MT 0 69 0 0 12 0 5 0 0 2 89
McCone, MT 1 40 0 0 7 0 2 0 0 2 52
Prairie, MT 0 73 2 0 13 0 25 1 0 16 129
Richland, MT 129 5,731 14 163 1,009 15 4,791 261 9,672 515 22,299
Roosevelt, MT 19 1,183 2 29 208 0 742 39 724 144 3,089
Sheridan, MT 1 1,204 3 9 212 3 514 28 317 193 2,485
Valley, MT 24 800 212 1 128 0 49 2 6 42 1,263
Wibaux, MT 0 586 46 0 101 0 297 16 0 108 1,155
Barnes, ND 6 0 0 0 0 0 0 0 0 0 6
Billings, ND 20 2,654 8 69 467 46 1,916 83 2,956 359 8,578
Bottineau, ND 2 3,081 12 31 542 236 875 38 56 358 5,230
Bowman, ND 96 2,693 304 6 456 12,170 4,010 175 0 639 20,548
Burke, ND 11 2,506 11 98 441 109 1,118 49 2,303 152 6,798
Burleigh, ND 0 0 0 0 0 0 0 0 0 0 0
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Venting - Survey- Oil Well
Compressor | Pneumatic | Pneumatic initial based Condensate oil Truck Casinghead Other

County engines devices pumps completions | Fugitives tank Tank | Loading | Gas Venting | Categories Totals

Divide, ND 27 1,599 9 126 281 253 2,594 113 4,340 178 9,521
Dunn, ND 164 4,065 20 742 766 1,007 | 8,546 443 11,072 467 | 27,290
gg‘de” valley, 0 396 1 2 70 0| 326 14 360 32| 1,202
Mc Henry, ND 2 98 0 0 17 0 13 1 0 6 136
Mclntosh, ND 13 0 0 0 0 0 0 0 0 0 13
McKenzie , ND 502 7,245 76 2,092 1,302 5,502 | 13,045 609 29,511 1,055 60,939
McLean, ND 8 167 0 2 41 0 41 11 228 12 510
Mercer, ND 0 6 0 0 1 0 1 0 0 0 8
Morton, ND 34 0 0 0 0 0 0 0 0 0 34
Mountrail, ND 112 6,472 15 1,816 1,227 803 | 20,831 1,034 24,591 1,066 57,968
Renville, ND 1 1,654 11 7 291 288 406 18 72 117 2,864
Slope, ND 0 94 7 0 16 1,660 154 7 0 35 1,973
Stark, ND 9 586 1 17 103 0 1,172 51 1,266 157 3,363
Stutsman, ND 0 0 0 0 0 0 0 0 0 0 0
Ward, ND 0 92 0 0 16 0 19 1 8 15 152
Williams, ND 120 4,739 61 1,179 831 3,957 | 10,041 437 20,973 840 43,179
Butte, SD 0 0 0 0 0 0 0 0 0 0 0
Harding, SD 1 1,156 142 7 195 183 793 35 0 146 2,657
Total 1,482 55,999 2,385 6,400 9,900 26,241 | 74,511 3,583 108,456 7,530 | 296,488
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6.2 Future Year 2015

The scaling factors were applied to the baseline 2011 inventory, and “on-the-books” regulations
were applied to the uncontrolled 2015 emissions projections to generate the final 2015
emissions projections; emission inventory results are presented below. It should be noted that
all figures showing county-level emissions only include those counties representing 1% or
greater of the total emissions in the basin.

Figure 6-7 and Table 6-4 show that similar to 2011, NOx emissions are primarily concentrated in
McKenzie, Mountrail, Williams, and Dunn Counties in North Dakota, representing
approximately 33% of total basin-wide NOx emissions. Additional significant NOx emissions
occur in Billings County, North Dakota and in Richland, and Fallon Counties in Montana. Figure
6-8 shows NOx emissions by mineral designation in the Williston Basin. 77% of NOx emissions
are from private/state fee mineral estate with less than 13% of NOx emissions from any other
single mineral estate.

Figure 6-9 and Table 6-4 show that VOC emissions are primarily concentrated in McKenzie,
Mountrail, Bowman, Dunn and Williams Counties in North Dakota and Richland County in
Montana, representing approximately 73% of total basin-wide VOC emissions. Additional VOC
emissions are observed in Billings, Divide, and Burke Count North Dakota and Fallon County
Montana. Given the large volume of produced oil and associated gas in the Williston Basin, VOC
emissions are driven by the presence of oil production and associated gas production in these
counties. Figure 6-10 shows VOC emissions by mineral designation in the Williston Basin. 77%
of NOx emissions are from private/state fee mineral estate with less than 9% of VOC emissions
from any other single mineral estate.

Consistent with the 2011 baseline emissions analysis, compressor engines, miscellaneous
engines, drilling rigs and casinghead gas remain the dominant NOx source categories in the
Williston Basin, representing approximately 66% of total basin-wide NOx emissions as shown in
Table 6-5. It is noted that drilling emissions decline over time as expected from turnover of
equipment to newer engines meeting more stringent emissions standards. Therefore drilling
represents a smaller fraction of basin-wide NOx in 2015 than in 2011.

25% of VOC emissions in the 2011 baseline 2011 inventory are from oil tanks; but in the 2015
midterm projected inventory oil tank contributions are reduced to 11% due to additional VOC
emissions control. The three largest sources of VOC emissions in 2015, oil tanks, casinghead
gas, and pneumatic devices, as shown in Figure 6-12, represent approximately 78% of basin-
wide VOC emissions. Casinghead gas flaring emissions are observed to increase significantly
from 2011 to 2015, driven by the large growth in associated gas production despite increasing
gas gathering and processing infrastructure. It should be noted that the VOC emissions are very
sensitive to the selection of a “fraction of gas processed” factor, which is based on a limited set
of available data on gas gathering infrastructure development. Additional information on the
development of gas gathering infrastructure would help to improve this estimate.
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Figure 6-7. 2015 NOx emissions by source category and by county in the Williston Basin.
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Figure 6-8. 2015 NOx emissions by mineral designation in the Williston Basin.
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Figure 6-9. 2015 VOC emissions by source category and by county in the Williston Basin.
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2015 VOC emissions by mineral designation in the Williston Basin.
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Figure 6-12. 2015 VOC emissions contributions by source category in the Williston Basin.
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Table 6-4. 2015 emissions of all criteria pollutants by county for the Williston Basin.
NOXx vocC co SOx PM
County [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr] | [tons/yr]
Carter, MT 33 122 22 0 1
Custer, MT 0 17 0 0 0
Daniels, MT 3 23 4 0 0
Dawson, MT 97 753 163 4 6
Fallon, MT 1,762 12,389 3,092 333 71
Garfield, MT 359 174 190 0 15
McCone, MT 15 76 25 0 1
Prairie, MT 19 128 56 1
Richland, MT 3,025 37,137 6,178 797 160
Roosevelt, MT 1,209 5,158 2,068 90 43
Sheridan, MT 568 4,122 1,479 41 38
Valley, MT 266 1,486 378 7 9
Wibaux, MT 134 1,132 375 4 5
Billings, ND 1,978 11,104 4,159 1,030 65
Bottineau, ND 1,435 6,718 3,751 36 58
Bowman, ND 1,094 20,616 1,830 48 24
Burke, ND 1,203 8,941 2,249 294 54
Divide, ND 1,125 11,664 2,694 353 52
Dunn, ND 4,569 32,720 9,763 1,124 140
gOD'de” valley, 175 1,461 442 33 7
Mc Henry, ND 348 187 79 9 18
McKenzie , ND 10,032 77,024 18,584 3,075 283
McLean, ND 171 856 519 34 6
Mercer, ND 2 10 3 0 0
Mountrail, ND 7,751 67,528 18,051 2,492 238
Renville, ND 613 3,549 1,239 19 30
Slope, ND 19 1,967 44 2 1
Stark, ND 584 3,993 1,539 116 13
Ward, ND 35 214 73 1 2
Williams, ND 7,431 53,667 12,656 5,061 175
Harding, SD 175 2,540 264 11 9
Butte, SD 0 0 0 0 0
Barnes, ND 332 16 6 8 15
Morton, ND 613 96 590 34 39
Mclntosh, ND 297 36 272 17 20
Burleigh, ND 123 0 66 2 1
Stutsman, ND 26 0 39 0 0
Total 47,624 | 367,624 92,942 15,075 1,598
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Table 6-5. 2015 NOx emissions [tons/year] by county and by source category for the Williston Basin.
Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Carter, MT 0 0 0 1 29 0 0 2 1 0 33
Custer, MT 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT 0 0 0 2 1 0 0 0 0 0 3
Dawson, MT 25 1 0 33 16 0 0 5 12 6 97
Fallon, MT 906 7 0 285 126 4 0 158 215 62 1,762
Garfield, MT 0 0 0 6 351 0 0 1 0 0 359
McCone, MT 2 0 0 7 3 0 0 1 1 1 15
Prairie, MT 0 0 0 6 3 0 0 1 8 0 19
Richland, MT 404 143 527 998 414 85 8 166 80 201 3,025
Roosevelt, MT 596 25 39 207 86 15 1 34 176 30 1,209
Sheridan, MT 11 8 17 210 87 5 0 35 172 23 568
Valley, MT 161 1 0 45 17 0 0 24 13 5 266
Wibaux, MT 1 0 0 44 21 0 0 11 54 4 134
Barnes, ND 332 0 0 0 0 0 0 0 0 0 332
Billings, ND 503 60 161 461 191 36 3 7 296 189 1,978
Bottineau, ND 5 27 3 535 222 16 2 89 497 39| 1,435
Bowman, ND 555 7 0 179 84 4 0 53 139 73 1,094
Burke, ND 80 86 125 434 180 51 5 73 94 75 1,203
Burleigh, ND 121 0 0 0 0 0 0 0 0 2 123
Divide, ND 96 110 236 276 114 66 6 46 79 96 1,125
Dunn, ND 909 651 603 750 300 389 37 144 512 275 | 4,569
Golden Valley, ND 1 2 20 69 29 1 0 11 32 10 175
Mc Henry, ND 313 0 0 17 7 0 0 3 7 1 348
Mclintosh, ND 297 0 0 0 0 0 0 0 0 0 297
McKenzie , ND 2,411 | 1,833 1,607 1,263 516 1,096 104 226 427 549 | 10,032
McLean, ND 22 2 12 40 14 1 0 11 56 12 171
Mercer, ND 0 0 0 1 0 0 0 0 0 0 2
Morton, ND 613 0 0 0 0 0 0 0 0 0 613
Mountrail, ND 440 | 1,593 1,339 1,208 481 953 90 233 616 798 7,751
Renville, ND 3 6 4 285 118 4 0 48 125 20 613
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Slope, ND 0 0 0 7 3 0 0 2 4 2 19
Stark, ND 161 15 69 102 42 9 1 17 133 33 584
Stutsman, ND 26 0 0 0 0 0 0 0 0 0 26
Ward, ND 0 0 0 16 7 0 0 3 8 1 35
Williams, ND 2,509 | 1,033 1,142 803 332 618 59 138 348 450 7,431
Butte, SD 0 0 0 0 0 0 0 0 0 0 0
Harding, SD 1 7 0 74 35 4 0 23 20 10 175
Total 11,504 | 5,616 5,904 8,364 3,828 3,358 318 1,637 4,126 2,968 | 47,624
Table 6-6. 2015 VOC emissions [tons/year] by county and by source category for the Williston Basin.
Venting - Survey- Oil Well | Casinghead
Compressor | Pneumatic | Pneumatic initial based Condensate Oil Truck Gas Other

County engines devices pumps completions | Fugitives tank Tank | Loading Venting Categories | Totals
Carter, MT 0 67 23 0 10 0 11 1 0 10 122
Custer, MT 0 11 4 0 2 0 0 0 0 1 17
Daniels, MT 0 15 0 0 4 0 3 0 0 1 23
Dawson, MT 29 358 1 1 64 0 225 12 0 63 753
Fallon, MT 469 6,557 1,391 7 1,076 8 1,825 99 0 958 12,389
Garfield, MT 0 69 0 0 12 0 5 0 0 87 174
McCone, MT 2 53 0 0 14 0 3 0 0 3 76
Prairie, MT 0 73 2 0 13 0 24 1 0 15 128
Richland, MT 359 7,484 22 219 1,948 13 9,442 741 15,617 1,293 37,137
m"se"e't' 52 1,546 3 39 403 0| 1462 110 1,169 374 | 5158
Sheridan, MT 3 1,573 5 12 409 3 1,013 79 511 514 4,122
Valley, MT 66 870 212 1 166 0 97 6 10 59 1,486
Wibaux, MT 0 588 46 0 102 0 281 15 0 99 1,132
Barnes, ND 16 0 0 0 0 0 0 0 0 0 16
Billings, ND 55 3,464 12 92 901 40 589 237 4,774 939 11,104
Bottineau, ND 3 4,020 16 41 1,045 203 269 108 90 922 6,718
Bowman, ND 266 2,699 302 9 461 12,230 3,786 165 0 697 20,616
Burke, ND 29 3,269 14 132 849 94 344 138 3,719 351 8,941
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Venting - Survey- Oil Well | Casinghead
Compressor | Pneumatic | Pneumatic initial based Condensate Oil Truck Gas Other

County engines devices pumps completions | Fugitives tank Tank | Loading Venting Categories | Totals
Burleigh, ND 0 0 0 0 0 0 0 0 0 0 0
Divide, ND 75 2,083 12 169 541 218 798 321 7,008 440 | 11,664
Dunn, ND 421 5,300 26 998 1,474 865 3,444 1,258 17,879 1,055 32,720
S;’I'l‘i‘;f‘ND 0 518 1 3 135 0| 100 40 581 83| 1,461
Ve Henry. 5 128 0 0 33 0 4 2 0 15 187
Mclntosh, ND 36 0 0 0 0 0 0 0 0 0 36
mgKe”Z'e ' 1,380 9,414 86 2,813 2,490 4,729 | 4459 | 1,731 47,652 2,270 | 77,024
McLean, ND 13 218 0 3 79 0 116 31 369 28 856
Mercer, ND 0 8 0 0 2 0 0 0 0 0 10
Morton, ND 96 0 0 0 0 0 0 0 0 0 96
Mountrail, ND 248 8,452 24 2,445 2,368 691 | 7,850 2,939 39,707 2,804 | 67,528
Renville, ND 1 2,154 13 9 559 248 125 50 117 273 3,549
Slope, ND 0 94 7 0 16 1,669 145 6 0 29 1,967
Stark, ND 25 766 2 23 199 0 361 145 2,045 427 3,993
Stutsman, ND 0 0 0 0 0 0 0 0 0 0 0
Ward, ND 0 120 0 0 31 0 6 2 13 41 214
Williams, ND 334 6,148 67 1,585 1,586 3,401 3,089 1,243 33,865 2,348 53,667
Butte, SD 0 0 0 0 0 0 0 0 0 0 0
Harding, SD 1 1,158 141 10 197 184 749 33 0 68 2,540
Total 3,985 69,277 2,432 8,611 17,190 24,593 | 40,628 9,516 175,125 16,267 | 367,624
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June 26, 2014

MEMORANDUM

To: Tom Moore, WESTAR and Susan Bassett, BLM
From: John Grant and Amnon Bar-llan
Subject: Analysis of Fort Berthold EPA Tribal Minor Source Registrations

INTRODUCTION

ENVIRON is in the process of completing development of the final Montana and North Dakota
emission inventories for base year 2011 and future year 2015 as part of a BLM-funded study to
develop basin-level emission inventories for the Williston and Great Plains Basins. The Fort
Berthold Indian Reservation (FBIR) is located in the Williston Basin, in North Dakota in an area
where significant oil and gas activity is being conducted to extract hydrocarbons from the
Bakken Shale Play. Oil and gas activity on the FBIR represented 14%, 8%, and 5% of oil
production, gas production, and active well count, respectively, in the Williston Basin in 2011%.

EPA promulgated the Indian Country Minor New Source Review Rule in 2011 and has
subsequently made a number of revisions to this rulemaking. The rule requires registration of
existing and new minor sources on tribal land. Minor sources are defined in attainment areas as
those sources which do not meet major permitting thresholds with the potential to emit more
than:

10 tons per year of carbon monoxide (CO), nitrogen oxides (NO,), sulfur dioxide (SO,), or
particulate matter (PM), or

Five tons per year of volatile organic compounds (VOCs), or

Five tons per year of particulate matter less than 10 microns (PMyg), or
Three tons per year of particulate matter less than 2.5 microns (PM, ), or
0.1 tons per year of lead, or

One ton per year of flourides, or

Two tons per year of hydrogen sulfide (H,S)

In the development of the Williston Basin emission inventory, minor source permitted
emissions summary data, inclusive of both midstream (i.e., compressor station) and well site
emissions, were provided by EPA for two tribal reservations within the boundaries of the
Williston basin, the FBIR and the Fort Peck Indian Reservation. Midstream permitted source
(i.e., compressor station) emissions from the tribal minor source emissions data were

* |HS Enerdeq Database http://www.ihs.com/products/oil-gas/ep-data/tools/enerdeq-browser.aspx
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incorporated into the draft Williston Basin emission inventory. The tribal minor source
emissions summary data also included a significant amount of well site emissions on the FBIR,
however, because the well site emissions were not available for a specific calendar year or by
source category they were not integrated into the draft Williston emission inventory.

Subsequent follow-up with EPA and analysis of well site permit registrations indicated the value
of further analysis of the tribal well site data and the potential for incorporation of this well site
data into the Williston Basin emission inventories. Well site emissions from minor source
registrations provided by EPA indicated a significant amount of well site emissions for the FBIR,
however, well site emissions from Fort Peck minor source registrations were very small. The
relatively small amount of well site emissions on the Fort Peck Indian Reservation is not
unexpected given that the magnitude of oil production on the Fort Peck Indian Reservation is
only 1% of the oil production on the FBIR. The focus of this analysis is the FBIR well site minor
source registrations; Fort Peck well site minor registrations were not analyzed.

This memo describes the methodology and results of incorporating the well-site tribal minor
source data into the inventory.

METHODOLOGY

EPA received registrations for many well sites located in the FBIR and other tribal areas where
oil and gas wells operate. ENVIRON obtained from EPA and analyzed well site registrations for a
number of operators in the FBIR.

Many of the tribal minor source well site registrations have information similar to what was
requested in the industry surveys that formed the basis of well site emissions in the draft 2011
Williston and Great Plains Basins emission inventories. The source categories for which well site
data is available or not available from tribal minor source registrations is listed Table 1.

Table 1. Well site emission sources in the FBIR tribal minor sources registration data.

Not Available in Tribal Minor Source
Registrations

Available In Tribal Minor Source
Registrations

Blowdowns (venting and flaring)

Artificial Lift Engines

Compressor Engine Fugitives

Casinghead Gas (losses and flaring)

Compressor Engine Startup/Shutdown

Compressor Engines

Dehyd rators”

Fugitives

Drilling

Heaters

Fracing Engines

Miscellaneous Engines

Initial Completion (venting and flaring)

Qil Tank (losses and flaring)

Other Flaring

Truck Loading of Qil

Other Venting

Water Tank (losses and flaring)

. . 1
Pneumatic Devices

Pneumatic Pumps

Rail Loading of Qil

Refracing Engines

Workover

A small number of minor source permit registrations included information for this source category

ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998
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Tribal minor source registration data was obtained for seven companies representing 73% of oil
production, 74% of gas production, and 69% of active well count on the FBIR according to the
IHS Enerdeq database®. Data was not always available for each source category in each
company’s registrations. For each source category, the associated oil and gas activity statistic
surrogate representation is listed in Table 2.

For well site source categories that are available in the tribal minor source registrations (listed
in Table 2), emission inventory input factors based on the minor source registrations were
compiled. The tribal well site input factor data — equipment, process-related data, gas
compositions, emission factors, etc. — were compiled for each operator by aggregating across
all of each operator’s registrations based on the associated oil and gas activity statistic
surrogate from each registration to compile operator average input factors.

Table 2. Percent of oil and gas surrogate for each source category for which emissions data was available
from Fort Berthold Tribal MNSR data.

Inventory Source Category Oil and Gas Surrogate Surrogate Percent Coverage
Artificial Lift Engines Qil Production 58%
Casinghead Gas Associated Gas Production 48%
Wellhead Compressor Engines Active Well Count 59%
Fugitives Active Well Count 46%
Miscellaneous Engines Active Well Count 59%
Water Tanks Water Production 22%
Heaters Active Well Count 69%
Oil Tank Oil Production 71%
Truck Loading of Qil Oil Production 71%
Natural Gas Composition1 Gas Production 39%
Flash Gas Composition1 Oil Production 24%

1 . . R
not an emissions source category, ancillary data

Operator average input factors for each source category were aggregated across all operators
by the weighted average contribution of each company’s well site registration data using the
surrogate as the weighting factor. This methodology allows each company’s well site
registration data to impact the emissions from that source category in proportion to the
company’s ownership of the surrogate assigned to that category.

The end result of this task is the representative data needed to calculate emissions for each
source category representing aggregated tribal well site data. A listing of this data for all source
categories analyzed is shown in Appendix A.

ANALYSIS AND RECOMENDATIONS

%% |HS Enerdeq Database http://www.ihs.com/products/oil-gas/ep-data/tools/enerdeq-browser.aspx
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Each source category for which FBIR minor source registration data is available is listed below
with a brief analysis of the input factors and recommendations for the basis of FBIR emissions
in the Williston Basin emission inventory. For source categories that are not listed, all FBIR well
site emissions will be estimated based on the basin-wide input factors which were developed
primarily based on operator surveys. Similarly, all well site emissions outside of the FBIR will
also be based on the basin-wide input factors which were developed primarily from operator
surveys

Artificial Lift Engines

About 30% of operators have indicated in registrations that they operate artificial lift engines
and 70% have provided no information about artificial lift engines. EPA staff indicated that the
operators that did not provide data can be assumed to have electrified artificial lift>'.

Recommendation: Develop FBIR emissions for this source category based on tribal minor
sources data in Appendix A.

Casinghead Gas

Registration submittals indicated that flaring of casinghead gas would occur prior to connection
of gas pipeline to the well and/or in cases where flaring was required (e.g. wellhead gas
pressure is not sufficient to send gas to the pipeline). In the permit emission calculations from
this source, it was typical for the operator to conservatively assume that 100% of the gas would
be flared.

Recommendation: Given the lack of precise data indicating the volume of gas flared versus sent
to pipeline and the conservative assumption used in the permits that 100% of gas would be
flared, emissions from this source category will not be based on the tribal minor source
registrations.

Wellhead Compressor Engines

Tribal registration submittals indicate about one natural gas-fired wellhead compressor engine
for every four wells on the FBIR. This is much higher than basin-wide survey data which
indicated that less than 1% of basin-wide oil wells have a compressor engine.

Recommendation: Given the specificity of the tribal minor sources registration data to the FBIR,
it is recommended that FBIR emissions for this source category be developed based on tribal
minor sources data in Appendix A.

Fugitives

Fugitive component counts are higher in the tribal minor source permit registrations than in the
basin-wide survey compilation. Given the specificity of the tribal minor sources data to the
FBIR, this data will be used.

31 Email from Claudia Smith, Air Pollution Control Permit Engineer, US EPA, June 24, 2013.

ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998
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Recommendation: Develop FBIR emissions for this source category based on tribal minor
sources data in Appendix A.

Miscellaneous Engines

The number of miscellaneous engines per well by type (i.e. pumps, generator, or other)
estimated from the tribal minor sources registrations agreed well with basin-wide survey data
collected. We note that EPA has recently amended minor source permit requirements to
exempt engines less than 50 horsepower from reporting requirements. In the case of the FBIR
well sites, this exemption is not expected to have a large effect on emissions from engines as
only pumps had engines less than 50 horsepower and emissions from pumps are expected to
represent less than 5% of NOx emissions from miscellaneous engines on the FBIR.

Recommendation: Develop FBIR emissions for this source category based on tribal minor
sources data in Appendix A.

Water Tanks

Data were available to characterize water tank emissions from only a small number of
companies. A number of permit submittals combined water tank and oil tank emission rates.

Recommendation: Given the lack of data specific to water tanks, emissions from this source
category will not be based on the tribal minor source data.

Heaters

Permit submittals indicate about one natural gas-fired heater for every well on the FBIR. This is
higher than basin-wide survey data which indicated about one heater for every two wells.

Recommendation: Given the specificity of the tribal minor sources registration data to the FBIR,
it is recommended that FBIR emissions for this source category be developed based on tribal
minor sources data in Appendix A.

Oil Tank

The oil tank emission rate estimated from the tribal minor sources data agreed well with basin-
wide survey data collected. Additionally, permit submittals all indicated the use of enclosed
combustor flares with 98% efficiency whereas basin-wide survey data indicated a combination
of the flares, enclosed combustors, and vapor recover units with assumed control efficiencies of
90%, 98%, and 99%, respectively.

Recommendation: Develop FBIR emissions for this source category based on tribal minor
sources data in Appendix A.

Truck Loading of Oil

ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998
V +1415.899.0700 F +1415.899.0707
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Truck loading was estimated to occur for 46% of oil production in the tribal minor source
registrations (i.e. 54% of oil is sent to the pipeline without being loaded onto a truck) which is
lower than the 69% of oil production estimated to be loaded in the basin-wide survey data
collected.

Recommendation: Given the specificity of the tribal minor sources registration data to the FBIR,
it is recommended that FBIR emissions for this source category be developed based on tribal
minor sources data in Appendix A.

Natural Gas Composition

The natural gas properties compiled from tribal minor sources data are very similar to the
natural gas properties compiled from basin-wide surveys.

Recommendation: Given the relatively low percent surrogate coverage for natural gas
composition (see Table 2), it is recommended that this natural gas composition not be
incorporated into the inventory.

Flash Gas Composition

The flash gas composition compiled from tribal minor sources data has a higher concentration
of heavy hydrocarbons than the flash gas composition compiled from basin-wide surveys.

Recommendation: Given the relatively low percent surrogate coverage for flash gas
composition (see Table 2), it is recommended that this flash gas composition not be
incorporated into the inventory.

ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998
V +1415.899.0700 F +1415.899.0707
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Appendix A. Fort Berthold Indian Reservation minor source input factor data for estimating

emissions from well site source categories.

Fort Berthold
EPA Minor Tribal

Williston Basin
Survey Producer

Parameter Average Data Data Unit
Oil Tank
Uncontrolled VOC Emission Factor 5.4 5.6 Ib/bbl
Uncontrolled Flashing Emission Factor 66 68 scf/bbl
Fraction of Production Controlled Via Flare 0% 70% -
Fraction of Production Controlled Via VRUs 0% 13% -
Fraction of Production Controlled Via Enclosed 100% 6% -
Combustor
Casinghead Gas
Fraction of Gas Flared 85% 25% -
Heating Value 1504 1571 btu/scf
Flaring control efficiency 97% 90% -
Heaters
No. of Heaters per Well 0.98 0.55 count
Heater Rating 0.68 0.61 | Mmbtu/hr
Annual Heater Usage 8760 8309 hr
Heater Cycling (fraction of the time the heater is doing 100% 98% -
work when it is turned on)
Heating Value 1459 1590 btu/scf
Truck Loading
Fraction of Total Oil Production Sent Directly to 54% 31% -
Pipeline, Not Subject to Well site Loading
True vapor pressure of liquid loaded 2.25 2.39 psi
Temperature of Liquid Loaded 529 515 °R
Molecular Weight of Liquid Loaded 46.7 50.0 | Ib/Ib-mole
Mode of Operation 100% 68% - Submerged -
submerged loading: Loading of a Clean
dedicated normal cargo tank
service 32% - submerged
loading: dedicated
vapor balance service
Saturation Factor for submerged loading: dedicated 0.66 0.73 -
normal service
Fugitives
GAS DEVICES
valves Gas 34 28 count
pump seals Gas 0 0 count
others (please provide description) Gas 1 0 count
connectors Gas 188 95 count
flanges Gas 19 23 count
open-ended lines Gas 0 3 count
non-GAS DEVICES
valves Heavy Oil 0 0 count
valves Light Oil 29 19 count
ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998
V +1415.899.0700 F +1415.899.0707
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Fort Berthold Williston Basin
EPA Minor Tribal Survey Producer
Parameter Average Data Data Unit
valves Water/Oil 7 3 count
pump seals Heavy Oil 0 0 count
pump seals Light Qil 0 1 count
pump seals Water/QOil 1 0 count
others (please provide description) Heavy Oil 0 0 count
others (please provide description) Light Qil 0 0 count
others (please provide description) Water/Qil 1 0 count
connectors Heavy Qil 0 0 count
connectors Light Qil 97 35 count
connectors Water/Oil 43 3 count
flanges Heavy Oil 0 0 count
flanges Light Oil 33 37 count
flanges Water/Oil 2 1 count
open-ended lines Heavy Qil 0 0 count
open-ended lines Light Oil 1 0 count
open-ended lines Water/Oil 0 0 count
Wellhead Compressor Engines
Fuel Type Natural Gas Natural Gas -
Engine Rated Power 244 408 HP
No. of Engines per Well 0.26 0.001 count
Hours of operation 8760 8760 | hours/year
NOx 1.24 2.00 g/hp-hr
VOoC 0.63 1.00 g/hp-hr
Cco 2.36 4.00 g/hp-hr
SO, 0.00 0.00 g/hp-hr
PM 0.09 0.04 g/hp-hr
Misc. Engines - Pump
Fuel Type Gasoline Gasoline -
Engine Rated Power 8 8 hp
No. of Engines per Well 0.34 0.06 count
Hours of operation 1820 683 | hours/year
NOx 5.00 3.60 g/hp-hr
\elo 7.01 6.12 g/hp-hr
co 3.16 284.57 g/hp-hr
SO, 0.27 0.03 g/hp-hr
PM 0.32 0.12 g/hp-hr
Misc. Engine -Generator

Fuel Type Diesel Diesel -
Engine Rated Power 181 211 HP
No.of Engines per Well 0.12 0.17 count
Hours of operation 8021 5735 | hours/year
NOx 3.77 2.98 g/hp-hr
VOoC 0.68 0.21 g/hp-hr
Cco 2.43 2.89 g/hp-hr
SO, 0.93 0.00 g/hp-hr
PM 0.21 0.21 g/hp-hr

ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998
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Fort Berthold Williston Basin
EPA Minor Tribal Survey Producer
Parameter Average Data Data Unit
Misc. Engine - Other -NG
Fuel Type Natural Gas Natural Gas -
Engine Rated Power 250 400 HP
No.of Engines per Well 0.07 0.001 count
Hours of operation 8760 8760 | hours/year
NOx 1.79 2.00 g/hp-hr
VOoC 0.49 1.00 g/hp-hr
Cco 1.41 0.50 g/hp-hr
SO, 0.00 0.00 g/hp-hr
PM 0.09 0.04 g/hp-hr
Artificial Lift Engines
Fuel Type Natural Gas Natural Gas -
Engine Rated Power 80 70 HP
No.of Engines per Well 0.02 0.22 count
Hours of operation 8760 8538 | hours/year
NOx 25.85 4.46 g/hp-hr
\elo 0.98 1.09 g/hp-hr
co 3.14 2.29 g/hp-hr
SO, 0.00 0.00 g/hp-hr
PM 0.08 0.18 g/hp-hr
Fraction of Engines Electric unknown 17% -
Water Tank
VOC Emission Factor 0.25 0.05 Ib/bbl
Fraction of Production Controlled 100% 63.73% -
Volume of Gas Flared Not available 0.15 MCF/bbl
Natural Gas Composition Analysis
Gas MW 28.06 28.52 g/mol
VOC Fraction (molar) 23% 23% -
VOC/TOC (weight) 46% 45% -
VOC MW 51.96 53.77 g/mol
VOC Fraction (weight) 46% 43% -
CH, Fraction (weight) 28% 30% -
CO, Fraction (weight) 1% 1% -
Heating Value 1504 1571 btu/scf
Flash Gas Composition Analysis

Gas MW 65.52 40.23 g/mol
VOC Fraction (molar) 79% 55% -
VOC/TOC (weight) 92% 73% -
VOC MW 76.60 52.56 g/mol
VOC Fraction (weight) 92% 72% -
CH, Fraction (weight) 2% 7% -
CO, Fraction (weight) 0.1% 1% -
Heating Value 2367 2092 btu/scf

ENVIRON International Corp. 773 San Marin Drive, Suite 2115, Novato, CA 94998

V +1415.899.0700 F +1415.899.0707

environcorp.com 9
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Appendix B. Survey-based and Tribal Minor Source Registration-based Well Site Source Input Factors

Table B1. Survey-based Well Site Source Input Factors.

Parameter | Oil Wells | Gas Wells | Unit Source
Artificial Lift Engines

Percent of wells that have an artificial lift engine 22% - | unitless Operator Surveys

Rated Horsepower 70 - | hp Operator Surveys

Load Factor 53% - | unitless Operator Surveys

Hours of Operation 8538 - | hr/year Operator Surveys

Fuel Type Natural Gas - | unitless Operator Surveys

(Natural Gas, Gasoline, Diesel, Electric)

Natural Gas Engines: Percent that are Lean Burn 73% - | unitless Operator Surveys

Natural Gas Engines: Percent that are Rich Burn 27% - | unitless Operator Surveys

Percent of Artificial Lift Engines that are Electric 17% - | unitless Operator Surveys

Nox EF 4.46 - | g/bhp-hr Operator Surveys

COEF 2.29 - | g/bhp-hr Operator Surveys

VOC EF 1.09 - | g/bhp-hr Operator Surveys

PM10 EF 0.18 - | g/bhp-hr Operator Surveys

SOx EF 0.00 - | g/bhp-hr

Blowdown Venting and Flaring

Basinwide VOC Fraction (molar) 23% 7.32% | unitless Operator Surveys

Basinwide VOC molecular weight 54 55 | g/mol Operator Surveys

Heating Value of Gas 1,571 855 | BTU/SCF Operator Surveys

Percent of active wells for which blowdowns were 7% 100% | unitless Oil wells - Operator Surveys, Gas Wells - EPA

performed Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Annual number of blowdowns 1.74 2.37 | events/well/year Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Total volume of gas vented per blowdown event 0.50 7.65 | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Fraction of Vented Gas Flared 100% 0% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)
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Parameter Oil Wells Gas Wells Unit Source

Flaring NOx EF 0.068 0.068 | Ib/MMBtu EPA AP-42, Table 13.5-1

Flaring CO EF 0.37 0.37 | lb/MMBtu EPA AP-42, Table 13.5-1

Flaring SOx EF 115.41 - | Ib/MMscf H2S Content to SO2 Emission Factor using
Mass Balance Approach

Compressor Engine

Representative Wellhead Compressor Engine Data Oil Wells Gas Wells | unitless

Percentage of wells that have a wellhead compressor 0.1% 0.4% | no. of wells Oil wells - Operator Surveys, Gas Wells - EPA

engine Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Rated Horsepower 408 106 | hp Oil wells - Operator Surveys, Gas Wells - EPA
Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Load Factor 71.0% 73.7% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Hours of Operation 8760 8535 | hours/engine/year Oil wells - Operator Surveys, Gas Wells - EPA
Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Fuel Type Natural Gas | Natural Gas Oil wells - Operator Surveys, Gas Wells - EPA

(Natural Gas, Gasoline, Diesel, Electric) Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Natural Gas Engines: Percent that are Lean Burn 100% 20% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Natural Gas Engines: Percent that are Rich Burn 0% 80% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Gas and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

NOx EF 2.00 2.00 | g/bhp-hr EPA NSPS JJJJ Standards

CO EF 4.00 4.00 | g/bhp-hr EPA NSPS JJJJ Standards

VOC EF 1.00 1.00 | g/bhp-hr EPA NSPS JJJJ Standards

PM10 EF 0.04 0.04 | g/bhp-hr EPA AP-42 Table 3-2-2

SOx EF 0.00 0.00 | g/bhp-hr

Compressor Starup/Shutdown

Startup: Average volume of gas used per event

24.32 |

24.32 | MCF/year

2011 Great Plains Basin Operator Surveys
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Parameter Oil Wells Gas Wells Unit Source

Startup: Average no. of events per engine 6.84 6.84 | events/engine/year 2011 Great Plains Basin Operator Surveys
Startup: No. of engines 9 6 | no. of engines Operator Surveys

Startup: Total Startup or Shutdown Events 64 43 | events/year Operator Surveys

Shutdown: Average volume of gas used per event 24.32 24.32 | MCF/year Operator Surveys

Shutdown: Average no. of events per engine 6.84 6.84 | events/engine/year Operator Surveys

Shutdown: No. of engines 9 6 | no. of engines Operator Surveys

Shutdown: Total Startup or Shutdown Events 64 43 | events/year Operator Surveys

Basinwide VOC Fraction (molar) 22.69% 7.32% | unitless Operator Surveys

Basinwide VOC molecular weight 53.77 54.63 | g/mol Operator Surveys

Compressor Fugitives

Fugitive emission factor for reciprocating engines 9.48 9.48 | Mcf/compressor CH4 | EPA/GRI 1996 study: Methane Emissions
from the Natural Gas Industry, Volume 8:
Equipment Leaks

CH4 Mole fraction 70% 70% | unitless EPA/GRI 1996 study: Methane Emissions
from the Natural Gas Industry, Volume 8:
Equipment Leaks

Number of Compressor Engines 9 6 | engines Operator Surveys

Basinwide VOC Fraction (molar) 23% 7% | unitless Operator Surveys

Basinwide VOC molecular weight 54 55 | g/mol Operator Surveys

Casinghead Flaring and Venting

Percent of Casinghead Gas To Pipeline 63% - | unitless Based on NDOGC annual estimates for
Bakken County Grouping

Percent of Casinghead Gas Flared 37% - | unitless Based on NDOGC annual estimates for
Bakken County Grouping

Percent of Casinghead Gas Vented to Atmosphere 0.3% - | unitless Operator Surveys

Heating Value 1571 - | Btu/SCF Operator Surveys

Flare Destruction Efficiency 90% - | unitless Operator Surveys

Basinwide VOC Fraction (molar) 23% - | unitless Operator Surveys

Basinwide VOC molecular weight 54 - | g/mol Operator Surveys

Flaring NOx EF 0.068 - | lb/MMBtu EPA AP-42, Table 13.5-1

Flaring CO EF 0.37 - | lb/MMBtu EPA AP-42, Table 13.5-1

Flaring SO2 EF 115.41 - | Ib/MMscf H2S Content to SO2 Emission Factor using

Mass Balance Approach
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Parameter Oil Wells Gas Wells | Unit Source
Condensate Tank Flaring and Venting

Combined Flashing, Working and Breathing VOC Emission - 14.7 | Ib VOC/bbl 2009 Williston Emission Inventory, WRAP

Factor Phase Il (ENVIRON, 2013)

Fraction of North and South Dakota Production - 12.69% | unitless 2009 Williston Emission Inventory, WRAP

Controlled Phase Il (ENVIRON, 2013)

Fraction of Montana Production Controlled - 98.32% | unitless 2009 Williston Emission Inventory, WRAP
Phase IIl (ENVIRON, 2013)

Flare Control Efficiency - Montana - 95.00% | unitless 2009 Williston Emission Inventory, WRAP
Phase 11l (ENVIRON, 2013)

Flare Control Efficiency -ND - 90.00% | unitless 2009 Williston Emission Inventory, WRAP
Phase IIl (ENVIRON, 2013)

Basinwide VOC molecular weight - 58 | g/mol 2006 Uinta Emission Inventory, WRAP Phase
Il (ENVIRON, 2008)

Basinwide VOC mole (%) - 31% | unitless 2006 Uinta Emission Inventory, WRAP Phase
Il (ENVIRON, 2008)

Flaring NOx EF - 0.068 | Ib/MMBtu EPA AP-42, Table 13.5-1

Flaring CO EF - 0.370 | Ib/MMBtu EPA AP-42, Table 13.5-1

Dehydrator Venting and Flaring
No. of Dehydrators Per Well 0.003 0.001 | no.or Oil wells - Operator Surveys, Gas Wells - EPA
dehydrators/well Oil and Gas Tool Inputs for South San Juan

Basin (ENVIRON 2013)

Dehydrator Uncontrolled VOC Emissions 19 22 | lb/MMscf Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for South San Juan
Basin (ENVIRON 2013)

Percent of Dehydrators that are Uncontrolled 60% 67% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for South San Juan
Basin (ENVIRON 2013)

Percent of Dehydrators that are Controlled by Flare 20% 33% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for South San Juan
Basin (ENVIRON 2013)

Percent of Dehydrators Controlled by Routing to System 20% 0% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for South San Juan
Basin (ENVIRON 2013)

Flaring Control Efficiency 98% 98% | unitless Assumed Value
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Parameter Oil Wells Gas Wells Unit Source

Basinwide VOC molecular weight 68 68 | g/mol Operator Surveys

Basinwide VOC molar fraction 20% 20% | unitless Operator Surveys

Heating Value of Gas 1651 1651 | Btu/SCF Operator Surveys

Flaring NOx EF 0.068 0.068 | Ib/MMBtu EPA AP-42, Table 13.5-1

Flaring CO EF 0.37 0.37 | Ib/MMBtu EPA AP-42, Table 13.5-1

Drilling

Number of Engines 2 2 | no. of engines Operator Surveys

Total Rated Horsepower 2206 2206 | hp Operator Surveys

Load Factor 65% 1 | unitless Operator Surveys

Hours of Operation 507 507 | hours/spud Operator Surveys

Fuel Type Diesel Diesel Operator Surveys

(Natural Gas, Gasoline, Diesel, Electric)

EFs: NOx 5.60 5.60 | g/bhp-hr EPA NONROAD2008a Model

EFs: CO 131 1.31 | g/bhp-hr EPA NONROAD2008a Model

EFs: VOC 0.35 0.35 | g/bhp-hr EPA NONROAD2008a Model

EFs: SOx 0.003 0.00 | g/bhp-hr EPA NONROAD2008a Model

EFs: PM10 0.22 0.22 | g/bhp-hr EPA NONROAD2008a Model

Fracing

Percent of spuds where fracing was performed 87% 87% | unitless Oil Wells- Operator Surveys, Gas Wells - Due
to lack of information from operators, data
provided for oil wells were used for gas
wells

Number of Engines 6 6 | no. of engines Oil Wells- Operator Surveys, Gas Wells - Due
to lack of information from operators, data
provided for oil wells were used for gas
wells

Total Rated Horsepower 14169 14169 | hp Oil Wells- Operator Surveys, Gas Wells - Due
to lack of information from operators, data
provided for oil wells were used for gas
wells

Load Factor 46% 46% | unitless Oil Wells- Operator Surveys, Gas Wells - Due

to lack of information from operators, data
provided for oil wells were used for gas
wells
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Parameter Oil Wells Gas Wells Unit Source
Hours of Operation 50 50 | hours/year Oil Wells- Operator Surveys, Gas Wells - Due
to lack of information from operators, data
provided for oil wells were used for gas
wells
Fuel Type Diesel Diesel Oil Wells- Operator Surveys, Gas Wells - Due
(Natural Gas, Gasoline, Diesel, Electric) to lack of information from operators, data
provided for oil wells were used for gas
wells
Engine EFs: NOx 5.09 5.09 | g/bhp-hr EPA NONROAD2008a Model
Engine EFs: CO 1.19 1.19 | g/bhp-hr EPA NONROAD2008a Model
Engine EFs: VOC 0.33 0.33 | g/bhp-hr EPA NONROAD2008a Model
Engine EFs: SOx 0.00 0.00 | g/bhp-hr EPA NONROAD2008a Model
Engine EFs: PM10 0.21 0.21 | g/bhp-hr EPA NONROAD2008a Model
Number of Heaters per frac job 3.00 3.00 | no. of heaters Operator Surveys
Heater MMBtu Rating 0.03 0.03 | MMBtu/hr Operator Surveys
Heater Usage per frac job 50.00 50.00 | hours/frac job Operator Surveys
Heater Cycling (fraction of the time the heater is doing 1.00 1.00 | unitless Operator Surveys
work when it is turned on)
Heating Value BTU/gal propane EPA AP-42 Emission Factor, Table 1.5-1
90,500 90,500
Heater EFs: NOx Ib/1073 gal EPA AP-42 Emission Factor, Table 1.5-1
13 13
Heater EFs: VOC Ib/1073 gal EPA AP-42 Emission Factor, Table 1.5-1
1 1
Heater EFs: CO Ib/1073 gal EPA AP-42 Emission Factor, Table 1.5-1
8 8
Heater EFs: SOx Ib/1073 gal EPA AP-42 Emission Factor, Table 1.5-1
0 0
Heater EFs: PM10 Ib/1073 gal EPA AP-42 Emission Factor, Table 1.5-1
1 1
Fugitives
hours of operation 8760 8760 | per year Assumed Value
VOC/TOC ratio 45% 29% | unitless Operator Surveys
No. of Devices per Well: valves - Gas 28.21 20.68 | component Operator Surveys
count/well
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Parameter Oil Wells Gas Wells Unit Source
No. of Devices per Well: pump seals - Gas 0.21 0.00 | component Operator Surveys
count/well

No. of Devices per Well: others (please provide 0.42 2.66 | component Operator Surveys

description) - Gas count/well

No. of Devices per Well: connectors - Gas 94.82 64.69 | component Operator Surveys
count/well

No. of Devices per Well: flanges - Gas 23.41 11.64 | component Operator Surveys
count/well

No. of Devices per Well: open-ended lines - Gas 2.59 0.56 | component Operator Surveys
count/well

No. of Devices per Well: non-GAS DEVICES - 0.00 8.92 | component Operator Surveys
count/well

No. of Devices per Well: valves - Heavy Qil 0.00 11.09 | component Operator Surveys
count/well

No. of Devices per Well: valves - Light Qil 18.96 0.00 | component Operator Surveys
count/well

No. of Devices per Well: valves - Water/Qil 2.83 4.23 | component Operator Surveys
count/well

No. of Devices per Well: pump seals - Heavy Qil 0.00 3.10 | component Operator Surveys
count/well

No. of Devices per Well: pump seals - Light Oil 0.57 0.00 | component Operator Surveys
count/well

No. of Devices per Well: pump seals - Water/Oil 0.00 2.26 | component Operator Surveys
count/well

No. of Devices per Well: others (please provide 0.00 0.24 | component Operator Surveys

description) - Heavy Oil count/well

No. of Devices per Well: others (please provide 0.30 0.00 | component Operator Surveys

description) - Light Oil count/well

No. of Devices per Well: others (please provide 0.00 31.27 | component Operator Surveys

description) - Water/Qil count/well

No. of Devices per Well: connectors - Heavy Qil 0.00 7.60 | component Operator Surveys
count/well

No. of Devices per Well: connectors - Light Oil 34.76 0.00 | component Operator Surveys
count/well

No. of Devices per Well: connectors - Water/Oil 3.39 0.12 | component Operator Surveys
count/well

B-7




August 2014 “ E NVI RO N
Parameter Oil Wells Gas Wells Unit Source
No. of Devices per Well: flanges - Heavy QOil 0.00 11.08 | component Operator Surveys
count/well
No. of Devices per Well: flanges - Light Qil 36.61 0.00 | component Operator Surveys
count/well
No. of Devices per Well: flanges - Water/Qil 0.57 0.00 | component Operator Surveys
count/well
No. of Devices per Well: open-ended lines - Heavy QOil 0.00 1.43 | component Operator Surveys
count/well
No. of Devices per Well: open-ended lines - Light Qil 0.37 0.00 | component Operator Surveys
count/well
Heaters
Number of Heaters per well 0.55 1.94 | no. of heaters/well Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)
Heater MMBtu Rating 0.61 0.34 | MMBtu/hr Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)
Annual Heater Usage 8309 6088 | hrs Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)
Heater Cycling (fraction of the time the heater is doing 0.98 0.65 | unitless Oil wells - Operator Surveys, Gas Wells - EPA
work when it is turned on) Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)
Heating Value 1590 1119 | Btu/SCF Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)
EFs: NOx 100 100 | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
EFs: VOC 6 6 | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
EFs: CO 84 84 | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
EFs: SOx 0 0 | Ib/MMscf
EFs: PM 8 8 | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and

Table 1.4-2
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Parameter

Oil Wells

Gas Wells |

Unit

Source

Initial Completion Venting and Flaring

Flaring Control Efficiency 98% 98% | unitless Assumed Value

Gas Molecular weight 29 24 | g/mol Operator Surveys

Basinwide VOC Fraction (molar) 23% 7% | unitless Operator Surveys

Basinwide VOC molecular weight 54 55 | g/mol Operator Surveys

Green Completion: Percent of Completions By Type 1% 29% | unitless Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Green Completion: Total Volume of Gas Generated Per 20 0 | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

Completion (MCF/completion) Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Green Completion: Volume of Gas Vented to Atmosphere 0 0 | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

Per Completion (MCF/completion) Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Green Completion: Volume of Gas Flared Per Completion 8 0 | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

(MCF/completion) Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Green Completion: Volume of Gas Controlled by Closed- 12 - | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

loop System (MCF/completion) Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Conventional Completion: Percent of Completions By 99% 71% | unitless Oil wells - Operator Surveys, Gas Wells - EPA

Type Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Conventional Completion: Total Volume of Gas 3309 120 | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

Generated Per Completion (MCF/completion) Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Conventional Completion: Volume of Gas Vented to 203 115 | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

Atmosphere Per Completion (MCF/completion) Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)

Conventional Completion: Volume of Gas Flared Per 3095 6 | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA

Completion (MCF/completion)

Oil and Gas Tool Inputs for Uinta Basin
(ENIVRON 2013)
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Parameter Oil Wells Gas Wells Unit Source
Conventional Completion: Volume of Gas Controlled by 0% 0% | MCF/completion Oil wells - Operator Surveys, Gas Wells - EPA
Closed-loop System (MCF/completion) Oil and Gas Tool Inputs for Uinta Basin

(ENIVRON 2013)

Flaring NOx EF 0.068 - | Ib/MMBtu EPA AP-42, Table 13.5-1
Flaring CO EF 0.37 - | Ib/MMBtu EPA AP-42, Table 13.5-1
Flaring SO2 EF 115.41 - | Ib/MMscf H2S Content to SO2 Emission Factor using

Mass Balance Approach

Miscellaneous Engines

Pumps: Engine per Well 0.06 - | No. of engines/well Operator Surveys

Pumps: Rated Horsepower (hp) 8.09 - | hp Operator Surveys

Pumps: Load Factor (%) 53% - | unitless Operator Surveys

Pumps: Hours of Operation (hours/year/engine) 683 - | hours/year/engine Operator Surveys

Pumps: Fuel Type Gasoline - Operator Surveys

(Natural Gas, Gasoline, Diesel, Electric)

Pump Engine EFs: NOx 3.60 - | g/bhp-hr EPA NONROAD2008a Model
Pump Engine EFs: CO 285 - | g/bhp-hr EPA NONROAD2008a Model
Pump Engine EFs: VOC 6.12 - | g/bhp-hr EPA NONROAD2008a Model
Pump Engine EFs: PM10 0.12 - | g/bhp-hr EPA NONROAD2008a Model
Pump Engine EFs: SOx 0.03 - | g/bhp-hr EPA NONROAD2008a Model
Generators: Engine per Well 0.17 - | No. of engines/well Operator Surveys
Generators: Rated Horsepower (hp) 211 - | hp Operator Surveys
Generators: Load Factor (%) 75% - | unitless Operator Surveys
Generators: Hours of Operation (hours/year/engine) 5735 - | hours/year/engine Operator Surveys
Generators: Fuel Type Diesel - Operator Surveys

(Natural Gas, Gasoline, Diesel, Electric)

Generator EFs: NOx 2.98 - | g/bhp-hr Operator Surveys
Generator EFs: CO 2.89 - | g/bhp-hr Operator Surveys
Generator EFs: VOC 0.21 - | g/bhp-hr Operator Surveys
Generator EFs: PM10 0.21 - | g/bhp-hr Operator Surveys
Generator EFs: SOx 0.00 - | g/bhp-hr EPA NONROAD2008a Model
Other: Engine per Well 0.01 - | No. of engines/well Operator Surveys

Other: Rated Horsepower (hp) 205 - | hp Operator Surveys

Other: Load Factor (%) 53% - | unitless Operator Surveys

Other: Hours of Operation (hours/year/engine) 4522 - | hours/year/engine Operator Surveys
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Parameter Oil Wells Gas Wells Unit Source

Other: Fuel Type Gasoline, - Operator Surveys

(Natural Gas, Gasoline, Diesel, Electric) Natural Gas

Other EFs: NOx 2.60 - | g/bhp-hr EPA NONROAD2008a Model

Other EFs: CO 143.15 - | g/bhp-hr EPA NONROAD2008a Model

Other EFs: VOC 3.49 - | g/bhp-hr EPA NONROAD2008a Model

Other EFs: PM10 0.09 - | g/bhp-hr EPA NONROAD2008a Model

Other EFs: SOx 0.02 - | g/bhp-hr EPA NONROAD2008a Model

EFs: NOx - 0.02 | tons/well 2006 Uinta Basin Emission Inventory, WRAP
Phase Ill, 2008

EFs: VOC - 0.01 | tons/well 2006 Uinta Basin Emission Inventory, WRAP
Phase IIl, 2008

EFs: CO - 0.01 | tons/well 2006 Uinta Basin Emission Inventory, WRAP
Phase Ill, 2008

EFs: PM10 - 0.00 | tons/well 2006 Uinta Basin Emission Inventory, WRAP
Phase Ill, 2008

EFs: SOx - 0.00 | tons/well 2006 Uinta Basin Emission Inventory, WRAP
Phase IIl, 2008

Oil Tank Venting and Flaring

Pecentage of Tanks that are Uncotnrolled 10% - | unitless Operator Surveys

Percent of Tanks that are Controlled by Flare 70% - | unitless Operator Surveys

Percent of Tanks that are Controlled by VRU 13% - | unitless Operator Surveys

Percent of Tanks that are Controlled by Enclosed 6% - | unitless Operator Surveys

Combustion Devices

Flaring Control Efficiency - ND/SD and Montana Inside 90% - | unitless Assumed Value

Fort Peck Reservation

Flaring Control Efficiency - Montana Outside Fort Peck 95% - | unitless Assumed Value

Reservation

Uncontrolled Combined Flashing, Working and Breathing 5.64 - | Ib VOC/bbl Operator Surveys

VOC Emission Factor

Uncontrolled Combined Flashing, Working and Breathing 68.20 - | SCF/bbl Operator Surveys

VOC Emission Factor

VOC mole fraction 55.4% - | unitless Operator Surveys

Flaring NOx EF 0.068 - | lb/MMBtu EPA AP-42, Table 13.5-1

Flaring CO EF 0.37 - | lb/MMBtu EPA AP-42, Table 13.5-1
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Parameter Oil Wells Gas Wells Unit Source
Flaring SO2 EF 234.41 - | Ib/MMscf H2S Content to SO2 Emission Factor using

Mass Balance Approach

Pneumatic Devices

Annual Hours of Operation

8760 8760

hrs

Assumed Value

Number of High Bleed Devices per Well

0.54 1.37

no. of devices

Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

High Bleed Device Rate

28.81 38.95

scf/hr

Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Number of Intermittent Devices per Well

0.88 1.19

no. of devices

Oil wells Device Counts - Operator Surveys,
Oil Wells Bleed Rate, Gas Wells - EPA Oil and
Gas Tool Inputs for Uinta Basin (ENVIRON
2013)

Intermittent Bleed Device Rate

23.66 23.66

scf/hr

Oil wells Device Counts - Operator Surveys,
Oil Wells Bleed Rate, Gas Wells - EPA Oil and
Gas Tool Inputs for Uinta Basin (ENVIRON
2013)

Number of Low Devices per Well

0.85 0.34

no. of devices

Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Low Bleed Device Rate

6.00 4.62

scf/hr

Oil wells - Operator Surveys, Gas Wells - EPA
Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Pneumatic Pump

Methane vent rate for gas wells

- 911.45

SCF/Pump/day

EPA Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Average pump hours of operation

- 8760.00

hr/year

EPA Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Average number of pumps per well

- 0.72

count/well

EPA Qil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

CH4 Fraction (Weight)

- 88%

unitless

EPA Oil and Gas Tool Inputs for Uinta Basin
(ENVIRON 2013)

Number of Pumps per Well

0.04 -

No. of Pumps/well

Operator Surveys
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Parameter Oil Wells Gas Wells Unit Source

Gas Usage (cf/gal chemical pumped) 41.90 - | cf/gal pumped Operator Surveys

Total Volume of Chemical Pumped per Year per Pump 360.00 - | gal/pump/year Operator Surveys

(gal/pump/year)

Percent of Pumps that are Uncontrolled 1.00 - 1 0.00 Operator Surveys

Total Gas Emissions per Well 0.54 - | MCF Operator Surveys

Basinwide VOC Fraction (molar) 23% 7% | unitless Operator Surveys

Basinwide VOC molecular weight 54 55 | g/mol Operator Surveys

Workover

Workover Frequency 0.6 - | unitless Operator Surveys

Number of Engines 1.0 - | No. of engines Operator Surveys

Total Rated Horsepower Per Engine (hp) 414.5 - | hp Operator Surveys

Load Factor 0.5 - | unitless Operator Surveys

Hours of Operation 15.0 - | hours/workover Operator Surveys

Fuel Type Diesel - Operator Surveys

(Natural Gas, Gasoline, Diesel, Electric)

EFs: NOx 4.26 - | g/bhp-hr EPA NONROAD2008a Model

EFs: CO 1.14 - | g/bhp-hr EPA NONROAD2008a Model

EFs: VOC 0.23 - | g/bhp-hr EPA NONROAD2008a Model

EFs: SOx 0.00 - | g/bhp-hr EPA NONROAD2008a Model

EFs: PM10 0.17 - | g/bhp-hr EPA NONROAD2008a Model

EFs: NOx - 0.02 | tons/well 2006 Uinta Basin Emission Inventor, WRAP
Phase 11l (ENVIRON, 2008)

EFs: CO - 0.00 | tons/well 2006 Uinta Basin Emission Inventor, WRAP
Phase IIl (ENVIRON, 2008)

EFs: VOC - 0.01 | tons/well 2006 Uinta Basin Emission Inventor, WRAP
Phase 11l (ENVIRON, 2008)

EFs: SOx - 0.00 | tons/well 2006 Uinta Basin Emission Inventor, WRAP
Phase 11l (ENVIRON, 2008)

EFs: PM10 - 0.00 | tons/well 2006 Uinta Basin Emission Inventor, WRAP
Phase IIl (ENVIRON, 2008)

Well Truck Loading

Fraction of Total Qil Production Sent Directly to Pipeline, 31% 0% | unitless Oil Wells Operator Surveys Gas Wells EPA

Not Subject to Wellsite Loading Oil and Gas Tool Inputs for Uinta Basin,
2013
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Parameter Oil Wells Gas Wells Unit Source

True vapor pressure of liquid loaded 2.39 5.02 | psi Oil Wells Operator Surveys Gas Wells EPA
Oil and Gas Tool Inputs for Uinta Basin,
2013

Temperature of Liquid Loaded 514.98 530.00 | °R Oil Wells Operator Surveys Gas Wells EPA
Oil and Gas Tool Inputs for Uinta Basin,
2013

Molecular Weight of Liquid Loaded (Ib/lb-mole) 50.00 59.73 | Ib/lb-mole Oil Wells EPA AP-42, Table 7.1-2 Gas Wells
EPA Qil and Gas Tool Inputs for Uinta Basin,
2013

Fraction of Tanks Mode of operation: Submerged Loading 68% 0% | unitless Oil Wells Operator Surveys Gas Wells EPA

of a Clean cargo tank Oil and Gas Tool Inputs for Uinta Basin,
2013

Fraction Of Tanks Mode of operation: submerged 32% 0% | unitless Oil Wells Operator Surveys Gas Wells EPA

loading: dedicated vapor balance service Oil and Gas Tool Inputs for Uinta Basin,
2013

Fraction of Tanks Mode of operation: submerged loading: 0% 100% | unitless Gas Wells EPA Oil and Gas Tool Inputs for

dedicated normal service Uinta Basin, 2013

Saturation Factor for Submerged Loading of a Clean 0.60 - | unitless EPA AP-42, Table 5.2-1

cargo tank

Saturation Factor for submerged loading: dedicated 1.00 - | unitless EPA AP-42, Table 5.2-1

vapor balance service

Saturation Factor for submerged loading: submerged - 0.55 | unitless Gas Wells EPA Oil and Gas Tool Inputs for

loading: dedicated normal service Uinta Basin, 2013

VOC Weight Fraction 72% 95% | unitless Oil Wells EPA QOil and Gas Tool Inputs for
Uinta Basin, 2013 Gas Wells EPA Qil and Gas
Tool Inputs for Uinta Basin, 2013

Loading Losses 1.51 3.70 | Ib/1000 gallons

Water Tank Venting and Flaring
Directly to a Wellsite Tank 86% 86% | unitless Operator Surveys
Directly to Pipeline to Injection Well 14% 14% | unitless Operator Surveys
Directly to Pipeline to Water Disposal Pit 0% 0% | unitless Operator Surveys
Other (please specify) 0% 0% | unitless Operator Surveys
Percent of Tanks that are Uncontrolled 36% 36% | unitless Operator Surveys
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Parameter Oil Wells Gas Wells Unit Source
Percent of Tanks that are Controlled by Flare 54% 54% | unitless Operator Surveys
Percent of Tanks that are Controlled by VRU 8% 8% | unitless Operator Surveys
Percent of Tanks that are Controlled by Encolosed 2% 2% | unitless Operator Surveys
Combustion Devices
Flaring Control Efficiency 98% 98% | unitless Assumed Value
VRU Control Efficiency 99% 99% | unitless Assumed Value
Uncontrolled VOC Emission Factor 0.05 0.05 | Ib/bbl Operator Surveys
Other Venting and Flaring
No. of other typ of flaring per year 0.07 0 | no. of Operator Surveys
events/year/well

Flaring NOx EF 0.068 - | Ib/MMBtu EPA AP-42, Table 13.5-1
Flaring CO EF 0.370 - | Ib/MMBtu EPA AP-42, Table 13.5-1
Flaring SO2 EF 115.41 - | Ib/MMscf H2S Content to SO2 Emission Factor using

Mass Balance Approach

Rail Loading

Fraction of Total Qil Production from Facility without 53% - | unitless Estimated based on data provided by
Flare Operation NDDOH
True vapor pressure of liquid loaded 2.39 - | psi Assumed same as truck loading
Temperature of Liquid Loaded 515 -1 °R Assumed same as truck loading
Molecular Weight of Liquid Loaded (Ib/lb-mole) 50.00 - | Ib/lb-mole EPA AP-42, Table 7.1-2
Fraction Of Tanks Mode of operation: submerged 100% - | unitless Estimated based on data provided by
loading: dedicated vapor balance service NDDOH
Saturation Factor for submerged loading: dedicated 1.0 - | unitless EPA AP-42, Table 5.2-1
vapor balance service
VOC Weight Fraction 0.72 - | unitless Assumed same as truck loading
Loading Losses 2.08 - | Ib/1000 gallons Calculated
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Table B2. Fort Berthold Tribal Registration-based Well Site Source Input Factors (includes only source for which emissions were

estimated from registration-based data).

Parameter | Oil Wells | Gas Wells | Unit | Source
Artificial Lift Engines

Percent of wells that have an artificial lift engine 2% - | unitless EPA MNSR data

Rated Horsepower 80 - | hp EPA MNSR data

Load Factor 100% - | unitless EPA MNSR data

Hours of Operation 8760 - | hr/year EPA MNSR data

Fuel Type Natural Gas - | unitless EPA MNSR data

(Natural Gas, Gasoline, Diesel, Electric)

Percent of Artificial Lift Engines that are Electric 6% - | unitless EPA MNSR data

Nox EF 25.85 - | g/bhp-hr EPA MNSR data

COEF 3.14 - | g/bhp-hr EPA MNSR data

VOC EF 0.98 - | g/bhp-hr EPA MNSR data

PM10 EF 0.08 - | g/bhp-hr EPA MNSR data

SOx EF 0.00 - | g/bhp-hr EPA MNSR data
Compressor Engines

Representative Wellhead Compressor Engine Data Oil Wells - | unitless -

Percentage of wells that have a wellhead compressor 0.26% - | no. of wells EPA Tribal Permits

engine

Rated Horsepower 244 - | hp EPA Tribal Permits

Load Factor 71% - | unitless Oil wells -Williston Survey Producer Data

Hours of Operation 8760 - | hours/engine/year EPA Tribal Permits

Fuel Type Natural Gas - - EPA Tribal Permits

(Natural Gas, Gasoline, Diesel, Electric)

Natural Gas Engines: Percent that are Lean Burn 100% - | unitless Oil wells -Williston Survey Producer Data

Natural Gas Engines: Percent that are Rich Burn 0% - | unitless Oil wells -Williston Survey Producer Data

Nox EF 1.24 - | g/bhp-hr EPA Tribal Permits

COEF 2.36 - | g/bhp-hr EPA Tribal Permits

VOC EF 0.63 - | g/bhp-hr EPA Tribal Permits

PM10 EF 0.09 - | g/bhp-hr EPA Tribal Permits

SOx EF 0.00 - | g/bhp-hr EPA Tribal Permits

Fugitives
hours of operation 8760 - | peryear Assumed Value
VOC/TOC ratio 46% - | unitless EPA Tribal Permits
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Parameter Oil Wells Gas Wells Unit Source
No. of Devices per Well: valves - Gas 34 component EPA Tribal Permits
count/well

No. of Devices per Well: pump seals - Gas 0 component EPA Tribal Permits
count/well

No. of Devices per Well: others (please provide 1 component EPA Tribal Permits

description) - Gas count/well

No. of Devices per Well: connectors - Gas 188 component EPA Tribal Permits
count/well

No. of Devices per Well: flanges - Gas 19 component EPA Tribal Permits
count/well

No. of Devices per Well: open-ended lines - Gas 0 component EPA Tribal Permits
count/well

No. of Devices per Well: non-GAS DEVICES - 0 component EPA Tribal Permits
count/well

No. of Devices per Well: valves - Heavy Qil 0 component EPA Tribal Permits
count/well

No. of Devices per Well: valves - Light Qil 29 component EPA Tribal Permits
count/well

No. of Devices per Well: valves - Water/Oil 7 component EPA Tribal Permits
count/well

No. of Devices per Well: pump seals - Heavy Qil 0 component EPA Tribal Permits
count/well

No. of Devices per Well: pump seals - Light Oil 0 component EPA Tribal Permits
count/well

No. of Devices per Well: pump seals - Water/Oil 1 component EPA Tribal Permits
count/well

No. of Devices per Well: others (please provide 0 component EPA Tribal Permits

description) - Heavy Oil count/well

No. of Devices per Well: others (please provide 0 component EPA Tribal Permits

description) - Light Qil count/well

No. of Devices per Well: others (please provide 1 component EPA Tribal Permits

description) - Water/Qil count/well

No. of Devices per Well: connectors - Heavy Qil 0 component EPA Tribal Permits
count/well

No. of Devices per Well: connectors - Light Qil 97 component EPA Tribal Permits
count/well
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Parameter Oil Wells Gas Wells Unit Source
No. of Devices per Well: connectors - Water/Qil 43 - | component EPA Tribal Permits
count/well
No. of Devices per Well: flanges - Heavy Oil 0 - | component EPA Tribal Permits
count/well
No. of Devices per Well: flanges - Light Qil 33 - | component EPA Tribal Permits
count/well
No. of Devices per Well: flanges - Water/Qil 2 - | component EPA Tribal Permits
count/well
No. of Devices per Well: open-ended lines - Heavy Qil 0 - | component EPA Tribal Permits
count/well
No. of Devices per Well: open-ended lines - Light Qil 1 - | component EPA Tribal Permits
count/well
Heaters
Number of Heaters per well 0.98 - | no. of heaters/well EPA Tribal Permits
Heater MMBtu Rating 0.68 - | MMBtu/hr EPA Tribal Permits
Annual Heater Usage 8760 - | hrs EPA Tribal Permits
Heater Cycling (fraction of the time the heater is doing 1.00 - | unitless EPA Tribal Permits
work when it is turned on)
Heating Value 1459 - | Btu/SCF EPA Tribal Permits
EFs: NOx 100 - | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
EFs: VOC 6 - | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
EFs: CO 84 - | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
EFs: SOx 0 - | Ib/MMscf -
EFs: PM 8 - | Ib/MMscf EPA AP-42 Emission Factor, Table 1.4-1 and
Table 1.4-2
Miscellaneous Engines
Pumps: Engine per Well 0.34 - | No. of engines/well EPA Tribal Permits
Pumps: Rated Horsepower (hp) 8.05 - | hp EPA Tribal Permits
Pumps: Load Factor (%) 0.53 - | unitless Williston Survey Producers
Pumps: Hours of Operation (hours/year/engine) 1820 - | hours/year/engine EPA Tribal Permits
Pumps: Fuel Type Gasoline - - EPA Tribal Permits

(Natural Gas, Gasoline, Diesel, Electric)
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Parameter Oil Wells Gas Wells Unit Source
Pump Engine EFs: NOx 5.00 - | g/bhp-hr EPA Tribal Permits
Pump Engine EFs: CO 3.16 - | g/bhp-hr EPA Tribal Permits
Pump Engine EFs: VOC 7.01 - | g/bhp-hr EPA Tribal Permits
Pump Engine EFs: PM10 0.32 - | g/bhp-hr EPA Tribal Permits
Pump Engine EFs: SOx 0.27 - | g/bhp-hr EPA Tribal Permits
Generators: Engine per Well 0.12 - | No. of engines/well EPA Tribal Permits
Generators: Rated Horsepower (hp) 181.24 - | hp EPA Tribal Permits
Generators: Load Factor (%) 0.75 - | unitless Williston Survey Producers
Generators: Hours of Operation (hours/year/engine) 8020.86 - | hours/year/engine EPA Tribal Permits
Generators: Fuel Type Diesel - - EPA Tribal Permits
(Natural Gas, Gasoline, Diesel, Electric)
Generator EFs: NOx 3.77 - | g/bhp-hr EPA Tribal Permits
Generator EFs: CO 2.43 - | g/bhp-hr EPA Tribal Permits
Generator EFs: VOC 0.68 - | g/bhp-hr EPA Tribal Permits
Generator EFs: PM10 0.21 - | g/bhp-hr EPA Tribal Permits
Generator EFs: SOx 0.93 - | g/bhp-hr EPA Tribal Permits
Other: Engine per Well 0.07 - | No. of engines/well EPA Tribal Permits
Other: Rated Horsepower (hp) 250 - | hp EPA Tribal Permits
Other: Load Factor (%) 53% - | unitless Williston Survey Producers
Other: Hours of Operation (hours/year/engine) 8760 - | hours/year/engine EPA Tribal Permits
Other: Fuel Type Natural Gas - - EPA Tribal Permits
(Natural Gas, Gasoline, Diesel, Electric)
Other EFs: NOx 1.79 - | g/bhp-hr EPA Tribal Permits
Other EFs: CO 1.41 - | g/bhp-hr EPA Tribal Permits
Other EFs: VOC 0.49 - | g/bhp-hr EPA Tribal Permits
Other EFs: PM10 0.09 - | g/bhp-hr EPA Tribal Permits
Other EFs: SOx 0.00 - | g/bhp-hr EPA Tribal Permits
Oil Tank Venting and Flaring
Pecentage of Tanks that are Uncotnrolled 0.00% - | unitless EPA Tribal Permits
Percent of Tanks that are Controlled by Flare 0.00% - | unitless EPA Tribal Permits
Percent of Tanks that are Controlled by VRU 0.00% - | unitless EPA Tribal Permits
Percent of Tanks that are Controlled by Enclosed 100.00% - | unitless EPA Tribal Permits
Combustion Devices
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Parameter Oil Wells Gas Wells Unit
Uncontrolled Combined Flashing, Working and Breathing 5.44 - | Ib VOC/bbl EPA Tribal Permits
VOC Emission Factor
Uncontrolled Combined Flashing, Working and Breathing 65.94 - | SCF/bbl EPA Tribal Permits
VOC Emission Factor
VOC mole fraction 79% - | unitless EPA Tribal Permits
Flaring NOx EF 0.068 - | lb/MMBtu EPA AP-42, Table 13.5-1
Flaring CO EF 0.37 - | lb/MMBtu EPA AP-42, Table 13.5-1
Flaring SO2 EF 0 - - -

Well Truck Loading

Fraction of Total Oil Production Sent Directly to Pipeline, 54% - | unitless EPA Tribal Permits
Not Subject to Wellsite Loading
True vapor pressure of liquid loaded 2.25 - | psi EPA Tribal Permits
Temperature of Liquid Loaded 528.65 -1 °R EPA Tribal Permits
Molecular Weight of Liquid Loaded (Ib/lb-mole) 46.67 - | Ib/lb-mole EPA Tribal Permits
Fraction of Tanks Mode of operation: Submerged Loading 0% - | unitless EPA Tribal Permits
of a Clean cargo tank
Fraction Of Tanks Mode of operation: submerged 0% - | unitless EPA Tribal Permits
loading: dedicated vapor balance service
Fraction of Tanks Mode of operation: submerged loading: 100% - | unitless EPA Tribal Permits
dedicated normal service
Saturation Factor for submerged loading: submerged 0.66 - | unitless EPA Tribal Permits
loading: dedicated normal service
VOC Weight Fraction 92% - | unitless EPA Tribal Permits
Loading Losses 1.49 - | Ib/1000 gallons -

Water Tank Venting and

Flaring

Directly to a Wellsite Tank 100% - | unitless EPA Tribal Permits
Directly to Pipeline to Injection Well 0% - | unitless EPA Tribal Permits
Directly to Pipeline to Water Disposal Pit 0% - | unitless EPA Tribal Permits
Other (please specify) 0% - | unitless EPA Tribal Permits
Percent of Tanks that are Uncontrolled 0% - | unitless EPA Tribal Permits
Percent of Tanks that are Controlled by Flare 100% - | unitless EPA Tribal Permits
Percent of Tanks that are Controlled by VRU 0% - | unitless EPA Tribal Permits
Percent of Tanks that are Controlled by Encolosed 0% - | unitless EPA Tribal Permits

Combustion Devices
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Parameter Oil Wells Gas Wells Unit Source
Flaring Control Efficiency 98% unitless EPA Tribal Permits
VRU Control Efficiency 0% unitless EPA Tribal Permits
Uncontrolled VOC Emission Factor 0.25 Ib/bbl EPA Tribal Permits
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Appendix C. Oil and Gas Activity and Emissions by Mineral Designation

Table C-1. Williston Basin 2011 well count by mineral designation and by county.
Well Count

County Private/State BLM USFS Tribal
Carter, MT 4 14 0 0
Custer, MT 2 1 0 0
Daniels, MT 0 0 0 2
Dawson, MT 33 29 0 0
Fallon, MT 959 518 0 0
Garfield, MT 6 6 0 0
McCone, MT 7 0 0 0
Prairie, MT 2 11 0 0
Richland, MT 955 44 0 0
Roosevelt, MT 137 2 0 67
Sheridan, MT 197 9 0 4
Valley, MT 89 60 0 41
Wibaux, MT 55 58 0 0
Billings, ND 221 4 238 0
Bottineau, ND 531 6 0 1
Bowman, ND 265 276 0 0
Burke, ND 427 11 0 0
Divide, ND 275 5 0 0
Dunn, ND 530 47 15 119
Golden Valley,

ND 34 9 26 0
McHenry, ND 17 0 0 0
McKenzie , ND 870 45 292 70
McLean, ND 1 0 0 28
Mercer, ND 1 0 0 0
Mountrail, ND 848 73 0 207
Renville, ND 277 13 0 0
Slope, ND 8 0 10 0
Stark, ND 100 2 0 0
Ward, ND 16 0 0 0
Williams, ND 798 36 0 4
Harding, SD 188 47 0 0
Total 7853 1326 581 543
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Table C-2.

designation and by county.

Liquid Hydrocarbon Production (bbl/yr)

County Private/State BLM USFS Tribal

Carter, MT 0 27,436 0 0
Custer, MT 0 0 0 0
Daniels, MT 0 0 0 3,230
Dawson, MT 428,660 166,453 0 0
Fallon, MT 3,149,763 1,687,866 0 0
Garfield, MT 10,868 2,291 0 0
McCone, MT 4,200 0 0 0
Prairie, MT 2,525 60,800 0 0
Richland, MT 11,543,471 450,227 0 0
Roosevelt, MT 1,465,149 31,976 0 281,877
Sheridan, MT 1,212,696 41,895 0 28,280
Valley, MT 0 0 0 100,412
Wibaux, MT 370,716 370,796 0 0
Billings, ND 1,392,751 10,595 2,434,085 0
Bottineau, ND 1,754,095 26,009 0 6,244
Bowman, ND 5,991,966 3,893,282 0 0
Burke, ND 2,229,183 23,123 0 0
Divide, ND 5,187,522 38,186 0 0
Dunn, ND 14,561,451 1,424,398 529,868 5,907,488
gOD'de” valley, 218,736 43,804 390,241 0
McHenry, ND 25,849 0 0 0
McKenzie , ND 19,581,816 1,249,590 5,826,848 3,230,529
McLean, ND 1,070 0 0 745,931
Mercer, ND 2,111 0 0 0
Mountrail, ND 35,846,687 4,791,262 0 10,444,671
Renville, ND 821,154 33,992 0 0
Slope, ND 231,280 0 331,263 0
Stark, ND 2,322,305 21,992 0 0
Ward, ND 38,845 0 0 0
Williams, ND 19,776,401 719,306 0 187,843
Harding, SD 1,410,429 204,099 0 0
Total 129,581,699 | 15,319,378 9,512,305 20,936,505

< ENVIRON

Williston Basin 2011 liquid hydrocarbon production (bbl/yr) by mineral
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Table C-3. Williston Basin 2011 gas production (MCF/yr) by mineral designation and by

county.

Gas Production (MCF/yr)

County Private/State BLM USFS Tribal
Carter, MT 13,035 36,260 0 0
Custer, MT 30,844 29,605 0 0
Daniels, MT 0 0 0 0
Dawson, MT 46,368 7,247 0 0
Fallon, MT 10,478,414 7,126,713 0 0
Garfield, MT 1,969 0 0 0
McCone, MT 0 0 0 0
Prairie, MT 430 0 0 0
Richland, MT 13,032,492 416,784 0 0
Roosevelt, MT 945,576 13,083 0 40,570
Sheridan, MT 406,171 21,584 0 13,454
Valley, MT 880,480 658,604 0 8,221
Wibaux, MT 245,678 206,058 0 0
Billings, ND 2,001,508 33,224 2,093,480 0
Bottineau, ND 79,873 455 0 0
Bowman, ND 8,368,561 4,147,178 0 0
Burke, ND 3,188,863 47,521 0 0
Divide, ND 6,027,572 46,847 0 0
Dunn, ND 9,755,204 1,336,364 599,016 3,694,152
gOD'de” valley, 183,274 52,325 263,282 0
McHenry, ND 0 0 0 0
McKenzie , ND 30,496,288 1,652,446 8,474,228 3,329,047
McLean, ND 350 0 0 316,403
Mercer, ND 0 0 0 0
Mountrail, ND 24,615,611 3,277,628 0 6,300,721
Renville, ND 93,070 7,101 0 0
Slope, ND 200,805 0 400,092 0
Stark, ND 1,737,516 19,742 0 0
Ward, ND 11,132 0 0 0
Williams, ND 31,775,196 827,125 0 106,727
Harding, SD 9,986,310 2,464,627 0 0
Total 154,602,590 | 22,428,521 11,830,098 13,809,295
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Table C-4.

designation and by county.

Produced Water Production (bbl/yr)

County Private/State BLM USFS Tribal

Carter, MT 0 139,164 0 0
Custer, MT 0 0 0 0
Daniels, MT 0 0 0 12,488
Dawson, MT 655,155 2,045,658 0 0
Fallon, MT 27,826,892 18,231,321 0 0
Garfield, MT 63,773 10,940 0 0
McCone, MT 90,419 0 0 0
Prairie, MT 704,454 1,176,462 0 0
Richland, MT 5,742,966 240,795 0 0
Roosevelt, MT 3,610,991 34,171 0 9,522,663
Sheridan, MT 12,009,026 392,294 0 551,451
Valley, MT 7,252 2,854 0 992,672
Wibaux, MT 6,795,558 5,499,852 0 0
Billings, ND 9,680,557 49,275 12,577,149 0
Bottineau, ND 37,445,040 157,075 0 30,151
Bowman, ND 18,061,248 15,604,422 0 0
Burke, ND 7,022,034 52,385 0 0
Divide, ND 5,807,195 141,788 0 0
Dunn, ND 8,947,951 726,568 179,370 2,406,860
gOD'de” valley, 620,320 151,095 1,645,994 0
McHenry, ND 513,965 0 0 0
McKenzie , ND 13,550,752 519,987 6,372,601 984,168
McLean, ND 1,219 0 0 354,554
Mercer, ND 10,598 0 0 0
Mountrail, ND 14,024,585 1,660,079 0 2,569,432
Renville, ND 8,407,476 1,542,935 0 0
Slope, ND 760,545 0 453,103 0
Stark, ND 9,092,635 913,061 0 0
Ward, ND 570,370 0 0 0
Williams, ND 26,107,046 417,921 0 225,950
Harding, SD 3,322,338 657,492 0 0
Total 221,452,360 | 50,367,594 21,228,217 17,650,389

< ENVIRON

Williston Basin 2011 produced water production (bbl/yr) by mineral
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Table C-5. Williston Basin 2011 spud counts by mineral designation and by county.
Spud Count

County Private/State BLM USFS Tribal
Carter, MT 0 0 0 0
Custer, MT 0 0 0 0
Daniels, MT 0 0 0 0
Dawson, MT 1 1 0 0
Fallon, MT 0 2 0 0
Garfield, MT 1 0 0 0
McCone, MT 0 0 0 0
Prairie, MT 0 0 0 0
Richland, MT 32 2 0 0
Roosevelt, MT 28 0 0 1
Sheridan, MT 9 0 0 0
Valley, MT 3 0 0 0
Wibaux, MT 0 0 0 0
Billings, ND 12 1 18 0
Bottineau, ND 12 0 0 0
Bowman, ND 3 1 0 0
Burke, ND 47 0 0 0
Divide, ND 95 0 0 0
Dunn, ND 136 6 3 75
Golden Valley,

ND 5 1 1 0
McHenry, ND 0 0 0 0
McKenzie , ND 266 17 38 32
McLean, ND 0 0 0 14
Mercer, ND 0 0 0 0
Mountrail, ND 269 22 0 45
Renville, ND 5 0 0 0
Slope, ND 1 0 0 0
Stark, ND 35 0 0 0
Ward, ND 0 0 0 0
Williams, ND 297 8 0 1
Harding, SD 9 1 0 0
Total 1,266 62 60 168
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Table C-6. Williston Basin 2011 emissions of all criteria pollutants by county and by mineral designation.
Tribal Emissions [tons/yr] Private/State Emissions [tons/yr] BLM Emissions [tons/yr] USFS Emissions [tons/yr]
County NOx VOC Cco SOx | PM NOx VvVocC co SOx PM | NOx VvVocC Cco SOx hljl NOx \(e]e; co SOx hF;I
Carter, MT 0 0 0 0 0 1 24 0 0 0 4 97 6 o| o 0 0 0 o| o
Custer, MT 0 0 0 0 0 0 12 0 0 0 0 6 0 o] o 0 0 0 o| o
Daniels, MT 2 16 2 0 0 0 0 0 0 0 0 0 0 o| o 0 0 0 o| o
Dawson, MT 0 0 0 0 0 42 429 53 3 2 41 294 89 1 2 0 0 0 o| o
Fallon, MT 0 0 0 0 0 876 7,903 1,587 129 | 35 | 329 | 4177 741 12| 15 0 0 0 o| o
Garfield, MT 0 0 0 0 0 6 46 7 0 0 6 42 5 o| o 0 0 0 o| o
McCone, MT 0 0 0 0 0 8 52 10 0 0 0 0 0 o] o 0 0 0 o| o
Prairie, MT 0 0 0 0 0 4 19 19 0 0 16 110 40 0 1 0 0 0 o| o
Richland, MT 0 0 0 0 0| 1,635 | 21,488 2,901 400 | 79 68 811 106 13 3 0 0 0 o| o
Roosevelt, MT | 207 708 410 3 9 330 2,344 405 39 | 11 2 37 5 1 0 0 0 0 o| o
Sheridan, MT 7 56 19 1 0 268 2,280 541 18 | 12 11 148 20 1 5 0 0 0 o| o
Valley, MT 43 347 61 1 2 74 557 87 2 2 10 359 7 0 1 0 0 0 o| o
Wibaux, MT 0 0 0 0 0 72 573 213 2 2 67 582 181 2 2 0 0 0 o| o
Barnes, ND 0 0 0 0 0 119 6 2 3 6 0 0 0 o| o 0 0 0 o| o
Billings, ND 0 0 0 0 0 476 | 3,828 832 338 | 18 8 60 10 1 0 486 4,690 919 68 | 16
Bottineau, ND 1 10 2 0 0 719 5,096 1,432 14 | 31 6 124 9 o] o 0 0 0 o| o
Bowman, ND 0 0 0 0 0 494 | 11,836 893 31| 13| 253 | 8713 645 20 9 0 0 0 o| o
Burke, ND 0 0 0 0 0 702 6,676 1,043 136 | 31 12 123 16 1 1 0 0 0 o| o
Burleigh, ND 0 0 0 0 0 a4 0 24 1 0 0 0 0 o| o 0 0 0 o| o
Divide, ND 0 0 0 0 0 679 | 9,431 1,296 184 | 29 6 90 14 1 0 0 0 0 o| o
Dunn, ND 1'18 4432 | 1,827 | 118 | 29 | 1,645 | 19,935 2,456 352 | 65| 114 | 2093 254 2| a 47 830 105 18| 2
S;’IETND 0 0 0 0 0 42 489 70 6 2 11 125 18 2 1 39 588 101 9| 1
Mc Henry, ND 0 0 0 0 0 130 136 31 3 7 0 0 0 o] o 0 0 0 o| o
MclIntosh, ND 0 0 0 0 0 106 13 97 6 7 0 0 0 o| o 0 0 0 o| o
'\N"BKE”Zie ' 872 | 3816 | 1,302 | 100 | 22 | 4792 | 41,993 6,295 | 1,119 13 252 | 2,464 330 51 9 883 | 12,665 | 1,629 | 240 | 31
McLean, ND 88 502 218 12 3 1 8 1 0 0 0 0 0 o| o 0 0 0 o| o
Mercer, ND 0 0 0 0 0 1 8 1 0 0 0 0 0 o| o 0 0 0 o| o
Morton, ND 0 0 0 0 219 34 210 12 | 14 0 0 0 o| o 0 0 0 o| o
Mountrail, ND | 2| 7200 | 2377 | 194 | 37 | 4063 | 45207 5,765 886 | ‘2| 361 | 5551 655 | 115 | 12 0 0 0 o| o
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Tribal Emissions [tons/yr] Private/State Emissions [tons/yr] BLM Emissions [tons/yr] USFS Emissions [tons/yr]
County NOXx VOoC CO SOx | PM NOx VOoC CcO SOx PM NOx VOoC CO SOx M NOx VOC CcO SOx I\FI)I
Renville, ND 0 0 0 0 0 306 2,740 460 8| 15 19 124 51 0 1 0 0 0 0 0
Slope, ND 0 0 0 0 0 10 976 28 1 0 0 0 0 0 0 11 997 24 1 0
Stark, ND 0 0 0 0 0 267 3,316 609 58 7 7 46 28 1 0 0 0 0 0 0
Stutsman, ND 0 0 0 0 0 9 0 14 0 0 0 0 0 0 0 0 0 0 0 0
Ward, ND 0 0 0 0 0 18 152 29 1 1 0 0 0 0 0 0 0 0 0 0
Williams, ND 14 210 27 4 0 | 4,407 | 41,704 6,191 2,074 13 108 1,265 172 26 4 0 0 0 0 0
Butte, SD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Harding, SD 0 0 0 0 0 154 2,119 233 10 8 28 539 43 1 1 0 0 0 0 0
Total 3,485 | 17,306 6,245 432 | 103 | 22,715 | 231,430 33,837 5834 | 833 | 1,738 | 27,981 3,445 203 | 72 1,466 19,771 2,778 337 | 51
Table C-7. Williston Basin 2011 NOx emissions [tons/year] by source category and by mineral designation.
Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Carter, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Custer, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT - Tribal 0 0 0 1 1 0 0 0 0 0 2
Dawson, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Fallon, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Garfield, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
McCone, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Prairie, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Richland, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Roosevelt, MT - Tribal 98 1 1 35 19 1 0 6 45 3 207
Sheridan, MT - Tribal 0 0 0 2 1 0 0 0 3 0 7
Valley, MT - Tribal 0 0 0 21 12 0 0 4 5 1 43
Wibaux, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Barnes, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Billings, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Bottineau, ND - Tribal 0 0 0 1 0 0 0 0 0 0 1
Bowman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burke, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Burleigh, ND - Tribal 0 0 0 0 0 0 0 0 0
Divide, ND - Tribal 0 0 0 0 0 0 0 0 0
Dunn, ND - Tribal 261 274 83 86 53 140 9 24 134 35 1,100
Golden Valley, ND - Tribal 0 0
Mc Henry, ND - Tribal 0 0
Mclntosh, ND - Tribal 0 0
McKenzie , ND - Tribal 307 207 75 51 31 105 7 14 55 19 872
McLean, ND - Tribal 15 20 13 0 20 5 88
Mercer, ND - Tribal 0 0 0 0 0
Morton, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND - Tribal 114 263 142 149 93 134 9 42 143 62 1,151
Renville, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Slope, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Stark, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Stutsman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Ward, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Williams, ND - Tribal 0 4 2 2 1 2 0 0 1 1 14
Butte, SD - Tribal 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - Tribal 0 0 0 0 0 0 0 0 0 0 0
Carter, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 1
Custer, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT - Pvt/State 5 0 0 17 9 0 0 3 3 3 42
Fallon, MT - Pvt/State 323 0 0 182 91 0 0 102 140 38 876
Garfield, MT - Pvt/State 0 0 0 3 2 0 0 1 0 0 6
McCone, MT - Pvt/State 0 0 4 0 0 8
Prairie, MT - Pvt/State 0 0 1 0 0 0 0 4
Richland, MT - Pvt/State 147 166 293 494 269 84 6 82 27 67 1,635
Roosevelt, MT - Pvt/State 115 30 21 71 39 15 1 12 17 8 330
Sheridan, MT - Pvt/State 4 10 9 102 55 5 0 17 56 9 268
Valley, MT - Pvt/State 57 0 2 0 1 0 10 0 2 74
Wibaux, MT - Pvt/State 0 0 21 11 0 0 32 2 72
Barnes, ND - Pvt/State 119 0 0 0 0 0 0 0 0 119
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other

County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Billings, ND - Pvt/State 91 29 45 114 62 15 1 19 45 55 476
Bottineau, ND - Pvt/State 3 33 274 149 17 1 46 176 19 719
Bowman, ND - Pvt/State 183 6 101 54 3 0 25 85 37 494
Burke, ND - Pvt/State 30 106 71 219 119 54 4 37 33 29 702
Burleigh, ND - Pvt/State 43 0 0 0 0 0 0 0 0 1 44
Divide, ND - Pvt/State 35 136 135 140 76 69 5 24 27 31 679
Dunn, ND - Pvt/State 95 497 220 271 148 253 17 46 42 56 1,645
Golden Valley, ND - Pvt/State 0 2 18 10 0 3 2 42
Mc Henry, ND - Pvt/State 112 0 9 5 130
Mclintosh, ND - Pvt/State 106 0 0 0 0 0 0 106
McKenzie , ND - Pvt/State 559 | 1,719 632 433 236 875 58 76 64 140 4,792
McLean, ND - Pvt/State 0 0 1
Mercer, ND - Pvt/State 0 0 1
Morton, ND - Pvt/State 219 0 0 0 0 219
Mountrail, ND - Pvt/State 97 | 1,573 554 438 239 801 54 73 66 169 4,063
Renville, ND - Pvt/State 7 2 141 77 4 0 24 39 9 306
Slope, ND - Pvt/State 0 0 3 1 0 0 4 1 10
Stark, ND - Pvt/State 58 19 39 52 28 9 1 43 10 267
Stutsman, ND - Pvt/State 9 0 0 0 0 0 0 0 0 0 9
Ward, ND - Pvt/State 0 0 0 8 5 0 0 3 1 18
Williams, ND - Pvt/State 897 | 1,250 636 395 215 637 42 70 122 143 4,407
Butte, SD - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - Pvt/State 1 8 0 62 33 4 0 18 18 10 154
Carter, MT - BLM 0 0 0 0 0

Custer, MT - BLM 0 0 0 0 0

Daniels, MT - BLM 0 0 0 0 0 0

Dawson, MT - BLM 4 0 0 15 0 0 2 10 1 41
Fallon, MT - BLM 6 8 0 98 49 4 0 55 91 18 329
Garfield, MT - BLM 0 0 0 0 0 1 0 0 6
McCone, MT - BLM 0 0 0 0 0 0 0 0 0
Prairie, MT - BLM 0 0 0 0 0 1 6 0 16
Richland, MT - BLM 0 10 9 23 12 5 0 4 1 2 68
Roosevelt, MT - BLM 0 0 0 1 1 0 0 0 0 0 2
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other

County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Sheridan, MT - BLM 0 0 0 5 0 0 1 2 0 11
Valley, MT - BLM 0 0 0 0 0 7 0 1 10
Wibaux, MT - BLM 0 0 0 22 12 0 0 6 26 2 67
Barnes, ND - BLM 0 0 0 0 0 0 0 0

Billings, ND - BLM 0 2 1 1 0 0 0

Bottineau, ND - BLM 0 0 0 1 0 0 1 1 0

Bowman, ND - BLM 17 2 0 75 39 1 0 28 73 18 253
Burke, ND - BLM 0 0 1 0 0 1 0 0 12
Burleigh, ND - BLM 0 0 0 0 0 0 0 0 0
Divide, ND - BLM 0 0 1 0 0 0 1 0 6
Dunn, ND - BLM 0 22 30 24 13 11 1 4 3 5 114
Golden Valley, ND - BLM 0 0 1 0 0 1 1 0 11
Mc Henry, ND - BLM 0 0 0 0 0 0
Mclintosh, ND - BLM 0 0 0 0 0 0
McKenzie , ND - BLM 0 110 36 22 12 56 4 4 2 5 252
McLean, ND - BLM 0 0 0 0 0

Mercer, ND - BLM 0 0 0 0 0

Morton, ND - BLM 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND - BLM 0 129 74 38 21 66 4 6 8 16 361
Renville, ND - BLM 0 0 0 7 4 0 0 1 7 0 19
Slope, ND - BLM 0 0 0 0 0 0 0 0 0 0

Stark, ND - BLM 0 0 0 1 1 0 0 0 4 0

Stutsman, ND - BLM 0 0 0 0 0 0 0 0 0 0

Ward, ND - BLM 0 0 0 0 0 0 0 0 0 0

Williams, ND - BLM 0 34 19 19 10 17 1 3 2 3 108
Butte, SD - BLM 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - BLM 0 1 0 11 5 0 0 5 4 2 28
Carter, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Custer, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Fallon, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Garfield, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
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Table C-8. Williston Basin 2011 VOC emissions [tons/year] by source category and by mineral designation.
Sy Coemnp_ressor Pneumatic | Pneumatic V?:ittiir;? ) Sbugsg' Condensate Qil O1i-|n\1/\(/;i” CasiGngshead Other Totals
gines devices pumps completions | Fugitives tank Tank Loading Venting Categories
Carter, MT - Tribal 0 0 0 0 0 0 0 0 0
Custer, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT - Tribal 0 11 0 0 2 0 2 0 0 0 16
Dawson, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Fallon, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Garfield, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
McCone, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Prairie, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Richland, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Roosevelt, MT - Tribal 1 385 1 1 68 0 138 6 29 80 708
Sheridan, MT - Tribal 0 23 0 0 4 0 14 1 10 5 56
Valley, MT - Tribal 0 236 0 0 41 0 49 2 6 13 347
Wibaux, MT - Tribal 0 0 0 0 0 0 0 0 0 0
Barnes, ND - Tribal 0 0 0 0 0 0 0 0 0 0
Billings, ND - Tribal 0 0 0 0 0 0 0 0 0 0
Bottineau, ND - Tribal 0 6 0 0 1 0 3 0 0 0 10
Bowman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burke, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burleigh, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Divide, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Dunn, ND - Tribal 151 682 1 253 171 0 321 86 2,662 105 4,432
Golden Valley, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Mc Henry, ND - Tribal 0 0 0 0
Mclntosh, ND - Tribal 0 0 0 0
McKenzie , ND - Tribal 429 403 1 190 100 0 176 47 2,399 72 3,816
McLean, ND - Tribal 161 0 40 0 41 11 228 12 502
Mercer, ND - Tribal 0 0 0 0 0 0 0 0 0
Morton, ND - Tribal 0 0 0 0 0 0 0 0 0
Mountrail, ND - Tribal 59 1,189 2 243 297 0 568 152 4,541 159 7,209
Renville, ND - Tribal 0 0 0 0 0
Slope, ND - Tribal 0 0 0 0 0
Stark, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
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County Coemnp_ressor Pneu_matic Pneumatic V?r?ittlirja? : Sbuargsg' Condensate Oil O'Il':’l\,l/\éi” CaS|Gngshead Other_ Totals
gines devices pumps completions | Fugitives tank Tank Loading Venting Categories

Stutsman, ND - Tribal 0 0 0 0 0 0 0 0
Ward, ND - Tribal 0 0 0 0 0 0 0 0 0 0
Williams, ND - Tribal 0 23 0 4 4 0 94 4 77 4 210
Butte, SD - Tribal 0 0 0 0 0 0 0 0 0 0
Harding, SD - Tribal 0 0 0 0 0 0 0 0 0 0
Carter, MT - Pvt/State 0 15 6 0 2 0 0 0 0 1 24
Custer, MT - Pvt/State 0 8 3 0 1 0 0 0 0 0 12
Daniels, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT - Pvt/State 2 190 0 0 33 0 172 9 0 22 429
Fallon, MT - Pvt/State 139 4,262 907 0 695 7 1,257 68 0 567 7,903
Garfield, MT - Pvt/State 0 34 0 0 0 4 0 0 46
McCone, MT - Pvt/State 40 0 0 2 0 52
Prairie, MT - Pvt/State 10 0 0 1 0 0 19
Richland, MT - Pvt/State 129 5,477 14 153 964 15 4,610 251 9,371 503 21,488
Roosevelt, MT - Pvt/State 18 787 1 28 139 0 591 32 685 63 2,344
Sheridan, MT - Pvt/State 1 1,130 3 9 199 3 484 26 291 134 2,280
Valley, MT - Pvt/State 24 337 126 52 0 0 0 17 557
Wibaux, MT - Pvt/State 287 22 49 0 149 0 59 573
Barnes, ND - Pvt/State 0 0 0 0 0 0 0 6
Billings, ND - Pvt/State 16 1,268 27 223 0 697 30 1,426 139 3,828
Bottineau, ND - Pvt/State 2 3,042 10 31 536 163 865 38 55 354 5,096
Bowman, ND - Pvt/State 95 1,377 107 5 236 7,052 2,456 107 0 400 11,836
Burke, ND - Pvt/State 11 2,443 11 98 430 109 1,106 48 2,269 150 6,676
Burleigh, ND - Pvt/State 0 0 0 0 0 0 0 0 0 0
Divide, ND - Pvt/State 27 1,570 126 276 253 2,575 112 4,306 176 9,431
Dunn, ND - Pvt/State 13 3,030 17 459 533 979 7,249 315 7,019 323 19,935
Golden Valley, ND -

Pvt/State 195 2 34 0 109 132 11 489
Mc Henry, ND - Pvt/State 98 0 17 0 13 0 6 136
Mclntosh, ND - Pvt/State 13 0 0 0 0 0 0 0 0 13
McKenzie , ND - Pvt/State 69 4,921 60 1,576 864 3,687 9,469 414 20,199 735 41,993
McLean, ND - Pvt/State 6 0 1 0 1 0 0 0 8
Mercer, ND - Pvt/State 6 0 1 0 1 0 0 0 8
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County Coemnpyessor Pneumatic Pneumatic V?:itt'ir;? : Sbu;;/:()j/- Condensate Qil O.Il.lrl\:\éi” Casgg:ead Other‘ Totals
gines devices pumps completions | Fugitives tank Tank Loading Venting Categories
Morton, ND - Pvt/State 34 0 0 0 0 0 0 0 0 0 34
Mountrail, ND - Pvt/State 53 4,863 13 1,454 856 803 | 17,866 778 17,688 832 45,207
Renville, ND - Pvt/State 1 1,579 11 7 278 288 389 17 67 104 2,740
Slope, ND - Pvt/State 0 40 4 0 7 854 50 2 0 18 976
Stark, ND - Pvt/State 9 574 17 101 0 1,161 51 1,252 150 3,316
Stutsman, ND - Pvt/State 0 0 0 0 0 0 0 0 0 0
Ward, ND - Pvt/State 0 92 0 16 0 19 1 8 15 152
Williams, ND - Pvt/State 120 4,510 61 1,144 791 3,957 9,587 418 20,300 817 41,704
Butte, SD - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - Pvt/State 1 941 102 6 160 61 701 31 0 117 2,119
Carter, MT - BLM 0 55 18 0 9 0 11 0 97
Custer, MT - BLM 0 4 0 0 0 6
Daniels, MT - BLM 0 0 0 0 0 0
Dawson, MT - BLM 8 167 0 0 29 0 67 4 0 19 294
Fallon, MT - BLM 31 2,300 491 5 375 1 676 37 0 260 4,177
Garfield, MT - BLM 0 34 0 0 6 0 1 0 1 42
McCone, MT - BLM 0 0 0 0 0 0 0 0 0 0
Prairie, MT - BLM 0 63 0 0 11 0 24 1 0 10 110
Richland, MT - BLM 0 253 0 10 45 0 181 10 300 13 811
Roosevelt, MT - BLM 0 11 0 0 0 13 1 9 1 37
Sheridan, MT - BLM 0 52 0 0 0 17 1 16 54 148
Valley, MT - BLM 0 227 85 0 35 0 0 0 12 359
Wibaux, MT - BLM 0 300 24 0 51 0 149 8 49 582
Barnes, ND - BLM 0 0 0 0 0 0 0
Billings, ND - BLM 0 23 2 0 5 0 24 60
Bottineau, ND - BLM 0 33 1 0 73 7 0 3 124
Bowman, ND - BLM 1 1,315 197 2 220 5,117 1,555 68 239 8,713
Burke, ND - BLM 0 63 0 0 11 0 12 1 34 123
Burleigh, ND - BLM 0 0 0 0 0 0 0 0
Divide, ND - BLM 0 29 0 0 0 19 34 90
Dunn, ND - BLM 0 267 2 20 47 28 710 31 960 28 2,093
Golden Valley, ND - BLM 0 52 0 0 22 38 125
Mc Henry, ND - BLM 0 0 0 0 0 0 0
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Compressor | Pneumatic | Pneumatic Ve_an_tl_ng ; Sl Condensate Oil olugal | casinglieae Other
SR engines devices umps UiifieL EEE tank Tank e i Categories el
9 pump completions | Fugitives Loading Venting 9
Mclintosh, ND - BLM 0 0 0 0 0 0 0 0 0 0 0
McKenzie , ND - BLM 0 255 3 101 45 233 607 27 1,155 39 2,464
McLean, ND - BLM 0 0 0 0 0 0
Mercer, ND - BLM 0 0 0 0 0 0
Morton, ND - BLM 0 0 0 0 0 0 0 0
Mountrail, ND - BLM 0 419 1 119 74 0 2,396 104 2,362 75 5,651
Renville, ND - BLM 0 75 0 0 13 0 17 1 5 13 124
Slope, ND - BLM 0 0 0 0 0 0 0 0 0
Stark, ND - BLM 0 11 0 0 0 11 0 14 46
Stutsman, ND - BLM 0 0 0 0 0 0 0 0 0
Ward, ND - BLM 0 0 0 0 0 0 0 0 0
Williams, ND - BLM 0 207 0 31 36 0 360 16 596 19 1,265
Butte, SD - BLM 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - BLM 0 215 40 1 35 121 93 4 0 29 539
Carter, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Custer, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Fallon, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Garfield, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
McCone, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Prairie, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Richland, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Roosevelt, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Sheridan, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Valley, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Wibaux, MT - USFS 0 0 0 0 0 0 0 0 0 0 0
Barnes, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Billings, ND - USFS 5 1,363 5 40 240 46 1,214 53 1,507 218 4,690
Bottineau, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Bowman, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Burke, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Burleigh, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
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Compressor | Pneumatic | Pneumatic Ve_an_u_ng ) SUINDS Condensate Qil CIETE | CrsigeEs Other
BTy engines devices pumps |n|t|a_l ba_s_ed tank Tank Trugk Ga_s Categories TEES
completions | Fugitives Loading Venting
Divide, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Dunn, ND - USFS 0 86 0 10 15 0 265 11 432 10 830
Golden Valley, ND - USFS 0 149 0 26 0 195 190 19 588
Mc Henry, ND - USFS 0 0 0 0 0 0 0 0 0
Mclntosh, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
McKenzie , ND - USFS 4 1,666 12 225 293 1,582 2,793 122 5,758 210 12,665
McLean, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Mercer, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Morton, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Renville, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Slope, ND - USFS 0 54 3 0 9 806 104 5 0 17 997
Stark, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Stutsman, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Ward, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Williams, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Butte, SD - USFS 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - USFS 0 0 0 0 0 0 0 0 0 0 0
Total 1,482 55,999 2,385 6,400 9,900 26,241 | 74,511 3,583 108,456 7,530 | 296,488
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Table C-9. 2015 emissions of all criteria pollutants by county and by mineral designation for the Williston Basin.
Tribal Emissions [tons/yr] Private/State Emissions [tons/yr] BLM Emissions [tons/yr] USFS Emissions [tons/yr]

County NOXx VOC CO SOx | PM NOx VOoC (e]6) Sox PM NOXx VOC CO SOx | PM NOXx VOC CcO SOx PM
Carter, MT 0 0 0 0 0 1 23 0 0 0 33 100 21 0 1 0 0 0 0 0
Custer, MT 0 0 0 0 0 0 11 0 0 0 0 6 0 0 0 0 0 0 0 0
Daniels, MT 3 23 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT 0 0 0 0 0 52 448 57 3 3 45 305 106 1 3 0 0 0 0 0
Fallon, MT 0 0 0 0 0 1,441 8,257 2,333 322 53 321 4,133 758 11 18 0 0 0 0 0
Garfield, MT 0 0 0 0 0 180 89 96 0 7 179 85 94 0 7 0 0 0 0 0
McCone, MT 0 0 0 0 0 15 76 25 0 1 0 0 0 0 0 0 0 0 0 0
Prairie, MT 0 0 0 0 0 4 19 18 0 0 15 109 38 1 0 0 0 0 0
Richland, MT 0 0 0 0 0 2,915 35,809 5,962 771 155 111 1,328 216 26 5 0 0 0 0 0
Roosevelt, MT 516 1,193 1,121 7 22 688 3,902 936 82 21 5 63 11 1 0 0 0 0 0 0
Sheridan, MT 15 96 51 1 0 532 3,729 1,376 39 23 21 297 51 2 14 0 0 0 0 0
Valley, MT 82 532 149 2 4 175 596 222 5 4 10 358 7 0 1 0 0 0 0 0
Wibaux, MT 0 0 0 0 0 69 561 203 2 2 65 571 172 2 2 0 0 0 0 0
Billings, ND 0 0 0 0 0 997 5,132 1,954 895 36 12 85 20 2 1 970 5,886 2,185 133 29
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Tribal Emissions [tons/yr] Private/State Emissions [tons/yr] BLM Emissions [tons/yr] USFS Emissions [tons/yr]
County NOXx VOoC CcO SOx | PM NOx VOoC CO Sox PM NOx VOC CcO SOx | PM NOx VOoC CO SOx PM
Bottineau, ND 2 12 4 0 0 | 1423 6,581 | 3,729 35 57 10 125 18 0 1 0 0 0 0 0
Bowman, ND 0 0 0 0 0 826 12,006 1,130 30 15 268 8,610 700 18 9 0 0 0 0 0
Burke, ND 0 0 0 0 0| 1183 8,772 2,215 292 53 21 169 34 2 1 0 0 0 0 0
Divide, ND 0 0 0 0 0| 1113 11,549 2,663 351 51 12 116 31 3 1 0 0 0 0 0
Dunn, ND 1,914 7,634 4,202 204 38 2,406 21,675 4,865 791 94 179 2,418 498 91 6 70 992 199 38 2
Golden Valley, ND 0 0 0 0 0 76 611 157 12 4 20 163 40 3 1 80 687 245 18 3
Mc Henry, ND 0 0 0 0 0 348 187 79 9 18 0 0 0 0 0 0 0 0 0 0
McKenzie , ND 1,597 6,820 2,944 | 172 | 29 6,848 51,846 | 11,891 2,343 200 299 2,961 587 98 10 | 1,287 | 15,397 | 3,163 462 | 44
McLean, ND 169 846 517 21 5 2 10 2 13 0 0 0 0 0 0 0 0 0 0 0
Mercer, ND 0 0 0 0 0 2 10 3 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND 1,841 | 12,304 5335 | 338 | 53 5423 | 49,342 | 11,449 1,004 170 488 5,883 | 1,266 | 250 14 0 0 0 0 0
Renville, ND 0 0 0 0 0 570 3,374 1,101 18 29 42 175 137 1 1 0 0 0 0 0
Slope, ND 0 0 0 0 0 8 975 23 1 0 0 0 0 0 0 10 992 21 1 0
Stark, ND 0 0 0 0 0 567 3,926 1,464 115 13 16 67 75 1 0 0 0 0 0 0
Ward, ND 0 0 0 0 0 35 214 73 1 2 0 0 0 0 0 0 0 0 0 0
Williams, ND 22 218 61 8 1 7,260 51,905 | 12,261 5,003 169 150 1,544 334 49 5 0 0 0 0 0
Harding, SD 0 0 0 0 0 149 2,022 224 10 7 27 518 40 1 1 0 0 0 0 0
Butte, SD 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Barnes, ND 0 0 0 0 0 332 16 6 8 15 0 0 0 0 0 0 0 0 0 0
Morton, ND 0 0 0 0 0 613 96 590 34 39 0 0 0 0 0 0 0 0 0 0
Mclntosh, ND 0 0 0 0 0 297 36 272 17 20 0 0 0 0 0 0 0 0 0 0
Burleigh, ND 0 0 0 0 0 123 0 66 2 1 0 0 0 0 0 0 0 0 0 0
Stutsman, ND 0 0 0 0 0 26 0 39 0 0 0 0 0 0 0 0 0 0 0 0
Totals 6,161 | 29,677 | 14,389 | 754 | 153 | 36,697 | 283,806 | 67,484 | 13,104 | 1,263 | 2,349 | 30,186 | 5256 | 564 | 104 | 2,417 | 23,955 | 5,813 653 | 78
Table C-10.  Williston Basin 2015 NOx emissions [tons/year] by source category and by mineral designation.
Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other

County engines rigs Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals

Carter, MT - Tribal 0 0 0 0 0 0

Custer, MT - Tribal 0 0 0 0 0 0

Daniels, MT - Tribal 0 0 0 0 0 3
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Dawson, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Fallon, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Garfield, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
McCone, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Prairie, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Richland, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Roosevelt, MT - Tribal 274 1 2 67 28 1 0 11 127 6 516
Sheridan, MT - Tribal 0 0 1 4 2 0 0 1 7 0 15
Valley, MT - Tribal 0 0 0 41 17 0 0 7 13 3 82
Wibaux, MT - Tribal 0 0 0 0 0 0 0 0 0 0 0
Billings, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Bottineau, ND - Tribal 0 0 0 1 0 0 0 0 0 0 2
Bowman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burke, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Divide, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Dunn, ND - Tribal 647 222 145 166 58 133 13 46 381 104 1,914
Golden Valley, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Mc Henry, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
McKenzie , ND - Tribal 811 166 131 98 34 99 9 27 156 66 1,597
McLean, ND - Tribal 22 2 12 39 14 1 0 11 56 12 169
Mercer, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND - Tribal 171 213 247 289 100 128 12 80 407 193 1,841
Renville, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Slope, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Stark, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Ward, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Williams, ND - Tribal 0 3 4 4 2 2 0 1 3 2 22
Harding, SD - Tribal 0 0 0 0 0 0 0 0 0 0 0
Butte, SD - Tribal 0 0 0 0 0 0 0 0 0 0 0
Barnes, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Morton, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Mclntosh, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burleigh, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other
County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Stutsman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Carter, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 1
Custer, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Daniels, MT - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT - Pvt/State 15 0 0 17 8 0 0 3 3 5 52
Fallon, MT - Pvt/State 895 0 0 185 82 0 0 102 131 46 1,441
Garfield, MT - Pvt/State 0 0 176 0 0 1 0 0 180
McCone, MT - Pvt/State 0 0 3 0 0 15
Prairie, MT - Pvt/State 0 0 0 0 0 0 3 0 4
Richland, MT - Pvt/State 404 134 510 954 395 80 8 159 76 194 2,915
Roosevelt, MT - Pvt/State 322 24 37 137 57 15 1 23 48 23 688
Sheridan, MT - Pvt/State 11 16 197 81 0 33 160 22 532
Valley, MT - Pvt/State 160 2 0 0 10 0 2 175
Wibaux, MT - Pvt/State 0 0 21 10 0 5 30 2 69
Billings, ND - Pvt/State 253 23 78 221 91 14 1 37 128 151 997
Bottineau, ND - Pvt/State 5 27 3 529 219 16 2 88 495 39 1,423
Bowman, ND - Pvt/State 510 5 0 103 49 3 0 25 73 57 826
Burke, ND - Pvt/State 80 86 124 423 175 51 5 71 93 74 1,183
Divide, ND - Pvt/State 96 110 234 271 112 66 6 46 77 95 1,113
Dunn, ND - Pvt/State 262 402 382 523 217 240 23 88 119 150 2,406
Golden Valley, ND - Pvt/State 0 1 7 34 14 1 0 6 8 4 76
Mc Henry, ND - Pvt/State 313 0 0 17 7 0 3 7 1 348
McKenzie , ND - Pvt/State 1,561 | 1,381 1,100 836 346 826 78 143 179 399 6,848
McLean, ND - Pvt/State 0 0 0 1 0 0 0 0 0 2
Mercer, ND - Pvt/State 0 0 0 1 0 0 0 0 0 2
Mountrail, ND - Pvt/State 268 | 1,275 963 847 351 763 72 141 187 557 5,423
Renville, ND - Pvt/State 2 6 4 272 113 46 105 19 570
Slope, ND - Pvt/State 0 0 0 3 1 0 0 1 3 1 8
Stark, ND - Pvt/State 161 15 68 100 42 17 121 33 567
Ward, ND - Pvt/State 0 0 0 16 7 3 8 1 35
Williams, ND - Pvt/State 2,509 | 1,002 1,105 763 316 599 57 131 340 438 7,260
Harding, SD - Pvt/State 1 7 0 63 30 4 19 17 8 149
Butte, SD - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
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Initial Water
Compressor | Drill | Casinghead | Miscellaneous | Artificial completion Tank Other

County engines rigs | Gas Flaring engines Lift Fracing Flaring Heaters | Flaring | Categories | Totals
Barnes, ND - Pvt/State 332 0 0 0 0 0 0 0 0 0 332
Morton, ND - Pvt/State 613 0 0 0 0 0 0 0 0 0 613
Mclintosh, ND - Pvt/State 297 0 0 0 0 0 0 0 0 0 297
Burleigh, ND - Pvt/State 121 0 0 0 0 0 0 0 0 2 123
Stutsman, ND - Pvt/State 26 0 0 0 0 0 0 0 0 0 26
Carter, MT - BLM 0 0 1 29 0 0 2 1 0 33
Custer, MT - BLM 0 0 0 0 0 0 0 0 0

Daniels, MT - BLM 0 0 0 0 0 0 0 0 0
Dawson, MT - BLM 10 0 0 15 0 0 3 9 1 45
Fallon, MT - BLM 10 7 0 100 44 4 0 55 84 16 321
Garfield, MT - BLM 0 0 0 176 0 0 1 0 0 179
McCone, MT - BLM 0 0 0 0 0 0 0 0 0 0
Prairie, MT - BLM 0 0 0 6 3 0 0 1 5 0 15
Richland, MT - BLM 0 8 16 44 18 5 0 7 3 7 111
Roosevelt, MT - BLM 0 0 1 0 0 0 0 0 5
Sheridan, MT - BLM 0 0 1 0 0 1 5 1 21
Valley, MT - BLM 0 0 0 0 0 7 0 1 10
Wibaux, MT - BLM 0 0 0 22 10 0 0 6 24 2 65
Billings, ND - BLM 0 2 1 1 0 1 1 0 12
Bottineau, ND - BLM 0 0 0 0 0 1 0 10
Bowman, ND - BLM 45 2 0 76 35 1 0 28 65 15 268
Burke, ND - BLM 0 0 2 11 0 0 2 1 21
Divide, ND - BLM 0 0 2 5 0 0 1 2 1 12
Dunn, ND - BLM 0 18 52 46 19 11 1 8 10 15 179
Golden Valley, ND - BLM 0 0 2 0 0 1 2 20
Mc Henry, ND - BLM 0 0 0 0 0 0
McKenzie , ND - BLM 0 88 63 43 18 53 5 7 7 14 299
McLean, ND - BLM 0 0 0 0 0 0 0
Mercer, ND - BLM 0 0 0 0 0 0 0
Mountrail, ND - BLM 1 104 129 73 30 62 6 12 22 48 488
Renville, ND - BLM 0 0 0 13 0 0 2 21 42
Slope, ND - BLM 0 0 0 0
Stark, ND - BLM 0 0 2 1 0 0 12 0 16
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Table C-11.

Williston Basin 2015 VOC emissions [tons/year] by source category and by mineral designation.
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Survey- Qil Well

Compressor | Pneumatic | Pneumatic Venting - initial based Condensa Qil Truck Casinghead Other
County engines devices pumps completions Fugitives te tank Tank Loading Gas Venting Categories Totals
Valley, MT - Tribal 0 308 1 0 80 0 97 6 10 31 532
Wibaux, MT - Tribal 0 0 0 0 0 0 0 0 0 0
Barnes, ND - Tribal 0 0 0 0 0 0 0 0 0 0
Billings, ND - Tribal 0 0 0 0 0 0 0 0 0 0
Bottineau, ND - Tribal 0 8 0 0 2 0 1 0 0 1 12
Bowman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burke, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Burleigh, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Divide, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Dunn, ND - Tribal 387 891 2 340 330 0 914 244 4,299 229 7,634
Golden Valley, ND -
Tribal 0 0 0 0 0 0 0 0 0
Mc Henry, ND - Tribal 0 0
Mcintosh, ND - Tribal 0 0
McKenzie , ND -
Tribal 1,181 526 1 255 194 0 500 133 3,874 156 6,820
McLean, ND - Tribal 13 210 0 78 0 115 31 368 28 846
Mercer, ND - Tribal 0 0 0 0 0 0 0 0 0 0
Morton, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND - Tribal 101 1,554 3 327 573 0 1,615 431 7,332 367 12,304
Renville, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Slope, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Stark, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Stutsman, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Ward, ND - Tribal 0 0 0 0 0 0 0 0 0 0 0
Williams, ND - Tribal 0 30 0 5 8 0 29 12 124 10 218
Butte, SD - Tribal 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - Tribal 0 0 0 0 0 0
Carter, MT - Pvt/State 0 14 5 0 2 0 23
Custer, MT -
Pvt/State 0 7 3 0 1 0 0 0 0 0 11
Daniels, MT -
Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Dawson, MT -
Pvt/State 6 191 0 34 0 162 9 45 448
Fallon, MT - Pvt/State 384 4,259 902 699 1,187 64 755 8,257
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Survey- Qil Well

Compressor | Pneumatic | Pneumatic Venting - initial based Condensa Qil Truck Casinghead Other
County engines devices pumps completions Fugitives te tank Tank Loading Gas Venting Categories Totals
Garfield, MT -
Pvt/State 0 34 0 0 6 0 4 0 0 44 89
McCone, MT -
Pvt/State 2 53 0 0 14 0 3 0 0 3 76
Prairie, MT -
Pvt/State 0 10 1 0 2 0 1 0 0 5 19
Richland, MT -
Pvt/State 358 7,153 21 206 1,861 13 9,087 713 15,132 1,265 35,809
Roosevelt, MT -
Pvt/State 49 1,028 2 37 268 0 1,166 91 1,107 154 3,902
Sheridan, MT -
Pvt/State 3 1,475 5 12 384 953 75 470 350 3,729
Valley, MT - Pvt/State 66 336 126 1 51 0 0 0 0 17 596
Wibaux, MT -
Pvt/State 0 288 22 0 50 0 140 8 0 54 561
Barnes, ND -
Pvt/State 16 0 0 0 0 0 0 0 0 0 16
Billings, ND -
Pvt/State 43 1,655 5 36 431 0 214 86 2,302 360 5,132
Bottineau, ND -
Pvt/State 3 3,971 14 41 1,033 140 266 107 90 917 6,581
Bowman, ND -
Pvt/State 265 1,382 106 7 239 7,087 2,319 101 0 499 12,006
Burke, ND - Pvt/State 29 3,187 14 132 828 94 340 137 3,664 347 8,772
Burleigh, ND -
Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Divide, ND - Pvt/State 75 2,046 12 169 531 218 792 319 6,953 435 11,549
Dunn, ND - Pvt/State 33 3,949 21 617 1,025 841 2,230 894 11,333 731 21,675
Golden Valley, ND -
Pvt/State 0 255 1 2 66 0 34 14 213 26 611
Mc Henry, ND -
Pvt/State 5 128 0 0 33 0 4 2 0 15 187
Mclintosh, ND -
Pvt/State 36 0 0 0 0 0 0 0 0 0 36
McKenzie , ND -
Pvt/State 190 6,388 66 2,120 1,649 3,169 2,913 1,176 32,615 1,561 51,846
McLean, ND -
Pvt/State 0 8 0 0 2 0 0 0 0 0 10
Mercer, ND -
Pvt/State 0 8 0 0 2 0 0 0 0 0 10
Morton, ND -
Pvt/State 96 0 0 0 0 0 0 0 0 0 96
Mountrail, ND -
Pvt/State 146 6,350 20 1,957 1,652 691 5,497 2,212 28,561 2,255 49,342
Renville, ND -
Pvt/State 1 2,057 13 533 248 120 48 108 237 3,374
Slope, ND - Pvt/State 0 40 4 0 7 858 47 2 0 16 975
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Compressor | Pneumatic | Pneumatic Venting - initial based Condensa Qil Truck Casinghead Other
County engines devices pumps completions Fugitives te tank Tank Loading Gas Venting Categories Totals
Stark, ND - Pvt/State 25 751 2 23 196 0 357 144 2,022 407 3,926
Stutsman, ND -
Pvt/State 0 0 0 0 0 0
Ward, ND - Pvt/State 120 31 2 13 41 214
Williams, ND -
Pvt/State 333 5,848 66 1,538 1,508 3,401 2,950 1,187 32,779 2,294 51,905
Butte, SD - Pvt/State 0 0 0 0 0 0 0 0 0 0 0
Harding, SD -
Pvt/State 1 943 101 9 161 62 662 29 0 55 2,022
Carter, MT - BLM 0 53 18 0 8 0 11 1 0 10 100
Custer, MT - BLM 0 4 0 0 0 6
Daniels, MT - BLM 0 0 0 0 0 0 0 0
Dawson, MT - BLM 23 168 0 0 30 0 63 3 0 18 305
Fallon, MT - BLM 85 2,298 489 7 377 1 638 35 0 203 4,133
Garfield, MT - BLM 0 34 0 0 6 0 1 0 43 85
McCone, MT - BLM 0 0 0 0 0 0 0 0 0
Prairie, MT - BLM 0 64 0 0 11 0 23 1 0 109
Richland, MT - BLM 0 331 1 13 86 0 356 28 485 28 1,328
Roosevelt, MT - BLM 0 15 0 0 4 0 25 2 15 2 63
Sheridan, MT - BLM 0 68 0 0 18 0 33 3 25 151 297
Valley, MT - BLM 0 226 85 0 35 0 0 0 12 358
Wibaux, MT - BLM 0 301 24 0 52 0 140 8 45 571
Barnes, ND - BLM 0 0 0 0 0 0 0 0 0 0
Billings, ND - BLM 0 30 0 3 8 0 2 1 39 3 85
Bottineau, ND - BLM 0 41 1 0 10 63 2 1 1 5 125
Bowman, ND - BLM 1 1,317 196 2 222 5,143 1,468 64 0 198 8,610
Burke, ND - BLM 0 83 0 0 22 0 4 1 55 169
Burleigh, ND - BLM 0 0 0 0 0 0 0 0 0 0 0
Divide, ND - BLM 0 38 0 0 10 0 6 2 55 5 116
Dunn, ND - BLM 0 348 2 27 90 24 219 88 1,550 70 2,418
Golden Valley, ND -
BLM 0 68 0 0 18 0 3 61 163
Mc Henry, ND - BLM 0 0 0 0 0 0 0 0 0 0 0
Mclintosh, ND - BLM 0 0 0 0 0 0 0 0 0 0 0
McKenzie , ND - BLM 0 331 4 135 85 201 187 75 1,865 79 2,961
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August 2014 (4 ENVIRON
Survey- Qil Well

Compressor | Pneumatic | Pneumatic Venting - initial based Condensa Qil Truck Casinghead Other
County engines devices pumps completions Fugitives te tank Tank Loading Gas Venting Categories Totals
Dunn, ND - USFS 0 112 0 14 29 0 82 33 697 26 992
Golden Valley, ND -
USFS 0 195 0 0 51 0 60 24 306 50 687
Mc Henry, ND -
USFS 0 0 0 0 0 0 0 0 0 0 0
Mclintosh, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
McKenzie , ND -
USFS 10 2,169 15 303 562 1,360 859 347 9,298 475 15,397
McLean, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Mercer, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Morton, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Mountrail, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Renville, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Slope, ND - USFS 0 54 3 0 9 810 98 4 0 14 992
Stark, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Stutsman, ND -
USFS 0 0 0 0 0 0 0 0 0 0 0
Ward, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Williams, ND - USFS 0 0 0 0 0 0 0 0 0 0 0
Butte, SD - USFS 0 0 0 0 0 0 0 0 0 0 0
Harding, SD - USFS 0 0 0 0 0 0 0 0 0 0 0
Total 3,985 69,277 2,432 8,611 17,190 24,593 40,628 9,516 175,125 16,267 | 367,624
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