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PREFACE

Regulatory Framework for Tribal Visibility Implementation Plans

The Regional Haze Rule explicitly recognizes the authority of tribes to implement the provisions
of the Rule, in accordance with principles of Federal Indian law, and as provided by the Clean
Air Act (CAA) §301(d) and the Tribal Authority Rule (TAR) (40 CFR §§49.1-.11). Those
provisions create the following framework:

1. Absent special circumstances, reservation lands are not subject to state jurisdiction,

2. Federally recognized tribes may apply for and receive delegation of federal authority to
implement CAA programs, including visibility regulation, or "reasonably severable" elements of
such programs (40 CFR §§49.3, 49.7). The mechanism for this delegation is a Tribal
Implementation Plan (TTP). A reasonably severable elemient is one that is not integrally related
to program elements that are not included in the plan submittal, and is consistent with applicable
statutory and regulatory requirements.

3. The Regional Haze Rule expressly provides that tribal visibility programs are “not dependent
on the strategies selected by the state or states in which the tribe is located™ (64. Fed. Reg.
35756), and that the authority {o implement §309 TiPs extendc; to all tribes within the GCVTC
region (40 CFR §51.309(d)(12).

4. The EPA has indicated that under the TAR tribes are not required to submit §309 TIPs by the
end of 2003; rather they may choose to opt-in to §309 programs at a later date (67 Fed. Reg.
30439).

5. Where a tribe does not seek delegation through a TIP, EPA, as necessary and appropriate, will
promulgate a Federal Implementation Plan (FIP) within reasonable timeframes to protect air
quality in Indian country (40 CFR §49.11). EPA is committed to consulting with tribes on a
government to government basis in developing tribe-specific or generally apphcable T1Ps where
necessary (See, e.g., 63 Fed. Reg.7263-64).

The amount of modification necessary will vary considerably from tribe to tribe. The authors
have striven to ensure that all references to tribes in the document are consistent with principles
of tribal sovereignty and autonomy as reflected in the above framework. Any inconsistency with
this framework is strictly inadvertent and not an attempt to impose requirements on tribes which
are not present under existing law.

GAWRAP S5IF O&G\Reporting\Documentation'Finad\T'ribal preface.doc 1A%
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Tribal Participation in the WRAP"

Tribes, along with states and federal agencies, are full partners in the WRAP, having équal
representation on the WRAP Board as states. Whether Board members or not; it must be
remembered that all tribes are governments, as distinguished from the “stakeholders” (private
interest) which participate on Forums and Commiittees but are not eligible for the Board.

Despite this equality of representation on the Board, tribes are very differently situated than
states. There are over four hundred federally recognized tribes in the WRAP region, including
Alaska. The sheer number of tribes makes full participation impossible. Moreover, many tribes
are faced with pressing environmental, economic, and social issues, and do not have the
resources to participate in an effort such as the WRAP, however important its goals may be.
These factors necessarily limit the level of tribal input into and endorsement of WRAP producis.

The tribal participants in the WRAP, including Board members Forum and Committee members
and co-chairs, make their best effort to ensure that WRAP products are in the best interest of the
tribes, the environment, and the public. One interest is to ensure that WRAP policies, as
implemented by states and tribes, will not constrain the future options of tribes who are not
involved in the WRAP. With these considerations and limitations in mind, the tribal participants
have joined the state, federal, and private stakeholder interests in approving this report asa
congensus document. '

An adjunct study of oil and gas emissions point and area source emissions was conducted by
ENVIRON and ERG. il and gas emissions for four tribes were inventoried: Wind River
Reservation, Ute Mountain Ute Tribe, Navajo Nation, and Jicarilla Apache Nation. Emissions

“sources for the Jicarilla Apache Nation were inventoried, but they elected to not formally
participate in the project. The final project report, Poinf Source and Oil and Gas Area Source
Emission Inventories on Naiive American Reservations and Tribal Lands (ERG/ENVIRON,
2005), does not include Jicarilla Apache data.

GIWRAP 85T O& G Reporting\Documentation\Finah\Tiibal preface.doc v
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1. INTRODUCTION

The oil and gas production industry considered in this study includes a large number of processes
and equipment types that stretch from the wellhead to fuel distribution networks. Many of these
processes emit significant quantities of nitrous oxides (NOx), volatile organic compounds (VOC)
and other pollutants. Past emission inventories have estimated emissions from specific pieces of
equipment, for limited geographic areas and for other segments of the industry. The largest oil
and gas production facilities, gas plants and major compressor stations, have been previously
inventoried as stationary sources. All states in the western region had previously compiled
emission inventories for the year 2002 that included the major “point” emission sources in the oil
and gas production industry. However, what was included in these emission inventories varied
from state to state, depending on the permitting and/or reporting thresholds.

Oil and gas production facilities that are geographically distributed and have lesser emissions
than the point source threshold are considered area sources. Prior to this study, there had not
been a comprehensive emission inventory of oil and gas production operations in the western
region that covered both point and area sources. Nor had there been a methodology developed to
produce an inventory of this scope. The objective of the present study has thus been to develop
and implement a uniform procedure for estimating area source emissions from oil and gas
production operations across the western region. The emphasis of this study was placed on
estimating emissions of pollutants with the potential to impair visibility near Class I areas in the
west, in particular NOx emissions.

As this was the first effort to develop a regionally consistent emission inventory for oil and gas
area sources, and resources were limited, this inventory is neither comprehensive nor as accurate
as it might be with more resources. The focus was on the larger sources of NOx emissions; NOx
and VOC emissions from minor wellhead processes for which emission factors were available
were also estimated. This inventory and the methodology used should be considered as a first
step toward a better understanding of oil and gas emissions, and the basis for further work to
improve the estimates.

In developing the emission estimation methodology, considerable resources were devoted to
incorporating the insights and guidance of a varicty of stakeholders, as well as integrating the
point source emissions estimates developed in previous inventory efforts. The work plans that
guided this project were developed with substantial feedback from members of the WRAP
Stationary Sources Joint Forum (SSJF) Oil and Gas Work Group.

The 2002 oil and gas point source emissions have been adopted from the state inventories (ERG,
2005a). The level of coverage in those inventories was evaluated and the point source emissions
have been reconciled with emissions estimated using the newly developed area source inventory
methodology.

Oil and gas point source emission inventories include location parameters. For the oil and gas
area source emissions estimated in this project, a new spatial allocation scheme was developed to
facilitate the integration of these emissions sources into the WRAP regional haze modeling.
New spatial surrogates were developed for each of the non-point oil and gas emission sources
addressed by this inventory. These surrogates, which are based on the geographic locations of

GAWRAP SSIF O& G\Reporting\Docimentation'Final\Secl_utre.doc 1 = 1
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oil and gas production, will enable the appropriate spatial distribution of emissions from oil and
gas production operations in the air quality modeling.

The final task of this project was to formulate and implement a procedure to project the
emissions from oil and gas production operations in 2018. For the WRAP 2018 base case
modeling, only those emission control strategies that have already been adopted are considered.
Ongce again, the work plan that guided the development of the projection method was developed
in collaboration with the stakeholders represented in the SSJF Oil And Gas Work Group.
Ultimately, oil and gas production forecasts were drawn from several sources and combined with
the emissions estimates produced for the 2002 inventory and information on future controls to
artive at the 2018 inventory. Oil and gas point source projections are described in a separate
report (ERG, 2005b). '

This report describes the procedures developed in each task of this project and the results that
have been obtained. Section 2 presents the methodology developed to create a comprehensive
oil and gas emissions inventory for the western region and summarizes the emission tnventory
that was prepared for the year 2002, Section 3 then details the process used to create the spatial
allocation surrogates that will appropriately assign oil and gas emissions to the locations where
they occur. Section 4 describes the data sources and methods that have been used to project
emissions in the year 2018, and provides the resulting emissions estimates.

GYWRAP S8IF C&GReportingiDocumenationFinal\Ges | _lntro doc : ] -2
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2. 2002 BASE YEAR EMISSION INVENTORY

INTRODUCTION

This section describes the base year 2002 emission inventory of oil and gas area sources for the
Western States. The focus of this inventory effort was to estimate emissions of nitrous oxides
(NOx) from oil and gas production operations. In the early stages of this projec,t major NOx
sources were identified and methodologies were defined for estimating emissions from those
sources. The major NOx sources addressed by this inventory are: drill rigs, gas compressor
engines, and coalbed methane pump engines. Emissions from minor NOx and VOC wellhead
processes for which emission factors were available were also estimated.

Emissions for oil and gas point sources are also being provided by ENVIRON, but they are not
addressed in this document beyond what is necessary to describe measures used to eliminate
double counting. Also, the emissions summaries presented in this document do not include
emissions classified as falling under tribal jurisdiction. ENVIRON has prepared separate
emissions estimates of tribal oil and gas emissions for four tribes. Those emissions estimates are
reconciled with the emissions reported here, and separate documentation of tribal emissions has
been prepared (ERG/ENVIRON, 2005).

Apart from those western states that have no oil or gas production, such as Idaho and
Washington, the only state for which area source emissions are not estimated is the State of
California. The California Air Resources Board (CARB) has provided area source oil and gas
emissions estimates directly to WRAP. Those estimates have been adopted into this inventory
and are considered to be complete.

Table 2-1a presents a summary of NOx emissions from oil and gas area sources in the WRAP
States. Table 2-1b presents a similar summary of VOC emissions. The area source emissions
are distinguished by source category, except in California where only the total NOx emission
from the ARB inventory is given. The point source emissions included in Tables 2-1a and 2-1b
mnclude several types of oil and gas facilities that are listed under SIC codes 13%*, 492* or 4612
(ERG, 2003a). In most states, the major contributors of point source oil and gas emissions are
natural gas transmission stations and natural gas processing plants. Crade oil pump stations and
large storage sites also make a significant contribution in some states. Notably, the point source
nventory methods in the State of Colorado and the State of Alaska are such that the majority of
oil and gas emissions sources are included in the point source inventory.

GIWRAP E8IF O&GReporting\Documentstion FinahSer?_2002smissions.dos 2" I
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Table 2 1a 2002 State totai NOx emsss:ons (tons) from on and gas sources

-‘;:. : __; R CBMPump. At r PomtSource [N

. State QrE!l'Ri_gs : .":We_lihe%.d | Engiges | “Total | TOTAL
Alaska 877 9 45 822 45,708
Arizona 2,735 2,735
Califomia . 8,070 16,707 24777
Colorado 5,734 715,024 1,489 23,147 25,655 49102
[daho 2,590 2,580
Montana 2,027 1,044 4,721 7,752 4375 1 12,067
Nevada 33 24 5 62 83 145
New Mexico 40,085 6,645 13,482 2725 60,446 57173 17,619
North Dakota 2.920 1,538 176 4631 4739 9,369
Oregon 73 - 12 a5 1,182 1267
South Dakota 284 36 47 367 323 690
Utah 2,371 676 2,143 5180 3,311 8,500
Washington 1,281 1,281
Wyaming 7,025 4964 6,283 1428 19,699 15,015 34,715
Total 54,828 21,536 42,800 3,141 130,376 181,191 311,566

Note: Entries with a “-* indicate emissions were estimated to be zero. Entries that are blank indicate that emissions
for the state/source combination are not estimated in this area source portion of the inventory.

Table 2 1b 2002 State total VOC emlssmns (tons) from Oil and gas area sources.

Polnt

SRR B 3 7| -Source, Sga_rce
s State { Controlled |7 Tol STotal | TOTAL
Alaska 2,310 2,740
Arizonz 233 233
California 18,712 7,101 25813
Calorado 785 137 3,388 21,075 25,386 63,960 BG 346
Idaho 78 78
Montana 3,721 357 912 448 % 5,439 687 8,126
Nevada 121 7 i 0 - - 129 23 152
New Maxico 10,671 1,484 2,893 40,809 33,884 77,333 - | 168,773 11,527 178,300
North Dakota 8,572 328 22 601 172 - 43 7,740 187 |- 7,926
Cragon - - 3 32 - - 34 40 74
South Dakota 248 12 LS 18 - - 285 26 314
Utah 1,688 128 384 5,753 21,758 5,045 34,757 852 35 609
Washington 84 64
Wyoming 9,320 969 | 1,236 44,721 37,410 21,036 334 115,027 6,283 121,311

Total 33,127 3,424 8,849 91,638 115,178 103,414 378 | 374,715 93,371 468,087

Mote: Fntries with a “~* indicate emissions were estimated to be zero. Entries that are blank indicate that emissions
for the state/source combination are not estimated in this area source portion of the inventory.

Table 2

-2 compares the results of the present oil and gas inventory effort with the oil and gas

emissions in the state inventories previously submitted to WRAP EDMS. Total NOx emissions
estimated by this inventory of oil and gas emissions represent a 59 percent increase in
inventoried oil and gas emissions. The increases in some of the main oil and gas producing
states are even more dramatic. Emissions in Montana, North Dakota and Utah have increased by
182, 98 and 157 percent as a result of this effort. Oil and gas NOx emissions estimated for the

State of New Mexico have increased by over 60,000 tons.

(\WRAP 58IF Q& G'\Reporting\DocumentationFinal\Sec?_2002emissions.dac
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Table 2-2. Change in oil and gas NOx emissions in the 2002 inventory as a result of this

in_ventar_y _effort.

g e TR T e T e Do tidiee it 1 Change in Off and Gas

Cooel e d T WRAP Oif and Gas fnventory | Ojl and Gas in Previous Inventory |- Emissions . .

. State/Tribe |- Area |- Point " [ Total o0 Area . 1 Point ] Total | tal - | Percent |
Alaska 386 45,822 46,708 45,822 45 822 8856 2%
Arizona 2,735 2,735 2,735 2,735 - 0%
California™ 8070 18,707 24,777 8070 18,707 24777 - 0%
Colorado 23,147 25,955 49 102 25 955 25,955 23,147 89%
idaho ) 2,590 2.590 2,580 2,550 - 0%
Montana 7,782 4275 12,067 4275 4275 7,792 182%
Nevada 82 83 145 83 83 62 75%
New Mexico 60,446 57 173 117,618 57,173 57,173 60,446 106%
North Dakota 46317 4,739 9,369 4,739 4,739 4,631 98%
Oregon 85 1,182 1,267 1,182 1,182 85 7%
South Dakota 367 323 890 323 323 367 114%
Utah 5190 3,317 8,600 ' 3,311 3,311 5,180 157%
\Washington 1,281 1,281 ) 1,281 1,281 - - 0%
Wyoming 19,609 15,015 34,715 6,409 15,015 21,424 13,290 62%
Total - 130,376 181,181 311,566 14,479 181,191 195,670 115,897 59%

*Area source emissions in WRAP Oil and Gas Inventory adopted from data submitted by the California ARB.

MAJOR NOx SOURCE INVENTORY
Drilling Emission

The proposed approach for estimating emissions from drill rig engines was to use drill permit
data from oil and gas commissions (OGCs) as a base measure of activity and o supplement that
with more sophisticated data from drilling companies. This approach was then revised to replace
the data from drilling companies with data from a survey of drilling in Southwest Wyoming.

The final emission estimate uses several activity indicators from the drill permit data and
combines that with emission factors derived from the Wyoming survey to make the most locally
appropriate emission estimate.

In concordance with the proposed approach, we contacted large drilling companies to obtain data
on the types of engines used for drilling, the normal operational schedule of the engines, regional
variation of drilling rates and the relative activity of rotary versus workover rigs. The response
to this survey was a mixture of refusal to participate and avoidance. Ultimately, none of the
drilling companies contacted provided data to ENVIRON for this inventory effort,

Concurrent to the survey of drilling companies, we contacted State OGCs to obtain, amid other
information, the activity data afforded by drill permits. The OGCs, in general, readily made the
requested information available. The exception was the New Mexico Oil and Gas Conservation
Commission, which declined to provide information. However, with considerable assistance
from the New Mexico Air Quality Department, the necessary information was obtained for New

Mexico as well. The drilling information obtained for each State is as follows:

-

o  Spud date - the date that drilling commenced

GAWRAI S8)F O&GWeportingDocumentation TinalSecd_2002emissions.doc 2"'3
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e Well depth - the depth of the well; total vertical, measured or target depending on
availability '

+ Completion date - the date well preparation is finalized; occurring with some delay after
drilling ceases

s Well formation - the geologic structure that the well was drilled to

e Well field - the legal designation for the area where the well was drilled

s Well county - the county where the well was drilled; for allocation purposes

The completeness of this information varied considerably from State to State. While each State
maintained a database containing these fields, every field was not completed for every well. The
absence of this information required that some assumptions be made about the depth of some
wells drilled and the duration of drilling. Those assumptions are documented later in this
section. The references for the drill permit data are provided in Table 2-3.

Tabie 2-3. Source of drill permat data

Activity in 2002

‘States with Dniimg o i
G '_Source of Driil Permlt Data

Alaska

Alaska Qil and Gas Conservatlon Commnss:on (AK

OGCC), 2005

Colorado Colorado Oil and Gas Conservation Commission (CO
OGCQ), 2005

Montana Montana Board of Oil and Gas Conservation (MT
BOGC), 2005

North Dakota

North Dakota industrial Commission, Oit and Gas
Division (ND OGD), 2005

New Mexico

New Mexico Environmental Department (NM ED),
2005 and New Mexico Oil Conservation Division (NM
QCD), 2004

Nevada Nevada Division of Minerals (NV DM), 2005

South Dakota South Dakota Department of Environment & Natural

Resources, Minerals and Mining Program (SD MMP),

2005

Utah Utah Division of Oil, Gas and Mining (UT DOGM),
2005

Wyoming Wyoming Qil and Gas Conservation Commission (WY
QGCC), 2005

The databases maintained by State OGCs provided the base level of activity to characterize the
number of wells being drilled in an area, the depth of those wells and the amount of time
required to construct the wells. What was still needed was the more detailed information about
the drill rigs that the drilling companies did not provide. That information was necessary to tie
this information about the characteristics of the well being drilled to emissions from drill rig
engines. Fortunately, the Wyoming Department of Environmental Quality (DE(Q)) was able to
provide results from a recent survey of drilling in the Jonah-Pinedale area of Southwest
Wyoming.

The Jonah-Pinedale area has seen particularly intense drilling activity in recent years and the
information provided represents the synthesis of emissions estimates made by ten different
drilling companies for a total of 218 wells drilled. The emission factors derived from the

GAWRAP SSIF G GWReponting\Documentation\Finai\Sec? I002emissions.doc 2-4
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WYDEQ (2005) survey are 13.5 tons NOx per well and 3.3 tons SO, per well. The Colorado
Department of Public Health and Environment (CDPHE) was also able to offer an emission
factor. That factor was provided by only one company and without information available as 1o
the area for which such a factor would be appropriate. Due to the larger survey size and the
greater information available it was therefore the Jonah-Pinedale information that we used.

The emissions from the prime mover on a drill rig for drilling a well are dependent upon the
depth of the well, the composition of substrate and the characteristics of the engine. For
example, a small rig drilling a relatively shallow well in the Powder River Basin would have
different emissions than a large rig drilling a deep well in the Jonah-Pinedale area. Because of
this variation in drilling operations, it would not be appropriate to use the same Jonah-Pinedale
emission factor for all wells drilled in the WRAP States without making some adjustments. To
reflect this fact, we developed a methodology that uses information about the characteristics of
wells in a specific area to scale the Jonah-Pinedale emission factor for drilling operations in that
area.

‘The most specific unit for which well characteristics were commonly available was the
formation. Creating formation-specific emission factors offers a good degree of accuracy
because the well depths and substrate encountered when drilling the same formation should be
consistent. To determine if the data supported that anticipated consistency, we did a simple
statistical analysis of the drilling operations at several formations. This analysis showed that
while there was variation of the elapsed time between spud date and completion date within one
formation, the majority of wells drilled clustered near the average time for the formation. Figure
2-1 shows the distribution for the Blanco-Mesaverde formation in New Mexico. It shows that
the large majority of wells drilled in that formation were drilled in a period that clustered around
approximately 65 days. This consistency within a single formation would be irrelevant if it
weren’t for the absence of data for some wells. By the methodology developed, the emissions
from the drilling of all wells in one formation are estimated using the average duration of well
preparation activities and average well depth within the formation. This is based on the
assumption that wells with no information for depth or duration will, on average, be well
represented by all those wells in the formation for which depth and duration were available.
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Blanco-Mesaverde Distribution of Drilling Durations
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Figure 2-1. Distribution of well preparation activities within a single formation.

In addition to the assumption that the depth and duration of drilling activities for weils m a single
formation are approximated by the average for the formation, two other important assumptions
were made. First, it was necessary to assume that the difference between the completion date
and the date that drilling ceased is, on average, constant relative to the total duration of’
preparation activities. This assumption was needed because the actual date that drilling ceased
was not available. What this assumption means is that if on average wells with 100 days
between spud date and completion actually had a duration of drilling of only 80 days, then on
average wells with 50 days between spud date and completion would have 40 days of actual
drilling. Though this is certainly not true on a well by well basis, it’s assumed to be true for the
formation averages used in this analysis.

It was also necessary to assume that the capacity of the equipment used to drill a well is
dependent upon the depth of the well. This assumption was made because the data clearly
indicated that substantially different rigs were employed in different drilling applications. Some
wells in the Powder River Basin had the same approximate drilling duration as wells in Jonah-
Pinedale. It was therefore assumed that the capacity of the prime mover would grow
proportional to the depth of the well. With those two assumptions, it is then possible to scale the
emission factor from the Jonah-Pinedale area to other formations based on the average well
depth and drilling duration and in doing so to correct for variations due to well depth,
composition of substrate, and engine capacity.

The first step in scaling the Jonah-Pinedale emission factor was to determine the appropriate
average well depth and duration for the Jonah-Pinedale emission factor. The vast majority of
wells drilled in Jonah-Pinedale were drilled to the Lance or Lance-Mesaverde formation. The
average well depth and drilling duration for those formations - based on drill permit data
obtained from the Wyoming OGC for 2002 and 2004 - was 11,896 ft and 80.6 days (WY OGCC
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2005). The same type of average well depth and drilling duration was then calculated for the
other formations drilled in 2002 in the WRAP States. A formation-specific emission factor was
then created for each formation using Calculation 1.

Calculation 1:

EFy=EF;x (Dy/Dyx(Ty/T;)

where:
EF, = The emission factor for another formation
EFy = The Jonah-Pinedale emission factor
Dy = The average depth of wells drilled in another area
Dj = The average depth of wells drilled in Jonah-Pinedale
Ty = The duration of drilling in another area
T; = The duration of drilling in Jonah-Pinedale

In some cases, lack of data did not permit the creation of a formation-specific emission factor.
The situations where that occurred and the method used to surmount those obstacles are
presented in Table 2-4.

Table 2- 4 Situatroras where format;on specuf:o emrssnon factors could not be created.

‘Area : .| Problem: . | Solution - A
Wyommg Sceme dn!lmg records dld not Blank formatlon records were
' report the formation assigned to the most

commonly drilled formation in
the same field

South Dakota, . Not enough wells were drilled | The state average depth and/or

Nevada to justify a formation average duration were used

New Mexico, North | No depths and/or durations The state average depth and/or

Dakota were recorded for some duration was used as a default

' _ formations
Montana Formation was not available Field averages were used

Additional adjustments were considered beyond those for well depths and durations. State DEQs
were surveyed to determine if there were any control requirements for drill rigs. All State DEQs
responded that controls were not required on drill rig engines. Based on that information, no
adjustment for controls was necessary. It was, however, necessary to account for the varying
fuel sulfur levels between different States and counties. This adjustment was actually made to
the county-allocated SO2 emissions rather than to the emission factor. This was accomplished
by multiplying the county SO2 emission by the ratio of that county’s nonroad diesel sulfur level
to the Wyoming nonroad diesel sulfur level. Fuel sulfur levels used in this adjustment are
provided in Appendix C; these are the same fuel sulfur level developed for the WRAP 2002
nonroad diesel equipment emission mventory.
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Emissions for a single formation were calculated using Calculation 2. The emissions for that
formation were then allocated to the counties that intersected the formation based on the fraction
of the total wells drilled that were drilled in each county’s portion of the formation, as shown in
Calculation 3.

Calculation 2:

E=EFxW

where:
E = The 2002 emission for a given formation
EF = The formation specific emission factor
W = The number of wells drilled in the formation in 2002,

Calculation 3:

CE=ExCW/TW

where:
CE = The 2002 emissions for a given county intersected by the
Jormation
CW = The total number of wells drilled in the county’s portion of the
Jormation
TW = The total number of wells drilled in the formation

The state total drill rig NOx and SO, emissions that resulted from this procedure are shown in
Table 2-5. The adjustments made to the emission factors are apparent in these results. While
significantly more wells were drilled in the State of Wyoming than in New Mexico, the
emissions in New Mexico are higher than in Wyoming. This occurs because many of the
Wyoming wells were drilled quickly and to a shallow depth, as commonly occurs for the Powder
River Basin CBM wells. In contrast, the wells in New Mexico were, on average, drilled deeper
and took longer to drill. Where average drill depths and durations were more comparable, such
as in Colorado and New Mexico, the emissions per well are relatively close. One piece of
information requested from drilling companies that was not possible to obtain from other sources
was the relative activity of rotary versus workover rigs. Some of the wells drilled represented
here may be permits that were granted for a workover rig. Because workover rigs do not have
the same constant, heavily loaded activity profile of rotary rigs, it is estimated that this represents
a slightly conservative estimate.
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Table 2-5. State totaf dr;lf r;g emmsmns

State | Wells Drilled | NOx (tons)"z_-i 802 (tons)’
Ataska 205 877 48
Arizona
Colorado 1,244 5,734 260
Idaho
Montana 4863 1,044 227
Nevada 8 24 1
New Mexico 932 6,645 1,444
Narth Dakota 157 1,638 358
QOregon '

South Dakota 7 36 8
Utah 126 676 147
Washington '

Wyoming 2,948 4,964 1,213 -
Total 6,088 21,536 3,706

Figure 2-2 presents a map of the 2002 drilling locations. Though not every well drilled is
represenied here because not all records included geographic coordinates, this map clearly
displays the areas where well drilling activities were focused in 2002. This map also includes
those wells that were drilled on tribal lands. The State etnission totals presented in Table 2-4
should be considered accurate for the geographic area defined by the State boundaries, but not
necessarily to the States’ jurisdiction; a small amount of those emissions in the State inventory
fall under tribal jurisdiction.
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Figure 2-2. Wells drilled in 2002 in the WRAP states.

Non-Poeint Natural Gas Compressor Engine Emissions

For the purposes of this study, natural gas compressor engines have been grouped into three
categories. The largest facilities, in terms of potential emissions, are the large natural gas
compressor stations on natural gas transmission lines. These are typically Title V facilities and
they are dealt with as point sources. The second tier of facilities is the gas gathering compressor
station. In most States, these too have been included in a poist source emission inventory. Some
exceptions, where these medium sized facilities are not in the point source inventory and have
thus been included in this area source inventory are discussed in'section 2.3. The final category
of compressor engines, which is the primary focus of this area source compressor engine
emission estimate, is the group of relatively small, dispersed wellhead compressor engines.
Figure 2-3 presents an example of such an engine. In all but two of the natural gas producing
States, these engines have not been included in previous emission inventories and their inclusion
here represents a significant advance in understanding this important component of the oil and
gas production industry. The development of a methodology to address this emissions source,
ihe application of that methodology and a summary of results are presented in this subsection.
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Figure 2-3. Welilhead compressor engine.

The preferred approach for estimating emissions from wellhead compressors that was described
in the work plan focused on obtaining data from compressor operators. As was proposed, we
contacted a large number of compressor operators, including exploration and production
companies, gas gathering companies and compressor rental companies. This survey of operators
was expecled to produce, at a minimum, the number of wellhead compressors operated by each
company. Also requested was information on compressor engine size, emissions data and
operational schedule. Unfortunately, none of the companies contacted was willing to provide
even a count of compressor engines. Repeated attempts were made to obtain data from the
compressor operators, but ultimately it proved necessary to use an aliernative methodology that

. did not rely on using data from operators.

The alternative methodology was to develop a production-based emission factor from local
studies of compressor engine emissions. This emission factor was then combined with gas
production data collected from the State OCGs to estimate emissions.. Several local studies were
analyzed to determine which offered the most appropriate data from which to derive the emission
factor. The strengths and weaknesses of each of those studies and the ultimate selection of an
industry-compiled inventory of wellhead compressor engines in the New Mexico portion of the
San Juan Basin is discussed below.

2002 Colorado Point Source Emission Inventory

The Colorade Department of Public Health and Environment compiled a point source emission
inventory for the year 2002 that includes sources with actual emissions down to 2 tons per year
in attainment areas and 1 ton per year in non-attainment areas (CDPHE, 2005b). Given these
exceptionally low inventory thresholds, all wellhead compressors are expected to have been
included in the inventory. Gas production data was also obtained from the Colorado Oil and Gas
Conservation Commission, making it appear possible to create a production-based emission
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factor by comparing emissions from the compressor engines in the Colorado point source
inventory with gas production reported by the CO OGCC.

The extraction of only those engines used to power wellhead compressors from the point source
inventory proved a more difficult task than expected. The coding of engines was such that it was
difficult to distinguish between engines used for compression and engines used for other
purposes such as pumping or generator sets. Nor was it possible to determine with confidence
the subset of engines that represented only small wellhead compressor engines that would not be
included in other States” point source inventories. This second problem represented an obstacle,
because if medium-sized facilities were inadvertently included in the development of the
emission factor then the resulting area source emission estimate for other States would be
double-counting the emissions from medium-sized gas gathering facilities. Despite the fact that
the CDPHE generously provided additional information from their records beyond what was
provided in the point source inventory, it was not ultimately possible to develop an emission
factor based on the Colorado point source mnventory.

2002 New Mexico Oil and Gas Association’s Inventory of Unpermitted Sources in the San Juan
Basin

The New Mexico Oil and Gas Association (NMOGA) cooperated in the preparation of the
Denver Early Action Compact by compiling an inventory for year 2002 of the unpermitted
emissions sources operated by the oil and gas production industry in the New Mexico portion of
the San Juan Basin. In the State of New Mexico, the threshold for permitting reported by the
New Mexico Environmental Department was a potential to emit 25 tons per year (NM ED,
2005b). Thus, the inventory of unpermitted sources included those sources with a potential to
emit less than 25 tons per year. The small wellhead compressor engines fall into this category.
The NMOGA inventory provided emissions for wellthead compressor engines, which could be
compared to production statistics for the San Juan Basin to derive an emission factor with units
of tons NOx per MCF of gas produced.

The NMOGA inventory was based on a survey of exploration and produciion companies. The
survey obtained responses representing activity at 10,582 of 17,108 wells. Emissions for
wellhead compressor engines submitted by the responding companies totaled 14,892 tons NOx
(NMOGA, 2003). To estimate the emissions at all wells, this emission was divided by the
fraction of wells represented in the responses. This produced an estimate of 24,076 tons of NOx
emitted by wellhead compression in the New Mexico portion of the San Juan Basin.

This emission estimate corresponds to gas production in three New Mexico counties: Rio
Arriba, San Juan and Sandoval. Total 2002 gas production for those three counties was obtained
from the on-line production database mainiained by the New Mexico Institute of Mining and
Technology. Production figures are summarized in Table 2-6.

Table 2-6. 2002 gas product'on in the San Juan Basin — New Memco

County o /2002 Gas Production (MCF)
Rio Arriba 391,007,587
San Juan ' 638,024,961
Sandoval 1,420,527
San Juan Basin Total 1.030,453,075
(NMT, 2005)
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With these estimates of total gas production and total emissions for wellhead compression, it was
possible to calculate a production based emission factor as the quotient of total emissions divided
by total gas production. The result is an emission factor of 2.3x107 tons NOx per MCF gas
produced.

Bureau of Land Management Environmental Impact Statements

Several Bureau of Land Management (BLM) environmental impact statements (EIS) were
examined for information they might provide on the relationship of gas compression and gas
production. The Powder River Basin EIS included the most complete information on the
anticipated compression needs for the future development of gas wells. That information, in the
form of expected installed wellhead compression capacity, was combined with an FPA emission
factor for natural gas fired engines, to estimate the expected emissions from natural gas fired
engines. This estimate was then compared to the estimated gas production to develop a
production-based emission factor.

The Powder River Basin EIS estimated that 380 horsepower of installed compression capacity
would be required for every 250 MCF-day of new gas production (BLM, 2002). Assuming
8,760 hours per year of gas production and hence compressor operation, this equates to
3,328,800 horsepower-hours per year for 91,250 MCF of gas production. Applying the 12 grams
NOx/hp-hr emission factor for Light Commercial Gas Compressors (SCC2268006020) from the
EPA’s NONROAD2004 emissions model, this compressor activity would result in 44 tons of
NOx. Dividing this result by the associated production, 91,250 MCF, results in a production-
based emission factor of 4.8x10™ tons NOx per MCF.

The emission factor derived from the BLM EIS is based on the fundamiental assumption that 380
horsepower of compression will be added for every 250 MCF-day of gas production. Supporting
evidence for this assumption is not provided in the Powder River Basin EIS. The EIS is a

- forecast of production and equipment that may be installed, not a study of existing operations.
Although it provides sufficient information to calculate the necessary production-based emission
factor, these limitations would not allow us to place a high degree of confidence in the estimates
produced by that emission factor.

East Texas 2002 Emission Inventiory

The emission inventory prepared for the Tyler/Longview/Marshal Flexible Attainment Region of
East Texas included an estimate of the emissions for area source compressor engines. The
method used by the contractor, Pollution Solutions (2005), to estimate gas compressor emissions
was to develop a relationship between compressor engine activity and gas production from a
strvey of compressor operators. That relationship was then used with gas production statistics
and EPA emission factors to estimate engine emissions.

The survey of operators yielded a relationship of 191 horsepower of compression per MMSCE-
day of gas production. Assuming 8760 hours per year of operation, as was done in the Fast
Texas Inventory, this results in 1,673,160 hp-hr/year per MMSCF-day. Converting that figure to
an activity factor based on annual gas production gives 4,584 hp-hr per MMSCF or 4.58 hp-hr
per MSCF. Combining that with the 11 g NOx/hp-hr emission factor used by Pollution Solutions
results in a produciion-based emission factor of 5.6x107 tons NOx per MCF.
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The emission factor derived from the results of the East Texas survey seemed a good candidate
for use in the present study. It was derived from actual operations and falls between the factors
derived from the NMOGA inventory and the BLM EIS. However, Pollution Solutions was
unwilling to provide the details of the survey that resulted in the emission factor used in the East
Texas work. Without supporting documentation and technical basis we could not use the
resulting emission factor. '

Compressor Engine Emission Estimate

‘The results of the review of compressor engine studies are summarized in Table 2-7. The
attempt to derive an emission factor from the Colorado 2002 Point Source Inventory was
unsuccessful. The use of BLM EIS was ruled out due to the speculative nature of the
production-compression relationship used in that study. Nor did it seem possible to use the
ernission factor derived from the East Texas Inventory in the absence of supporting evidence.
‘We therefore decided to use the emission factor derived from the New Mexico Otl and Gas
Association’s Inventory of Unpermitted Sources in the San Juan Basin. This study has several
advantages over the other studies. It is a study of existing operations in an important production
area of the WRAP States and the survey of compressor operators attained a very high response
rate. With a production-based emission factor of 2.3x107 tons NOx per MCF of gas production,
it was then possible to estimate emissions based on gas production statistics obtained from the oil
and gas commissions.

Tabie 2-7 Summar:zed results of review of compressor engme studles
: Emission Factor

.'Source oo o i kons NOX T MGF) _ﬁAdvantag_ :
CO Inventory Inconclusive
NMOGA Inventory 2.3x10-5 e \Very good
coverage/response
¢ |mportant WRAP

7 production area
BLM Powder River -4.4x10-4 s Imporiant area of » Projected, not
EIS growth actual equipment

and production

tast Texas El 5.6x10-5 e Based onsurveydata |e Lackof
' » Resuiting EF falls supporting
between NMOGA and evidence

BLM factors

We had previously requested from the OGCs well-specific oil and gas production statistics.
These were obtained, either submitted by the OGC or downloaded from the on-line production
statistics maintained by some States OGCs, forall oil and gas producing States. For the
COMPIressor engine emissions estimate, total 2002 natural gas production was summed for each
county and county level emissions were estimated as the product of natural gas production
(MCF) and the production-based emission factor.

The only States that reported requiring controls on compressor engines were Utah and Wyoming.
In both of those States, the emissions are controlled to a rate of 1-2 grams NOx /hp-hr (WY
DEQ, 2005¢; UT DEQ, 2005). This represents a substantial reduction from the average emission
rate of 11.4 grams NOx/hp-hr that was found by the NMOGA Inventory. The production-based
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emission factors for Utah and Wyoming have been adjusted downward fo account for this
difference. In both States, the controlled emission factor was calculated as the product of the
uncontrolled emission factor, 2.3x10™ ton NOx/MCF, and the ratio of controlled hourly
emissions to uncontrolled hourly emissions, 2 grams NOx/hp-hr to 11.4 grams NOx/hp-hr, A
summary of compressor engine controls reported by State agencies and the control-adjusted
emission factors are presented in Table 2-8.

Table 2-8. State controls on compressor engines and controlled emission factors.

W En [ ‘Control Requirement | Emission Factor

.State Reference = ° = 'y .| (ton NOX/MCF)

Alaska AK DEC, 2005b NA'

Colorado CDPHE, 2005b NA'

Montana MT DEQ, 2005 None 2.3x10°

New Mexico NM ED, 2005b None 2.3x10°

"Nevada NV DEP, 2005 None 2.3x107

North Dakota ND DH, 2005 None 2.3x10°

South Dakota NV DENR, 2005 None 2.3x10°

Oregon OR DEQ, 2005 None 2.3x10°

tiah UT DEQ, 2005 Controlled to 1-2 g 4.1x10°
NOx/hp-hr

Wyoming WY DEQ, 2005¢ Controlled to 1-2 g 4.1x10°
NOx/hp-hr

H . . . . . .
Any conirols required on compressor engines are included in the point source inventory.

The State total NOx emissions that resulted from the application of these emission factors are
presented in Table 2-9. As is shown in Table 2-9, and graphically displayed in Figure 2-4,
emissions resulting from this procedure are directly related to production. Though at the level of
individual wells it may be true that compressor activity is actually higher at less productive
wells, when county level production is considered, as in this study, this positive correlation of
compressor engine emissions to gas production is supported by all of the studies considered in
the development of this methodology.

There are two exceptions to this ' wellhead compressor engine emissions estimate. Those are the
State of Alaska and the State of Colorado. As was mentioned in the preceding discussion of the
compressor engine emission factors, the State of Colorado included in its point source inventory
all sources with actual 2002 emissions greater than 2 tons. This is expected to include all
compressor engines. An area source emissions estimate for compressor engines was therefore
not made for the State of Colorado.

In the State of Alaska, oil and gas production facilities differ dramatically from those found in
the other WRAP States. In Alaska, both personnel in the State’s environmental department and
the oil and gas conservation commission indicated that facilities are arranged in a “wagon
wheel’. At the hub of the facility is the large processing plant, and each spoke reaches out to the
production wells. Along the spokes and at the wellhead, there is emissions-producing
equipment. However, this equipment is permitted along with the processing plant (AK OGCC,
2005b; AK DEC, 2005b). Welthead compressor engines would therefore be included along with
the equipment in the processing plant as a point source in the 2002 Alaska point source
emissions inventory. For that reason, area source compressor engine emissions are not made for
the State of Alaska.

GAWRAP S5ITF O&G\Reporting\Documentation'Final\Sec?_2002emissions doe . 2' 1 5



December 2005

e

Stale boundaries
County Emission (fon NOXx}

B 1000.1 - 5600.0
8 5000.1 - 10000.0
8 6.7 10000.0

ENVIRON
Table 2-9. State totat NOx emlssmns from gas compressor engmes
Alaska 3 496 429 130
Arizona -
Colorado 1,241,311,742 NA
ldaho . _
Montana 86,761,832 2.30E-05 2,027
Nevada 8,433 2.30E-05 0
New Mexico 1,716,107 ,712 2.30E-05 40,085
North Dakotla 58,879,925 2.30E-05 1,401
Oregon 837 067 2.30E-05 20
South Dakota 10,955,008 2.30E-05 256
Utah 283 408 406 4. 1GE-06 1,182
Washington -
Wyoming 1,708,567 844 4. 10E-08 7,024
Total 8,604,365,099 54,827
Legend
Bas wells
Gii wells

*Colorado welthead compressor emissions are in the point source inventory

*#(California ARB has provided separate estimates of area source oil and gas emissions

Figure 2-4. County-level 2002 gas compressor engine emissions.
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Medinom-Sized Facilities

The emission factor developed for the wellhead compression estimate was directed at estimating
emissions from sources with a potential to emit less than 25 tons per year. This was the type of
source considered by the NMOGA inventory. This proved convenient, as in many States,
sources with a potential to emit greater than 25 tons per year were reported by the State DEQ to
be included in the point source emission inventory. However, this was not the case in all States.

A summary of the State inventory thresholds is presented in Table 2-10.

Table 2-10. State point source mvento / thresholds.
e nY e Point Source B
lnventory I E o ' EERHE ER
" State. | ‘Threshold = .l - Reconc:hatlon . " Source.
Alaska PTE 100 TPY Smaller wellhead equipment AK DEC, 2005b
reported to be grouped under
these large facilities
Arizona PTE 40 TPY Determined that all medium AZ DEQ, 2005
sized facilities exceeded PTE
40 TPY
Colorado 2 TPY actual Removed compressor, CDPHE, 2005b
emissions condensate tank and glycol
dehydrator emissions from area
‘ source inventory
Montana PTE 25 TPY MT DEQ, 2005
New Mexico PTE 25 TPY NM ED, 2005b
North Dakota PTE 100 TPY Used State’s internal inventory  : ND DH, 2005
of compressor stations fo
include sources with a PTE
between 25 and 100 TPY .
Nevada PTE 5 TPY No wellhead compressor NV DEP, 2005
engines included in Staie's
inventory. No reconciliation
required
Oregon PTE 100 TPY Obtained inventory of OR DEQ, 2005
compressor stations with PTE
less than 100 TRY from State
South Dakota PTE 100 TPY Created scaling factor based on | SD DENR, 2005
NM point inventory and gas
production
Utah PTE 100 TPY Created scaling factor based on | UT DEQ, 2005
NM point inventory and gas
production
Wyoming PTE 25 TPY ‘ WY DEQ, 2005¢

As shown in Table 2-10, Montana, New Mexico and Wyoming all included sources with a

potential to emit 25 tons per year or greater in their point source inventories. The State of Alaska

and the State of Colorado have different inventory thresholds, but this did not require any
reconciliation of the area source compression emission estimate as in those States wellhead
compression is included entirely in the point source emission inventory.
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In Arizona, Nevada, Oregon and North Dakota, Utah and South Dakota, the fact that the States’
inventory thresholds differed from the New Mexico PTE 25 tpy threshold required special
treatment. Discussion with staff at the Arizona and Nevada DEQ revealed that despite the
different thresholds, no further action was necessary. In Arizona, there were no compressor
facilities with a potential fo emit between 25 tpy and 40 tpy (AZ DEQ, 2005). In Nevada,
despite the relatively low inventory threshold, no wellhead compressor engines had been
included in the point source inventory (NV DEP, 2005).

In Oregon and North Dakota, State DEQ personnel indicated that there were oil and gas facilities
that fell below the Siate point source inventory threshold, but were larger facilities that would not
be accounted for in the area source wellhead compression estimate. Despite their exclusion from
the point source inventory, both Oregon and North Dakota did have internal emissions estimates
for these medium-sized facilities. Those emissions data were obtained from the State and have
been included in the area source emission inventory (see Table 2-13).

In Utah and South Dakota, there existed the same gap between the wellhead compression
emissions and the state point source inventory as in Oregon and North Dakota. However, in
Utah and South Dakota it was not possible to obtain emissions data from the State agencies. It
was therefore necessary to estimate emissions for this group of facilities based on the gas
production in those States. This was done by selecting the subset of point source facilities from
the New Mexico point source inventory that had a potential to emit between 25 and 100 tons per
year, relating those facilities to New Mexico gas production and then scaling the emissions from
those facilities to gas production in Utah and South Dakota.

The facilities in New Mexico with a potential to emit between 25 and 100 tons per year were
identified by first extracting only facilities coded with an otl and gas SIC; the SIC used are listed
in Table 2-11. The next step was to calculate the potential to emit for each emission unit
included in those oil and gas facilities. This was accomplished by scaling the emissions reported
for the unit up to what they would be if the unit had been operated 8760 hours per year. For
example, if' a unit in the inventory had emissions of 10 tons NOx, but had only operated 4000
hours, then the potential to emit for that unit was calculated as the product of 10 tons NOx and
8760/4000. In this case the potential to emit would then be 21.9 tons NOx. Though we
acknowledge that factors other than the total hours of operation may be used in the determination
of potential to emit, the detailed determination of potential to emit for each emission unit was not
possible given the available resources. After estimating the potential to emit as described for
each emission unit, the facility total PTE was then calculated by summing the PTE of all units in
that facility. Those facilities with a total PTE under 100 tpy were exiracted.

Table 2 11. Oil and gas SEC :

SIC . |Description S
131 1 Crude F’etroieum and Naturat Gas

1321 Natural Gas Liguids

1382 Oil and Gas Field Exploration Services

1389 Qil and Gas Field Exploration Services, NEC

4612 Crude Petroleum Pipelines

4922 Natural Gas Transmission

4923 Natural Gas Transmission and Distribution

4825 Mixed, Manufactured or Liguefied Petroleum Gas Production
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Using the information in the New Mexico inventory, it was possible to separate the facilities with
a PTE between 25 tons per year and 100 tons per year info two categories: gas compression and
gas processing. The total emissions in each of these categories were then summed to determine
the State total emissions. By dividing those totals by the State total gas production we arrived at
the production-based emission factors shown in Table 2-12. ‘

Table 2-12. Emissions for New Mexico natural gas facilities with a PTE between 25 and 100
TPY

: " Type of Facility - - - | ‘Gas Processing Gas Transmission . -
Total Emlsssons {tons NOx) 2,715 4195

Total Gas Production (MCF) 1,624,225 738

Emission Factor {ton NOx/MCF) 1.67x10° l 2.58x10°

Combining the emission factors in Table 2-12 with the county gas production in Utah and South
Dakota, we estimated emissions for the medium-sized gas processing and transmission facilities
in those states. Using these emissions estimates and the emissions provided by State agencies for
Oregon and North Dakota, we have supplemented the area source emissions estimates for those
States to include the facilities with a potential to emit between 25 and 100 tons per year. Also
included in this supplement is a compression facility in Clark County, Nevada. Although no
action was required to reconcile the inventory prepared by the State of Nevada, Clark County
submitted its own inventory in which it grouped a compressor facility in with other sources of
natural gas combustion. We obtained emissions for this source and have included it in the oil
and gas area source emission inventory. The State {otal emissions {or these iauhue% are shown
in Table 2-13.

Table 2-13. Area source emlssmns est!mate for fac;iltles WIth a PTE between 25 and 100 tpy.

S_a e _-.-Source .
Oregon OR DEQ, 2005
North Dakota ND D, 2005
Utah “Estimated

South Dakota Estimated
Nevada CC DAQM, 2005

Coal Bed Methane Generators

The methodology described in the work plan for estimating emissions from coal bed methane
generators relied on obtaining information on generator specifications and usage from State
environmental departments. Based on the map of CBM production obtained from the Energy
Information Administration (Figure 2-5}, environmental departments were contacted for this
information in five States: Colorado, Montana, New Mexico, Utah and Wyoming. Of those,
only Wyoming was able to provide information on the generators associated with CBM wells
(WYDEQ, 2004; WYDEQ, 2005b). Contacts in Montana and Utah indicated that the CBM
fields in their states are electrified and pumps are expected to be operated on line power
(Richmond, 2005; Daniels, 2005). Therefore it remained to determine generator usage in only
Colorado and New Mexico. :
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Figure 2-5. Western U.8. Coal bed methane fields (EIA, 2004)

While contacting the State environmental departments to obtain data on generators, we also
requested production data from OGCs in each of the WRAP States. In the States with CBM
production, that data included the water production at CBM wells. In addition, the depth of
wells was obtained for some sampling of the wells in each State; depth information was not
available for every well. Based on the data available, the first emission estimate that we
produced was the result of scaling the generator activity obtained for the State of Wyoming to
the other CBM producing states based on the average depth of wells and the water produced at
CBM wells. This scaling was made based on the understanding that the work performed by
generators is correlated to the mass of water lifted by pumps and the distance over which it must
be lifted. ‘

The emissions produced by this first methodology did not appear sufficient to represent the
activity at the large number of CBM wells in Colorado, New Mexico and Wyoming. The
emissions determined by this method, on a per well basis, for these three States were 0.080,
0.010 and 0.067 tons NOx respectively. One possible explanation for the surprisingly low
resulis determined by this method is that the generator information obtained from the State of
Wyoming excluded some of the engines, possibly those that are directly coupled to CBM pumps.
Also, actual hours of operation were only available for a subset of the generators. Activity of the
remaining generators in Wyoming was extrapolated from the activity of that subset. It’s possible
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that the activity of the subset was not representative of the entire population of generators. In
summary, engineering calculations showed that a great deal more work would be performed in
dewaieung CBM wells ‘ahan was suggested by this emissions estimate based on the WYDEQ
emissions factors,

Operating under the assumption that the database of generators obtained from the Wyoming
DEQ may not include all the engines associated with dewatering, it was necessary to develop an
emissions estimation methodology where activity could be determined based only on the well
production data obtained from the State OGC. Information on the design and operation of CBM
wells in combination with engineering calculations provided a way to estimate engine activity
(horsepower-hours) based on water production. Once horsepower-hours were estimated, it was
then possible to derive an emission estimate using an emission factor from EPA’s
NONROAD2004 emissions model.

Estimating Engine Activity

Engine activity was determined for each well by first determining the water power developed by
the dewatering pump. Using an assumption of the pump’s elficiency it was then possible to
determine the power that must be supplied to the pump. Assuming that losses in the electrical
delivery system are negligible, the power supplied to the pump is the same as the power
produced by the generator. Then, by estimating the efficiency of the generator system at
converting the power at the engine flywheel to electrical power it was possible to estimate the
horsepower-hours of the engine. This was then combined with an emission factor to determine
emissions resulling from the dewatering of each well. The compiete list of assumptions used for
this calculation are presented in Table 2-14.

Table 2-14. Assumptions used in developmg ihe CBM generator em;ss;ons ast:mate

‘Assumption :| Reason

Pumpmg in NM and CO is done by naturaE gas fared The Wyoming generator data shows that the
engines. Pumping in WY is done with a mix of majority of the generator horsepower is natural gas
natural gas and diese! engines. fired (WY OGCC, 2005b). Also, industry
representatives indicate that use of electric power
from the grid is minimal (Gantner, 2005).

Pump efficiency = 0.6 __ | Industry provided estimate (Olson, 2004).

Generator efficiency = 0.85 Estimate based on small size of engines.

Downhole pressure contribution is negligible Simplification necessary due to lack of data, This
leads to a slightly conservative estimate.

Power delivered the pump is exactly equal fo the The power in lifting the water is undoubtedly much

power required to Iifi water over the depth of the greater than any of the other components. No data

well and overcome frictional losses. Minor [osses available on minor losses and exit velocity.
(joints, flanges, etc...) and exit velocity are
assumed {0 be negligible

Diameter of pipe that conducts water to surface is Wyoming OGC provided estimate (Strong, 2005)
021t '

Pipe roughness of drawn/plastic tubing (5x10-6 fi) industry contact stated majority of piping is
fiberglass (Weatherford, 2005)

8760 hours of engine operation and 4380 hours of | Indusiry representative indicated that much of the
pumping per year time the engine is operating, but no water is being
pumped (Gantner, 20085),
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Information from State OGC and industry contacts enabled us to define the relevant portions of
the design of the average coal bed methane well. The most common pipe size reported to be
used by a pumping system supplier, 2 and 3/8 inch, coincided with what the Wyoming OGC
reported to be a common pipe size on permit applications (Weatherford, 2005; Strong, 2005). A
represeniative of one production company operating in Wyoming reported that the vast majority
of the pumps it used (over 90 percent) are electric submersible pumps (ESP) with an
approximate efficiency of 60 percent (Glson, 2005). Though producers in other areas, such as
the San Juan Basin and the Raton Basin, have repotted predominantly using other types of
pumps, including plunger lifts, progressing cavity pumps and rod lift systems, the 60 percent
efficiency estimate has been used for all areas. Manufacturer information indicates that the ESP
is the least efficient type of pump and therefore this results in a conservative estimate
(Weatherford, 2005b). A simple diagram of the assumed pumping system that results from this
information is provided in Figure 2-6.

I
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Figure 2-6. Diagram of assumed CBM well.

With the assumption that minor losses from joints in the pipe or other inconsistencies in the
system are negligible and that the exit velocity at the top of the pipe is near zero, then the power
imparted to the water by the pump is equal to the power required to overcome the elevation
difference and the “frictional losses” (the energy lost to heat and turbulence at the pipe-water
interface). This system can be described using a form of the Bernoulli equation, where the
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energy at the exit of the pipe (labeled “2” in Figure 2-6) is equal to the sum of the energy at the
inlet to the pump (labeled “1” in Figure 2-6) plus the energy supplied by the pump and the
frictional losses as shown in Calculation 4.

Calculation 4. Modified Bemoufli equation

P P :
z]~;~~~~L+3:iwﬂ;L«HPW‘HLxzz+—~2—+sz

ry 2g y 28 \
where:

z = Hlevation

P = Pressure ‘

v = Specific weight of water, 62.4 Ib/ft*

v = Velocity

H, = The head imparted by the pump (feet)
Hy. = The head lost to friction (feet)

If the exit velocity is excluded and the downhole pressure assumed to be negligible, then the
above equation reduces to:

o+ H,+H, =z,

rearranging and substituting the depth (d) for 7, - z; shows that the energy imparted by the pump,
H,. is given by:

H,=d+H,

H;, is somewhat difficult to calculate due to the dependence of the calculation method on the
flowrate. For the same pipe under a certain threshold flowrate, the flow is laminar and it is a
simple matter to determine the frictional loss using the Darcy-Weisbach equation. However,
above that threshold flowrate for the same pipe, the flow becomes turbulent and there are several
possible methods of estimating the frictional loss. In this study, we have used the Hazen-
Williams equation to estimate frictional losses for flowrates that imply a Reynolds Number
above 3000 (see Calculation. 5).

The flowrate itself is not a trivial matter to estimate. The information obtained from the State
OCD is total annual water production. One option was to assume that flow is constant for 8760
hours per year, However, based on information generously provided by Bruce Gantner (2005) of
the New Mexico Oil and Gas Association, it was clear that pumps are frequently operating
without pumping any fluid apart from gases. This would occur when the water level in the well
is drawn down low enough that water needs to be pumped only intermittently. Effectively, this
signifies that a portion of the time the engines are operating with a very low load when no water
is being pumped and the rest of the time are operating at a load sufficient to pump water. At this
time, 1t has not been possible to estimate the fraction of time that the pumps are actually moving
water and fifty percent has been assumed. This means that fifty percent of the time engines are
assumed to be idling with only ten percent of their loaded horsepower. These idling emissions,
discussed below, are added to the emissions resulting from the work performed to lift water from
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the wells. In terms of the determination of flowrates, this 50 percent operational schedule means
that flowrates are determined based on the total annual water production divided by 4,380 hours

per year of pumping.

Caleulation 5. Method for calculating the frictional losses (Hy)

R DxV
V
where:
R = The Reynolds number
D = The diameter of the pipe
V = The velocity of flow (flowrate divided by cross-sectional area of pipe)
v = The kinematic viscosity of water (assumed = 1.0}
If R < 3000 then,
LV? . .
H, = f xmeree (the Darcy-Weisbach equation)
D2g
where
L = The length of pipe
D = The diameter of pipe
V = The velocity of flow
g = The acceleration of gravity
and with
64
fe=z
Else if R > 3000,

V'l.giL
T (1318xC Y F xR

H, (the Hazen-Williams equation)

where:
V = The velocity of flow
L = The length of pipe

R = The hydraulic radius (cross-sectional area of pipe divided by the wetted

perimeter)
Cu = The Hazen-Williams coefficient, 140 for plastics
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As shown in calculations 4 and 5, determining the frictional loss and adding that to the depth of
the well yields the energy that is imparted by the pump. Then, to determine the power of the
pump we apply the equation shown in Calculation 6.

Calculation 6. Determining the pump power
P=H,xQxy/550

where : .
P = the power supplied by the pump (hp)
Hp = the energy supplied by the pump (ft)
Q = the flowrate {cfs)

v = specific weight of water (62.4 1b/ft%)

Once the power delivered by the pump was determined, determining the power developed by the
engine was a matter of applying the pump and generator efficiencies as shown in Calculation 7.

{Calculdation 7. Determining the engine power
P.=Plg, g,

where
Pg = the power developed by the engine (hp)
P = the power delivered by the pump (hp}
ep = the efficiency of the pump (0.60)
gg = the efficiency of the generator (0.85)

Total annual engine activity due to pumping water at one well was estimated as the product of
the power developed by the engine and 4,380 hours per year. To this activity, with units of

_ horsepower-hours, was added the engine activity while not pumping water. Engines that are
idling while no water is being pumped are assumed to operate at ten percent of their operational
load. Thus, for a single well, the idling engine activity was calculated as ten percent.of the
pumping horsepower determined in Calculation 7 multiplied by 4,380 hours per year. The total
engine activity was thus the sum of 4,380 hours of engine activity while idling plus 4,380 hours
of engine activity while pumping. Emissions were then calculated in New Mexico and Colorado
as the product of total engine activity and the 12 g/hp-hr emission factor for natural gas fired
engines (SCC 2268006005) provided in EPA’s NONROAD (2004). For Wyoming, an emission
factor was developed that reflected the controls tmposed by WYDEQ on natural gas fired
engines and the use of some diesel generators to power pumps. That ernission factor is 6.1 g/hp-
hr.

The total emissions estimated by this method for Colorado, New Mexico and Wyoming are.
presented in Table 2-15. This method has resulted in per well NOx emissions for these three
states of 0.59 tpy/well in Colorado, 0.06 tpy/well in New Mexico and 0.23 tpy/well in Wyoming.
This represents a significant increase over the emissions predicted by the previous method, 0.080
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tpy/well, 0.010 tpy/well and 0.067 tpy/well respectively. Despite having a large number of
wells, New Mexico’s emissions from CBM engines are substantially less than in Colorado and
Wyoming. This is a result of the relatively low water production in New Mexico. This low
water production implies less work is done by engines. Industry representatives indicated that
the San Juan Basin, where most coalbed methane production occurs in New Mexico, is a mature
field where at this point comparatively little dewatering is necessary (Gantner, 2005).

Table 2-15. State total NOx emissions from coaibed methane englnes

State | Wells - Pgmpmg(tonfyr) Idimg (toniyr) =_-.;:=Ezﬁ|sésoné goniyr) -:':'Z
Colorado 2,535 1,354 135 1,488
New Mexico 3,516 204 20 225
Wyoming 12,147 1,298 130 1,428

VOC AND MINOR NOx SOURCE INVENTORY

In addition to the area sources identified as potentially major sources of NOx emissions, we have
estimated emissions for several other processes occurring at oil and gas wellheads. Emissions
were estimated for both NOx and VOC using well-specific production and emission factors
provided by the Wyoming Department of Environmental Quality and the Colorado Department
of Public Health and Environment. The sources for which emissions were estimated in this
portion of the inventory are listed in Table 2-16.

Table 2- 16 Em:ssnons sources estlmated in the VOC and minor NOx source mventory

Process cooeoan ot Pollutants T L Emission Factors Units
Tanks - Fiashmg & vOoCc lbs per year/barrel per day of
Standing/Working/Breathing ' condensate production
Glycol Dehydration Units VOC lbs per year/million cubic feet
_ per day of gas production
Heaters NOx, CO Ibs per year/well site
Pneumatic Devices VOC tons per year/well
Complstion - Flaring and Venting | VOC, NOx, CO tons/completion

As proposed in the work plan, the default-emission factors used for these sources were the
emission factors provided by the Wyoming DEQ (2004b). State agencies and industry were
given the option of providing their own emission factors. Only the CDPHE (2005) provided
alternate emission factors. The emission factors used are presented in Table 2-17. :
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EG_as Wells i

'-Em:ss:on Factor . ;‘s | Source

Emission Factor . ... ..

Condensate Tanks

3,271 Ibs VOC per
year/BPD

Heater

0.005 lbs NOx per barrel

Dehydrator

27,485 Ibs per
year/MMCFD

Pneumatic
Devices

0.1 tons VOC / well

Heater

1,752.0 ibs NOx per
year/well

Tanks

180.0 tbs VQC per year /
BPD

86.0 tons VOC/well
completion

Completion

1.75 tons NOx/well
compietion

Pneumatic Devices

0.2 tons VOC per
vear/well

CDPHE Emission F

actors

Completion

16.664 ton VOC/well
completion

0.85 ton NOx/well
completion’

1'1"hougi1 the CDPHE only provided an emission factor for VOC, we have used the assumptions used by the CDPHE
to prepare that emission factor in order to develop an appropriate NOx emission factor.

*For documentation of the Wyoming DEQ emission factors, refer to Appendix A.

To use these emission factors, it was necessary to obtain well-specific production data from the
State oil and gas commissions. In most cases, the necessary data was either compiled by the oil
and gas commission and submitted to ENVIRON or was downloaded from the oil and gas
commission’s website. The list of well-specific information obtained from the oil and gas
commissions is presented in Table 2-18. The list of sources for this production data is similar to
the list of sources of drill permit data, but is included here as Table 2-19 for completeness.

Tahle 2-18. Well-specific data obtained from the oil and _gas commissions.

2002 oil produced

2002 gas produced

2002 water produced

well location (latitude/longitude)

well field

wall formation

well depth

well class (oil/gas)

coal bed methane (

yes/noj

completion date
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Table 2-18. Sources of well-specific production data.

‘States with OillGas. Productmn in 2002

‘Source of ProductionData . .

Alaska

Alaska Oil and Gas Consetvation Commtssaon |
(AK OGCQC), 20056

Arizona Arizona Geological Survey (AZ GS), 2005

Colorado Colorado Oil and Gas Conservation
Commission (CO OGCC), 2005

Montana Montana Board of Oil and Gas Conservation

(MT BOGC), 2005

North Dakota

North Dakota industrial Commission, Oll and
Gas Division (ND OGD), 2005

New Mexico New Mexico Environmental Department (NM
ED), 2005 and New Mexico Oil Conservation
Division (NM OCD), 2004

Nevada Nevada Division of Minerals (NV DM), 2005

Oregon Oregon Department of Geology and Mineral

industries (OR DGMI), 2005

South Dakota

South Dakota Department of Environment &
Natural Resources, Minerals and Mining
Program (SD MMP), 2005

Utah Utah Division of Oil, Gas and Mining (UT
DOGM), 2005
Wyoming Wyoming Ol and Gas Conservation

Commission (WY OGCC), 2005

The fact that records were obtained for all wells that contained each of the fields in Table 2-18
did not mean that for every well all those fields were populated. The most important fields for
the purposes of this inventory were those containing the production figures. These appeared to
be well maintained. However, in some cases the completion date and the well class, which are
also used in this emission estimate, were blank. It did not appear possible to obtain additional
data for completion dates, and the assumption is that a blank completion date implies the well
was completed some time in the past, prior to 2002.

The data provided by the State of Colorado Oil and Gas Commission presented the most
difficulty due to the absence of data specifying whether a well was considered an oil or gas well.
This information was necessary because the emission factors shown in Table 2-17 were
determined specifically for oil wells or gas wells (WYDEQ, 2004b). In order to proceed, it was
necessary to divide the wells into these two categories. For the State of Colorado this was
accomplished by calculating the ratio of gas production (MCF) to oil production (BBL) for all
wells and then determining where an appropriate division would be. The distribution of wells
according to their gas oil ratios is presented in Figure 2-7.

GIWRAP S3IT G& GReporting\ DocumentationtFinal\Bec?_2002¢missions.doc

2-28




December 2005

ENVIRON

Number of Welis

NN N DS O DD SO D DD DO
S o P WP PRSP PP

Gas:0il Ratio

Figure 2-7. Distribution of Colorado wells based on the ratio of gas production to oil production.

There is a clear break in the distribution between wells with a ratio under 0.1 and those with a
ratio above 0.1. This break places the great majority of wells into the gas well category, Using a
gas:oil ratio of 0.1 to distinguish between oil and gas wells places 1,385 wells in the category of
oil wells and 19,847 in the category of gas wells. This may seem an arbitrary division, but it was
done based on two considerations. First, this division places the large majority of wells into the
category of gas wells. Gas wells have higher emission factors and thus this represents a
conservative emissions estimate. Also, the Energy Information Administration estimates over 23
thousand gas wells in the State of Colorado in 2002, which supports this high number of gas
wells (EIA, 2005).

The other important division made was between traditional gas wells and coalbed methane gas
wells. According to the Wyoming DEQ, the emission factors in Table 2-17 are representative of
processes at traditional gas wells, not at coalbed methane wells. The only State for which an
identifier was not provided for coalbed methane wells was the State of New Mexico. In the State
of New Mexico, coalbed methane wells were identified based on the producing formation
reported for the well. The wells producing from one of the formations listed in Table 2-20 were
classified as coalbed methane wells. These are the fields indicated for New Mexico in the map
of US coalbed methane production produced by the EIA (2004), a section of which is shown in
Figure 2-8.

Table 2-20. Coalbed methane producing formations in New Mexico.
Basin Fruitland Coal
Castle Rock Park-Vermejo
Stubblefield Canyon Raton-Vermejo
Van Bremmer Canyon - Vermejo
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Figure 2-8. Coalbed methane fields in New Mexico.

Having obtained well-specific data from all states, divided those wells into oil and gas wells and
then eliminated the coalbed methane wells, there was still one more filtering of the production
data required. Because some of the emission factors have units of emissions per well, wells with
zero oil and zero gas production and a non-2002 completion date were removed from
consideration. This action would prevent emissions from being estimated at wells where no
activity actually occurred 1n 2002.

Several states reported requiring controls on some of the processes considered in this portion of
the inventory. The controls reported and the sources of information are presented in Table 2-21.
Both the controls reported by the CDPHE and WY DEQ are included in the emission factors
provided by those agencies. The inclusion of these controls in the Wyoming emission factors
actually presents a small complication, as those emission factors are used to estimate emissions
in all other States, including those States that did not report any controls on condensate tanks or
completion emissions. Emissions for completion activities are estimated in all States, except
North Dakota and Colorado, using the Wyoming emission factors for completions, despite the
inclusion of controls in the WY DEQ emission factors. This has been done because the flaring
assumed in the emission factor is not very different from the flaring we would assume based only
on safety considerations.
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Table 2- 2_1 Controks on sources considered in the VOC-and minor NOx source inventory.

e Condensate --=G-orﬁple§idh:'Flérih
.State Tanks el &V enfing
Coiorado - included in EF CDF’HE 20085,
: ' provided CDPHE, 2005b
Montana Flare or vapor | Flare or vapor recovery | MT DEQ, 2005
recovery required
required
North Dakota Ftare or vapor |Flare or vapor recovery | ND DH, 2005
recovery required :
required :
VWyoming Included in EF | Included in EF - WY DEQ, 2004b
provided provided

Wyoming DEQ assumed that condensate tanks with greater than 18.3 barrels per day of
condensate production would be controlled with an overall efficiency of 98 percent. For wells
with condensate production less than 18.3 barrels per day WY DEQ provided an uncontrolled
emission factor (see Table 2-17). To account for the absence of controls on condensate tanks in
States, emissions were simply estimated for all wells in those States using the uncontrolled
emission factor.

In contrast to those States where no controls were reported for condensate tanks, Montana and
North Dakota reported that all condensate tanks are required to achieve the same 98 percent
control efficiency reported for the larger wells in Wyoming. For these two States, emissions for
all condensate tanks were estimated using the controlled emission factors provided by WY DEQ.
Montana and North Dakota environmental agencies also reported that completion emissions
must be routed to a flare. No modifications were made to account for the completion controls in
North Dakota because flaring completion gases whenever possible is already assumed in the
Wyoming emission factor. In the State of Montana, however, il was specified that the control
efficiency assumed was 98 percent for an elevated flare (MT DEQ, 2005). The control
efficiency for a flaring assumed by WY DEQ was only 50 percent based on observations that
{lares burn with varying opacity, from 0 to 100 percent, indicating that in many cases a
significant portion of the fluid is not combusted (WYDEQ, 2004b). To account for the greater
control efficiency reported by Montana DEQ), the Wyoming emission factors were adjusted for
use in Montana.

Based on a typical well completion log, the Wyoming DEQ assumed that 5.0 MMSCF of gas are
flared or vented during 10 days of completion activity. Using the same characteristics of the
completion gas as were used by Wyoming DEQ and substituting the Montana DEQ assumption
of 98 percent control, it was possible to calculate new emission factors for Montana using AP-42
emission factors for a flare. The details of this calculation, including the assumed gas
characteristics are shown in Calculation 8.
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Calculation 8. Calculation of completion emission factors for Montana

Assumptions adopted from Wyoming DEQ:

e 5.0 MMCF gas flared or venting daily for 10 days of completion activities
VOC and HAP weight percent of gas is 9.43

Gas molecular weight of 18.456 1b/ib-mol

1000 Btu/SCF

® &

Information provided by Montana DEQ:

s 100 percent of completion gases must be flared
e flare has a 98 percent destruction efficiency -

AP-42 emission factors:

e (.14 Ib NOx/MMBtu
¢ 0.035 b CO/MMBtu

YVOC Emission Factor

with:

EF =V x (106 SCEF/MMCF)x Fx MW x 1/D x (1 - e) x (ton/2000 1b) x W

EF = VOC emission factor (ton VOC per completion)

V = the volume of gas venied or flared per completion (MMCF per completion)
F = the fraction of gas sent to the flare (1.0 for Montana)

MW = molecular weight of gas {(Ib/Ib-mol)

D = conversion factor, 379 SCF/lb-mol

e = flare destruction efficiency (0.98 for Montana)

W = fraction of gas that is VOC

EF = 50 MMCF x (106 SCE/MMCF) x 1 x 18.46 Ib/lb-mol x 1/(379 SCF/lb-mol) x (1-
0.98) x (ton/2000 1b) x 0.0943
EF = 2.3 tons VOC per completion

NOx Emission Factor

with:

EF = V x (10° SCE/MMCF) x F x H x (MMBtw/ 10° Btu) x A x (ton/2000 1b)

EF = NOx emission factor (ton NOxX per completion)

V = the volume of gas vented or flared per completion (MMCT per completion)
F = the fraction of gas sent to the flare (1.0 for Montana)

H = the heating value of the gas {1000 Btw/SCF)

A = AP-42 emission factor for a flare (0.14 1b NOx/MMBtu)

EF = 50 MMCF x (10° SCF/MMCF) x 1.0 x 1000 Btw/SCF x (MMBtu/lOé Btuyx 0.141b
NOx/MMBtu x (ton/2000 1b)
EF = 3.5 ton NOx per completion

. . |
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A summary of the final gas well emission factors used is presented in Table 2-22. The final oil
well emission factors used are those presented in Table 2-17. Having determined the controi-
adjusted Montana completion emission factors, and the procedure for incorporating condensate
controls into emissions calculations, we proceeded to estimate emissions. Emission factors,
adjusted as described for controls, were combined with the well data to estimate emissions
following the general pmcedurc shown in Calculation 9. For completion emissions in the State
of Colorado, the emission factors provided by CDPHE were used. CDPHE personnel indicated
that the completion emission factor was based on information for one area of the State and may
not be applicable to the entire State (CDPHE, 2005). However, because no additional factor was
provided for the rest of the State, this same emission factor has been used for all of Colorado.

Table 2-22, Summary of control-adjusted gas well emission factors for VOC and minor NOx
sources

- Gas Well Process T
2 N Pneumatic
Dehydra T Iﬁplétidn-. fices
(ibs VGC pe . _ .
nlperyear/BPD} yearfMCFED) - | yearlv -_compietmn}_-,-;.,=.c per yearlwel!)'
Alaska NA NA VOC = 86
NOx=1.75
Arizona 3271 27,485 1,752 VOC = 86 0.2
NOx=175
Colorado . NA NA 1,752 VOC =187 0.2
NOx=10.85
Montana 65 NA 1,752 VOC =23 0.2
NOx= 35
Nevada 3,271 27,485 1,752 VOC =86 0.2
. NOx =175
New Mexico 3,271 27,485 1,752 VOC =86 0.2
NOx =176
North Dakota 65 27,485 1,752 VOC = 86 0.2
NOx = 1.75
Oragon 3,271 27,485 1,752 VOC = 86 g2
NOx = 1.75
South Dakota 3,271 27.485 1,752 VOUC = 86 0.2
NOx =175
iiah 3,271 27,485 1,762 VOO = 86 0.2
NOx =175
Wyoming 3,271 27 4865 1,752 VOC = 86 0.2
{uncontrofled) ' NOx =175
65 (controlled)

- Calculation 9 presents a general outline of how emissions were estimated for the VOC and minor
NOx processes. For detailed sample calculations for each of these processes, refer to Appendix
B. A summary of the emissions estimated for VOC and minor NOx processes is presented in
Table 2-23.
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Calculation 9. Calculation of wellhead emissions for individual wells

(3as Well
E = SUM;(P; x EFy;) + SUM;(Pc x EF. ;) + SUM(EF.,)
where:
E = The 2002 emission
P, = 2002 gas production _
B, = Dmission factor for gas process i
P. = 2002 condensate production
EF.; = Emission factor for condensate process j
BEF. = Per well emission factor
0Oil Well
E = SUMi(P, x EF,;) + SUM(EF,,)
where:
E = The 2002 emission
P, = 2002 oil production
- EF,; = Fmission factor for oil process i
EFy = Per well emission factor
Table 2:23

State total emissions for‘VOC and minor NOx soutces.

State G Nex
Alaska' | 430 9
Atizona

Colorado® 25,388 15,924
Idaho

Montana® 5430 4,721
| Nevada 129 b
New Mexico 166,773 13,482
North Dakota 7,740 176
Oregon 34 12
South Dakota 288 47
Utah 34,757 2,143
Washington

Wyoming 115,027 6,283

Emissions in Alaska estimated only for completion emissions.
*Emissions in Colorado not estimated for condensate tanks or glycol dehydrators.
*Emissions in Montana not estimated for glycol dehydrators.

Several modifications are represented in this summary table that have not yet been mentioned. |
Emissions for condensate tanks and glycol dehydrators are not in¢luded for the State of
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Colorado. In Colorado, those sources are expected to be included in the point source inventory
due to the low inventory threshold (CDPHE, 2005b). Nor are emissions included for any
process, except completion activities, in the State of Alaska. Again, emissions from the other
VOC and minor NOx sources are expected to be included in the State’s point source inventory;
in this case because wellhead equipment is permitted under the umbrella of larger facilities (AK
OGCC, 2005b; AK DEC, 2005b). Emissions have not been estimate for glycol dehydrators in
the State of Montana because it was reported that no wellhead dehydrators have been installed in
Montana (MT DEQ, 2005). :
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3. SPATIAL ALLOCATION SURROGATES FOR MODELING

For air quality modeling, the EPA default spatial allocation surrogates were not appropriate for
the area source oil and gas production emissions. ENVIRON therefore developed a new set of
spatial allocation surrogates to be used in SMOKE to allocate the county-level area source
emissions to the appropriate oil and gas fields. This section summarizes the development of
these new oil and gas spatial allocation surrogates in the WRAP states,

Spatial allocation surrogates were developed for two modeling domains:

36 km 12 km
Origin (-2736, -2088) Origin (2376, -936)
NX =148 NY =112 =207, NY =186

As outlined in Table 3-1, twelve oil and gas emission source categories were assigned to one of
four different surrogate categories designed to represent the location of emissions. The oil, gas
and water production surrogates were based on production data at known well locations, while

~ the drill rig surrogate was based solely on the number and location of wells drilled.

Table 3-1, Emtssmn sources and surrogate categorles

Source - “lscc " |Allocation Surrogate . - {Surrogate Code
Drill rigs 2310000220 Drill Rigs 688
Oil well - heaters 2310010100 [0l Production . |688
Oil well - tanks 2310010200 [Oit Production 686
Oil well - pneumatic devices  [2310010300 [Oil Production 686
Compressor engines 2310020600 |Gas Production 6885
Gas well - heaters 2310021100 |Gas Production 685
Gas well - pneumatic devices [2310021300 [Gas Production 685
Gas well - dehydration 2310021400 |[Gas Production 6585
Gas well - completion 2310021500 Gas Production 685
CBM pump engines 2310023000 {Water production at CBM wells 687
Gas well - tanks, unconfrolled (2310030210 |Gas Production 685
Gas well - tanks, controlled 2310030220 |Gas Production 685

Methods

Latitude and longitude coordinates for il and gas wells and drill rigs were obtained for the
WRAP states, except California. The locations of all wells and drill rigs are shown in Figure 3-
1. Also displayed are the boundaries of the Tribal lands of the Arapahoe and Shoshone of the
Wind River Reservation, Assiniboine and Sioux of the Fort Peck Reservation, Jicarilla Apache,
Navajo, Southern Ute and Ute Mountain Ute. Note that neither Washington nor Idabo had any
wells in the database.

Once the well locations were known, creation of the surrogates took place in several steps, and
relied on the use of ArcINFO GIS software.

3
L
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1. All wells and drill rigs were labeled with the appropriate grid cell I7 values for both the
36 and 12 km domains. _

2. For each individual well, the oil, gas and water production values were divided by the

total oil, gas and water production values corresponding to the county in which the well

was located. This division resulted in determination of the fraction of a county’s total

production taking place at each well. In the case of drill rigs, the number of drills, rather

than the production values, were used.

For each unique grid cell / county combination with wells, each well’s production

fractions were summed to create the surrogate value. This step was repeated for both

domains separately. '

D

Legend

+  Driff Rigs

*  Wblls

I Tribal lands of interest
r::} WRAF states

U UHWRAP caunties

350 oo 1 0EG 1,400

0 175

Figure 3-1. Locations of wells and drill rigs.

The surrogate values for each grid cell / county combination were reformatted to comply with
the SMOKE emissions processor AGPRO file format. A separate file for each modeling domain
was created, and a single accompanying SMOKE AGREF file was created for use with either
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domain. The purpose of the AGREF file, which is shown in Table 3-2, is to define the
relationship between the 3-digit codes chosen to represent each of the four surrogate categories
in the AGPRO file and the SCC codes for the twelve oil and gas emission categories to be
allocated with these surrogates. This file also specifies which county/state/county (COSTCY)
should use the given cross-reference. In this case, COSTCY is set to 000000 to indicate that all
states and counties can use these cross-references.

Table 3-2. SMOKE gridding surrogate cross-reference (AGREF) file.

COSTCY - |© ' 8CC 7 CODE::
000000 2310000220 686
000000 2310010100 688
800000 2310010200 B86
000000 2310010300 686
000000 2310020600 686
000000 2310021100 885
000000 - 2310021300 6885
000000 2310021400 685
000000 2310021500 885
000000 2310023000 . 687
000000 2310030210 B85
000600 2310030220 885
Results

To display the surrogates, each grid cell / county surtogate value was multiplied by the county’s
total production, and then production was summed for each grid cell. Figures 3-2 through 3-5
depict the four different 36 km domain surrogate values; Figures 3-6 through 3-9 depict the 12
km domain surrogate values. These spatial allocation surrogates were used in both the 2002 and
2018 air quality modeling.

Figure 3-10 shows an example daily spatial emissions plot of the 2002 oil and gas emissions as
processed through SMOKE.

) o
GAWRAP S8IF D& GReporting\DocumentationFinaliSec3 _spatisl.doc -2



December 2005 ENVIR O N

Legend

Oil Production (100,000 bhisfyr}
6

-1.3
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Figure 3-2. Oil production surrogates for the 36 km domain.
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Legend
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Figure 3-3. Gas production surogates for the 36 km domain,
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Figure 3-4. CBM well water production surrogates for the 36 km domain.
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Figure 3-5. Dirill rig surrogates for the 36 km domain.
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Figure 3-6. Oil production surrogates for the 12 km domain.
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Legeni

Gas Production {160,000 mcffyr)
0.8

B o1y

178- 367

®B- 635

63.6- 951

Flooz- 1800

[72942-2311.3
TEA 1.4- 4805
490.8-1018.8
1018.9 - 2665.0

| Tribal lands of inferest .
1wRAP states
) ‘ WRAP counties

gl i dlometers Lﬁ

{ 1785 380 708 1080 . 1,400

Figure 3-7. Gas production surrogates for the 12 km domain.
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Legend
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Figure 3-8. CBM well water production surrogates for the 12 km domain.
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Figure 3-9. Drill rig surrogates for the 12 km domain.
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Figure 3-10. Example daily spatial emissions plot of the 2002 oil and gas emissions as
processed through SMOKE.
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4. 2018 BASE CASE PROJECTIONS

INTRODUCTION

This section describes the methods for estimating the 2018 base case emission inventory of oil
and gas area sources for the Western States. This inventory reflects the anticipated 2018
emission levels with the future controls currently defined by state and federal regulation. The
2018 oil and gas point source emissions inventory has been prepared under a separate task, and is
reported separately (ERG, 2005b). Thus, while some tables in this section present summaries of
the 2018 point source emissions, information aboutthe methodology used to develop those
emissions estimates will be found in the report addressing the 2018 point source emissions
inventory. '

The emissions summaries presented here for the 2018 base case inventory do not include
emissions falling under tribal jurisdiction. Under another project, ENVIRON has prepared
sepatrate emissions estimates of tribal oil and gas emissions for four tribes. Those emissions
estimates have been reconciled with the emissions reported here, and tribal emissions are being
reported separately (ERG/ENVIRON, 2005).

Apart from those western states that have no oil or gas production, such as Idaho and
Washington, the only state for which area source emissions are not estimated here is the State of
California. The California Air Resources Board (CARB) has provided point and area source oil
and gas emissions projections directly to WRAP. Those estimates have been adopted by this
inventory and are considered to be complete.

Table 4-1a presents a summary of the estimated 2018 NOx emissions from oil and gas area point
and area sources in the WRAP States. Table 4-1b presents a similar summary of VOC
emissions. The area source emissions are distinguished by source category, except in California
where only the total NOX emission from the ARB inventory is given. The point source
emissions included in Tables 4-1a and 4-1b include several types of oil and gas facilities that are
listed under SIC codes 13**, 492* or 4612, [n most states, the major contributors of point source
oil and gas emissions are natural gas transmission stations and natural gas processing plants.
Crude oil pump stations and large storage sttes also make a significant contribution in some
states. Notably, the point source inventory methods in the State of Colorado and the State of
Alaska are such that the majority of oil and gas emissions sources are included in the point
source inventory.
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Table 4 '33 2018 State total NOx emlssmns (tons) from oil and gas sources.

. Compressor
State - Engintes |
Aiaska 37,089
Arizona 3,468
California 13,380
Colorado 4,051 23,474 184 27,706 15,832 43,541
Idaho 1,734 1,734
Montana 18,029 [ - 3,630 7,631 240 30,529 2,554 33,084
Nevada 48 17 7 72 139 212
New Mexico 102,260 7,850 28,420 21 138,551 36,323 174,874
North Dakota © 5,751 1,293 533 1 8,678 2,946 11,624
QOregon 42 - 7 48 608 656
South Dakota 414 25 88 507 311 218
‘[Utah 4,736 2,292 6,225 1 13,174 2,314 15,488
Washington 703 703
Wyoming 32,729 7,437 18,468 901 58,533 8,713 60,248
Total 166,009 27,082 84,932 1,348 279,370 126,536 405,907

Table 4 1h. 2018 State tctai VOC emlssmns_(tow from 011 and gas sources.

. [CTWel: Tanks o

: Gas Welt,’ : Hoit " Condans 3 :
e : Pnaumatic Pneumauc Gas Well, -{ and - Tariks, : Polnt Soun:e i

RO T Pet] B ahing - | Dévices ) Devices I}ehydraturs Svdhiting s Uiichntreited | Controled |0 fetai s ] i veta o L TOTAL

Alaska g2 92 2, 1?2 2,204
Arizona 345 345
Caifomia 4.462 4,062
Colorado 973 176 4,987 30,912 37,058 59,438 98 494
Idaho 114 114
Maontana 4938 471 1,507 - 637 . - 2 7.556 1,024 ].580
Nevada 162 ] 1 0 - - - 173 32 205
New Mexico G357 1,345 5,081 97 881 163,054 110,028 - 326,647 18,330 346,986
Nerfly Dakota 8,227 415 120 3,370 6559 : - 261 13,052 282 13315
Oregon - - 2 18 - - - 19 23 42
Soulls Dakota 329 16 15 28 - - - 387 33 426
Utah 3,950 304 1,153 13,666 55,568 20,634 - G5 266 3,028 98,314
Washington 36 36
Wyoining 11,369 1,196 3,566 195,221 124,262 82,501 1,489 404 633 10,155 414,788
Total 36,215 3,932 17,361 310,285 321,115 193,183 1,732 886,804 98,907 928 811

Note: Entries with a “-“ indicate emissions were estimated fo be zero. Entries that are blank indicate that emissions
for the state/source combination are not estimated in this area source portion of the inventory.

Table 4-2 compares the results of the 2018 oil and gas inventory with the 2002 oil and gas
emissions inventories for NOx. Area source NOx emissions estimated for 2018 showa 114
percent increase over 2002 levels. In the total oil and gas emissions, this large increase in area
source emissions is partially offset by a greater than 50 thousand ton decrease in NOx emissions
predicted for point sources. The area source and overall increases are most substantial in places
“where recent development plans predict large-scale oil and gas projects in future years. Such is
the case in Montana and Wyoming where major development is anticipated for the Powder River
Basin and the Jonah-Pinedale area.
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Table 4-2. Change in oil and gas NOx emissions from 2002 to 2018, e

cooatates : s i
Alaska -35% ~79% -36% ~21%
Arizona 27%
California -46%
Colorado -29% 47% -88% 20% -11%
ldaho -33%
Montana 83%% 248% . B2% 292% 174%
Mevada 46% -31% 42%, 18% A6%
New Mexico 156% 18% 1% -91% 129% 49%
Morth Dakota 131% -16% 261% 87% 249,
Oregon -43% 0% -43% ~43% -48%
South Dakota 46% -31% 45% 38% 18%
Utah 100% 227% 191% 154% 82%
Washington -45%
Wyoming 366% 50% 184% -37% 202% 95%

Total 203% 26% 98% 7% 114% 30%

AREA SOURCE OIL AND GAS GROWTH FACTORS

At the most basic level there were two methods used to estimate 2018 county-level oil and gas
emissions. The first and by far the dominant method was to develop growth factors that were
then used to project from the 2002 oil and gas emissions. A second method was necessary o

estimate emissions in the handful of counties that had no 2002 oil and gas emissions but are

anticipated to see oil and pas development by 2018. The decision of which method was used to

estimate 2018 emissions was based on the existence of 0il and gas emissions in 2002,

Discussion of the method used for the group of counties with no emissions in 2002 is reserved
for later in this section. Here, the data sources and methodologies are presented that were used

to project 2002 emissions to 2018 for the three conditions where oil and gas emissions were
present in 2002,

Production Growth Factors

The projection of emissions from 2002 to 2018 required the development of county-level growth
factors. These growth factors were derived from projections of future oil and gas production
reported by several sources. The preferred source of production projections was the Bureau of
Land Management (BLM). The BLM periodically prepares Resource Management Plans (RMP)
for the lands and mineral resources under its stewardship. RMP for oil and gas production areas

typically include an estimate of reasonable foreseeable oil and gas development. The future
development is usually estimated as a number of new oil, gas and possibly CBM wells

anticipated over the next 10 or 20 years. Table 4-3 provides a brief summary of the reasonable

foreseeable development (RID) scenarios that were ultimately used to obtain the necessary

information for creating the 2002 to 2018 growth factors.
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Table 4 3 BLM Resource Manaqement Ptans conszdered for use in pro;ectlons

RMP Start : Ga CBM | Wells
D RMP AME Ky Source ‘Date’ End Date }; L Wells | Drilled
Northern San Juan Basm USDA :
1 | Coal Bed Methane Project  |[FS, 2004 | 1/1/2004 | 1/1/2018 296 206
: WY BLM,
2 | Pinedale RMP 20085 41720061 1/1/2025 | 9800 9800
Wyoming Powder River WY BLM,
3 | Basin Final EIS 2001 1/442002 ) 1/1/2022 81000{ 81000
White River Rescurce Arm GG BLM,
4 |RMPEIS 1896 | 1/1/1986 1/1/2016 | 919 1100
RMP EIS for Mineral Leasing | NM BLM,
and Development in Sierra 2003
5 |and Otera Counties 1/1/2003 | 1/4/2023 36 48 105
Dakota Prairie Grassiands USDA
6 | Oil and Gas Leasing FS, 2003} 1/1/2003 1/1/2013 | 450 60 660
Farmington Proposed NM BLM, ‘
7 | Resource Management Plan | 2003 | 1/1/2002 | 1/1/2022 | 13271 380 | 2964 | 18815
Desolation Flats Natural Gas |WY BLM,
8 | Field Development Project 2004 1 1/172004 1 171/2024 1 308 474
Draft Vernal Resource UT BLM,
8 | Management Plan 2005 {1/1/2008 1/1/2021 | 4345 | 2055 | 130 6530
Jack Morrow Hills WY BLM,
10 | Coordinated Activity 2004b | 7/1/2004 1 17172021 107 50 255
Wind River Natural Gas BIA, 2004
12 | Project 11/2006 ) 1/1/2018 1 325 325
Powder River and Billings MT DEQ,
13 | Resource Management Plan | 2003 | 1/1/2003 | 1/1/2023 | 800 18200 19000
Powder River and Billings MT DEG,
14 | Resource Management Plan | 2003 | 1/1/2003 | 1/1/2023 | 250 6406 | 8650
Powder River and Billings MT DEQ,
16 |Resource Management Plan | 2003 | 1/1/2003 | 1/1/2023 ¢ 1580 150

As shown in Table 4-3, we obtained a number of RMPs covering a large portion of the WRAP

production areas. Figure 4-1 shows the approximate area covered by these resource management
plans. Despite the broad combined coverage of these plans, there are some significant
production areas for which management plans could not be located.
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_Areas Where RMP Provided Growth Factor
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Figure 4-1. Coverage of resource management plans ullimately used to create growth factors.

For some of the areas where it was not possible to obtain recent local development forecasts
from the BLM, other sources of local data were identified. For example, the Alaska Department
of Natural Resources (AK DNR, 2004) prepares 20-year production forecasts that were used in
this effort. Other local sources of data were considered, but were ultimately discarded due either
to a lack of detail, the reporting of only the next two or three years, or for a combination of
inadequate detail and time-span. Thus, for the areas not covered by the RMP listed in Table 4-3
and not in the State of Alaska, regional production forecasts published by the Energy
Information Administration (EIA, 2005b) were used.

The EIA has published projection forecasts out to 2025. For production areas where EIA
forecasts were the only source of data identified, separate oil and gas growth factors have been
calculated as the 2018 regional production forecast by the EIA divided by 2002 regional
production reporied by the EIA. There are three EIA growth regions in which some portion of
emissions in that region were projected using EIA data. Those regions are the Rocky Mountain
Region, the Southwest Region and the West Coast Region. Growth factors developed for those
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regions based on the EIA’s production forecasts are shown in Table 4-4. The delineation of

those regions is shown in Figure 4-2.

ENVIRON

Table 4-4. 2002 to 2018 oil and gas growth factors based on EIA forecasts.

-Region: - |- Oil Production | Gas Production
Rocky Mountain 1.334 1.458
Southwest 0.866 1.354
West Coast 0.601 0.568
i_ 2\
ND MM A ME

I (w ' NH

P OH ' FA .
Norfieasi () FEM
v o2

S ] e
Midguritinent (35

_Atlantie

Figure 4-2. EIA production forec;as?ing regions.

Projections to 2018 based on the BLM resource management plans or Alaska DNR data were
made using growth factors derived from the proposed future development and the actual 2002
activity. In order to estimate the future number of wells, both the number of wells installed and
the number of wells plugged and abandoned had to be estimated. The RMPs do not include
estimates of the number of wells that will be plugged and abandoned in future years. The
historical plugging and abandoning of wells was, however, available from the OGCs. Thus,
lacking other projections of future well abandonment, we used OGC data to estimate the number
of wells plugged and abandoned annually at the county lével. We then developed an estimate of
the future number of wells in a production area based on the number of existing wells in 2002,
the number of new wells anticipated by the RMP and the estimated number of wells that would
be abandoned based on the assumed persistence of historical abandonment rates. The calculation
of a growth factor was thus accomplished as shown in Calculation 1.
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Calculation |: Determination of CBM, oil and gas well growth factor based on BLM RMP

(Woz +W, _Wp)
Wy

where:
G = the 2002 to 2018 growth factor
W = the wells (oil/gas/CBM) active in 2002
W= the wells (oil/gas/CBM) forecast to be added by 2018
Wy = the wells (oil/gas/CBM) estimated to be plugged and abandoned by 2018

Because gas production at all well types drives compressor emissions, none of the three growth
factors developed for oil wells, gas wells or CBM wells was alone representative of growth in
compression. Compressor engine emissions needed to be projected based on the total growth in
-gas production, Thus a growth factor for total gas production was developed as shown in
Calculation 2.

Calculation 2: Derivation of a gas production growth factor based on BLM RMP

Zi (Woz,: + Wf,i - Wf’,i ) *P.'
gas - Zl R * W02,I

where:
i refers to the three well types: oil, gas and CBM
Gias = the 2002 to 2018 growih factor
P; = the average 2002 production of an oil/gas/CBM well
Wi = the oil/gas/CBM wells active in 2002
W;e;= the oil/gas/CBM wells forecast to be added by 2018
Wp,; = the oil/gas/CBM wells estimated to be plugged and abandoned by 2018

In areas with coverage by a RMP, a separate growth factor was estimated for drill rig activity as
the number of wells drilled per year suggested by the development scenario divided by the
number of wells drilled in the same area in 2002. A growth factor for drilling in areas where
EIA forecasts were used was determined based on the total predicted growth in well drilling in
the lower 48 states as reported the EIA forecast, as regional drilling growth was not available.
27.25 thousand wells are anticipated to be drilled in the lower 48 states in 2018, versus 25.45
thousand wells drilled in 2002, From this information a drill rig activity growth factor of 1.071
was calculated. ' '

A total of eight types of growth factors were used to project 2018 oil and gas emissions; three
types were developed from EIA forecasts, and five types were based on local production
projections. A summary of these eight types of growth factors is presented in Table 4-5. The
estimation of emissions in the year 2018 using these growth factors is discussed below.
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Tab!e 4-5. ijectfon growth factors

'-;-_.i'_lD= -:_Z} : Data Source ctor. . - Lk N j Der;vatwn R T
G1 | EIA (Gas production 2018 est:mated gas production for the region dtvaded by
2002 gas production for the region
G2 | EIA Oil production | 2018 estimated oil production for the region divided by
2002 gas production for the region
G3 | EIA Well drilling 2018 estimated wells drilled in the lower 48 divided by
2002 wells drilled iin the lower 48
G4 | Local Gas wells 2018 estimated gas wells in the planning area divided
' by 2002 gas wells in the planning area (Calculation 1)
G5 | Local Oil wells 2018 estimated oil wells in the planning area divided by
‘ 2002 oil wells in the planning area (Calculation 1)
G6 | Local CBM wells 2018 estimated CBM wells in the planning area divided
by 2002 CBM wells in the planning area {Calculation 1)
G7 | Local Gas production | 2018 estimated total gas production in the planning
area divided by fotai 2002 gas production in the
planning area (Calculation 2).
G8 | iLocal Well drilling Number of wells drilled per year suggested by the
development forecast divided by the number of wells
drilled in 2002

2018 Emissions Projections

In all counties having 2002 emissions for a given oil and gas area source process, the 2018
emissions estimate for that process was made by applying a growth factor to the 2002 emissions
and then adjusting the estimate to incorporate future year controls. As growth factors were
developed for production areas rather than counties, it was necessary to intersect the production
areas with the WRAP counties to determine which growth factor to apply in each county. This
intersection yielded three distinct conditions: Counties entirely within a RMP area, counties
partially within an RMP area and counties not in a RMP area. In the counties only partially
intersected by a RMP area, it was necessaty to apply BLM-based growth factors to the fraction
of the wells in the RMP area and EIA-based growth factors to the 1emaining wells. The general
formula used to estimate 2018 emissions for the process-specific emissions estimates is
presented in Calculation 3. Which of the eight growth factors were applied to each of the
emissions sources is stipulated in Tables 4-6 and 4-7.

Calculation 3. General formula for projecting process-specific emissions estimates

Ew =GF Eoz

where:
Eg= the emissions from a process in 2018
G = the growth factor for the process, as indicated in Tables 4-6 and 4-7
Eg = the emissions from a process in 2002
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Table 4-8. Growth factor used for each source in areas where Ioca! plans were used _
‘| 'Growth Factor - L

Compressor Eng;nes

Local Gas Productio'n '(iD G?)

CBM Pump Engines

Emissions grown based on CBM well growth factor (ID = G6)

Oil Welt - Minor NOx &
VOC sources

Emissions grown based on oil well growth factor (ID = G5)

Gas Well - Minor NOx &
VOC sources

Emissions grown based on gas well growth factor (ID = G4)

Drill Rigs

Emissions grown based on growth in number of wells drilled
annually (iD = G8)

*

iDs correspond to those assigned in Table 4-5

‘Source

Tabie 4-7. Growth factor used for each source in areas where EIA data wera used
.. T Growth Factor

Compressor Engmes

Emissions grown based on gas productlon growth factor (IIID G1)

CBM Pump Engines

Emissions grown based on gas production growth factor (IiD = G1)

Oil Well - Minor NOx &
VOC sources

Emissions grown based on oil production growth factor (ID = G2)

Gas Well - Minor NOx &
VOC sources

Emissions grown based on gas production growth factor (ID = G1)

Drili Rigs

Emissions grown based on growth in wells drilled (ID = G3)

{Ds correspond to those assigned in Table 4-5

Figure 4-3 shows a sample of how different growth rates would be applied to areas that, while
physically near each other, fell in distinct EIA forecast regions or one inside and the other
outside of a RMP area. Figure 4-4 then displays the growth factors developed for gas production
in the WRAP states. A complete list of the growth factors developed to project 2002 area source
oil and gas emissions to 2018 is provided as Appendix D.
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Figure 4-4. Growth factors developed to represent growth in gas production in WRAP region.
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Independent 2018 emissions estimates

As is apparent in Figure 4-3, there were some arcas where an RMP predicted oil and gas

* development, but no oil or gas wells existed in 2002. In those cases, the growth factor approach
could not be applied. Instead, a method was developed whereby emissions were estimated based
on the development forecast by the RMP and the average emissions associated with similar oil
and gas sources in the same State. The general form of the calculation used to estimate 2018
emissions in these counties is presented as Calculation 4.

Calculation 4. General formula for independent estimates of 2018 emissions

=D %
Eygp =Dy % Egyp

where:
Eygp= the emissions from a process in 2018
D = the forecast development of process p in the area
Epop = the state average emissions from process p in 2002

Counties where this method was applied were {irst identified when the intersection of the RMP
areas with counties resulted in the assignment of 2018 RMP-predicted oil, gas, CBM and/or
drilled wells to a county that had no such wells in 2002. This number of 2018 oil, gas, CBM
and/or drilled wells served as the activity measure for the 2018 emissions estimates. State
specific emission factors were derived by dividing 2002 state total process-specific emissions by
the number of 2002 oil, gas or drilled wells. In the case of CBM wells, the lack of 2002
emissions in some states required that an emission factor be adopted from another area. In these
cases, data from the State of Wyoming were adopted. The emission factors that resulted for NOx
are shown in Table 4-8. Emission factors for other pollutants were developed by the same
approach,

Table 4-8, State NOX emsss&on factors used to estimate 2018 emlssmns

Pr CES . Oil Well | Gas Well '[ ' Gas Well | CBM Pump
Heaters Heaters : Compieﬁon' Engmes
TR T - Flaring &
EEEENC R . : B Ventmg S ;
Drili Rig r [ OitWelt | Gas Well Gas Well CBM ,
: [ | Heater *| Heater = Compietmnﬁ ] Emissmnsl
_Emlssmns Emsss;onsl Em;_sswnsl ; :
{101 Wells | Gas Wells | Gas Wells
_ tons!weli tonsiwe!l -3 -tonsiwell -
Montana . . O 01 1 G 859 0.147
New Mexico 7.12 2.34x10° 0.008 0.868 0.046
North Dakota 0.78 2.34x10° 0.867 0.031
Utah 5,37 4.11x10° 0.015
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The emission factors in Table 4-8 were combined with development forecasts as shown in
Calculation 4 to produce the county-level emissions shown in Table 4-9. These emissions
estimates were then combined with the projected 2018 emissions to produce a comprehensive
2018 area source oil and gas emission izwentory. '

Table 4-9 2018 emissions estimates for count:es with no 2002 emnss;ons

S Compressor : ' CBM Pump
State S County Dri!_l Rigi's ' Engines’ Weﬁhead . Engines .
h\.ﬂontana Big Horn 720.45 7,754 11 35.00 118.81
Golden Valley 7.23 - - -
pMussellshell 124.73 22.42 64.46 -
Powder River 720.45 7,740,31 - 110,81
Yellowstone 50.61 10.45 26,49 -
New Mexico McKinley 67.83 - - -
Otero 9.22 2674 12.02 S -
Sandoval 35.05 - - -
Sierra 13.83 28.44 12,94 -
North Dakota Billings 137.76 799.48 213.00 0.15
Dunn - 13.70 1.15 0.15
Golden Valley B.54 58.42 13.20 0.15
Slope 7.43 52.03 11.48 0.15
ttah Daggett 6.21 0.55 0.13 -
Duschene - 14.40 - 1.27
Total 1,809.34 16,521.05 389.87 241.47

Iature Year Emission Controls

Implementation of new federal and state control programs will have a substantial impact on
future emissions. Known State and Federal emissions control estimates were incorporated into
the base case projections for 2018. A summary of the controls that have been identified and the
actions taken to incorporate them into the 2018 projections is provided in Table 4-10, These
controls add to those previously identified in the 2002 inventory. Thus, although not presented
here, the state-specific controls included in the 2002 inventory are adopted by the 2018
inventory. A discussion of the controls identified by the 2002 inventory is provided in Section 2.

Table 4- 10 Prqection information prcavaded by State DEQ.

State S E AT Future Controls

A!i Nonroad diesel engine standards (EPA 2004) Used phase-m and emissions standards _
information for 750+ hp drill rig engines from
EPA’s NONROAD model to adjust drill rig
engine emissions for future performance
standards

Al Nonroad spark-ignition engine standards (EPA, |{Used phase-in and emissions standards

2004) information for naturat gas fired nonroad
engines (SCC 2268000000) from EPA's
NONROAD model to adjust CBM pump engine
emissions for future performance standards
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Colorado’] « 2004, control for glycol dehydrators The following was used as inputs to the
requiring units in the nonattainment area procedure used {0 project point sources:
with greater than 15 tpy VOC emission to | ¢ Determine fraction of dehydrators in

achieve 90% control. nonattainment area and for 2004 and
¢ 2008, new control of large engines in the beyond apply 90% control to that fraction.
Denver-doulsbourgh Basin NA Area + Select engines with greater than 560 hp
s 2006, new control on condensate tanks and apply 80% control for 2006 and
requiring VOGC emissions in nonattainment beyond.
area reduced by 47.5% during the VOC s Reduce annual VOGC emissions from
season and 38% during off season condensate tanks by 43% for 2006 and
(CDPHE, 2005) heyond.

Montana |2008, allow producers to include controls in theirNo action taken because controf requirement
potential to emit estimates so that they can stay |has not been promuigated.

under 25 ipy and thus not be permitted. DEQ
regulation will probably be introduced to require
controlling PTE to 25 tpy (MT DEQ, 2005)

Litah Controls under development with EPA Region 8 [No action taken because conirof requirements
(UT DEQ, 2005) have not been promulgated.

i Colorado, due to the low point source inventory threshold, these control adjustments have been made in the point
source inventory

With the exception of the rules imposed in the State of Colorado, the future year controls
reported by States were not certain to be implemented and their potential impact was uncertain.
In other words, only “on-the-books™ controls have been accounted for in this inventory. Due to
the low inventory threshold in the State of Colorado, those state-level controls were incorporated
in the point source inventory. That lefl only the federal nonroad engine performance standards to
incorporate in this inventory.

After discussion with members of the oil and gas working group, it was determined that the
nonroad engine performance standards were applicable to drill rig engines and CBM pump
engines, but not to compressor engines. The compressor engine 2018 emissions assume future
compressor engines are therefore not required to meet federal nonroad engine standards, In
contrast, the 2018 drill rig and CBM pump emissions were adjusted downward under the
assumption that future equipment purchases will be required to meet the federal nonroad engine
standards. The adjustment for drill rig emissions was performed by comparing the emission
rates yielded by EPA’s NONROAD model for 750+ horsepower drill rig engines in 2018 versus
those for the same category in 2002. For CBM pump engines, the adjustment was performed by
comparing the emission rates given by the NONROAD model for natural gas fired engines in
2018 versus those for the same category in 2002. These comparisons wére performed on a
county level for all WRAP counties and control factors were derived for each county as the 2018
emigsion rates divided by the 2002 emission rates. The county-level controlled 2018 emissions
were then calculated as the product of the county control factor and the uncontrolled 2018
emissions estimate. The emission summaries presented at the beginning of this section represent
the comprehensive 2018 oil and gas emissions estimates with “on-the-books™ controls.
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Appendix A

Wyoming Emission Factor Documentation

GAWRAP SSIF 0& R eporting\Documentation'Final\Apprdx A WYDEQ_EFs.doc A‘ ]



December 2005 ENVIRON

Gas Wells — Completion Emissions from Flaring and Venting

Standardized statewide factors for VOC and HAP emissions associated with flaring and venting
activities during gas well completions were created using a weighted average statewide produced
gas composition. The averaged analysis indicates VOC and HAP Wezght percents of 9.43% and
0.33%, respectively

A typical well completion log indicated 5.0 MMCFD of gas are flared and/or vented during 10-

days of completion activities. This is the only well completion log available to the Division and
is representative of gas well completions in the Pinedale, Wyoming area, where the majority of

gas well completions during 2002 occurred.

During well completions, fluids routed to the flares burn when the entrained liquid volumes are
low enough. Sometimes the flares are burning basically pure gas, while other times the flares
don’t or won’1 ignite when liquid volumes are excessive. Since typical volumes of gas and
liquid routed to a completion flare are not known, 50% of the time for each situation is assumed.

During flaring of completion gas, different opacity levels have been observed, ranging from 0 to
100%. This indicates completion fluids are not 100% combusted. Sometimes well flares smoke
excessively and sometimes they burn clean, depending on the amount of liquids entrained in the
flared vapors. To account for this, 50% destruction efﬁc;ency of flares for VOCs and HAPs are
assumed.

Emissions associated with gas venting are calculated as follows:

(5 MMCF/day) x {18.4565 Ib/lb-mol) x {Ib-mol/379 scf) x (10° scffMMCF) » (ton/2000 Ib)
= 121.74477 tons of total gas flared or vented per day per completion

121.7447 tons of gas per day x 10 days = 1217.4472 tons of gas per completion
1217.4472 total tons x 0.0943 wt% VOC = 114.8033 total tons VOC
50% of 114.8053 tons VOC are vented = 57.4027 tons VOC vented _pefcompietio;.l

50% of 114.8053 tong VOC are flared w/ 50% destruction efficiency
= 28.7013 tons VOC from incomplete combustion per completion

Total VOC from flaring/venting = 86.0 tons per well completion
1217.4472 total tons x 0.0033 wt% HAP = 4.0176 total tons HAP
50% of 4.0176 tons HAP are vented = 2.0088 tons HAP venled per completion

50% of 4.0176 tons HAP are flared w/ 50% destruction efficiency
= 10044 tons HAP from incomplete combustion per completion
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Gas Wells — Completion Emissions from Flaring and Venting cont’d

Total HAP from flaring/venting = 3.0 tons per well completion

0.6087 total tons Benzene @ 50% vented/50% flared = 0.5 tons Benzene per weHl/complétion
1.0957 total tons Toluene @ 50% vented/50% flared = 0.7 tons Toluene per well/completion
0.3652 total tons Xylene @ 50% vented/50% flared = 0.8 tons Xylene per well/completion
1.9479 total tons n-C® @ 50% vented/50% flared = 1.3 tons n-C° per well/completion

undetectable e-Benzene

For NOy and CO emissions from flaring, AP-42 flare emission factors were used as follows:

(5.0 MMCF/day) x (0.14 Ib NOx/MMBtu) x (1000 Btu/SCF) X (106 SCF/MMCEF) x
(MMBtu/10° Biu) x (ton/2000 Ib) = 0.35 tons NOy per day.

Using the same calculate with 0.035 1b CO/MMCF = 0.0875 tons CO per day

Assuming gas wells are ﬂared 50% of the time during 10 days of completion operations flaring
emissions are:

1.75 tons NOx & 0.44 tons CO per gas well completion

VOC and HAP emissions from pneumatic devices at gas and oil well facilities

The average pneumatic pump uses and emits approximately 5.0 SCF/hr. These pumps are 1o
inject methanol into flowlines and equipment at oil and gas well facilities. Most gas wells have
two associated pneumatic injection pumps. Most oil wells have one associated pneumatic pump.
Each type of well has various other pneumatic devices.

VOC and HAP emission from pneumatic pumps are calculated using the statewide average
weighted gas composition, 5.0 SCF/hr gas usage, two pumps per gas well and one pump per oil
well, as follows:

(5 SCF/hr) x (18.4565 Ib/lb-mol) x (Ib-mol/379 SCF) x (8760 hr/yr) {ton/2000 Ib)
= 1.07 tons gas used per year per pump

1.07 tons x 0.0943 wit% VOC = 0.1 tons VOC per year/pump
1.07 tons x 0.0033 wt% HAP = 0.004 tons HAP per vear/pump

For each gas well pneumatic emissions are (.2 tons VOC/yr/well and 0.608 tons
HAP/yr/well

For each oil well pneumatic emissions are 0.1 tons VOC/yr/well and 0.004 tons HAP/yr/well

VOC and HAP emissions from other pneumatic devices at each oil and gas well are
typically less than 1.0 TPY VOC and less than 6.1 TPY HAP.
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Gas Wells — Flashing & Standing/Working/Breathing VOC Emissions

Standardized statewide emission factors for storage tank emissions were created by calculating
the average compositions of condensate for each formation for which analyses were available.
These. averages were used to formulate a weighted average for condensate composition across
the state, based on production per formation. The weighted average was used with E&P Tanks
modeling software to calculate emission factors in tons per year (TPY) per barrel per day (BPD)
of condensate production.

The calculations yielded emissions of 3,271.0 pounds per year (1.64 TPY) of VOCs per BPD and
116.0 pounds per year (0.06 TPY) of HAPs per BPD uncontrolled. For wells that produce above
18.3 BPD of condensate controls would be installed, since the VOC emission would be above
the 30.0 TPY threshold used in 2002. The emission factors would then be 65.74 pounds per year
(0.03 TPY) of VOCs per BPD and 2.32 pounds per year (0.001 TPY) of HAPs per BPD
“controlled with 98% efficiency.

Uncontrolled - Controlled
Benzene = 31 .4 1b per yt/BPD : _ Benzene = 0.63 1b per yr/BPD
Toluene = 0.8 1b per yr/BPD Toluene = 0.02 b per yr/BPD
Ethyl benzene = 2.6 1b per yti/BPD . Ethyl benzene = 0.05 Ib per yi/BPD
Xylenes = 1.8 1b per yt/BPD Xylenes = 0.04 Ib per yr/BPD
n-Hexane = 7.8 b per yr/BPD n-Hexane = 0.16 1b per yt/BPD

Gas Wells — Dehydration Unit VOC & HAP Emissions

Standardized statewide emission factors for dehydration unit emissions were created by
calculating the average compositions of wet gas for each formation for which analyses were
available. These averages were used to formulate a weighted average for gas composition across
the state, based on production per formation. The weighted average was then used with GRI
GlyCalc modeling software to calculate emission factors based on one million standard cubic
foot of gas per day (MSCFD) at 0.425 gpm or 25.0 spm for a Kimray 4015 glycol pump. 25.0

spm is an observed average pump rate and the Kimray 4015 model is the most widely used. :

The calculations yielded emissions of 27,485.6 pounds per year {13.74 TPY) of VOCs per 10°
cubic feet per day (MMCFD) and 13,695.6 pounds per year (6.85 TPY) of HAPs per MMCFD.

Benzene = 3,019.0 1b per yo/ MMCFD
Toluene = 6,944.2 b per yr/MMCFD
Ethyl benzene = 288.8 Ib per yi/MMCFD
Xylenes = 3,054.8 1b per yt/ MMCFD
n-Hexane =361.0 Ib per yo/MMCFD
Gas Wells — Heater Emissions

For an average gas well site, approximately 2.0 MMBtw/hr are used in all of the different heaters
and bumers. The average heat content of the fuel used in these heaters is estimated at 1000
Btu/scf. This activity results in 1,752.0 pounds per year (0.88 TPY) of NOx and 367.92 pounds
per year (0.18 TPY) of CO for each gas well installation. These were calculated using AP-42
emission factors for fuel boilers and heaters, 100 {b/mmef for NOx and 21 ib/mmef for CO.
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Oil Wells — Flashing & Standing/Working/Breathing VOC Emissions

Statewide standardized emission factors for storage tank emissions were formulated using the
geographical database built into E&P Tanks emissions modeling software. The data gathered for '
sales oil with an API Gravity of 30.0 and Reid Vapor Pressure of 2.7 psia was selected as it most
closely approximates the majority of Wyoming crude oil. The resulting factors in pounds of
emissions per year per BPD oil production at individual wells:

VOCs = 160.0 Ib per yi/BPD

HAPs = 2.66 Ib per yr/BPD
‘Benzene = 0.014 1b per yi/BPD
Toluene = 0.018 Ib per yr/BPD

Ethyl Benzene = 0.004 1b per yt/BPD
Xylenes = 0.034 1b per yri/BPD
n-Hexane = 2.598 Ib per y1/BPD

Qil Wells — Heater Emissions

In Wyoming, most oil wells are produced to a central batiery where various heated vessels are
used for separation of crude and water. An average throughput of 2000 barrels per day at a
facility nsing 4.0 MMBtu/hr total heat input was used along with AP-42 emission factors for fuel
boilers and heaters to estimate 0.005 pounds per year of NOy per BPD and 0.001 pounds per yr
of CO per BPD of oil production at each individual oil well [later corrected units to 0.005 pounds
per year of NOx per barrel and 0.001 pounds per year of CO per barrel]. :
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Appendix B

Sample Caleulations for the VOC and Minor NOx Processes
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Sample Calculation for Gas Well

Well Name = 476

Well Type = Gas

Field Name = Five Mile

County = Big Horn

2002 Gas Production (GP) = 193,559 1000CF
2002 Condensate Production (CP) = 2,968 barrels
Completion Date = 6/25/2002

Calculate approximate number of operational days per year
Number of days June - December = 214 well days per year (wdpy)

Flashing & Standing/Working/Breathing Emissions
Will there be controls on flashing & standing/working/ breaihmg?
CP / wdpy <= 18.3
2,968 barrels / 214 wdpy <=18.3
13.9 <= 18.3 therefore there will be no controls
VOC EF = 3,271 lbs/yr per BPD CP
Benzene EF = 31.4 lbs/yr per BPD CP

Annual VOC = CP/ wdpy * VOC EF / 2000 lb/ton ¥ wdpy / total dpy :

Annual VOC = 2,968 barrels / 214 wdpy * 3,271 Ibs/yr per BPD CP /2000 Ib/ton
* 214 wdpy / 365 dpy

Annual VOC = 13.9 bpd * 3,271 Ibs/yr per BPD CP /2000 lb/ton * .586

Annual VOC =13.3 tons

Annual Benzene = CP / wdpy * Benzene EF / 2000 Ib/ton * wdpy / total dpy
Annual Benzene = 13.9 bpd * 31.4 Ibs/yr per BPD CP /2000 lb/ton *.586
Annual Benzene = .13 tons

Dehydration Unit Emissions

VOC EF = 27,485.6 Ibs per year / MCFD

Annual VOC = VOC EF * GP / 1000 MCF/1000CF / 214 wdpy / 2000 Ib/ton *
214 wdpy / 365 dpy

Annual VOC = 27.,485.6 1bs per year / MCFD *193.6MCE /214 wdpy /2000
Ib/ton * .586 :

Anmual VOC = 7.3 tons

Heater Emissions
NOx EF = 1,752 1bs / year - well
Arnmual NOx = NOX EF * Number of Wells / 2000 Ib/ton * wdpy / dpy
Annual NOx = 1,752 Ibs / year-well * 1 well / 2000 Ib/ton * .586
Anmual NOx = .51 tons
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Preumatic Devices
VOC EF = .2 tons / year-well
Annual VOC = VOC EF * Number of Weﬂs wdpy / dpy
Annual VOC = .2 tons / vear-well * 1 well * 586
Annual VOC = 12 tons

Completion Flaring and Venting
VOC EF = 86 tons / completion
Anuual VOC = completions * VOC EF
Annual VOC= 1 completion * 86 tons / completion
Anmnual VOC = 86 tons

These sample calculations only present the calculation for one poltutant for each process.
The calculations for other pollutants within the same process were identical, with the
exception of the emission factor.

Sample Calculation for Oil Well

Well Name = 483

Well Type = Oil

Field Name = Torchlight

County = Big Horn

2002 Oil Production (OP) = 8,758 barrels
Completion Date = 2/4/2002

Calculate approximate number of operational days per year
Number of days February - December = 334 well days per year (wdpy)

Flashing & Standing/Working/Breathing Emissions

VOC EF = 160 Ib/year per BPD OP

Annual VOC = VOCEF * OP / wdpy / 2000 Ib/ton * wdpy / dpy

Annual VOC = 160 Ib/year per BPD OP * 8,758 barrels / 334 wdpy / 2000 Ib/ton
* 334 wdpy / 365 dpy

Annual VOC = 160 Ib/year per BPD OP * 26.2 BPD /2000 Ib/ton * .915

Annual VOC = 1.92 tons

Heater
NOx EF = 0.005 ib/yr per BPD OP
Annual NOx = NOx EF * OP / wdpy / 2000 Ib/ton * wdpy / dpy
Annual NOx = 0.005 Ib/yr per BPD OP * 26.2 BPD / 2000 Ib/ton * 915
Annual NOx = 0.00006 tons

Pneumatic Devices
VOC EF = 0.10 tons/yr per well
Annual VOC = VOC EF * Number of Wells * wdpy / dpy
Annual VOC = .10 tons/yr per well * 1 well # 915
Annual VOC = 0.092 tons
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Appendix C

Nonroad Diesel Fuel Sulfur Levels

!
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| Fuel Diesel . Ps |- Fuel Diesel: | County FIPs |Fuel Diesel Sulfur
. Suifur (%) Lo Sulfur{®%) | (eont). :il i (%) oo
0.075 0.050 30013 0.240
0.075 0.050 30015 0.240
0.119 0.050 30017 0.240
0.075 0.050 30019 0.240
0.075 0.050 30021 0.240
0.075 0.050 30023 0.240
0.075 0.050 30025 0.240
0.119 0.050 30027 0.240
0.035 0.050 30029 0.240
0.035 0.050 30031 0.240
0.119 0.050 30033 0.240
0.035 0.050 30035 0.240
0.075 0.050 30037 0.240
0.075 0.050 . 30039 0.240
0.119 0.050 30041 0.240
0.075 0.050 30043 0.240
0.075 0.050 30045 0.240
0.075 0.050 30047 0.240
0.035 0.050 30049 0.240
0.035 0.050 30051 0.240
0.035 0.050 30053 0.240
0.119 0.050 30055 0.240
0.119 0.050 30057 0.240
0.075 0.050 30059 0.240
0.035 0.050 30061 0.240
0.075 0.050 30063 0.240
0.075 0.050 30085 0.240
0.240 0.050 30087 0.240
0.240 0.330 30069 0.240
0.340 0.330 30071 0.240
0.340 0.330 30073 0.240
0.240 0.330 30075 0.240
0.240 0.330 30077 0.240
0.340 0.330 30079 0.240
0.036 0.330 30081 0.240
0.340 0.330 30083 0.240
0.240 0.330 30085 0.240
0.340 0.330 30087 0.240
0.340 0.330 30089 0.240
0.240 0.330 30091 0.240
0.340 0.230 30093 0.240
0.340 0.330 30005 0.240
0.050 0.330 30097 0.240
0.050 0.330 30099 0.240
0.050 0.330 30101 0.240
- 0.050 0.330 30103 0.240
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S| Fuel Diesel | Ca ' Fuel Diesel | County FIPs " |Fuel Diesel Sulfur
GCounty FIPs ulfur (%) | o LSultur (%) S (%)
08009 0.050 16037 0.330 0.240
08011 0.050 16039 0.330 0.240
08013 0.050 16041 0.330 0.240
08014 0.050 18043 0.330 0.240
08015 0.050 16045 0.330 0.240
08017 0.050 16047 0.330 0.050
(8019 0.050 16049 $.330 0.025
08021 0.050 16051 0.330 0.050
08023 0.050 16053 0.330 0.050
08025 0.050 16055 0.330 0.050
08027 0.050 16057 0.330 0.050
08028 0.050 16059 0.330 0.050
08031 0.050 16061 . 0.330 0.050
08033 0.050 16063 0.330 0.025
08035 0.050 16065 0.330 0.050
08037 0.050 16067 0.330 0.050
08039 - 0.050 16069 0.330 0.025
08041 6.050 168071 0.330 0.050
08043 0.050 168073 0.330 0.050
08045 0.050 16075 0.330 0.050
08047 0.050 16077 0.330 0.050
08049 0.050 16079 0.330 0.050
08051 0.050 16081 0.330 0.240
08053 0.050 16083 0.330 0.240
08055 0.050 16085 0.330 0.240
08057 - 0.050 16087 0.330 0.240
08059 0.050 30001 0.240 0.240
08061 0.050 30003 0.240 0.240
08063 0.050 30005 0.240 0.240
08065 0.050 30007 0,240 0.240
08067 0.050 30008 0.240 0.240
08069 0.050 30011 0.240 0.240
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i o Fuel Diesel | County FIPs. | Fuel Diesel |
County FIPs | Sulfur (%) | . (cont) | . Sulfur(%) .
35019 0.240 41007 0.340 46095 0.371
35021 0.240 41009 0.340 46097 0.371
35023 0.240 41011 0.340 46099 0.371
35025 0.240 41013 0.340 46101 0371
35027 0.240 41015 0.340 46103 0.240
35028 | 0240 41017 0.340 46105 0.240
35029 0.240 41019 0.340 46107 0.371
35031 0.240 41021 0.340 46109 - 0.371
35033 0.240 41023 0.340 46111 0.371
35035 0.240 41025 0.340 46113 0.240
35037 0.240 41027 0.340 46115 ' 0.371
35039 0.240 41029 0.340 46117 0.371
35041 0.240 41031 0.340 46119 0.371
35043 0.240 41033 0.340 46121 0.371
35045 - 0.240 41035 0.340 48123 0.371
35047 0.240 41037 0.340 46125 0.371
35049 0.240 41039 0.340 46127 0.371
35051 0.240 41041 0.340 46129 0.371
35053 0.240 41043 0.340 46135 0.371
35055 0.240 41045 0.340 46137 0.371
35057 0.240 41047 0.340 49001 0.340
35059 0.240 41049 0.340 49003 0.240
35061 0.240 41051 0.340 49005 0.240
38001 0.240 41053 0.340 48007 0.240
38003 0.371 41055 0.340 49009 0.240
38005 0.371 41057 0.340 49011 0.240
38007 0.240 41059 0.340 49013 0.240
38009 0.371 41061 0.340 49015 0.240
38011 0.240 41063 0.340 . 49017 0.340
38013 0.240 41065 0.340 49019 0.240
38015 0.371 41067 0.340 48021 0.340
38017 0.371 41069 -0.340 49023 0.240
38019 0.371 41071 0.340 49025 0.340
38021 - 0.371 46003 0.371 49027 0.240
38023 0,240 46005 0.371 49029 0.240
38025 0.240 46007 0.371 49031 0.340
38027 0.371 46009 0.371 49033 0.240
38029 0.371 46011 0.371 49035 0.240
38031 0.371 46013 0.371 49037 0.240
38033 0.240 45015 0.371 49039 0.240
38035 0.371 46017 0.371 49041 0.240
38037 0.371 46019 0.240 49043 0.240
38039 0.371 46021 0.371 49045 0.240
38041 0.240 46023 0.371 49047 0.240
38043 0.371 46025 0.371 49049 0.240
38045 0.371 46027 0.371 49051 0.240
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| FuelDiesel | CountyFIPs | FueiDiesei | CountyFiPs *|Fuel Diesel Sulfu
County FIPs | Sulfur (%) | . (cont) Suifur (%) o2 {cont)

38047 0.371 48028 0.371 48053
38049 0.371 46031 0.371 49055
38051 0.371 4B033 0.240 45057
38053 0.240 46035 0.371 53001
380565 0.371 46037 0.371 53003
38057 (0.371 45039 0.371 53005
38059 0.37 604 0.371 53007
38061 0.240 48043 0.371 53008
38063 0.371 48045 0.371 53011
38065 0.371 46047 0.240 53013
38067 .371 46049 0.371 53015
38069 0.371 48051 0.371 53017
38071 0.371 468053 0.371 53019
38073 0.371 46055 0.371 53021
38075 0.371 46057 0.371 53023
3B077 0.371 48059 0.371 53025
38079 0.371 48081 0.371 53027
38081 0.371 48063 0.240 53029
38083 0.371 46065 0.371 53031
38085 0.371 48067 0.371 53033
38087 0.240 48069 0.371 53035
38089 0.240 48071 0.371 53037
38061 0.371 46073 0.371 53039
38093 0.371 46075 0.371 53041
38095 0.371 48077 0.371 53043
38097 0.371 48079 0.371 53045
38099 0.371 46081 0.240 53047
38101 0.371 46083 0.371 53048
38103 0.371 46085 0.371 53051
38105 (.240 46087 0.371 53053
41001 0.340 468089 0.371 53055
41003 0.340 46091 0.371 53057
41005 0.340 460863 0.240 53058
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53061 0.340
53063 0.340
53065 0.340
53067 0.340
53069 0.340
53071 0.340
53073 0.340
53075 0.340
53077 0.340
56001 0.270
56003 0.270
56005 0.270
56007 0.270
56009 0.270
56011 0.270
56013 0.270
56015 0.270
56017 0.270
56019 0.270
56021 0.270
56023 0.270
56025 0.270
56027 0.270
56029 0.270
B6031 0.270
56033 0.270
" 56035 0.270
56037 0.270
56039 0.270
56041 0.270
56043 0.270
56045 0.270
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2002 to 2018 Oil and Gas Growth Factors
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8CC. IFIPS ctor] [SCC  [FIPS. . SCC . - |FIPS -
2310000220/00000 4.4368| |231000022030051 2310000220/46047
2310000220/02020 0.0000!  |2310000220/30055 . 2310000220/46063
2310000220/02122 1.0000| |2310000220|30065 85.3516] 12310000220/49007
2310000220/02185 1.0000]  |2310000220/30069 1.0710]  {2310000220/49013
2310000220/08001 1.07101  |2310000220 30071 1.0710]  |2310000220 49015
2310000220108007 1.0580] |2310000220/30073 1.0710]  |2310000220/49019
231000022008009 1.0710]  [2310000220/30075 76.3745]  |231000022049037
231000022008014 1.0710]  12310000220/30079 1.0710|  |2310000220 49047
2310000220/08017 1.0710}  [2310000220/30083 1.0710| 12310000220 56001
2310000220|08045 1.0614,  12310000220/30085 1.0710]  |231000022¢56003
2310000220/08051 1.0710] |2310000220/30087 1.0710|  |2310000220/56005
2310000220|08055 1.0710]  12310000220/30091 1.0710!  [2310000220/56007
2310000220/08057 1.0710|  12310000220,30095 12.3698| 12310000220/56009 | 24.1974
2310000220/08051 10710  |{2310000220/30097 2.4740|  12310000220/56011 1.0710
2310000220/08087 1.1138|  |2310000220/30101 1.0710|  |2310000220/56013 1.0710
2310000220/08071 1.0710]  |2310000220130105 1.0710]  |2310000220/56017 1.0710
2310000220/08073 1.0710}  12310000220/30111 34.6354; |2310000220/56019 0.7792
2310000220/08075 1.0710|  {2310000220]32007 1.0710] 12310000220/56023 1.3425
2310000220|08077 1.0710!  12310000220(32011 1.0710] ' 12310000220/56025 1.0710
2310000220{08081 1.0582| |2310000220|32023 1.0710|  {2310000220{56027 1.0710
2310000220 08083 1.0710|  |2310000220/35005 1.0710| |2310000220/56029 1.0710
2310000220/08087 1.0710|  |2310000220/35007 1.0710]  |2310000220/56033 1.5976
2310000220,08099 1.0710  |2310000220/35015 1.07100  |2310000220/56035 3.8028
2310000220/08103 1.5108!  |2310000220{35025 1.0710]  12310000220156037 1.1577
2310000220/08107 1.0710]  {2310000220/35039 2.6956! 2310000220/ 56041 1.0710
2310000220/08113 1,0710{  |231000022035041 1.0710|  |2310010100/00000 1.2753
2310000220,08121 1.0710]  |2310000220|35045 2.6596| |2310010100/08001 1.3340
2310000220/08123 1.0710|  |2310000220/35059 1.0710]  |2310010100/08005 1.3340
2310000220/08125 1.0710| 12310000220 38007 2.8811! |23106010100/08007 1.0022
2310000220/ 30003 30.4556! 12310000220/38009 1.0710] {2310010100/08009 1.3340
2310000220|30005 0.1202]  12310000220/38011 .1.0710| 12310010100 08013 1.3340
2310000220{30009 | 129.8828| |2310000220/38013 1.0710| 12310010100/08017 1.3340

"12310000220,30011 1.0710] |2310000220[38023 | . 1.0710] |231001010008033 1.3340
2310000220 30015 1.0710]  |2310000220/38025 1.0889] |231001010008039 1.3340
2310000220, 30017 8.2123| |2310000220|38033 0.9604] |2310010100/08043 1.3340
2310000220/30019 1.0710] ~ [2310000220138035 1.0710!  12310010100/08045 1.3300
2310000220{30021 1.0710| 2310000220 38049 10710/ |2310010100/08057 1.3340
2310000220:30025 1.0710]  {231000022038053 2.1276] [2310010100/08061 1.3340
2310000220 30027 1.0710]  |2310000220|38059 1.0710}  |2310010100/08063 1.3340
2310000220/30035 1.0710]  |2310000220/38075 1.0710)  {2310010100,08067 1.3307
2310000220/30041 1.0710]  |2310000220/38087 0.1172] 12310010100 08069 1.3340
2310000220/30045 1.0710| 12310000220, 38089 1,0710/  12310010100/08073 1.3340

2310000220 38093 1.0710]  {2310010100/08075 1.3340
231000022038103 1.0710| 12310010100/08077 1.3340
2310000220|38105 1.0710|  [2310010100/08081 1.3253
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o - | - Growth R Growth| [ [ Growth
§CC FIPS |. Factor §CC -~ - |FIPS Factor SCC - [FIPS * Factor
2310010100,08083 1.3340 2310010100,38007 1.0338 2310010100, 568043 1.3340
2310010100,08087 1.3340 2310010100, 38009 1.3340 2310010100, 56045 1.3340
2310010100/08089 1,3340 2310010100,38011 1.3340 2310010200 00000 1.2753
2310010100,08103 0.0079 2310010100,38013 1.3340 231001020068001 1.3340
2310016100,08107 1.3340 2310010100,38023 1.3340 2310010200,08005 1.3340
2316010100,08113 1.3340 2310010100/38025 1.3268 2310010200108007 1.0022
2310010100:08115 1.3340 2310010100,38033 1.1452 2310010200 08008 1.3340
2310010100/08121 1.3340 2310010100,38041 1.3340 23100106200,08013 1.3340
2310010100,08123 1.3340 2310010100,38049 1.3340 2310010200:08017 1.3340
2310010100/ 30003 0.9848 2310010100 380563 1.1667 2310010200;,08033 1.3340
2310010100 30005 0.9898 2310010100, 380565 1.3340 2310010200,08039 1.3340
2310010100;30609 0.9746 2310010100, 38061 1.3340 2310010200;08043 1.3340
2310010100, 30019 1.3340 12310010106,38075 1.3340 2310010200:08045 1.3300
2310016100{30021 1.3340 2310010100/ 38087 0.9789 2310010200/08057 1.3340
23100101004, 30025 1.3340 2310010100[ 38088 1.3340 2310010200/08061 1.3340
2310010100/30033 1.3340 23410010100,38101 1.3340 2310010200[08083 1.3340
2310010100/30035 1.3340 2310010100 38105 1.3340 2310010200[08067 1.3307
2310010100 30041 1.3340 2310010100, 46041 1.3340 2310010200,08069 1.3340
2310010100 36051 1.3340 2310010100,46047 1.3340 2310010200/08073 1.3340
- 12310010100, 300585 1.3340 2310010100/46083 1.3340 2310010200/08075 1.3340
2310010100 30065 0.9227 2310010100[49013 1.6365 2310010200,08077 1.3340
2310010100, 30069 1.3340 2310010100149015 1.3340; - 12310010200,08081 1.3253
2310010100, 30073 1.3340 2310010100148017 1.3340 2310010200,08083 1.3340
2310010100130075 1.0000 2310010100{48019 1.3340| 12310010200,08087 1.3340
2310010100/30079 1.3340 231001010049037 1.3340 2310010200|08089 1.3340
2310010100/ 30083 1.3340 2310010100,49043 1.3340 2310010200,08103 0.9979 -
2310010100;30085 1.3340 2310010100,40047 3.8530 2310010200.08107 1.3340
2310010100, 30087 1.3340 2310014100;56001 1.3340 2310010200108113 1,3340
2310010100, 30081 1.3340 2310010100 56003 1.3340 2310010200[08115 1,3340
2310010100 30085 0.8333 2310010100{56005 .9665 2316010200{08121 1.3340
2310010100, 30099 1.3340 231001010056007 1.2974 2310010200{08123 1.3340
2310010100 30101 1.3340 2310010100{56008 1.0727 2310010200{30003 0.56849
2310010100[30105 1.3340 2310010100(56011 1.3340 2310010200/30005 0.9889
2310010100{3010% 1.3340] ~|2310010100:56013 1.3340 2310010200:30009 0.9746
2310010100301 11 1.0000 2310010100,56017 1.3340 2310010200/30019 1.3340
2310010100 32011 1.3340 2310010100, 56019 0.9771 2310010200: 30021 1.3340
2310010100, 32023 1.3340 2310010100,56021 1.33401 . 12310010200;30025 1.3340¢
2310010100, 35005 0.8660 2310010100:56023 1.3285 2310010200 30033 1.3340
2310010100, 35015 0.8660 2310010100,56025 1.3340 2310010200 30035 1.3340
2310010100 35025 0.8660 2310010100, 56027 1.3340 2310010200,30041 1.3340
2310010100, 35031 0.9853 2310010100,56029 1.3340 2310010200 30051 1.3340
2310010100/ 35039 1.2786 2310010100{56033 0.8954 2310010200,30055 1.3340
2310010100 35041 0.8680 2310010100,56035 0.9955 2310010200{30065 0.8227
2310010100135043 1.0263 2310010100/ 56037 1.3158 2310010200{30068 1.3340
2310010100 35045 1.7402 2310010100/56041 1.3340 2310010200{30073 1.3340
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ENVIRON
[ [ Grow| [ T [ Grows| [ " | Growth
SCC |FIPS —__Factor 8CC FIPS - ‘Factor. 8CC . |FIPS Factor
2310010200,30075 1.0000 231001020049019 1.3340 2310010300,08087 1.3340
2310016200136079 1.3340 2310010200 49037 1.3340 2310010300,08099 1.3340
2310010200,30083 1.3340 2310010200, 49043 1.3340 2310010300,08103 0.097¢
2310010200:30085 1.3340 2310010200/48047 3.8530 2310010300,08107 1.3340
2310010200 30087 1.3340 2310010200;56001 1.3340 2310010300:08113 1.3340
2316010200 30091 1.3340 2310010200,56003 1.3340 2310010300,08115 1.3340
2310010200,30095 0.8333 2310016200 56005 0.9985 2310010300,08121 1.3340
2310010200,30099 1.3340 2310010200 566007 1.2974 2310010300:08123 1.3340
2310010200;30101 1.3340 2316010200/ 56009 1.0727 2310010300: 30003 0.9649
2310010200,30105 1.3340 2310010200 56011 1.3340 2310010300, 30005 0.9899
2310010200/30109 1.3340 2310010200/ 56013 1.3340 2310010300 30009 0.9746
2310010200,30111 1.0000 2310010200/56017 1.3340 2316010300,30019 1.3340
2310010200/32011 1.3340 2310010200:56019 0.8771 2310010300{30021 1.3340
2310010200 32023 1.3340 2310010200 56021 1.3340 2310010300,30025 1.3340
2310010200,35005 0.8680 2310010200 56023 1.3285 2310010300:30033 1.3340
2310010200 35015 0.86560 2310010200 56025 1.3340 2316010300,30035 1.3340
2310010200135025 0.8660 2310010200 56027 1.3340 2310010300 30041 1.3340
2310010200:35031 0.9853 231001020056029 1.3340 2310010300/ 30051 1.3340
2310010200 35039 1.2786 2310010200/56033 0.9694 2310010300/30055 1.3340
2310010200,35041 0.8660 2310010200,56035 0.9055 2310010300, 30065 0.9227
23100102001 35043 1.0263 2310010200, 56037 1.3158 2310010300: 30069 1.3340
2310010200,35045 1.7402 2310010200 56041 1.3340 2310010300 30073 1.3340
2310010200,38007 1.0338 2310010200,56043 1.3340 2310010300, 30075 1.0000
2310010200,38009 1.3340 2310010200 56045 1.3340 2310010300,30079 1,.3340
2310010200,38011 1.3340 2310010300 00000 1.2753 2310010300, 30083 1.3340
2310010200[38013 1.3340 2310010300, 08001 1.3340 2310010300/30085 1.3340
2310010200,38023 1.3340 2310010300 08005 1.3340 2310010300, 30087 1.3340
2310010200 38025 1.3268 2310010300,08007 1.0022 2310010300,30081 1.3340
2316010200 38033 1.1452 2310016300 08009 1,3340 2310010300,30085 0.8333
2310010200 38041 1.3340 2310010300,08013 13340 2310010300/30099 1.3340
231001020038049 1.3340 2310010300,08017 1.3340 231001030630101 1.3340
2310010200 38053 1.1667 2310010300,08033 1.3340 2310010300,30105 1.3340
2310010200:38055 1.3340 2310010300;,08039 1.3340 2310010300/30109 1.3340
2310010200 38061 1.3340 2310010300,08043 1.3340 2310010300;30111 1.0000
2310010200:38075 1.3340 2310010300 08045 1.3300 2310010300/32011 1.3340
2310010200,38087 0.9789 2310010300,08057 1.3340 2310010300;32023 1.3340
23100102001 38089 1.3340 2310010300 08061 1.3340 2310010300, 35005 0.8660
2310010200,38101 1.3340 2310010300,08063 1.3340 2310010300[35015 0.8660
2310010200 38105 1.3340 2310010360 08067 1.3307 2310010300{35025 0.8660
2310010200146041 1.3340 2310010300 08069 1.3340 2316010300/35031 0.9953
231001020046047 1.3340; 12310010300,08073 1.3340 2310010300;35039 1.2786
2310010200.46063 1.3340 2310010300,08075 1.3340 2310010300,35041 0.8660
2310010200,48013 1.6365 2310010300,08077 1.3340 2310010300;35043 1.0263
2310010200148015 1.3340 2310016300 08081 1.3253 2310010300 35045 1.7402
231001020048017 1.3340 2310010300,08083 1.3340 2310010300/38007 1.0336
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December 2005 ERVIRON
- T Growth| [ | [ Growth] |~ | = Growth
SCC IFIPS ‘ Factor ScC FIPS : + Factor sCC. FIPS ~ | Factor
2310010300)38009 1.3340 23100410300 56045 1.3340 2310020600:35059 1.3540
2310010300)38011 1.3340 2310020600.00000 21729 2310020600[35003 1.4580
2310010300;38013 1.3340 2310020600 30003 2310020800,38007 1.0525
2310010300{38023 1.3340 2310020800/30005 1.2437 2310020600(38009 1.4580
2310010300|38025 1.3268 2310020600, 30608 2.8663 2310020600(38011 1.4580
2310010300{38033 1.1452 2310020600{30015 1.45680 2310020600[38013 1.4580
2310010300(38041 1.3340 2310020600/30017 12.9403 2310020600{38015 1.4580
2310010300[38048 1.3340 2310020600130019 1.4580 2310020600 38023 1.4580
2310010300[38053 1.1667 2310020800, 30021 1.4580 2310020608 38025 1.4483
2310010300[38055 1.3340 2310020600, 30025 1.4580 2310020800(38033 1.2043
2310010300 38061 1.3340 2310020600 30027 1.4580 2310020800, 38044 1.4580
2310010300/ 38075 1.3340 2310020600, 30033 1.4580 2310020800;38053 3.1848
2310010300;38087 0.9789 2310020600,30035 1.45801 2310020600,38055 1.4580
2310010300,38089 1.3340 2310020600 30037 1.8294 2310020600{38059 1.4580
2310010300138101 1.3340 2310026600 30041 - 1.4580 2310620800: 38061 1.4580
2310010300,38105 1.3340 2310020600 30051 1.4580 2310020800138075 1.4580
2310010300/46041 1.3340 2310020800 30065 0.9227 2310020600:38077 1.4580
2310010300,46047 1.3340 2310020600 30069 1.4580 2310020800138087 0.9789
2310010300]48063 1.3340 2310020600,30071 1.4580 2310020800/3808% 1.4580
2310010300[48013 1.6365] |2310020600,30073 1.4580 2310020800[38093 1.4580
2310010300[46015 1.3340 2310020600, 30075 311.8023 2310020600138101 1.4580
2310010300/45617 1.3340 2310020800,30079 1.4580 2310020600[38105 1.4580
2310010300,48019 1.3340 2310020800 30083 1.4580 2310020600141009 0.56680
2310010300148037 1.3340 2310020600,30085 1.4580 2310020800{41018 0.5680
2310010300148043 1.3340 2310020600, 30087 1.4580 2310020600{41041 0.5680
2310010300;40047 3.8530 23100620600 30091 1.4580 2310020800G{41043 0.5680
2310010300|56001 1.3340 2310020600 30095 1.8118 2310020800141047 0.5680
2310010300,56003 1.3340 2310020800 30097 1.7071 2310020600,48033 1.4580
2310010300,56005 0.89065 2310020600 30099 1.4880 2310020600[46041 1.4580
2310010300,56007 1.2974 2310020800:30101 1.4580 2310020600146047 1.4580
2310010300;56008 1.6727 2310020600/30105 1.4580 2310020600{48063 1.4580
2310010300{58011 1.3340 2310020600 30109 1.4580 2310020600,48007 1.4580
2310010300/56013 1.3340 231002060032003 1.4580 2310020600{49009 2.1185
2310010300{56017 1.3340 2310020600,32023 1.4580 2310020600,48013 3.7360
2310010300]56019 0.9771 2310020800,35001 1.4580 2310020800148015 1.4580
2310010300{58021 1.3340 2310020600; 36005 1.3540 2310020800(49017 1.4580
2310010300;56023 1.3285 2310020600,35007 1.3540 2310020800149019 1.4580
2310010300{56025 1.3340 2310020600 35015 1.3540 2310020600[49037 1.4580
2310010300156027 1.3340 2310020600,35021 1.3540 2310020600/49043 1.4580
2310010300/56029 1.3340 2310020600 35025 1.3540 2310020800{49047 2.6265
2310010300)56033 0.8984 2310020600135031 36.4321 2310020600|56001 1.4580
2310010300:56035 0.9855| 12310020600 35038 2.9281 2310020600{56003 1.4580
- 12310010300[56037 1.3158 2310020600 35041 1.3540 2310020600,56005 7.1804
2310010300,66041 1.3340 2310020800,35043 1.2953 2310020600;56007 1.6387
2310010300,56043 1,3340 2310020600 35045 3.6832 2310020600{56009 1.1066
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ENVIRON

] Growth LT ] Growth S Growth
SCC FIPS 1.  Factor SCC - |FWPPS |' " Factor SCC FIPS | . Factor
2310020800:56011 1.4580 2310021100.08103 1.6764 2310021100 38105 1.4580
2310020600(56013 1.4580 2310021100 08107 1.4580 2310021100,41009 0.5680
2310020600/568017 1.4580 2310021100108113 1.4580 2310021100/46083 1.4580
2310020800/56019 5.9460 2310021100/08121 1.4580 231002110049007 1.4580
2310020600/56021 1.4580 2310021100/08123 1.4580 2310021100:49009 2.1185
2310020600:56023 1.5406 2310021100,08125 1.4580 2310021100:40013 118.0424
2310020600 56025 1.4580 2310021100130005 1.2437 2310021100/48015 1.4580
2340020600|56027 1.4580 2310021100, 30008 36853 231002110049019 1.4580
2310020800{56029 1.4580 2310021100130015 . 1.4580 231002110048037 1.4580
2310020600 56033 7.6748 2310021100 30017 12.8403 231002110049043 1.4580
2310020600,56035 7.4527 2310021100,30025 - 1.4580 231002110040047 2.5806
2310020600{56037 1.5238 2310021100{30027 1.4580 2310021100:56001 1.4580
2310020600 56041 1.4580 2310021100, 30035 1.4580 2310021100/56003 1.4580
2310020600/56043 1.4580 23100211060 30037 1.9284 2310021100 56005 (.6965
2310020600{56045 1.4580 2310021100 30041 1.4580 2310021100 56007 1.6616
2310021100/00000 23008 2310021100, 30051 1.4580 2310021100 56008 11075
2310021100,08001 1.4580 2310021100;30071 1.4580 2310021100,56011 1.4580
2310021100/08005 1.4580 2310021100{30073 1.4580 2310021100:56013 1.4580
2310021100/08007 1.0177 2310021100 30075 371.1483 231002110056017 1.4680
2310021100/08009 1.4580 2310021100 30079 1.4580 2310021100 56019 0.9771
2310021100,08011 1.4580 2310021100,30083 1.4580 2310021100156023 1.5411
2310021100,08013 1.4580 2310021100 30085 1.4580 2310021100/56025 1.4580
2310021100,08014 1.4580 2310021100, 30091 1.4580 2310021100/56027 1.4580
2310021100108017 1.4580 2310021100 30095 1.8118 2310021100 56029 1.4580/
231002 1100108029 1.4580 2310021100, 30087 1.7071 2310021100:56035 7.4872
2310021100,08031 1.4580 2310021100 30099 1.4580 2310021100 56037 1.5467
2310021100,08033 1.4580 2310021100/30101 1.4580 231002110055041 1.4580
2310021100;08038 1.4580 231002110030105 1.4580 2310021100, 56043 1.4580
2310021100108045 1.4585 2310021100, 30100 1.4580 2310021100/56045 1.4580
2310024100:08051 1.4580 23106021100 32023 1.4580 2310021300 00000 2.309¢
2310021100/08055 1,4580 2310021100, 35001 1.4580 2310021300,08001 1.4580
2310021100/08057 1.4580 2310021100 35005 1.3540 231002130008005 1.4580
2310021100:08061 1.4580 23100211001 35007 1.3540 2310021300,08007 1.0177
2310021100,08063 1.4580 2310021100 35015 1.3540 2310021300,08008 1.4580
231002110008067 1.4535 2310021100 35021 1.3540 2310021300:08011 1.4580
2310021100/08069 1.4580 2310021100,35025 1.3540!  12310021300/08013 1.4580
2310021100(08071 1.4580 2310021100{35031 36.4321 231002130008014 1.4580
2310021100{08073 1.4580 2310021100/ 35039 2.9821 2310021300 08017 1.4580
2310021100{08075 1.4580 2310021100:35041 1.3540 2310021300108020 1.4580
231002110008077 1.4580 2310021100, 35043 1.4274 2310021300 08031 1.4580
2310021100,08081 1.4638 2310021100135045 3.7217 2310021300.08033 1.4580
2310021100,08082 1.4580 2310021100:35059 1.3540 2310021300/0803¢ 1.4580
2310021100,08087 1.4580 2310021100:138011 1.4580 2310021300,08045 1.4595
2310021100,08085 1.4580 2310021100 38013 1.45801 |2310021300/08051 1.4580
2310021100,08009 1.4580 2310021100 38053 505657 2310021300{08055 1.4580
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ENVIRON

T .} Growth R || Growth o .. | . Growth
5CC FIPS | Factor SCC FiPS - Factor 8CC |FIPS . Factor
2310021300,08057 1.4580 2310021300/350056 1.3540 2310021400/ 35001 1.4580
2310021300/08061 1.4580 2310021300 35007 1.3540 231002 1400:35005 1.3540
2310021300{08063 1.4580 2310021300, 35015 1.3540 231002140035007 1.3540
2310021300(08067 1.4535 231006213001 35021 1.3540 2310021400/ 35015 1,.3540
2310021300,08069 1.4580 2310021300 35025 1.3540 2310021400135021 1.3540
231002130000807 1 1.4580 231002130035031 36,4321 2310021400i35025 1.35401
2310021300{08073 1.4580 2310021300, 35038 2.98921 2310021400[35031 364321
2310021300,08075 1.4580 231002130035041 1.3540 2310021400135039 2.8821
2310021300/08077 1.4580 2310021300 35043 1.4274 2310021400{35041 1.3540
2310021300[08081 1.4638 2310021300 35045 3.7217( |2310021400/35043 1.4274
2310021300,08083 1.4580 2310021300135058 1.3540 2310021400{35045 3.7217
2310021300G,08087 1.4580 2310021300/ 38011 1.4580 2310021400/35059 1.3540
231002130G{08095 1.4580 2310021300, 38013 1.4580 2310021400(38011 1.4580
2310021300,08099 1.4580 2310021300 38053 5.9557| |2310021400{38013 1.4580
2310021300/08103 1.6764 2310021300,381056 1.4580 2310021400{38053 59557
231002130G,08107 1.4580 2310021300041009 0.5680 2310021400[38105 1.4580
231002130008113 1.4580 2310021300 468083 1.4580 2310021400{41009 0.5680
2310021300/08121 1.4580 2310021300/ 49007 1.4580 2310021400/46063 1.4580
2310021300168123 1.4580 2310021300/49009 2.1185 231002140048007 1.4580
2310021300/08125 1.4580 231002130049013 116.0424 2310021400[49009 2.1185]
2310021300:300056 1.2437 2310021300{49015 1.4580 2310021400{49013 116.0424
2310021300,30009 38853 2310021300,48019 1.4580 2310021400{48015 1.4580
2310021300;30015 1.4580 2310021300{48037 14580 2310021400049019 1.4580
2310021300;30017 12.9403: 2310021300{49043 1.4580 2310021400149037 1.4580
2310021300,30025 1.4580 2310021300/48047 2.5806 2310021400:49043 1.4580
2310021300,30027 1.4580 2310021300 56001 1.4580 2310021400{40047 25806
2310021300[30035 1.4580 2310021300/56003 1.4580 2310021400,56001 1.4580
23100213001 30037 1.9294 2310021300 560056 0.9665 2310021400,56003 1.4580
2310021300,30041 1.4580 23100621300;56007 1.6616 2310021400,56005 0.9965
2310021300{30051 1.4580 2310021300/56009 1.1075 2310021400,56007 1.6616
2310021300, 30071 1.4580 2310021300 56011 1.4580 2310021400:56009 1.1075
2310021300,30073 1.4580 2310021300/56013 1.4580 2310021400/56011 1.4580
2310021300/30075 371.1493 2310021300,56017 1.4580 2310021400/56013 1.4580
231002130030079 1.4580 2310021300 56019 0.9771 2310021400/56017 1.4580
2310021300;30083 1.4580 2310021300156023 1.5411 2310021400/56019 00771
2310021300:30085 1.4580 2310021300 568025 1.4580 2316021400156023 1.5411
2310021300{30081 1.4580 2310021300:56027 1.4580G 2310021400 56025 1.4580
2310021300[30095 18116 2310021300:56029 1.4580 2310021400, 56027 1.4580
23100213001 36097 1.7071 2310021300:56035 7.4872 2310021400 56029 1.4580
2310021300|30099 1.4580 2310021300 56037 1.5467 2310021400156035 74972
2310021300[30101 1.4580 2310021300,56041 1.4580 2310021400/56037 1.5467
2310021300130105 1.4580 2310021300,68043 1.4580 2310021400 56041 1.4580
23100213000 30109 1.4580 2310021300{56045 1.4580 2310021400:56043 1.4580
2310021300:32023 1.4580 2310021400 00000 2.3099 2310021400/56045 1.4580
2310021300{35001 1.4580 2310021400/32023 1.4580 2310021500,00000 2.3088
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SCC: -~ |FIPS | Factor SCC T IFIPS il Factor SCC = IFIPS L
2310021500102122 0.2138 2310021500, 56025 1.4580 2310030210/56007
2310021500/08001 1.4580 2310021500:56029 1.4580 2310030210/56008
2310021500:08008 1.4580 2310021500{56035 7.4972 2310030210{56013
231002150008013 1.4580 2310021500/56037 1.5467 2310030210/56017
2310021500/08014 1.4580 2310021500/56041 1.4580 2310030210, 56023
231002150008017 1.4580 2310023000,00000 1.6924 2310030210156025
2310021500/08045 1.4585 2310023000{08007 1.4580] - 12310030210/56027
2310021500,08067 1.4535 2310023000 08045 1.4580 2310030210/58028
2310021500;08071 1.4580 2310023000,08055 1.4580 2310030210/56035
2310021500:08073 1.4580 2310023000 08087 1.56838 2310030210/56037
2310021500:08075 1.4580 2310023000 08071 1.4580 2310030210,56041
2310021500 08077 1.4580 2310023000(08077 1.4580 2310030210/56043
2310021500108081 1.4638| 12310023000 08081 1.4580 2310030210;56045
2310021500/08087 1.4580 231002300008103 0.9955 2310030220, 30009
2310021500/080990 1.4580 2310023000/08107 1.4580 2310030220,30035
2310021500,08103 1.6764 2310023000 35007 0.0000 2310030220 30081
2310021500:08113 1.4580 2310023000 35038 1.6105 2310030220/30101
2310021500/08121 1.4580 2310023000, 35045 1.6162 231003022(,38013
2310021500{08123 1.4580] - |2310023000 56005 7.6817 2310030220138053
2310021500(08125 1.4580 2310023000 56007 1.4580 2310030220 38105
231002 1500130005 1.2437 2310023000 56009 7.6066 2310030220 56005
2310021500/30015 1.4580 2310023000,58018 7.6901 2310030220/56007
2310021500,30025 1.4580 2310023000 56033 76748 12310030220, 56008
2310021500 30041 1.4580 2310023000, 56035 0.8926 2310030220i568013
2310021500 30051 1.4580 2310023000, 56037 1.4580 2310030220(56023
2310021500/30071 1.4580 2310023000 56041 1.4580 2310030220/56025
2310021500{30101 1.4580 2310030210:00000 2.3099 2310030220|56027
2310021500,30105 1.4580 2310030210 35001 1.4580 23100362201568029
2310021500 35001 1.4580 2310030210 35005 1.3540 2310030220: 56035
231002150035005 1.3540 2310030210,35015 1.3540 2310030220156037
231002150035007 1.3540 2310030210,35025 1.3540 2310030220/56041
2310021500135015 1.3540 2310030210/35039 P 2.80921 2310030220/56043
2310021500, 35025 1.3540 2310030210 35041 1.3540 2310030220/56045
2310021500,35039 2.9921 2310030210/35043 1.4274

2310021500{35045 3.7217 2310030210/35045 37217

2310021500,35059 1.3540 2310030210,48007 1.4580

2310021500.38011 1.4580 2310030210149009 2.1185

2310021500/49007 1.4580 2310030210,48013 116.0424

2310021500{40043 1.4580 2310030210/49015 1.4580

2310021500148047 2.5806 2310030210,48019 1.4580

2310021500/58003 1.4580 2310030210/43037 1.4580

2310021500(56005 0,9965 2310030210,49043 1.4580

2310021500;56007 - | 1.6616 231003021048047 2.5808

2310021500156013 1.4580 2310030210156003 1.4580

2310021500156023 1.5411 2310030210/56005 0.9965
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