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1.0 INTRODUCTION
1.1 The National Emissions Inventory (NEI)

The U.S. Environmental Protection Agency’s (EPA) Emission Inventory and Analysis
Group (ETAG) produces the National Emission Inventory (NEI) for criteria and hazardous air
pollutants (HAPs) every three years. The NEI is a comprehensive and detailed estimate of air
emissions of both criteria and HAP from all air emissions sources, including both stationary (e.g.
power plants and petroleum refineries) and mobile (e.g. automobiles and aircraft) sources. The
NEI is prepared by the U.S. EPA based primarily upon emission estimates and emission model
inputs provided by State, Local, and Tribal air agencies for sources in their jurisdictions, and
supplemented by data developed by the U.S. EPA. These data are needed for a variety of
reasons, including modeling demonstrations, regulatory analyses, and to produce the National
Air Pollutant Emission Trends report.

Emissions from stationary sources can be divided into two sectors: point sources and
nonpoint sources (nonpoint sources are sometimes referred to as area sources). The NEI point
sources emissions inventory contains emissions estimates for sources that are individually
inventoried and usually located at a fixed, stationary location, although portable sources such as
some asphalt or rock crushing operations are also included. Point sources include large industrial
facilities and electric power plants, but also increasingly include many smaller industrial and
commercial facilities, such as dry cleaners and gas stations, which have traditionally been
included as nonpoint sources.

The NEI nonpoint sources emissions inventory includes emission sources which
individually are too small in magnitude or too numerous to inventory as individual point sources,
and which can often be estimated more accurately as a single aggregate source for a County or
Tribal area. Examples of nonpoint source categories are residential heating and consumer solvent
use.

The 2023 NEI is currently being developed and will utilize the emission estimates
generated by the 2023 Nonpoint Oil and Gas Emission Estimation Tool (the “tool”) as described
in Section 1.2. For historical reference, the 2011, 2014, 2017, and 2020 NEI and supporting
documentation is available on-line at https://www.epa.gov/air-emissions-inventories/national-
emissions-inventory-nei.

1.2 Nonpoint Oil and Gas Emission Estimation Tool

Nonpoint source emissions from the oil and gas exploration and production sector have
gained interest in recent years in the United States as drilling technology has allowed
development of unconventional oil and gas plays in areas where there was previously no activity,
or where activity had subsided after depletion of the conventional reserves. For example, the
areas in and around the Barnett, Haynesville, and Eagle Ford Shales in Texas; the Marcellus
Shale in Ohio, Pennsylvania, and West Virginia; and the Bakken Shale/Williston Basin in North
Dakota and Montana have all experienced a rapid expansion in activity over the last ten years.
These are referred to as “unconventional” oil and gas plays as the resource must be stimulated
through high-pressure, high-volume hydraulic fracturing to release the oil and gas trapped in the
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source formation (such as shale or tight sands). In this tool, these types of wells are assumed to
have been hydraulically fractured when completed, and emissions from the hydraulic fracturing
pump engines are included as a discrete source type (see Section 3.11).

While the major emissions sources associated with oil and gas collection, processing, and
distribution have traditionally been included in the NEI as point sources (e.g. gas processing
plants, pipeline compressor stations, and refineries), the activities occurring “upstream” of these
types of facilities were not typically as well characterized. However, beginning with the 2011
NE]I, the tool has been used to fill this gap in the inventory to provide nonpoint emission
estimates for these upstream sources. In this report, upstream activities refer to emission units
and processes associated with the exploration and drilling of oil and gas wells, and the equipment
used at the wellsite to then extract the product from the well and deliver it “downstream” to a
central collection point or processing facility. The types of unit processes found at upstream sites
include separators, dehydrators, storage tanks, and compressor engines.

The NEI nonpoint oil and gas emissions inventory is primarily developed using data
supplied to EPA by state air agencies. Where state data is not supplied to EPA, EPA populates
the NEI with the best available data. In the case of nonpoint oil and gas emissions estimates,
EPA has developed the tool described in this report to estimate emissions from this category. The
tool is an Access database that utilizes county-level activity data (e.g. oil production and well
counts), operational characteristics (types and sizes of equipment), and emission factors to
estimate emissions.

The emission estimates generated by the tool are only used in the NEI if state data is not
available. Where state data is available but does not include HAP, EPA estimates HAPs based on
their ratios to VOC or PM in gas composition profiles and adds them to the NEI. The HAP
augmentation procedure is described in detail in the documentation for the 2020 NEI
(https://www.epa.gov/air-emissions-inventories/2020-national-emissions-inventory-nei-data).

This report describes the technical approach used to develop the tool to characterize
emissions from nonpoint oil and gas exploration and production sources for the year 2020. The
tool generates estimates of emissions of oxides of nitrogen (NOy), volatile organic compounds
(VOC), particulate matter (PM), carbon monoxide (CO), ammonia (NH3), sulfur dioxide (SO),
HAPs, and hydrogen sulfide (H>S) from upstream oil and gas production activities. Specific
source categories included in the tool are:

e Artificial Lift Engines

e Associated Gas Venting

e Coalbed Methane Dewatering Pump Engines
e Condensate Tanks

e Crude Oil Tanks

e Dehydrators

e Drilling Rigs

e Fugitive Emissions

e (Gas-Actuated Pneumatic Pumps


https://www.epa.gov/air-emissions-inventories/2020-national-emissions-inventory-nei-data
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e Heaters

e Hydraulic Fracturing Pumps

e Lateral Compressor Engines

e Liquids Unloading

e Hydrocarbon Liquids Loading
e Mud Degassing

e Pneumatic Devices

e Produced Water Tanks

e Well Completion Venting

e Wellhead Compressor Engines
e Flaring (when used to control emissions from the unit processes listed above)

Many of the source categories covered by the tool are further sub-divided into distinct
source classification codes (SCCs) specific to either a well type (gas or oil), a sub-category of the
broader equipment type (such as fugitive emissions from connectors and fugitive emissions from
valves), or some other distinction. Table 1-1 presents a complete listing of the SCCs covered by
the tool for each of the source categories listed above.

Table 1-1. SCC Listing

Source Category SCC SCC Description

Artificial Lift Engines 2310011600 | Oil and Gas: Onshore Oil Production/Artificial Lift
Engines

Associated Gas Venting 2310011001 | Oil and Gas: Onshore Oil Production/Associated Gas
Venting

CBM Dewatering Pump 2310023000 | Coal Bed Methane NG/Dewatering Pump Engines

Engines

Condensate Tanks 2310021010 | On-Shore Gas Production/Storage Tanks: Condensate

Condensate Tanks 2310023010 | On-Shore CBM Production/Storage Tanks: Condensate

Crude Oil Tanks 2310010200 | Oil & Gas Expl & Prod/Crude Petroleum/Oil Well
Tanks - Flashing & Standing/Working/Breathing

Dehydrators 2310021400 | On-Shore Gas Production Dehydrators

Dehydrators 2310023400 | Coal Bed Methane NG/Dehydrators

Drilling Rigs 2310000220 | Oil And Gas Exploration Drill Rigs

Fugitive Emissions 2310011501 | On-Shore Oil Production/Fugitives: Connectors

Fugitive Emissions 2310011502 | On-Shore Oil Production/Fugitives: Flanges

Fugitive Emissions 2310011503 | On-Shore Oil Production/Fugitives: Open Ended Lines

Fugitive Emissions 2310011505 | On-Shore Oil Production/Fugitives: Valves

Fugitive Emissions 2310021501 | On-Shore Gas Production/Fugitives: Connectors

Fugitive Emissions 2310021502 | On-Shore Gas Production/Fugitives: Flanges

Fugitive Emissions 2310021503 | On-Shore Gas Production/Fugitives: Open Ended Lines

Fugitive Emissions 2310021505 | On-Shore Gas Production/Fugitives: Valves
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Table 1-1. SCC Listing

Source Category SCC SCC Description

Fugitive Emissions 2310021506 | On-Shore Gas Production/Fugitives: Other®

Fugitive Emissions 2310023511 | On-Shore CBM Production/Fugitives: Connectors

Fugitive Emissions 2310023512 | On-Shore CBM Production/Fugitives: Flanges

Fugitive Emissions 2310023513 | On-Shore CBM Production/Fugitives: Open Ended
Lines

Fugitive Emissions 2310023515 | On-Shore CBM Production/Fugitives: Valves

Fugitive Emissions 2310023516 | On-Shore CBM Production/Fugitives: Other”

Gas-Actuated Pumps 2310023310 | Coal Bed Methane NG/Pneumatic Pumps

Gas-Actuated Pumps 2310111401 | On-Shore Oil Exploration/Oil Well Pneumatic Pumps

Gas-Actuated Pumps 2310121401 | On-Shore Gas Exploration: Gas Well Pneumatic Pumps

Heaters 2310010100 | On-Shore Oil Production/Heater Treater

Heaters 2310021100 | On-Shore Gas Production/Gas Well Heaters

Heaters 2310023100 | On-Shore CBM Production/CBM Well Heaters

Hydraulic Fracturing Pumps  [2310000660 | Oil & Gas Expl & Prod/All Processes/Hydraulic
Fracturing Engines

Hydrocarbon Liquids Loading [2310011201 |On-Shore Oil Production/Tank Truck/Railcar Loading:
Crude Oil

Hydrocarbon Liquids Loading [2310021030 | On-Shore Gas Production/Tank Truck/Railcar Loading:
Condensate

Hydrocarbon Liquids Loading |2310023030 | On-Shore CBM Production/Tank Truck/Railcar
Loading: Condensate

Lateral Compressor Engines  [2310021251 | On-Shore Gas Production/Lateral Compressors 4 Cycle
Lean Burn

Lateral Compressor Engines  [2310021351 | On-Shore Gas Production/Lateral Compressors 4 Cycle
Rich Burn

Lateral Compressor Engines  [2310023251 | On-Shore CBM Production/Lateral Compressors 4
Cycle Lean Burn

Lateral Compressor Engines  [2310023351 | On-Shore CBM Production/Lateral Compressors 4
Cycle Rich Burn

Liquids Unloading 2310021603 | On-Shore Gas Production/Gas Well Venting —
Blowdowns

Liquids Unloading 2310023603 | On-Shore CBM Production/CBM Well Venting —
Blowdowns

Mud Degassing 2310023606 | On-Shore CBM Exploration/Mud Degassing

Mud Degassing 2310111100 | On-Shore Oil Exploration/Mud Degassing

Mud Degassing 2310121100 | On-Shore Gas Exploration/Mud Degassing

Pneumatic Devices 2310010300 | Oil Production Pneumatic Devices

Pneumatic Devices 2310021300 | On-Shore Gas Production Pneumatic Devices

Pneumatic Devices 2310023300 | On-Shore CBM Production Pneumatic Devices
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Table 1-1. SCC Listing

Source Category SCC SCC Description

Produced Water Tanks 2310000551 | Produced Water from CBM Wells

Produced Water Tanks 2310000552 | Produced Water from Gas Wells

Produced Water Tanks 2310000553 | Produced Water from Oil Wells

Well Completion Venting 2310023600 | On-Shore CBM Exploration: CBM Well Completion:
All Processes

Well Completion Venting 2310111700 | On-Shore Oil Exploration: Oil Well Completion: All
Processes

Well Completion Venting 2310121700 | On-Shore Gas Exploration: Gas Well Completion: All
Processes

Wellhead Compressor Engines [2310021102 | On-Shore Gas Production/Natural Gas Fired 2Cycle
Lean Burn Compressor Engines 50 To 499 HP

Wellhead Compressor Engines |2310021202 | On-Shore Gas Production/Natural Gas Fired 4Cycle
Lean Burn Compressor Engines 50 To 499 HP

Wellhead Compressor Engines [2310021302 | On-Shore Gas Production/Natural Gas Fired 4Cycle
Rich Burn Compressor Engines 50 To 499 HP

Wellhead Compressor Engines |2310023102 | On-Shore CBM Production/CBM Fired 2Cycle Lean
Burn Compressor Engines 50 To 499 HP

Wellhead Compressor Engines 2310023202 | On-Shore CBM Production/CBM Fired 4Cycle Lean
Burn Compressor Engines 50 To 499 HP

Wellhead Compressor Engines [2310023302 | On-Shore CBM Production/CBM Fired 4Cycle Rich

Burn Compressor Engines 50 To 499 HP

* This SCC used for compressor seal leaks.

It should be noted that these source categories do not represent a complete list of all
emission sources or SCCs that may be found at upstream oil and gas exploration and production
sites. However, the most significant nonpoint sources that contribute to emissions have been
included. Sources that were not included due to limited data availability include: salt water
injection engines, well pad construction equipment, workover equipment, and mobile sources.
Associated on-road mobile sources operating in the field, such as service vehicles used during
construction, drilling and production phases, may be included in some states’ mobile source
emissions inventories but are not specifically included in the tool.

ERG developed the tool initially under EPA Contract No. EP-D-11-006, Work
Assignment (WA) 2-05, followed on by subsequent WAs and this Task Order (TO). The
purpose/objectives of the WAs/TOs were the following:

1) Develop a nonpoint methodology to estimate county-level emissions of criteria
pollutants and HAP for the upstream oil and gas production sector for 2011, 2014,
2017, 2020, and 2023;

2) Implement the methodology to develop county-level emissions inventories for this

sector;




Nonpoint Oil and Gas Emissions Estimation Tool

3) Develop a MS Access-based tool incorporating the methodologies and available
information that may be used by EPA, states, and local agencies to develop state or
region-specific emission inventories for the upstream oil and gas sector based on user
supplied activity and emissions inputs; and

4) For EPA Air Quality Time Series Project (EQUATES) and special emissions
inventory years, EPA used the Tool to develop for additional years: 2002, 2005,
2008, 2016, 2018, 2019, 2021, and 2022.

The following describes how the information in this report is organized:

Section 2 — Background Information on Development of Tool

Section 3 — Information on the Methodology and Emission Estimation Approach Used
for Each Source Category

Section 4 — Summary of Nonpoint Oil and Gas Emission Estimates Generated by the
Tool

Section 5 — Summary of Nonpoint Oil and Gas Emission Estimates in the 2023 NEI
Section 6 — Recommended Future Activities for Improving Nonpoint Oil and Gas
Emission Inventories

Note on Greenhouse Gas (GHG) Emissions

EPA GHG emissions estimates for oil and gas are available at the national level (GHG
Inventory, http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html) and
facility-level (Greenhouse Gas Reporting Program, http://www.epa.gov/ghgreporting/).

While GHG emissions are not the focus of this tool, they are used in the tool in some places
as necessary intermediary steps in the calculation of other pollutants.
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2.0 BACKGROUND ON DEVELOPMENT OF THE TOOL

The tool was developed based on work that has been done in this sector over the last
several years by various states, inter-governmental agencies, and EPA. These efforts include
work done by the Texas Commission on Environmental Quality (TCEQ), the Western Regional
Air Partnership (WRAP), and the Central States Air Resource Agencies (CenSARA) to develop
improved nonpoint oil and gas emissions inventories.

In 2010, the seven CenSARA states (Texas, Louisiana, Oklahoma, Arkansas, Kansas,
Missouri and Nebraska) had a combined oil production of approximately 611 million barrels and
a combined gas production of 12.8 trillion cubic feet, representing 48 % of total gas production
and 31 % of total oil production in the country, including both conventional and unconventional
resource plays.! As such, the CenSARA inventory effort covered a wide variety of processes and
well types and was used as the starting point for the tool. In particular, the Excel-based emission
estimation tool that was developed for the CenSARA study was used as the basis for initial
development of the tool described in this report. Subsequent updates to the tool incorporated data
from numerous additional sources, including the TCEQ and WRAP data mentioned above,
related EPA inventory efforts, and data provided to EPA directly from state air agencies.

The basic methodology used to develop the CenSARA inventory was also used to
develop the tool and consisted of the following steps:

e Compile activity data — Oil and gas activity data was obtained to include, but is not
limited to, the number of active wells by well type, gas production and oil production,
spud counts, feet drilled, and water production. The activity data for the tool was
primarily obtained from the Enverus database, a commercial database that processes
state-level oil and gas commission data into a comprehensive database of production
statistics.? Data used in this version of the tool is for the calendar year 2023 and is
based on Enverus data as of September 2024. As described further in section 2.1,
EPA uses other activity data that is not available in Enverus for certain states.

e Compile process characterization and emission factor data — To initially populate the
tool, process characterization data and emissions factors from the CenSARA study
were used for the counties in the CenSARA states, and an average of the data for the
CenSARA basins were used for the remainder of the counties in the country. Under
the CenSARA study, these data were developed or collected from a variety of sources
including: 1) oil and gas operator surveys, 2) state minor source permit applications,
and 3) literature review. Emission factors for combustion equipment have primarily
been taken from AP-42. Much of the initial CenSARA process characterization data
used to populate the tool database has since been replaced, as described below in
more detail. For example, EPA GHG Reporting Program data (Subpart W) were used

1
2

Internet address: http://www.eia.gov/
Enverus. Internet address: https://www.enverus.com/solutions/energy-analytics/ep/prism/global/
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2.1

to develop default values for several categories, including condensate tanks, crude oil
tanks, pneumatic devices, and heaters.?

Incorporate updated process characterization data — Several state and local air quality
agencies and Regional Planning Organizations (RPOs) provided updates to replace
the default CenSARA and EPA process characterization data. The tool database
contains reference information identifying the source of all inputs into the estimates.

Develop Access-based tool to house the inventory — A Microsoft Access-based tool
that estimates 2023 nonpoint oil and gas emissions at the county level was then
developed using the compiled activity and process characterization data. The tool has
been programmed to be flexible and allow for user-specified inputs such that users
may update activity and emissions data at the basin and/or county level for future use.
Additional details on the tool and user’s instructions are included in Appendices A
(Exploration Module) and B (Production Module).

Finally, the tool has been programmed to facilitate NEI submissions by generating
EPA Emission Inventory System (EIS) staging tables. These tables can be converted
into valid XML files that are in compliance with the EPA-supplied Consolidated
Emissions Reporting Schema (CERS) using an EPA-supplied XML File Generator
tool. Therefore, the tool allows users to both generate the oil and gas emissions and
format them for NEI submission.

Activity Data

Activity data were obtained at the county level for the entire country to include the key

activity parameters that affect emissions. These key activity factors include, but are not limited
to, the number of active wells by well type, gas production and oil production by well type, spud
count, estimated feet (depth) drilled by wellbore type, and water production by well type.
Activity data for the 2023 base year were obtained from the Enverus database, RIGDATA,* state
oil and gas commission websites, and directly from state and local agencies involved in
development and review of the tool.

Table 2-1 presents the activity data parameters used in the tool to calculate emissions.

Table 2-1. Activity Parameters Needed to Estimate Emissions

Data Parameter
Oil Production (barrels or BBL)
Natural Gas Production (thousand standard cubic feet or MCF)
CBM Production (thousand standard cubic feet or MCF)
Condensate Production (BBL)

3

4

“Summary of Analysis of 2023 GHGRP Subpart W Data for Use in the 2023 NEI Nonpoint Oil and Gas
Emission Estimation Tool”, Memorandum from Mike Pring, Regi Oommen, and William Barr to Jeff Vukovich
and Caroline Farkas. April 27, 2025.

U.S. Well Starts By Depth Range, January 2023 through December 2023. Used by Permission and Approved for
Publication by Kenny Chung at Enverus (https://www.enverus.com/rigdata/) in e-mail communication to Regi
Oommen, Eastern Research Group, Inc. December 3, 2024.
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Table 2-1. Activity Parameters Needed to Estimate Emissions

Data Parameter

Associated Gas Production (MCF)

Oil Well Counts

Natural Gas Well Counts

CBM Well Counts

Oil Well Completions (Conventional and Unconventional)

Natural Gas Well Completions (Conventional and Unconventional)

CBM Well Completions (Conventional and Unconventional)

Produced Water Production at Oil Wells (BBL)

Produced Water Production at Gas/CBM Wells (BBL)

Spud Counts (Vertical, Horizontal, Directional)

Feet Drilled (Vertical, Horizontal, Directional)

Table 2-2. Activity Parameter Data Sources by State

Table 2-2 presents the activity parameter data sources for each state for the data types
identified in Table 2-1.

Oil/ Natural
State Associated Gas/ CCo]?ll:l/Ier(l;szst/e Produced Well Spud Counts/
Gas Condensate . Water Completions | Feet Drilled
. . Production
Production | Production
2024 2024 2024 2024 2024
Alabama ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2924 ENVERUS
2024
Alusk 2024 2024 2024 2024 AIE%\;F;S%/% 2024 ENVERUS/
aska ENVERUS | ENVERUS | ENVERUS | ENVERUS ind AK OGC 2025
Commission
(OGC) 2025
. 2024
Arizona AZ OGC 2025 | AZ OGC 2025 | AZ OGC 2025 | AZ OGC 2025 | [\ Trnoie | 2024 ENVERUS
Ak 2024 2024 2024 2024 2024 2024 ENVERUS/
rkansas ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS AR OGC 2025
California 2024 2024 2024 2024 EN@%%;‘US ;| 2024 ENVERUS/
ENVERUS | ENVERUS | ENVERUS | ENVERUS | . 0-io0 | CAOGC 2025
2024 2024 2024 2024 2024
Colorado ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2024 ENVERUS
. 2024 2024 2024 2024 2024
Florida ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2924 ENVERUS
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Table 2-2. Activity Parameter Data Sources by State

Oil/ Natural
State Associated Gas/ CCo]?ll:l/Ier(l;szst/e Produced Well Spud Counts/
Gas Condensate . Water Completions | Feet Drilled
. . Production
Production | Production
2024
Idaho ID OGC 2025 | ID OGC 2024 | ID OGC 2024 | ID OGC 2024 |\ Urinroe | 2024 ENVERUS
EIA 2025/ EIA 2025/ 2024 2024 ENVERUS/
Tlinois IPRB 2025 CALC RATIO| ENVERUS/
IL OGC 2024 | IL OGC 2024 1L OGC 2004 | IL OGC 2025
EIA 2025/ EIA 2025/ EIA 2025/ 2024 2024 ENVERUS/
Indiana IN OGC 2024 | IN OGC 2024 | IN OGC 2024 | CALC_RATIO | ENVERUS/ IN OGC 2025
IN OGC 2025
2024 2024 2024 2024 2024
Kansas ENVERUS/ | ENVERUS/ | ENVERUS/ | ENVERUS/ | ENVERUS/ 2?{2;1 gﬁgﬁgﬁ
KS DHE 2025 | KS DHE 2025 | KS DHE 2025 | KS DHE 2025 | KS OGC 2025
2024
EIA 2025/ EIA 2025/ EIA 2025/ 2024 ENVERUS/
Kentucky CALC RATIO| ENVERUS/
KY GS 2024 | KY GS 2024 | KY GS 2024 KY DEP 2005 | KY OGC 2025
2024
. 2024 2024 2024 2024
Louisiana ENVERUS/ 2024 ENVERUS
ENVERUS | ENVERUS | ENVERUS | ALC. RATIO ENVERUS
2024 2024
Maryland EIA 2025 EIA 2025 EIA 2025 ENVERUS ENVERUS | 2024 ENVERUS
2024 2024 2024
. ENVERUS/ | ENVERUS/ | ENVERUS/ 2024
Michigan MIEGLE MIEGLE MIEGLE |MIEGLE2024| o 00 o | 2024 ENVERUS
2024 2024 2024
. 2024 2024 2024 2024
Mississippi ENVERUS ENVERUS ENVERUS MS OGC 2025 ENVERUS 2024 ENVERUS
o MO DNR MO DNR MO DNR MO DNR 2024 2024 ENVERUS/
Missouri 2025 2025 2025 2025/ ENVERUS/ MO DNR 2025
CALC_RATIO | MO DNR 2025
2024 2024 2024 2024 2024
Montana ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2924 ENVERUS
Nebraska EN@%ﬁUS ) 2024 2024 2024 2024 NE OGC 2024/
NE OGC 2005| ENVERUS | ENVERUS | ENVERUS ENVERUS RIGDATA
2024 2024 2024 2024 2004
Nevada ENVERUS/ | ENVERUS/ | ENVERUS/ | ENVERUS/ ENVERUS | 2024 ENVERUS
NV DEP 2025 | NV DEP 2025 | NV DEP 2025 | NV DEP 2025
. 2024 2024 2024 2024 2024
New Mexico | p\vERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2024 ENVERUS
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Table 2-2. Activity Parameter Data Sources by State

Oil/ Natural
State Associated Gas/ CCo]?ll:l/Ier(l;szst/e Produced Well Spud Counts/
Gas Condensate . Water Completions | Feet Drilled
. . Production
Production | Production
New York 2024 2024 2024 2024 2024 2024 ENVERUS/
ew ror ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | NY OGC 2025
2024 2024 2024 2024 2024
North Dakota | p\yERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2024 ENVERUS
. 2024 2024 2024 2024 2024
Ohio ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2024 ENVERUS
2024 2024 2024 2024
Oklahoma ENVERUS | ENVERUS | ENvERUs |CALC RATIO| o Ui o | 2024 ENVERUS
2024 2024 2024 2024 2024
Oregon ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2924 ENVERUS
. 2024 2024 2024 2024
Pennsylvania ENVERUS ENVERUS ENVERUS PA DEP 2025 ENVERUS 2024 ENVERUS
South Dakot 2024 2024 2024 2024 2024 2024 ENVERUS/
outh LJakold | eN'WVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS SD OGC 2025
EIA 2025/ EIA 2025/ EIA 2025/ 2024
Tennessee |1 oG 2025 | TN 0GC 2025 | TN 0GC 2025 | CALCRATIO N pyyprys | 2024 ENVERUS
2024
2024 2024 2024 ENVERUS/
Texas TCEQ 2025 | TCEQ 2025 ENVERUS/
ENVERUS | ENVERUS | 1o ppesghs | TXRRC 2025
2024 2024 2024 2024 2024
Utah ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2024 ENVERUS
Viceint 2024 2024 2024 2024 2024 2021 ENVERUS/
irginia ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS VA OGC 2024
West 2024 2024 2024 2024 2024
Virginia ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS WVDEP 2024
. 2024 2024 2024 2024 2024
Wyoming ENVERUS | ENVERUS | ENVERUS | ENVERUS ENVERUS | 2024 ENVERUS

2.1.1 Enverus Data

The primary data source for obtaining activity data was the Enverus database. This
subscription-based information service extracts well-level data from state oil and gas

commission websites and prepares it in a standardized format. As part of EPA’s Enforcement
Activities, EPA has an annual subscription to the Enverus database, allowing data downloads, or
“refreshes,” to be obtained throughout the year. In accordance with the EPA’s licensing
agreement, well-level data is proprietary, but derived products, such as aggregation at the
county-level, are acceptable for public dissemination and use in the tool.

11
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ERG extracted well identification and production information for onshore wells and
leases. ERG imported all of the data into an Oracle database for pre-processing. The Oracle
database combines and processes all of the download data into one table of all production wells
for the EPA Enforcement Universe Database.

With the exception of “Oil (and Condensate) Production” and “Feet Drilled,” all of the
data parameters shown in Table 2-1 are reported fields in Enverus. Enverus reports total
hydrocarbon liquids production for each well, but does not always distinguish between oil and
condensate. Each well was designated as either a gas well or an oil well based on production of
each constituent in the wellstream, well with more than 100,000 (scf/bbl) of gas were considered
gas wells. Liquid hydrocarbons produced at gas wells were then considered to be condensate,
and liquid hydrocarbons produced at oil wells were considered to be oil.

Feet drilled and spud counts are needed for the Drilling and Mud Degassing source
categories. While Enverus reports spud date and well depth for each well, that information is
often lagging or may be incomplete at the time of the data retrieval. Thus, EPA developed an
approach for utilizing the well-specific data from Enverus and state websites and from state-level
“Well Starts” and “Feet Drilled” published by RIGDATA.* The approach is as follows:

1) RIGDATA published total “well starts” and “feet drilled” for 24 states:

Alabama [llinois Mississippi North Dakota Texas

Alaska Indiana Montana Ohio Utah
Arkansas Kansas Nebraska Oklahoma West Virginia
California Louisiana New Mexico Pennsylvania Wyoming
Colorado Michigan New York South Dakota

2) EPA compared the total well starts and feet drilled for the above states to the totals from
the ENVERUS dataset. Where there was no comparison or significant differences
(>30%) between the totals, EPA researched the states OGC websites to download the
exploration data.

a. Six states (Arizona, Florida, Idaho, Maryland, Nevada, and Oregon) were not on
the RIGDATA list and EPA researched confirmed via their OGC websites that no
drilling occurred in 2023.

b. For four states (Kentucky, Missouri, Tennessee, and Virginia), there were no
drilling data in the Enverus dataset. EPA downloaded exploration data from their
respective OGC websites.

c. For five states (Alaska, California, Indiana, Kansas, and Louisiana), the Enverus
totals appeared low compared to RIGDATA. As such, EPA supplemented the
Enverus data with additional exploration data from their respective OGC
websites.

2.1.2 State Oil and Gas Commission Websites

As mentioned above, Enverus was the primary source for most oil, casinghead gas
(associated gas), natural gas, and condensate activity data for 2023, with the exceptions of the
following states:

12
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Arizona (liquids and gas)
Idaho (liquids and gas)
linois (liquids)

Indiana (liquids and gas)
Kansas (liquids and gas)
Michigan (liquids and gas)
Missouri (liquids and gas)
Nebraska (liquids and gas)
Nevada (liquids and gas)
Texas (liquids and gas)

For one state, the Enverus data was supplemented with state data or scaled to match
published totals from the OGC website:

Arkansas Oil production from Enverus was low compared to the EIA state total.
Thus, the Enverus oil well data were scaled up to align better with EIA.

For four states, 2023 production data were not available from the Enverus dataset or their
OGC websites. (It’s possible that the data may be available in the coming months.) As such,
prior year data were carried-forward and scaled to match the EIA production for 2020.

lllinois. County-level gas production from the 2020 Oil and Gas Tool were adjusted
to 2023 production based on the ratio of total EIA production for years 2023 and
2020.

Kentucky. County-level oil and gas production for 2022 were obtained from its OGC
website and were scaled to 2023 production based on the ratio of total EIA production
for years 2023 and 202.

Maryland. County-level gas production from the 2020 Oil and Gas Tool were
adjusted to 2023 production based on the ratio of total EIA production for years 2023
and 2020.

Tennessee. Well-level oil and gas production for 2016 were obtained from a prior
Enverus data pull, and production were scaled to 2023 based on the ratio of total ETA
production for years 2023 and 2016.

Produced water data were primarily available in Enverus for most of the states. When
not reported in Enverus, information was obtained from the state’s oil and gas
commission website (e.g., Pennsylvania) or directly from the state (e.g., Kansas). If
produced water data were not available in either Enverus or from the state, then
activity estimates were generated for this source category based on statewide-
developed production factors within a state (e.g., Louisiana) or from third-party
analysis report (e.g., Oklahoma).’

5

Veil Environmental. U.S. Produced Water Volumes and Management Practices in 2017. February 2020. Internet

address: http://veilenvironmental.com/publications/pw/pw_report 2017 final.pdf

13


http://veilenvironmental.com/publications/pw/pw_report_2017_final.pdf

Nonpoint Oil and Gas Emissions Estimation Tool

e Well completions were primarily available in Enverus for most of the states. When
not reported in Enverus, information was obtained from the state’s oil gas
commission website (e.g., Indiana). If well completions data were not available in
either Enverus or the state’s oil and gas commission websites, then no emission
estimates were generated for this source category (e.g., Arizona).

e Asaresult of this analysis, data from the following state oil and gas commission
websites were used to compile the activity data in the tool:

o Alaska Oil and Gas Commission: https://www.ogb.state.al.us/ogb/wells

o Arkansas Oil and Gas Conservation Commission:
http://aogc.state.ar.us/data/completion.aspx

o California Department of Conservation:
https://www.conservation.ca.gov/calgem/Online Data

o Idaho Oil and Gas Conservation Commission: https://ogcc.idaho.gov/monthly-
and-annual-reports/

o Illinois State Geological Services: https://iprb.org/wp-
content/uploads/2024/02/2023-1PRB-Illinois-Crude-Oil-Production-Report.pdf,
https://dnr.illinois.gov/oilandgas/oilgasweeklydrilllog.html,
https://clearinghouse.isgs.illinois.edu/data/geology/location-points-isgs-wells-
and-borings-database

o Indiana Department of Natural Resources: https://www.in.gov/dnt/oil-and-
gas/publications/monthly-reports/ and https://www.in.gov/dnr/dnroil/5447 . htm

o Kansas Geological Services:
http://www.kgs.ku.edu/PRS/Ora_Archive/ks wells.zip

o Kentucky Geological Services:
https://kgs.uky.edu/kgsmap/OGProdPlot/OGProduction.asp

o Michigan Department of Environment, Great Lakes, and Energy (MI EGLE):
https://www.michigan.gov/en/egle/about/Organization/Geologic-Resources-
Management/QOil-and-Gas/Database-Downloads

o Missouri Department of Natural Resources: https://dnr.mo.gov/land-
geology/businesses-landowners-permittees/permits/oil-gas

o Nebraska Oil and Gas Conservation Commission: http://nogcc.ne.gov/data-
publications/

o Nevada Division of Minerals:
https://www.nbmg.unr.edu/Oil&Gas/Productionlnjection/index.html

o New York Department of Conservation:
https://www.dec.ny.gov/energy/36159.html

o Pennsylvania Department of Environmental Protection:
https://www.depgreenport.state.pa.us/ReportExtracts/OG/OilGasWell WasteRepor
t

o South Dakota Geological Survey: https://usd-asp.usd.edu/SDGS/oilandgas

o Tennessee Department of Environment and Conservation:
https://dataviewers.tdec.tn.gov/pls/enf reports/f?p=9034:34300:0::NO

14
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o Virginia Department of Environmental Quality:
https://energy.virginia.gov/dgoinquiry/frmMain.aspx?ctl=1

o West Virginia Oil and Gas Conservation Commission:
https://tagis.dep.wv.gov/oog/

2.1.3 National Production Summary

A summary of the resulting oil and gas 2023 production statistics by state is presented in
Table 2-3. This includes key activity indicators such as natural gas production (associated gas,
gas well, and coalbed methane gas), crude oil production, and condensate production. States not
listed in Table 2-3 (e.g. Connecticut and North Carolina) did not have any oil or gas production
in 2023.

15


https://energy.virginia.gov/dgoinquiry/frmMain.aspx?ctl=1
https://tagis.dep.wv.gov/oog/

Nonpoint Oil and Gas Emissions Estimation Tool

Table 2-3. Oil and Gas Production by State

Associated Gas Well CBM
State 0Oil Wells \S:lis gvlﬁ\fs 0il (BBL) Gas Gas C°E‘];1§‘£s)ate ((:1311:44 CGE‘)S Condensate

(MMCF) | (MMCF) (BBL)
Alabama 373 204 4,807 3,184,532 6,007 41,933 343,869 37,166 0
Alaska 1,633 225 0 152,424,442 | 3,002,553 520,573 3,040,683 0 0
Arizona 2 10 0 4,815 0 59 0 0 0
Arkansas 864 8,955 46 4,444,831 3,646 391,309 0 682 0
California 40,041 1,700 0 121,600,588 111,776 17,013 4,377 0 0
Colorado 11,504 18,879 4,949 165,111,019 | 1,129,185 447,598 1,639,144 243,894 7,191
Florida 47 2 0 991,484 10,329 626 23,323 0 0
Idaho 0 7 0 0 0 2,560 35,516 0 0
Illinois 21,936 1,015 195 7,184,280 0 2,171 0 417 0
Indiana 4,558 521 127 1,532,417 0 3,150 0 768 0
Kansas 56,551 15,836 3,135 27,603,331 10,644 116,625 18,041 11,899 1,839
Kentucky 14,537 11,981 10 2,229,974 0 87,204 0 867 0
Louisiana 9,660 12,740 9 33,603,145 91,134 4,132,839 1,274,179 10 0
Maryland 0 1 0 0 0 3 0 0 0
Michigan 2,803 7,517 0 4,622,479 5,687 51,994 4,646 0 0
Mississippi 1,443 1,127 0 12,668,002 9,826 17,521 44,003 0 0
Missouri 530 1 0 62,708 0 1 0 0 0
Montana 3,645 4,837 1 22,586,616 87,909 27,752 62,493 2 0
Nebraska 1,303 92 0 1,625,917 5 260 0 0 0
Nevada 53 0 0 216,199 4 0.00 0 0 0
New Mexico 23,559 18,852 5,503 667,553,957 | 2,574,975 429,533 1,890,338 178,926 8,475
New York 2,931 6,659 0 250,428 479 7,741 35 0 0
North Dakota 17,651 174 0 431,847,421 | 1,187,363 556 616 0 0
Ohio 15,043 21,005 27 29,139,617 300,444 1,901,566 862,265 7.2 145
Oklahoma 24,155 23,367 1,920 150,285,845 | 1,408,046 1,357,350 3,023,678 9,648 6,072
Oregon 0 7 0 0 0 93 0 0 0
Pennsylvania 15,996 62,134 330 1,023,272 10,303 7,588,483 3,793,556 2,489 0
South Dakota 138 37 0 908,889 2,957 150 199 0 0
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Table 2-3. Oil and Gas Production by State

Associated Gas Well CBM
State 0Oil Wells \S:lis gvlﬁ\fs 0il (BBL) Gas Gas C°E‘];1§‘£s)ate ((:1311:44 CGE‘)S Condensate
(MMCF) (MMCF) (BBL)
Tennessee 1,132 670 3 173,000 0 3,001 0 10 0
Texas 173,620 99,095 44| 1,657,030,758 | 4,809,745 7,486,668 | 331,903,765 962 2,785
Utah 5,752 4,649 925 55,724,856 112,938 149,127 714,753 27,333 0
Virginia 17 1,907 5,983 5,000 108 14,710 846 68,622 0
West Virginia 2,410 45,270 441 14,958,791 494,799 2,652,050 4,141,687 4,474 1,564
Wyoming 10,841 10,806 4,180 92,866,285 386,541 860,779 3,830,119 61,353 1,243
Total 464,728 | 380,282 32,635 | 3,663,464,897 | 15,757,404 28,312,998 | 356,652,132 649,529 29,314
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2.2

Process Characterization Data

As described in the CenSARA® study, while activities can vary within a basin (e.g.
both oil and gas operations), the geologically influenced characteristics of a specific
basin (e.g. depth, pressure, presence of water, oil quality, gas composition) directly
affect activity parameters that describe oil and gas operations within the basin
boundaries, and in turn, influence emissions. A basin therefore represents a detailed
but tractable geographic unit for development of emissions factors and other process
characterization data for oil and gas nonpoint source emissions estimates.

In the CenSARA study, oil and gas nonpoint source emissions were estimated for
each county within a discrete basin based on equipment characterization, activity
data, and emission factors developed specifically for that basin. This equipment,
activity, and emission factor data were obtained through industry surveys, a review of
oil and gas datasets compiled by state and local agencies, and from existing studies.

Figure 2-1 below illustrates the 19 oil and gas basins included in the geographic scope
of coverage of the CenSARA study.

Denver
Basin

Mlissouri
Ozark Uplift

KA NG Arkansgg
— Arkoma Basin

k!
g ilisizz

Permian Basin

Figure 2-1. Oil and Gas Basins Covered by the CenSARA Study

¢ ENVIRON International Company. Oil and Gas Emission Inventory Enhancement Project for CenSARA States.
December 21, 2012. Internet address: www.censara.org/filedepot/folder/10
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e Nationally, the remainder of the country was sub-divided into oil and gas basins (as
defined by the geologic provinces published by the American Association of
Petroleum Geologists (AAPQG)) as used under Subpart W of the Greenhouse Gas
Reporting Program (GHGRP).’

e Using the AAPG definitions, the country is divided into 114 distinct oil and gas
basins. Figure 2-2 below illustrates the geographic division of the country into oil and
gas basins as defined by the geologic provinces published by the AAPG.

Figure 2-2. Oil and Gas Basins as Defined by the Geologic Provinces Published by the
AAPG

e The basic methodology employed in development of the CenSARA inventory was
used to develop the national tool described in this report. However, during
development and review of the tool by various stakeholders as part of the initial tool
development for the 2011 NEI, it was determined that county-level resolution was
needed to accommodate differing operational characteristics within a basin.
Therefore, the tool currently resolves equipment characterization and activity data
down to the county level.

e For the CenSARA states, the input data from the CenSARA study have been used in
the tool. For several oil and gas basins located in states adjacent to the CenSARA
states, the AAPG basin definitions overlap into the CenSARA states. Therefore,
CenSARA basin-specific data was used to initially populate the tool database for

7 U.S. EPA, 2013. Subpart W Basin and County Combinations. Internet address:
http://www.ccdsupport.com/confluence/display/help/Subpart+W-+Basin+and+County+Combinations

19


http://www.ccdsupport.com/confluence/display/help/Subpart+W+Basin+and+County+Combinations

Nonpoint Oil and Gas Emissions Estimation Tool

these basins. Table 2-4 identifies the basins adjacent to the CenSARA states where
CenSARA basin-specific data was initially input into the tool.

Table 2-4. Oil and Gas Basins Adjacent to CenSARA States

AAPG Basin Affected States CenSARA Basin
Anadarko Basin CO Anadarko Basin
Las Animas Arch CO Cambridge Arch-Central Kansas Uplift
Chadron Arch SD Cambridge Arch-Central Kansas Uplift
Denver Basin CO, WY Denver Basin
Forest City Basin 1A Forest City Basin
Upper Mississippi Embayment | KY, MS, TN [llinois Basin
Desha Basin MS Louisiana-Mississippi Salt Basins
Illinois Basin IL, IN, KY Illinois Basin
Palo Duro Basin NM Palo Duro Basin
Permian Basin NM Permian Basin
Orogrande Basin NM Permian Basin
Mid-Gulf Coast Basin AL, FL, MS Western Gulf

e Finally, for those basins falling entirely outside of the CenSARA states, national
averages for equipment profiles and activity levels were developed based on the
average of the surveyed basins within the CenSARA states. While this data was used
to initially populate the input data for the tool database, many different state agencies,
RPOs, and EPA supplied data that have been used in the current version of the tool.

e For example, for certain source categories such as well completions and mud
degassing, gas composition data developed by EPA for regulatory development
purposes was used for the non-CenSARA basins.® Gas composition profiles
developed under this effort were used as default profiles for:

o Associated Gas Venting (Oil Wells)

Fugitives (Gas Wells)

Gas-Actuated Pumps (Gas Wells)

Liquids Unloading (Gas Wells)

Mud Degassing (Oil and Gas Wells)

Pneumatic Devices (Gas Wells)

Well Completions (Oil and Gas Wells)

O O O O O

Appendix C contains a comprehensive list of each county in the United States and the
associated AAPG oil and gas basin name, and under the CenSARA inventory (if applicable).
Appendix C also identifies what data was initially used to populate the tool database for each
county. This was either data from a specific CenSARA basin for the CenSARA states
(CENSARA 2012), data from a specific CenSARA basin for certain basins/counties adjacent to
the CenSARA states as listed in Table 2-5 (CENSARA_EXTENSION), or nationally averaged

8 U.S. EPA, 2011. “Composition of Natural Gas for use in the Oil and Natural Gas Sector Rulemaking”,
Memorandum from Heather P. Brown to Bruce Moore. July 28, 2011.

20



Nonpoint Oil and Gas Emissions Estimation Tool

data from all CenSARA basins (CENSARA AVG). While Appendix C identifies the initial
reference for the data used to populate the tool database, numerous updates have been made to
the tool since it was initially developed to incorporate EPA, state, and local data. The tool
database contains specific references at the county level for each data element used in the
emission estimation algorithms.

Table 2-5 provides a broad overview of the types of data currently found in the tool. The
table indicates “S” for state supplied data, “D” for default CenSARA data, “E” for EPA data,
“B” for Bureau of Ocean Energy Management (BOEM) data, or “R” for RPO data (e.g.
CenSARA or WRAP). In many instances, a mix of these data types are used to estimate
emissions for a single source category. In these cases, each type of data found in the tool is
identified.
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Table 2-5. Tool Data Sources by State and Source Type
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Table 2-5. Tool Data Sources by State and Source Type
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Table 2-5. Tool Data Sources by State and Source Type
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2.3 Updates Since 2020

The final version of the 2023 Nonpoint Oil and Gas Emission Estimation Tool was
completed in May of 2023. The primary updates made since finalization of the 2023 version of
the tool include:

o Updated Activity Data. Oil and gas exploration and production activity data was
updated to reflect 2023 as described in Section 2.1 using data from the Enverus
database, state agencies, and various state oil and gas commission websites.

o Basin Factor Updates. Basin factors were update using several data sources:

o GHGRP data was analyzed to develop updated basin factors for several source
categories including storage tanks, dehydrators, fugitive equipment leaks, heaters,
pneumatic devices, associated gas venting/flaring, and wellhead compressor
engines.

o California Air Resources Board provided fraction of gas vented updates for eight
counties in California.

o North Dakota DEP provided condensate tank and crude oil tank flare capture
efficiency updates.

o Utah DEQ provided condensate tank and crude oil tank flare capture efficiency
updates, as well as CBM basin factor updates.

o Pennsylvania DEP provided mug degassing, well completion, fugitives, liquids
unloading, and pneumatic device gas composition profile updates.

o Texas Commissions on Environmental Quality (TCEQ) provided well
completion, loading, and liquids unloading basin factor updates.

o US Energy Information Administration (EIA) data was used to update the
volumes of gas vented/flared in the associated gas venting and flaring category.

o Emission Factor Updates. Emission factors were updated for several source
categories:

o Dirilling and hydraulic fracturing engine emission factors were updated using the
MOtor Vehicle Emission Simulator version 5 (MOVESS) model for year 2023.
o Temperature Updates. Updated annual average temperature at 2-meters above the
ground data by county using EPA’s 2023 Weather Research and Forecasting(WRF)
model data. EPA provides these temperature data in degrees Fahrenheit.

e Geographic Updates. The Tool added a Tribal layer as an option for calculating tribal
emissions.
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3.0 SOURCE CATEGORY EMISSION ESTIMATION METHODOLOGIES

Emissions for individual oil and gas nonpoint source categories were developed using a
bottom-up approach that begins with developing mass emission rates for each pollutant based on
an activity surrogate (e.g. tons per well, tons per barrel of oil, tons per feet drilled). These by-
surrogate emission rates were then scaled to county-level emissions by multiplying the emission
rates by the scaling surrogate or activity from a particular county (e.g. gas well counts, horizontal
feet drilled, crude oil production, etc.).

Emissions calculations are performed within the Microsoft Access database. Data field
names and definitions for calculation inputs are shown in Appendix D (Data Element Dictionary)
in the same format and nomenclature as they appear in the database tool. Appendix D also
provides the national “default” value for each variable (and reference) used in the calculations
when state-supplied data is unavailable. Refer to the instructions included in Appendices A and

B for details on how the database is organized.

The following sections describe emissions calculations for each source categorys; it is
noted that some of these methodologies may apply to multiple SCCs and thus, are calculated
separately in the tool. Example calculations are provided for each source category. The examples
are provided for illustrative purposes only and may not match the totals calculated by the tool
due to rounding or updates to any of the activity or emission factor inputs.

Table 3.1 below identifies the source categories associated with each type of well (oil or
gas), and the primary activity parameter used as the basis to scale emissions up to the county

level.
Table 3-1. Emission Sources by Well Type

Category Activity Basis Oil CBM Gas
Artificial Lifts 0Oil Well Count Yes No No
Associated Gas Oil Production Yes No No
Coalbed.Methane . CBM Well Counts No Yes No
Dewatering Pump Engines
Condensate Tanks Condensate Production No Yes Yes
Crude Oil Tanks Oil Production Yes No No

Gas, Associated Gas, and CBM

Dehydrators Production; Gas and CBM Well Counts No Yes Yes
Drill Rigs Estimated Feet Drilled Yes Yes Yes
Fugitive Leaks 0il, Gas, and CBM Well Count Yes Yes Yes
Gas-Actuated Pumps 0il, Gas, and CBM Well Count Yes Yes Yes
Heaters 0il, Gas, and CBM Well Count Yes Yes Yes
Hydraulic Fracturing Pumps | Unconventional Well Completions Yes Yes Yes
Lateral/Gathermg Gas and CBM Well Count No Yes Yes
Compressor Engines
Liquids Unloading Gas and CBM Well Count No Yes Yes
Loading Oil and Condensate Production Yes Yes Yes
Mud Degassing Spud Counts Yes Yes Yes
Pneumatic Devices 0il, Gas, and CBM Well Count Yes Yes Yes

26




Nonpoint Oil and Gas Emissions Estimation Tool

Table 3-1. Emission Sources by Well Type

Category Activity Basis Oil CBM Gas
Produced Water Tanks Produced Water Production Yes Yes Yes
Well Completions Completion Count Yes Yes Yes
Wellhead Compressors Gas and CBM Well Count No Yes Yes

3.1 Artificial Lifts

Artificial lifts refer specifically to engines located at oil wells that provide lift to the
liquids in a well up to the wellhead. Generally, artificial lift engines are small natural gas-fired
engines. In the past decade, there has been an increased use of electrified artificial lift engines
powered by the grid; for this kind, emissions are assumed to be zero. Figure 3-1 shows a pump
jack with an artificial lift engine (inset).'

Figure 3-1. Artificial Lift Engine

The basic methodology for estimating emissions from a single non-electrified artificial
lift engine is shown below:

! Personal Communication between Ms. Julie McDill, MARAMA, Ms. Megan Murphy, WVDEP, and Mr. Mike
Pring, Eastern Research Group, Inc. January 24, 2014.
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_ EF,xHPxLF xt
engine 907,185

annual

Equation 1) E

where:

Eecngine are emissions from an artificial lift engine [ton/year/engine]
EF; is the emissions factor of pollutant i [g/hp-hr]

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

tannua 18 the annual number of hours the engine is used [hr/yr]
907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

Artificial lift engine emissions have been scaled up to the county level on the basis of oil
well counts. The methodology for scaling up artificial lift engine emissions is shown below:

Equatlon 2) Eengine,T()TAL =nx Eengine x fpumpjack X (1 - FE) X W()IL,TOTAL

where:

Eengine, orar 18 the total emissions from artificial lift engines in a county [ton/yr]

n is the total number of artificial lift engines per well [engine/well]

Eengine 1s the total emissions from an artificial lift engine (as shown in Equation 1)
[ton/yr/engine]

Joumpjack 18 the fraction of oil wells with artificial lift engines

FE is the fraction of artificial lift engines that are electric

Worr,rorar 1s the total number of oil wells in a county [wells]

Example Calculation for Artificial Lift:

Using the equations provided above, NOx emissions from artificial lift engines in Calhoun
County, Arkansas were calculated as follows:

annual

r  _EFxHPxLFxi
engine 907’1 85

where:
E eigine = emissions from an artificial lift engine [ton/yr/engine]
EF =8.24 [g/hp-hr]
HP =171.5 [hp]
LF = 0.85 (load factor for the engine)
tannuat = 8,000 [hr/yr]
907,185 [g/ton]

Therefore:

_ 8.24x77.5x0.85%8,000
engine 907,1 85
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E engine = 4.79 [ton/yr/engine]

Total NOx emissions from all artificial lift engines in Calhoun County can be evaluated as
follows:

Eengine,TOTAL =nx Eengine X fpumpjack X (1 - FE) X WO[L,TOTAL

where:
Eengine, Torar 18 the total emissions from artificial lift engines in a county [ton/yr]
n =1 [engine/well]
Eengine = 4.79 [ton/yr/engine]
Joumpjack = 0.95 (fraction of oil wells with artificial lift engines)
FE =0.965 (fraction of artificial lift engines that are electrified)
Woirrorar = 18 [wells]

Therefore:

E e rora =1%4.79%0.95x (1-0.965) x 18

E engine, ToraL = 2.86 [ton/yr]
3.2 Associated Gas Venting and Flaring

This section refers to the practice of venting associated gas from oil wells which
sometimes takes place when the well is not connected to a gas sales pipeline or when the amount
of gas produced by the well is so limited that is not profitable for capture. In some areas of the
country, this gas may be flared.

The calculation methodology for estimating county-wide emissions from associated gas
venting is shown below in Equation 3:

X (Qassoc,gas,i )X I)oil ~ f;

P
R | 907185
ﬁWgas)xTx}leO

Equation 3) E assoc,gas,i = ( X (1 - F flare X Ccaptured X Cefﬁciency)

where:

E assoc, gas,i 18 the county-wide emissions of pollutant i from associated gas venting [ton/yr]
P is atmospheric pressure [1 atm]

QOussoc,gasi 1S the venting rate of associated gas per unit of oil production [MCF/bbl]

P, is the annual county-wide oil production [bbl/yr]

R is the universal gas constant [0.082 L-atm/mol-K]

MW is the molecular weight of the gas [g/mol]

T is the atmospheric temperature [298 K]

fi is the mass fraction of pollutant i in the associated gas
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Fare 18 the fraction of associated gas controlled with flares
Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

Flaring Emissions from Associated Gas Controls:

Emissions from flaring controls applied to associated gas are included in this source
category. The methodology for estimating emissions from flaring of associated gas is described
below:

EF x xFx\C.  Ix\C,, . x HV
EQuation ) £, e =( oz (lggg'“’) Con WV j /2,000

where:

Efare assoc,gas 18 the county-wide flaring emissions of pollutant i from vented associated gas
[ton/yr]

EF; is the flaring emissions factor for pollutant 7 [Ib/MMBtu]

Qussoc,gas 18 the volume of associated gas vented per barrel of oil produced [MCF/bbl]

F is the fraction of associated gas vent controlled with flares

Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

HYV is the local heating value of the gas [BTU/SCF]

P, 1s the annual county-wide oil production [bbl/yr]

2,000 is the unit conversion factor 1bs/ton

The methodology for estimating SO> emissions from flaring of associated head gas is
shown below:

Equation 5)

E cocqas. flare .50, = P <Q“mc’g”‘v )X ] X 2 X A X F e X (Ccaptured )X (Ceﬁ?c[enq» )
(%leaijTx&leos 907,185

where:

Eamcgas, fare,s0, 18 the county-wide SOz emissions from flaring of associated gas [ton/yr]

P is atmospheric pressure [1 atm]

QOussoc,gas 1S vented volume of associated gas per barrel of oil [MCF/bbl]
P, is the annual county-wide oil production [bbl/yr]

R is the universal gas constant [0.082 L-atm/mol-K]

MW s 1s the molecular weight of the associated gas [g/mol]

T is the atmospheric temperature [298 K]
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JSu,s 18 the mass fraction of HS in the associated gas

Fare 1s the fraction of associated gas vents controlled by flare
Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

County-wide emissions from associated gas venting and associated gas flaring are
estimated directly from Equations 3-5. The sum of venting and flaring emissions by pollutant
yield the total county-wide emissions from associated head gas that is not captured for sale.

Example Calculation for Associated Gas Venting:

Using the equations provided above, VOC emissions for associated gas venting in
Columbia County, Arkansas were calculated as follows:

x (Qassoc,gas )X })oil f
assoc,gas

P
= X X
(%MM) «Tx35x10° | 207185
where:

Essoc,gas 18 the county-wide emissions of VOC from associated gas venting [ton/bbl]
P =1 [atm]

Qassoc,gas =0.00365 [MCF/bbl]

Poir= 1,231,945 [bbl/yr]

R =0.082 [L-atm/mol-K]

MW g5 = 24.25 [g/mol]

T=298 [K]

f=0.262 (the mass fraction of VOC in the associated gas)

Fare = 0 (the fraction of associated gas vent controlled with flares)
Ceaprurea = 1.0 (capture efficiency expressed as fraction)

Cefiiciency = 0.98 (control efficiency expressed as fraction)

3.5x107 [MCF/L]

907,185 [g/ton]

(1 - Fﬂure’ X Ccaptured X Ceffﬂciem’y)

Therefore:

e _| Px(0.00365)x1231,945 | 0.262
s | (00827, ) )x298x3.5x10°F | 907185

x(1-0x1.0%0.98)

E assoc, gas — 36.82 [tOH/yI']
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Flaring emissions would be calculated similarly to the example given above for condensate
tanks. In this case, since it is assumed that the fraction of associated gas controlled by flares is
zero, there are no flare emissions.

3.3  Coalbed Methane Dewatering Pump Engines

Coalbed methane (CBM) dewatering pump engines refer specifically to engines located
at CBM wells that provide lift to bring the water in the well up to the wellhead. Removing water
from CBM wells allows the methane to flow freely through the fissures in the coal seam to the
well. Generally, CBM dewatering pump engines are small natural gas or diesel-fired engines.
Where electricity is available, CBM dewatering pump engines may be powered by electric
motors or electric-powered submersible pumps may be used for removing water. For CBM
dewatering pumps powered by electricity, emissions are assumed to be zero.

Figure 3-2 shows a CBM dewatering pump.

Figure 3-2. Coalbed Methane Dewatering Pump
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The basic methodology for estimating emissions from a single non-electrified CBM
dewatering pump engine is shown below:

annual

_ EF,xHPx LF xt

Equation 6) Ergine = 907,185

where:

Eecngine are emissions from a CBM dewatering pump engine [ton/year/engine]
EF; is the emissions factor of pollutant i [g/hp-hr]

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

tannua 18 the annual number of hours the engine is used [hr/yr]

907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

CBM dewatering pump engine emissions have been scaled up to the county level on the
basis of CBM well counts. The methodology for scaling up CBM dewatering pump engine
emissions is shown below:

Equatlon 7) Eengine,TOTAL =nx Eengine X fpump x (1 - FE) X WCBM,TOTAL

where:

Eengine,orar 18 the total emissions from CBM dewatering pump engines in a county [ton/yr]
n is the total number of CBM dewatering pump engines per well, generally equal to 1 (n=1)
[engine/well]

Eengine 1s the total emissions from a CBM dewatering pump engine (as shown in Equation 6)
[ton/yr/engine]

Jfoump 1s the fraction of CBM wells with dewatering pump engines

FE is the fraction of CBM dewatering pump engines that are electric

Weawm torar 1s the total number of CBM wells in a county [wells]

Example Calculation for CBM Dewatering Pump Engines:

Using the equations provided above, NOx emissions from CBM dewatering pump engines
in Calhoun County, Arkansas may be calculated as follows:

EFFxHPx LF xt

_ annual

engine 907,185

where:
E engine = emissions from a CBM dewatering pump engine [ton/yr/engine]
EF =8.24 [g/hp-hr]
HP =171.5 [hp]
LF = 0.85 (load factor for the engine)
Lannual = 8,000 [hr/yr]
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907,185 [g/ton]

Therefore:

~ 8.24x77.5x0.85%8,000
e 907,185
E engine=4.79 [ton/yr/engine]

Total NOx emissions from all CBM dewatering pump engines in Calhoun County can be
evaluated as follows:

Eengine,TOTAL =nx Eengine X pump X (1 - FE) X WCBM,TOTAL
where:
Eengine,orar 18 the total emissions from CBM dewatering pump engines in a county [ton/yr]
n =1 [engine/well]
Eengine = 4.79 [ton/yr/engine]
Joump = 0.95 (fraction of CBM wells with CBM dewatering pump engines)
FE =0.965 (fraction of CBM dewatering pump engines that are electrified)
Wesmrorar = 18 [wells]

Therefore:

Eengine,TOTAL = 1 X 479 X 095 X (1 - 0965) X 1 8

E engine, ToraL = 2.86 [ton/yr]

[Note — the example above is for illustrative purposes only, there are currently no default factors
available to estimate emissions from CBM dewatering pump engines. ]

34 Condensate Tanks

Condensate storage tanks are considered a significant source of VOC emissions. Liquid
storage tank losses are generated by flashing and by working and breathing processes, although
generally the emissions are dominated by flashing losses. This analysis uses a combined-losses
emissions factor and assumes that the gas compositions from both processes are identical. Figure
3-3 shows liquid storage tanks in the Barnett Shale.
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ire 3-3. Liqui Storage anks

The methodology for estimating condensate tank combined losses is shown below:

Equation 8)
EFcondensate tanks,VvoC
Econdensate,tanks,VOC = 2 000 X [1 - FVRU - Fflare X Ccaptured X Cefficiency]
where:

Econdensate,ianks,voc 1s the VOC emissions per liquid unit throughput from condensate tanks
[tons/bbl]

EF condensate,ianks,voc 1s the VOC emissions factor for combined losses from condensate tanks
[Ib-VOC/bbl]

Fyru is the fraction of condensate production controlled by vapor recovery units

Fare 1s the fraction of condensate production controlled by flares

Ceapuired 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

2,000 is the unit conversion factor 1b/ton

The methodology for estimating condensate tank combined losses from other pollutants i
in the gas is shown below:

weight fraction;

Equation 9)

E ;=
condensate,tanks,i condensate,tanks,VOC weight fractionyoc

where:

E condensate,ianks,i 1S the emissions of pollutant i per liquid unit throughput from condensate tanks
[tons/bbl]

Econdensate,ianks,voc 18 the VOC emissions per liquid unit throughput from condensate tanks
[tons-VOC/bbl]

(weight fractioni/weight fraction,.) is the mass-based weight fraction of pollutant i divided
by the weight fraction of VOC in the gas
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Flaring Emissions from Condensate Tank Controls:

This source category includes any flaring emissions associated with controls applied to
condensate tanks. The methodology for estimating emissions from flaring of condensate tank
flash gas is described below:

Equation 10)

EF. xHV
Eﬂare,tank,i = Pcondensate X (Qcondensate,tanks X Fﬂar‘e X (Ccaptured )X (Ce[ﬁciency )X : 23000

1,000

where:

Efare,tanki 18 the county-wide flaring emissions of pollutant i from condensate tank controls
[ton/yr]

Pondensare 1 the annual county-wide condensate production [bbl/yr]

Qcondensate,ank 18 the uncontrolled volume of tank losses vented per unit of condensate
throughput [MCF/bbl]

Fare 1s the fraction of condensate tanks with flares

Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

EFi is the flaring emissions factor for pollutant 7 [Ib/MMBtu]

HYV is the local heating value of the gas [BTU/SCF]

2,000 is the unit conversion factor Ib/ton

1,000 is the unit conversion factor MCF/MMCF

The methodology for estimating SO> emissions from flaring of oil and condensate flash
gas is shown below:

Equation 11)

E . Px (chndensate,tank x F flare x (Ccaptured )X (Ceﬁiciency )X Pcondensate ) 2
Mare tank SO, — (R X s % 907,185

-5
UW ijx3.5><10

gas

where:

E

[flare,tank ,SO,
P is atmospheric pressure [1 atm]

Qcondensate,rank 18 the uncontrolled volume of tank losses vented per unit of condensate
throughput [MCF/bbl]

Fare 1s the fraction of condensate tanks with flares

Ceapuurea 18 the capture efficiency of the flare

Cefficiency 18 the control efficiency of the flare

Pondensate 18 the annual county-wide condensate production [bbl/yr]

R is the universal gas constant [0.082 L-atm/mol-K]

MW 445 1s the molecular weight of the flash gas [g/mol]

is the county-wide SO, flaring emissions from condensate tanks controls [ton/yr]
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T is the atmospheric temperature [298 K]
fu,s 18 the mass fraction of H»S in the flash gas

3.5x10°7 is the unit conversion factor MCF/L
907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

To estimate county-wide total controlled and uncontrolled condensate tank emissions,
which includes venting and flaring, for each pollutant i, Equation 12 below is used:

Equation 12) E

condensate tanks TOTAL ~— E condensate tanks ,i

x P xF +F

condensate tank flare tanks i

where:

Econdensate,ianks, Tor4r 18 the county-wide total emissions for pollutant i from condensate tanks
[tons/yr]

Econdensate,tanks,i 1s the combined losses of pollutant i per liquid unit throughput from
condensate tanks [tons/bbl]

Pondensate 18 the annual county-wide condensate production [bbl/yr]

Fink 1s the fraction of condensate directed to tanks [%]

Efare,tanks,i 1s the county-wide flaring emissions of pollutant i from condensate tank controls
[ton/yr]

Example Calculation for Condensate Tanks:

Using the equations provided above, VOC and SO, emissions from condensate tank
venting and flaring in Columbia County, Arkansas were calculated as follows:

Venting Emissions:

EFcondensate tanks,VoOC
Econdensate,tanks,VOC = 2000 X [1 - FVRU - Fflare X Ccaptured X Cefficiency]
)

where:

Econdensate,ianis,voc 1s the VOC emissions per liquid unit throughput from condensate tanks
[tons/bbl]

EFcondensate,tanks, voc = 3.60 [lb'VOC/bbl]

Fyru = 0 (fraction of condensate tanks controlled by a VRU)

Fare = 0.315 (fraction of condensate tanks with flares)

Ceaprurea = 1.0 (capture efficiency expressed as fraction)

Cefiiciency = 0.98 (control efficiency expressed as fraction)

2,000 is the unit conversion factor Ib/ton

Therefore:

3.60

Econdensate,tanks,VOC = m X [1 —0—-0315%x1x 098]

Econdensate,tanks, voc = 0.001244 [tOHS/bbl]
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Flaring Emissions:

VOC emissions from flaring of condensate tank vapors may then be calculated as
follows:

EFxHV
Eﬂare,tank = f)cundensate x (Qcondensate,tanks x Fﬂare x (Ccaptured )>< (Ce_/ﬁciency )X 1000)/25000

where:

Efare ank 1 the county-wide flaring emissions of VOC from condensate tank controls [ton/yr]
Peondensate = 275,892 [bbl/yr]

Qcondensate,tank =0.037 [MCF/bbl]

Fare = 0.315 (fraction of condensate tanks with flares)

Ceaprurea = 1.0 (capture efficiency expressed as fraction)

Cefiiciency = 0.98 (control efficiency expressed as fraction)

EF =0.66 [Ib/MMBtu]

HV =2,597 [BTU/SCF]

2,000 [1b/ton]

1,000 (conversion factor)

Therefore:

0.66 X 2,597
Efiare ank = 275,892 X (o.o37 X 0.315 x (1.0) X (0.98) X W)/z,ooo

Eﬂare,tank =271 [tOH/yI']

Total VOC emissions from all condensate tanks in Columbia County can be evaluated as
follows:

x P

condensate

x F

tank

+F

condensate tanks , TOTAL = E condensate tanks ,VOC flare tanks

where:

Econdensate,anks, Tor4r 18 the county-wide total emissions of VOC from condensate tanks [ton/yr]
Econdensate,tanks, voc = 0.0012 [tOHS/bbl]

Peondensae = 275,892 [bbl/yr]

Funi =1 (fraction directed to tanks)

Eﬂare,tanks =2.71 [tOH/yI']

Therefore:
Econdensate,tanksrorar = 0.001244 X 275,892 x 1 + 2.71

Econdensate, tanks, TOTAL = 3459 [tOn/yr]
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3.5 Crude Oil Tanks

Crude oil tanks are used to store liquid product at a well pad or central tank battery prior
to transfer downstream to a refinery. Figure 3-4 shows a central tank battery (circled) in the
Permian Basin adjacent to numerous well pads with pump jacks. 2

Crude oil tank emissions are generated by working and breathing processes. The
methodology for estimating oil tank venting emissions is shown in Equations 13-14. This
methodology is based on a combined working and breathing losses VOC emissions factor on a
per unit throughput basis (mass emissions per barrel of oil).

Figure 3-4. Permian Basin Tank Battery

Equation 13)
EF,i1,tanksvoc
Eoil,tanks,VOC = Poil X W X Ftank X [1_FVRU - Fflare X Ccaptured X Cefficiency]
where:

Eoittanks,voc 1s the county-wide annual VOC venting losses from oil tanks [tons-VOC/yr]
P, is the annual county-wide oil production [bbl/yr]
EF it anks, voc 1s the VOC emissions factor for total losses from oil tanks [Ib-VOC/bbl]

2 Google Earth, 2014. “Permian Basin Tank Battery.” 32°28°16.26" N and 102°49'26.40" W. November 14, 2011.
March 25, 2014.
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Fiank 1s the fraction of oil directed to tanks [%]

Fyru is the fraction of oil production controlled by vapor recovery units
Fare 18 the fraction of oil production controlled by flares

Ceapuurea 18 the capture efficiency of the flare

Ceficiency 18 the control efficiency of the flare

2,000 is the unit conversion factor Ib/ton

The methodology for estimating crude oil tank losses from other pollutants i in the
emissions is shown below:

weight fraction;

Equation 14 E,; .= E_; X
q ) oil,tanks,i oil,tanks,VOC weight fractionyoc

where:

Eoittanks,i 18 the county-wide annual losses of pollutant i from oil tanks [tons/yr]

Eoittanks,voc 1s the county-wide annual VOC venting losses from oil tanks [tons-VOC/yr]
(weight fractioni/weight fraction,..) is the mass-based weight fraction of pollutant i divided
by the weight fraction of VOC in the gas

Flaring Emissions from Oil Tank Controls:

This source category includes any flaring emissions associated with controls applied to
crude oil tanks. The methodology for estimating emissions from flaring of oil tank gas losses is
described below:

EF. xHV
Slare tank,i — Poi/ x (Qoi/,tanks,ﬂash x Fﬂare x (Ccaptured )X (Cc{}ﬁciency )X 1000]/25000

Equation 15) E

where:

Efare ank,i 18 the county-wide emissions from crude oil tank flaring [ton/yr]
P, 1s the annual county-wide oil production [bbl/yr]

Qoiltanks flash 18 the volume of gas flared per unit of oil throughput [MCF/bbl]
Fare 18 the fraction of oil tanks with flares

Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

EFi is the flaring emissions factor for pollutant 7 [Ib/MMBtu]

HYV is the local heating value of the gas [BTU/SCF]

1,000 is the unit conversion factor MCF/MMCF

2,000 is the unit conversion factor Ib/ton

The methodology for estimating SO> emissions from flaring of oil tank losses is shown
below:
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Equation 16)

P X(Qai sanks, flash < F pare X(Cca ure )X (Ce zciencr)x Poz)
. 1 tanks, flash > L' 1 ptured oficiency l XfHZSX%O7,185

Eﬂare,tank,SOZ - R
xTx3.5x107
( ﬁwgas j

where:

E fureank 50, 18 the county-wide SO emissions from flaring controls in oil tanks [ton/yr]

P is atmospheric pressure [1 atm]

Qoittank flash 18 the volume of gas vented per unit of oil throughput [MCF/bbl]
Fare 18 the fraction of crude oil tanks with flares

Ceapurea 18 the capture efficiency of the flare

Ceficiency 18 the control efficiency of the flare

P, is the annual county-wide oil production [bbl/yr]

R is the universal gas constant [0.082 L-atm/mol-K]

MMW.gas is the molecular weight of the gas [g/mol]

T is the atmospheric temperature [298 K]

JSu,s 18 the mass fraction of HaS in the gas

3.5x107 is the unit conversion factor MCF/L
907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

Equations 14-16 provide county-wide estimates directly using by-county oil production
as a surrogate. The total county-wide emissions from crude oil tanks are the sum of flaring and
crude tank working and breathing emissions (by-pollutant).

Example Calculation for Crude Oil Tanks:

Using the equations provided above, VOC emissions for crude oil tanks in Columbia
County, Arkansas were calculated as follows:

EFoil tanks,VOC
Eoil,tanks,VOC = Poil X 2000 X Ftank X [1_FVRU - Fflare X Ccaptured X Cefficiency]

where:
Eovittanks,voc 1s the county-wide annual VOC venting losses from oil tanks [tons-VOC/yr]
Poir=1,231,945 [bbl/yr]
EFoil,tanks, voc = 0.287 [lb-VOC/bbl]
Funi =1 (fraction directed to tanks)
Fyru = 0 (fraction controlled by VRU)
Fare = 0 (fraction flared)
Ceaprurea = 1.0 (capture efficiency expressed as fraction)
Cefiiciency = 0.98 (control efficiency expressed as fraction)
2,000 [Ib/ton]
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Therefore:

7
X[1—-0-0x1.0x0.98)]

Eoil,tanks,VOC = 1,231,945 X 2.000

E oil tanks, VOC = 177 [tOHS-VOC/yI']

Flaring emissions are calculated similarly to the example given above for condensate
tanks. In this case, since the fraction of crude oil tank vapors sent to flares is zero, there are no
flare emissions.

3.6  Dehydrators

This source category refers to wellhead dehydrator units. Dehydrator units are used to
remove excess water from produced natural gas prior to delivery to the pipeline or to a gas
processing plant. Two main sources of emissions are found in a dehydrator device: hydrocarbon
emissions (including VOC and HAPs) are generated in the dehydrator still vent, and combustion
emissions are generated in the dehydrator reboiler. In addition, if dehydrator still vents are
controlled by flare, combustion emissions from flaring controls contribute to the total dehydrator
emissions. Figure 3-5 shows a glycol dehydrator in the Barnett shale.

Figure 3-5. Dehydrator
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The basic methodology for estimating county-wide emissions from dehydrator still vents
is shown in Equation 17:

EF.

stillvent

Equation 17) Estillvent,VOC = Pgas X m X [1 -F flare X Ccap ured xC c mdency]

where:

Etitvent,voc 1s the county-wide VOC emissions from dehydrator still vents [ton/yr]

Pgus 1s the annual county-wide gas production [MCF/yr]

EFgivent 1s the VOC emission factor for dehydrator still vent per unit of gas throughput [Ib-
VOC/MMCF]

Fare 1s the fraction of dehydrator vents with flares

Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

2,000 is the unit conversion factor Ib/ton

1,000 is the unit conversion factor MCF/MMCF

The methodology for estimating dehydrator still vent emissions from other pollutants i is
shown below:

weight fraction;

Equation 18 Ei = ; X
q ) stillvent,i stillvent,VOC weight fractionyoc

where:

Esitivent,i 18 the county-wide emissions of pollutant i from dehydrator still vents [ton/yr]
Estitvent,voc 1s the county-wide VOC emissions from dehydrator still vents [ton/yr]

(weight fractioni/weight fraction,.) is the mass-based weight fraction of pollutant i divided
by the weight fraction of VOC in the vented gas

The basic methodology for estimating emissions for the dehydrator reboiler is equivalent
to that of a standard field heater:

EF; X Q iler X €, X hc
— N X i reboiler annual X W

Equation 19) = HV X 2.000 gas

Ereboiler, i

where:

Ereboiler,i 18 the county-wide emissions from pollutant i from dehydrator reboilers [ton/yr]
N is the number of dehydrators per well [1/well]

EF 1s the emission factor for pollutant i for natural gas-fired small boilers [Ib/MMCF]
Oreboiler 18 the heater size [MMBtu/hr]

tannual 18 the annual hours of operation [hr]

hc is a heater cycling fraction of operating hours that the heater is firing

HYV is the local natural gas heating value [Btuioca/SCF]

Was 1s the county-wide number of active gas wells in a particular year [well/yr]

2,000 is the unit conversion factor Ib/ton
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Flaring Emissions from Dehydrator Venting Controls:

The methodology for estimating county-wide emissions from flaring of dehydrator still
vent gas is described below:

Equation 20)

EF. xHV
E flare dehy i = ( gas x Qdehydrator,vent x F flare X (Ccaptured )X (Cejﬁciency )X 1 06 j / 27000

where:

Efare,deny,i 1s the county-wide emissions of pollutant i from dehydrator vent gas flaring [ton/yr]
Py 1s the annual county-wide gas production [MCF/yr]

Quehydrator,vent 18 the volume of gas flared per unit of gas throughput in dehydrator [MCF
vented/MMCF natural gas]

Fare 1s the fraction of dehydrators with flares

Ceapurea 18 the capture efficiency of the flare

Ceficiency 18 the control efficiency of the flare

EFi is the flaring emissions factor for pollutant 7 [Ib/MMBtu]

HYV is the local heating value of the gas [BTU/SCF]

2,000 is the unit conversion factor Ib/ton

10° is the unit conversion factor SCF/MMCF

The methodology for estimating SO> emissions from flaring of dehydrator vent gas is
shown below:

Equation 21)

P oas X Qdehydrator,vent X F flare x (Ccaptured )X (Cefﬁciency )

:P)( 8
R xTx3.5%x107°
[ﬁle}

2
% fins * %607185

E flare,dehydrator SO,

where:

E fure dehyaraior.s0, 18 the county-wide SO: flaring emissions from flaring of dehydrator vent gas

[ton/yr]

P is atmospheric pressure [1 atm]

Pgus 1s the annual county-wide gas production [MCF/yr]
Quehydrator,vent 18 the volume of gas flared per unit of gas throughput [MCF vented/ MMCF
natural gas]

Fare 1s the fraction of dehydrators with flares

Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

R is the universal gas constant [0.082 L-atm/mol-K]

MW 44 1s the molecular weight of the dehydrator venting gas [g/mol]
T is the atmospheric temperature [298 K]
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Su,s 18 the mass fraction of H»S in the dehydrator venting gas

3.5x10°7 is the unit conversion factor MCF/L
907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

Equations 17-21 provide direct county-level estimates of pollutant emissions from
dehydrator still vents, reboilers, and flaring controls. Emissions of the same pollutant each of
these three sub-categories should be added together to arrive at total county-level dehydrator
emissions (still vent + reboiler + flaring).

Example Calculation for Dehydrators:

Using the equations provided above, VOC emissions from the still vents and reboilers of
dehydrators in Cleburne County, Arkansas were calculated as follows:

Still Vent emissions:

EF

stillvent

Est[[lvem,VOC = Pgas X 1 OOO ) 000 X [1 - Fﬂare X Ccaptured X Ceﬁlciency]
’ )

where:

Estitvent,voc 1s the county-wide VOC emissions from dehydrator still vents [ton/yr]
Pgus = 139,458,888 [MCF/yr]

EFstittvens = 0.528 [lb-VOC/MMCF]

Fare = 0 (fraction of dehydrator vents with flares)

Ceaprurea = 1.0 (capture efficiency expressed as fraction)

Cefiiciency = 0.98 (control efficiency expressed as fraction)

2,000 [1b/ton]

1,000 [MCF/MMCF]

Therefore:

0.528

£ = 139,458,888 x — -
stillvent VOC x 1’000 X 2,000

x[1-0x1.0x0.98)]

Estitvent,voc = 36.8 [tOH/yI']
Flaring emissions are calculated similarly to the example given above for condensate
tanks. In this case, since the fraction of still vent vapors sent to flares is zero, there are no flare

emissions.

Reboiler emissions:

EFVOC X Qreboiler X tannual X hc

Ereboiler, voc — HV X 2.000 X I/l(gas
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where:

Erevoiter,voc 18 the county-wide emissions of VOC from dehydrator reboilers [ton/yr]
N =1 [per well]

EFyoc=15.5 [Ib/MMCF]

Qreboiler =0.9875 [MMBtu/hr]

Lannual = 8,6725 [hI'/yI']

hc =1 (cycling fraction of operating hours that the heater is firing)

HV = 1,035 [Btuiocal/SCF]

Wgas =490 [WCHS]

2,000 [1b/ton]

Therefore:

5.5 X 0.9875 x 8,672.5 x 1

Ereboiler,VOC =1x 1,035 x 2,000 X 490

E'reboiter,voc = 11.15 [tOn/yr]
Total VOC emissions from dehydrators in Cleburne County can be evaluated as follows:

Edehy, voc = Estillvent, yvoc + Ereboiler, voc
Edeny,voc = 36.8 [ton/yr] + 11.15 [ton/yr]
Edeny,voc = 48.0 [ton/yr]

3.7  Drilling Rigs

Drilling rig emissions come from three primary engine types: Draw works, Mud pumps
and Generators. Each of these three engine types is used for differing periods of time throughout
the drilling process and are likely to have different load factor and sizes. Each of the three
engines is also likely to be of differing model years and hence Tier levels. Some drilling rigs
operate with a set of large generator engines which provides electric power to the other prime
movers of the rig — draw works and mud pumps; these type of rigs are referred to here as diesel-
electric rigs. Figure 3-6 shows a drilling rig in the Barnett shale.

In order to account for variations in engine characteristics and their effect in final
emissions, average emissions for each type of engine & (k=drawworks, mud pumps or
generators) is estimated separately. In addition, operation parameters such as time and load
factor may vary for vertical, directional, and horizontal wellbores; hence emissions are estimated
separately for both drilling methods using equations 22 and 23. Directional wells are included
with vertical wells for purposes of the calculation.
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Figure 3-6. Drilling Rig

Emissions for a single engine of type k are estimated according to Equation 22:

EFiXHP XLF g XtopentXn
907,185

Equation 22) Eengine ki —

where:

Eengine i are emissions of pollutant i from an engine type k [ton/spud]
EF; is the emissions factor of pollutant i [g/hp-hr]

HPy is the horsepower for an engine k in the county [hp]

LFy is the load factor of the engine k

tevent 18 the number of hours engine k is used [hr/spud]

n is the number of type-k engines in the typical drill rig

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

47



Nonpoint Oil and Gas Emissions Estimation Tool

The emission factor for pollutant i, EF;, is an emissions factor derived from EPA’s
MOVESS model and based on the representative population of drilling engine of various tier
levels in MOVESS. The emissions factor for drill-rig equipment varies by horsepower range, and
there are three possible horsepower bins applicable to the typical range of equipment sizes for
drill rig engines. Hence, three sets of possible engine emissions factors (by HP) are used.

Emissions from a single drill rig (Edri”rigTOT A L,i) are estimated in Equation 23 as the
sum of individual emissions from each drill rig engine as calculated with Equation 22 in
[tons/spud]:

Equation 23) EdrillrigTOTAL,i = Z Eengine k,i
Two distinct drill-rig configurations may be found in various basins:

e Diesel-mechanical (D) drill rigs: in which all k£ engines are diesel-fueled

e Diesel-electric (DE) powered drill rigs: in which only the generator is powered by
diesel and the draw works and mud pumps are electric (and thus do not have direct
emissions associated with them)

Thus equations 22 and 23 will vary by these two configurations, and a set of input values
for each of the four combinations of vertical/horizontal wellbores and diesel/diesel-electric rigs
must be applied.

Emissions from drill rigs correlate to the depth of the wellbore, which will vary between
horizontal and vertical wellbores; thus emissions can be estimated on a “per foot drilled” basis
using the equation below.

Equation 24)

EaritirigroraL,inX(1~FpE)+EdrilirigTOTAL,ip X FDE

E i1: ] =
[ drilling,ilyertical Jnorizontal Dspua vertical

horizontal

where:

Egritting,i 1s the total emissions for a horizontal or vertical spud per unit of feet drilled
[tons/ft]

Earitirigrora Lip is the emissions from a single diesel-powered drill rig (from Equation 23)
for a vertical or a horizontal spud [tons/spud]

Fpe 1s the fraction of drill rigs that are diesel-electric

Earitirigrora Lipg is the emissions from a single diesel-electric drill rig (from Equation 23)

for a vertical or a horizontal spud [tons/spud]
Dypua 1s the depth of a vertical or horizontal spud [ft/spud]

Extrapolation to County-Level Emissions:

Emissions per feet drilled are scaled to county-level drilling emissions according to
Equation 25.
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Equation 25)

Edrill,county—wide,i = [Edrilling,i] X Dvertical + [Edrilling,i] Dhorizontal

vertical horizontal

where:

Edritt county-wide,i 15 the total emissions of pollutant i from county-wide drilling activity [tons/yr]
Edriiing,i 1s the total emissions from drilling a single well [tons/ft]

D eriicar 1s the total depth drilled in the county for vertical wells in a particular year [ft/yr]
Diorizontar 18 the total depth drilled in the county for horizontal wells in a particular year [ft/yr]

Example Calculation for Drill Rigs:

Drill rigs are classified as mechanical, or diesel electric. Mechanical rigs typically operate
three types of engines during drilling: draw works engines (draw), mud pump engines (mud), and
generator engines (gen). Diesel electric rigs are powered by a battery of diesel-electric generator
engines. Wells are classified as vertical (a vertical wellbore), directional (a wellbore that is
angled or deviates from vertical), and horizontal (after an initial vertical direction, the well is
drilled horizontally). No vertical wells were drilled in Cleburne County, and there are no diesel
electric rigs. Using the equations provided above, NOx emissions from drilling in Cleburne
County, Arkansas were calculated as follows:

Emissions from a draw works engine during horizontal drilling:

EF X HP X LF X typons X 10
Edraw works = 907.185

where:

Edraw works = are emissions of NOx from a draw works engine [ton/spud]
EF =4.258 [g/hp-hr]

HP = 557.5 [hp]

LF = 0.4 (load factor for the engine)

fevent = 200 [hr/spud]

n = 2 (number of draw work engines in the typical drill rig)

907,185 [g/ton]

Therefore:

4.258 X 557.5x 0.4 X 200 x 2
Edraw works = 907.185

Edraw works = 0.42 [tOl’l /Spud]

Using similar methodology, emissions for mud pump and generator engines during
horizontal drilling were calculated to yield:

Edraw works = 0.42 [tOl’l /Spud]
Emudpump =0.90 [tOl’l /SPUd]
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Egeneraior=1.19 [ton /spud]

Total NOx emissions from all drill rig engines per spud can be evaluated as follows:
Egriurigrorar = X Eengine
Earitrigrorar = 2.51 [ton /spud]

Total NOx emissions on a per foot basis are then calculated using:

Earairigrorar, X (1 = Fpg) + Eqriurigroraw ,; X Fog

[ drilling vertical/horizontal Dspud vertical

horizontal

where:
Egritiing 18 the total emissions for a horizontal or vertical spud per unit of feet drilled [tons/ft]
Earairigrora,, = 2.51 [ton /spud]
Fpe =0 (fraction of drill rigs that are diesel-electric)
Earairigrorat,,, =0 [ton /spud]
Dgpua =9,318.1 [ft/spud]

Therefore:

E __ 2.51x(1-0)+(00)
drilling,horizontal 9,318.1

Edrilling,horizontal =0.0002693 [tOH /ft]

Finally, county-wide emissions may be calculated as follows:

Edrill,county—wide = [Edrilling] X Dvertical + [Edrilling] Dhorizontal

vertical horizontal

where:

Edritt county-wide 18 the total emissions of NOx from county-wide drilling activity [ton/yr]
Edrilling,vertical =0 [tOl’lS/ft]

Dyerticar = 0 [ft/ yI']

Edrilling,horizontal =0.00002693 [tOl’lS/ft]

Dhorizontal = 596,0265 [ft/yr]

Therefore:
Eqrit,county-wigze = 0.00002693 x 596,026.5

Edrill,county-wide =160.55 [tOl’l /yI']
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3.8  Fugitive Leaks

This source category refers to leaking emissions of produced gas that escape through well
site and pipeline components such as connectors, flanges, open-ended lines, valves, and
compressor wet seals. It must be noted that this source category refers only to fugitive emissions
components located at the wellhead and that large transmission pipeline fugitives and other
midstream fugitives sources are not part of this analysis. Figure 3-7 shows numerous flanges
(circled) and a series of separators at a multi-well pad in the Marcellus shale. !

Figure 3-7. Flanges

Fugitive emissions for an individual typical well are estimated according to Equation 26:

Equation 26) E xY;)/907.185

fugitive, j annual

:(ZEFixNixt

where:

Ejginive,j 1s the fugitive emissions for a single typical well for pollutant j [ton/yr/well]
EF is the emission factor of TOC for a single component i [kg/hr/component]

N; is the total number of components of type i

tannuat 18 the annual number of hours the well is in operation [8,760 hr/yr]

Y; is the mass ratio of pollutant j to TOC in the vented gas

907.185 is the unit conversion factor kg/ton

In addition, fugitive leaks from wellhead compressor seals can be estimated from the
following equations:
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Px (Vvented )X t % (f‘wellhead + 1/ N, lateral ) %

Equation 27) E 907,185*1,000
R - ’ ’
(ngaJxwaxlo

compressor, fug ,CH 4 =

gas

where:

Ecompressorfug,cri4 18 the county-wide CHy fugitive emissions from compressor seals [ton/yr]
P is atmospheric pressure [1 atm]

Vyentea 18 the volume of leaked methane per compressor [SCF/compressor/hour]
t is the annual hours of operation for wellhead compressors [hrs/yr]

R is the universal gas constant [0.082 L-atm/mol-K]

MW 44 1s the molecular weight of the pollutant [g/mol]

T is the atmospheric temperature [298 K]
Jweliheaa 18 the fraction of wells with wellhead compressors

Nuaterar 1s the number of gas wells served by a lateral compressor engine

Was 1s the county-wide number of gas wells

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

1,000 is the unit conversion factor SCF/MCF

To estimate emissions of other pollutants (VOC, H»S) the following equation may be

used:
: MW, M,
Equatlon 2 8) compressor, fug,i ~— ' compressor, fug,cy 4 X MW X M
CH4 CH4
where:

E compressorfug,i 1S the county-wide compressor fugitive emissions for pollutant i [ton/yr]
EF compressor.fug,cr4 18 the compressor fugitive emissions for CHy4 [ton CHa/yr]

MW; is the molecular weight of pollutant i [Ib/lb-mol]

MWy is the molecular weight of CHa [1b/lb-mol]

Mcnus 1s the mole percent of CHy in the local gas [%]

M; is the mole percent of pollutant in the local gas [%]

Extrapolation to County-Level Emissions:

County-wide fugitive emissions from well-site piping components are estimated
according to Equation 29:

Equation 29) E

Sugitive, TOTAL

=F

Sfugitive, j

x N

well

where:

Efgiive rorar 1s the total fugitive emissions from well-site piping components in the county
[ton/yr]
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Efgiivej 1s the fugitive emissions for a single well of pollutant j [ton/yr/well] (from Equation
26)
Nyenr 1s the total number of active wells in the county [wells]

Total county-wide fugitive emissions are the sum of compressor seal emissions and
component fugitive emissions.

Example Calculation for Fugitive Leaks:

Fugitive emissions at gas well and oil well sites occur from connectors, flanges, open-
ended lines, compressor seals, and valves. Using the equations provided above, VOC emissions
for fugitive leaks from valves at gas wells in Cleburne County, Arkansas were calculated as
follows:

E xY)/907.185

fugitive annual

:(ZEFxNxt

where:

Efigirive 1s the VOC emissions for a single gas well from valves [ton/yr/well]
EF =0.0045 [kg TOC/hr/valve]

N =12 [valves/well]

Lannual = 8,760 [hr/yr]

Y=10.036 [VOC to TOC ratio]

907.185 [kg/ton]

Therefore:

E i = (0.0045x12 % 8,760 x 0.036)/907.185

E fugirive = 0.0188 [ton/well]

Total VOC emissions from fugitive leaks from valves at gas wells in Cleburne County
were calculated as follows:

E =F xN

fugitive, TOTAL Sugitive well

where:

Ejginive Tor4L 18 the total fugitive emissions from valves in Cleburne County [ton/yr]
Ejuginve = 0.0188 [ton/yr/well]
Nyer =490 [WCHS]

Therefore:

Efugitive,TOTAL =0.0188x490
Efigitive rorar = 9.21 [ton/yr]
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3.9 Gas-Actuated Pumps

Gas-actuated pumps refer to small gas-driven plunger pumps used at oil and gas
production sites, to provide a constant supply of chemicals or lubricants to specific flow lines or
equipment. These are regularly used in sites where electric power is unavailable. As part of their
operation, gas-driven pumps vent part of the driving gas to the atmosphere, making them a VOC
and CH4 emissions source. Two types of gas-actuated pumps were considered: Kimray pumps
and chemical injection pumps (CIP). For oil wells only CIPs are assumed to be used. Annual
vented gas rates per well from Kimray pumps are estimated following Equation 30:

EFCH 4 P

Equation 30)  E,,...cis = 907185 % Osimray
) 1,000 x y ijx3.5><lO_5j
(( MW,,

where:

Etimray,crs 18 the per-well CHy emissions from Kimray pumps [tons- CHa/well-yr]
EFcn4 is the CH4 emissions factor for a Kimray pump per unit throughput [SCF-
CH4/MMCEF]

QOkimray 18 the gas pumped per well annually with Kimray pumps [MMCF/well-yr]
P is the atmospheric pressure [1 atm]

R is the universal gas constant [0.082 L-atm/mol-K]

MW 445 1s the molecular weight of CH4 [g/mol]

T is the atmospheric temperature [298 K]

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

1,000 is the unit conversion factor SCF/MCF

Emissions from CIPs are estimated based on Equation 31:

Equation 31) E = EF s N Lap X L

CIP,CH4 XN epp X
’ 907,185 24 ,
’ 1,000 x y )xTx3.5><105j
(( MW,,,,

where:

Ecip,crq 1s the per-well CH4 emissions from CIP pumps [tons- CHa/well-yr]
EFcny4 is the CH4 emissions factor for a CIP pump [SCF- CHs/pump/day]
Ncipis the number of CIPs per well [pump/well]

tcrp 1s the regular operation time for chemical injection pumps [hrs/yr]

P is the atmospheric pressure [1 atm]

R is the universal gas constant [0.082 L-atm/mol-K]

MMWcry 1s the molecular weight of CHa [g/mol]

T is the atmospheric temperature [298 K]

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

1,000 is the unit conversion factor SCF/MCF

54



Nonpoint Oil and Gas Emissions Estimation Tool

To estimate emissions from other pollutants (VOC, CO;, H>S, HAPs) from Kimray and
CIP pumps, the following equation may be used:

Equation 32) E i = E pimpe, . % MA;[VW’ X MMi
CH4

CH4

where:

E pump,i 1s the emissions for pollutant i per well from CIPs or Kimray Pumps [ton/well-yr]
Epump,crs1s the CHg emissions from CIPs or Kimray Pumps [ton CHs/well-yr] (from
Equations 30 or 31)

MW; is the molecular weight of pollutant i [Ib/lb-mol]

MW cny is the molecular weight of CHa [1b/lb-mol]

Mcnus 1s the mole percent of CHy in the local gas vented from the pump [%]

M; is the mole percent of pollutant in the local gas vented from the pump [%]

Extrapolation to County-Level Emissions:

To estimate county-wide annual emissions from gas-actuated pumps for each pollutant,
the scaling surrogate used is well counts, according to Equation 33:

Equation 33)

EGAP, i= [(ECIP, i+Ekimray,i) X I/l(gas] + [ECIP, i X Woil]

gas wells oil wells

where:

Ecup i 1s the annual county-wide emissions for pollutant i from gas-actuated pumps [ton/yr]
Ecip, ;i is the emissions from chemical injection pumps per well type (gas or oil) [ton/yr-well]
Etimray, i 1s the emissions from Kimray pumps per well [ton/yr-well]

Was 1s the number of active gas wells in a particular county [wells]

Woir 1s the number of active oil wells in a particular county [wells]

Example Calculation for Gas-Actuated Pumps:

Using the equations provided above, VOC emissions for gas-actuated pumps in Cleburne
County, Arkansas were calculated as follows:

Kimray Pumps:

EF,

— CH4
x Qkimray x

P
Ekimmy,CH4 - 907,185

1,000 x y ijXS.leO‘Sj
(( MWy,

Etimray,crs 18 the per-well CHy emissions from Kimray pumps at gas wells [tons-CHa/well-yr]
EFcus = 1,041 [SCF- CH4/MMCF]
Okimray = 42.9 [MMCF/well-yr]

where:
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P =1 [atm]

R =0.082 [L-atm/mol-K]
MWcrs = 16.04 [g/mol]
T=298 [K]

907,185 [g/ton]

1,000 [SCF/MCF]
3.5x10”° [MCF/L]

Therefore:

E _ L0 9 1
kimray ,CH 4 907’1 85 : 1,000 X ((008%6 04)X 298 X 35 X 10_5)

E kimray, CH4 = 0.923 [tOl’lS CH4/we11/yr]
VOC emissions are then calculated using:

_ % MW,oc % M
kimray kimray, 4
MWCH4 MCH4
where:

E imray 1s the emissions of VOC per well from Kimray Pumps [ton/well-yr]
EFkimmy, cus =0.923 [tOl’l CH4/well-yr]
MWyoc = 52.1 [Ib/Ib-mol]
MWcns = 16.04 [1b/lb-mol]
Mcus = 0.94 [percent CHy, expressed as a fraction]
Myoc = 0.01 [percent VOC, expressed as a fraction]

Therefore:

—0.923x 52.1 0.01

E. X
kimray 16.04 " 0.94

E kimray = 0.032 [ton/well-yr]

Chemical Injection Pumps:

EFCH4 tCIP P
CIP,CH4 —

T 007.185 g "
’ 1,000 x y )xTx3.5><105j
(( MW,

where:

Ecip, chs 1s the per-well CH4 emissions from CIP pumps at gas wells [tons- CHa/well-yr]
EFcrs =260 [SCF- CHs/pump/day]

Ncip = 0.142 [pump/well]

tcip = 8,760 [hrs/yr]

P =1 [atm]

R =0.082 [L-atm/mol-K]
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MWens = 16.04 [g/mol]
T=298 [K]

907,185 [g/ton]

1,000 [SCF/MCF]
3.5x10”° [MCF/L]

Therefore:
260 8,760 P
E =———x0.142x—>—x
APCHY T 907185 24 1,000 ((0.08%6 04)>< 298x3.5x 1075)

E cip, cas = 0.279 [tons CHa/well/yr]

Using the same methodology as above for Kimray pumps, VOC emissions from CIP
pumps are estimated as:

E cip=0.011 [ton/well/yr]

Total VOC emissions from all gas-actuated pumps in Cleburne County can be evaluated
as follows:

EGAP = [(ECIP +Ekimray) X I/l(gas] + [ECIP X Woil]oil wells

gas wells

where:

EGap is the annual county-wide VOC emissions from gas-actuated pumps [ton/yr]
Ecip=0.011 [ton/yr-well]

Ekimray = 0.032 [ton/yr-well]

Wgas =490 [WCHS]

Woir =0 [wells]

Therefore:
Egap = [(0.011 + 0.032) X 490]gaswezzs + [0.011 X O],y weuts

E Gap=21.1 [ton/yr]
3.10 Heaters

This category refers to natural gas-fired external combustors used in oil and gas
production facilities to provide heat input to separators (separator heaters or heater treaters), to
prevent the formation of hydrates during pressure reductions (line heaters), or to provide heat to
tanks (tank heaters). This category does not refer to reboilers used in dehydrators as those
emissions are captured in the dehydrator source category. Figure 3-8 shows a line heater at a
natural gas well in the Marcellus shale. !
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Figure 3-8. Line Heater

The basic methodology for estimating emissions for all pollutants except SO- for a single
heater is shown in Equation 34. Local fuel gas properties will vary between gas wells and oil
wells; hence emissions are estimated separately for this category. Due to limited field data for
this category, all other parameters unrelated to local gas composition were assumed to be the
same for gas and oil wells.

_ EFheater X Qheater X tannual X hC

Equation 34) Euier = (HV x 2 000)

where:

Ehearer 1s the emissions from a given heater [ton/yr]

EFheater 1s the emission factor for a heater for a given pollutant [Ib/million SCF]

Oheater 18 the heater MMBTU/hr rating [MMBT U atca/hr]

tannuat 18 the annual hours of operation [hr/yr]

hc is a heater cycling fraction to account for the fraction of operating hours that the heater is
firing (if not available, hc=1)

HYV is the local natural gas heating value [BTUjocal/SCF]

2,000 is the unit conversion factor Ib/ton
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The methodology for estimating SO> emissions from heaters requires first estimating the
mass of gas combusted in the heater, and then uses the mass fraction of H2S in the gas and the
assumption that all H>S is converted to SO,. This methodology is described in Equation 35.

2%
Equatlon 35) Ehealer e = fH2S X Qh@lll@r X tannual X hc % P
% 907,185 (v ) R 0035
ﬁm/gas Slthe
where:
Eouier s0, 18 the SOz emissions from a given heater [ton-SO»/yr]

Su,s 18 the mass fraction of HaS in the gas

Oheater 1s the heater MMBTU/hr rating [MMBT Usagea/hr]
tannua 18 the annual hours of operation [hr/yr]

hc is a heater cycling fraction to account for the fraction of operating hours that the heater is
firing

HYV is the local natural gas heating value [MMBTU qcal/scf]
P is atmospheric pressure [1 atm]

R is the universal gas constant [0.082 L-atm/mol-K]

MW s 1s the molecular weight of the gas [g/mol]

T is the atmospheric temperature [298 K]

3.5x107 is the unit conversion factor SCF/L

907,185 is the unit conversion factor g/ton

1,000 is the unit conversion factor SCF/MCF

Extrapolation to County-Level Emissions:

County-wide heater emissions are estimated by determining the typical number of heaters
per well and scaling up by well count. This is shown in Equation 36:
Equation 36) E

=F x N

heater

X WTOTAL

heater , TOTAL heater

where:

Eneater,rorar 18 the total heater emissions in a county for a specific pollutant [ton/yr]
Enearer 1s the total emissions from a single heater for a specific pollutant [ton/yr]
Nieater 18 the typical number of heaters per well throughout in the county

Wrorar is the total number of wells in the county

Example Calculation for Heaters - Gas:

Using the equations provided above, NOx emissions from heaters at gas wells in Cleburne
County, Arkansas were calculated as follows:

E _ EF;zeater X Qheater X tannual X hC
heater (HV % 2’000)
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where:
E hearer= emissions from a single heater [ton /yr]
EF jearer=100 [1b NOx/MMCF]
Q heater = 0.61 [MMBtu/hr]
t annuar= 8,760 [hI'/yI']
hc =1 (heater cycling fraction of operating hours that the heater is firing)
HV =1,035 [MMBtu/MMCF]
2,000 [Ib/ton]

Therefore:

~ 100x0.61x8,760x1
heater (1,035 x 2,000)

E heater=0.258 [ton/heater/yr]

Total NOy emissions from all heaters in Cleburne County can be evaluated as follows:

E =F x N

heater x WTOTAL

heater ,TOTAL heater

where:
E heater, Tor4L = total emissions from heaters [ton/yr]
E heater=0.258 [ton/heater/yr]
N heater = 0.5 [heaters/well]
Wrorar = 490 [wells]

Therefore:

E evier. TOTAL = 0.258 x0.5x490
E heater, Torar = 63.21 [ton/yr]

3.11 Hydraulic Fracturing Pumps

This category refers to equipment used in hydraulic fracturing practices during well
completions and recompletions, generally related to unconventional oil and gas production such
as shale gas and tight sands oil/gas. Engines used during hydraulic fracturing are generally large
diesel-fueled pumps that can be a significant NOx emissions source. Figure 3-9 shows hydraulic
fracturing of three wells in the Marcellus shale. ! The hydraulic fracturing pump engines are lined
up on the red tractor trailer rigs.
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Figure 3-9. Hydraulic Fracturing

Average emissions factors for hydraulic fracturing engines were derived from EPA’s
MOVESS model based on the oil equipment source category bin in MOVESS. The basic
methodology for estimating exhaust emissions from engines used at a hydraulic fracturing event
is shown below:

EF, xHPx LF x N Xt

stages stage

Equation 37) E pacing evens =11 907,185

where:

Efacingevent 18 the exhaust emissions for pollutant i from a single fracing event [ton/event]
n is the number of engines used per fracing event

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

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

Niuges 18 the number of stages per fracing event [stage/event]

tsiage 18 the duration of the fracturing stage [hr/stage]

907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

Fracing pump emissions can be scaled up to the county level on the basis of
unconventional well completions. It is assumed that hydraulic fracturing is performed in all
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unconventional well completions and thus the methodology for scaling up fracturing pump
engine emissions is based on this surrogate as shown below:

Equation 38) E

Sfrac,pumps TOTAL = Nevent.v X Eﬁ*acing,event

where:

Efacpump,roraL 1s the total emissions from fracing pump engines in the county [ton/yr]

Nevents 18 the number of unconventional well completions in a particular year [unconventional
well completions/yr]

Efacing event 18 the total exhaust emissions from engines in a single fracing event [ton/event]

Example Calculation for Hydraulic Fracturing Pumps:

Using the equations provided above, NOx emissions from hydraulic fracturing pumps in
Cleburne County, Arkansas were calculated as follows:

EF, x HPx LF x N Xt

stages stage

E 'l ent i =nx
fracing ,event, 907’1 85

where:

E facingevenri = emissions from a single fracturing event [ton/event]
n = 8.5 [engines/event]

EF=5.831 [g/hp-hr]

HP =2,033 [hp]

LF = 0.688 (load factor for the engine)

N sages = 10.5 [stages/event]

t stage = 2.25 [hr/stage]

907,185 [g/ton]

Therefore:

5.831x2,033x0.688x10.5%x2.25
fracing = 85 X
907,185
Efracing = 1.81 [tOIl/eVel’lt]

E

Total NOx emissions from all hydraulic fracturing pumps in Cleburne County can be
evaluated as follows:
fracing , TOTAL = Eﬁacing X Nevents
where:

E fracing, Torar = total emissions from hydraulic fracturing pumps in a county [ton/yr]
E fiacing = 1.81 [ton/event]
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N evenss= 133 [unconventional well completions/yr]

Therefore:

Efracing,TOTAL = 181)( 133

E fracing, Torar = 241 [ton/yr]
3.12 Lateral/Gathering Compressor Engines

Lateral compressor engines are used to gather gas from multiple individual wells,
generally serving groups of approximately 10 to 100 wells. These engines are generally medium
size and larger than wellhead compressor engines, but often not large enough to trigger Title V
or other major source permitting requirements. Lateral compressor engines were categorized into
two main categories and thus emissions are estimated for each type of engine and consequently
extrapolated to county-wide emissions. These categories of compressors are:

e Rich burn compressors

e Lean burn compressors

Figure 3-10 shows a large, lateral compressor engine operating in the Barnett shale.

Figure 3-10. Lateral Compressor Engine

The basic methodology for estimating emissions from lateral compressor engines is
shown in Equation 39:

Equation 39) Eengine,lype = EF; . I—I9F(;,>7< f;;x tannual X (1 - F'comm”ed

xCF)
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where:

Eenginenype are emissions from a particular type (rich vs. lean) of compressor engine
[ton/yr/engine]

EF; is the emissions factor of pollutant i [g/hp-hr] (note that this value may be differ
between rich-burn vs. lean-burn engines)

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

tannua 18 the annual number of hours the engine is used [hr/yr]

Feonmoliea 18 the fraction of lateral compressors of a particular type that are controlled
CFi; is the control factor for controlled engines for pollutant i

907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

County-level emissions are represented by a mix of the two types of lateral compressors.
Single engine emissions are scaled to county level using the fraction (F) of these engine types to
total engines, the fraction of wells served by lateral compressor engines, and the total gas well
count in a county, according to equation below:

1
engine,TOTAL = (E‘ich Eengine,rich + F}eun Eengine,lean )X Wgax x N

lateral

Equation 40) E

where:

Eengine, rorar 1s the total emissions from lateral compressor engines in a county [ton/yr]
Fricn 18 the fraction of rich-burn lateral compressors in the county amongst all lateral
Compressors

Eecngine ricn 18 the total emissions from a single rich burn compressor engine per Equation (39)
[ton/yr]

Flean 1s the fraction of lean-burn lateral compressors in the county amongst all lateral
Compressors

Eecngine iean 18 the total emissions from a single lean burn compressor engine per Equation (39)
[ton/yr]

Waas 1s the total gas well count in a county

Nuaterar 1s the number of gas wells served by a lateral compressor engine

Example Calculation for Rich-Burn Lateral Compressor:

Using the equations provided above, NOx emissions from rich-burn lateral compressor
engines in Cleburne County, Arkansas were calculated as follows:

_ EFxHPxLF xt
engine, rich 907,1 85

annual x (1 _ F'C

ontrolled

xCF)
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where:

E engine, rien = emissions from a rich-burn lateral compressor engine [ton/yr/engine]
EF =8.24 [g/hp-hr]

HP =97.0 [hp]

LF =0.74 (load factor for the engine)

Lannual = 8,760 [hr/yr]

Feontrotiea = 0.44 (fraction controlled)

CF = 0.90 (control factor)

907,185 [g/ton]

Therefore:

~ 8.24%x97.0x0.74x8,760
engine, rich 907’1 85

E engine, rich — 3.45 [ton/yr/engine]

E

x (1-0.44 x 0.90)

Total NOx emissions from all rich-burn lateral compressor engines in Cleburne County
can be evaluated as follows:

1

X

Eengine, rich,TOTAL = (F;‘ich X Eengine, rich )X Wgas

N,

lateral
where:
E engine, rich, ToT4z = total emissions from rich-burn lateral compressor engines in a county
[ton/yr]
F vien = 0.490 (fraction of rich burn engines)
E engine, rich — 3.45 [ton/yr/engine]
Wgas =490 [WCHS]
N taterat = 32.05 (number of gas wells served by a lateral compressor engine)

Therefore:

1

Eengine,rich,TOTAL = (0490 X 345)X 490 X 3205

E engine, rich, TOTAL = 25.8 [tOn/yr]
3.13 Liquids Unloading

This source category refers to emissions from venting gas from gas wells to prevent
liquid build-up in the well that could limit production. This practice is also commonly referred as
“well blowdowns”. Vented gas from liquids unloading is a VOC emissions source. Some wells
use plunger lifts for liquids unloading, which can also result in vented emissions. Liquids
unloading emissions may be controlled by a combustion device such as a flare or may also be
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controlled by a variety of devices and practices that reduce venting from the liquids unloading.
Figure 3-11 shows 2 wells equipped with plunger lifts. *

Figure 3-11. Plunger Lifts

Emissions from liquids unloading are based on the average venting volume per liquids
unloading and the gas composition of the vented gas. The calculation methodology for
estimating emissions from a single liquids unloading event is shown below in Equation 41:

P X (I/vented ) f;

Equatlon 4 1) E liquidsunloading i — X

(%Wgaij Tx3.5x10° | 207183

where:

Eliguids unioading,i 1S the emissions of pollutant i from a single liquids unloading event [ton/event]

P is atmospheric pressure [1 atm]

Vventea 18 the volume of vented gas per liquids unloading [MCF/event]
R is the universal gas constant [0.082 L-atm/mol-K]

MW s the molecular weight of the gas [g/mol]

T is the atmospheric temperature [298 K]

fi is the mass fraction of pollutant i in the vented gas

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

3 Artificial Lift R&D Council, 2014. Internet address: http://www.alrdc.org/production/

66


http://www.alrdc.org/production/

Nonpoint Oil and Gas Emissions Estimation Tool

Emissions from Flare Controls for Liquids Unloading Vents:

In areas where flaring is used to control liquids unloading vents, the methodology for
estimating flaring emissions is described below:

Equation 42)

EE X Vven ed X F X (Cca ured )X (Ceﬁicienc )X HV
E_ﬂare,liquidsunloading = ( t 1 Op(t)o . X Wgas x Nhlowdown 27000

where:

Efare liquids unloading 18 the county-wide flaring emissions of pollutant i for liquids unloading
[ton/yr]

EF; is the flaring emissions factor for pollutant 7 [I1b/MMBtu]

Vyentea 18 the volume of vented gas per liquids unloading [MCF/event]

F is the fraction of well liquids unloading that are flared

Ceapurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

HYV is the local heating value of the gas [BTU/SCF]

Was 1s the county-wide number of active gas wells for a particular year [wells]
Nbiowdown the number of annual blowdowns per well in the county [event/yr-well]
1,000 is the unit conversion factor MCF/MMCF

2,000 is the unit conversion factor Ib/ton

The methodology for estimating SO> emissions from flaring of liquids unloading gas is
shown below:

Equation 43)

P X (I/vented X Wgas X N blowdown )X F X (Ccaptured )X (Cejj‘iciency)

R -5
[A/IWgaijTx&leO

flare,liquidsunloading ,SO, =

p
X s X AO7,185

where:

E yore tiguidsuntoading 50, 15 the county-wide SO; flaring emissions from flaring of liquids

unloading vent gas [ton/yr]

P is atmospheric pressure [1 atm]

Viyentea 18 the volume of vented gas per liquids unloading [MCF/event]

Was 1s the county-wide number of gas wells [wells]

Nbiowdown the number of annual blowdowns per well in the county [event/yr-well]
F is the fraction of liquids unloading with flares

Ceapuurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

R is the universal gas constant [0.082 L-atm/mol-K]

MW is the molecular weight of the liquids unloading gas [g/mol]
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T is the atmospheric temperature [298 K]
Su,s 18 the mass fraction of HaS in the liquids unloading venting gas

3.5x10°7 is the unit conversion factor MCF/L
907,185 is the unit conversion factor g/ton

The U.S. Inventory of Greenhouse Gas Emissions and Sinks (U.S. GHG Inventory) was
updated in 2014 to reflect newly available data on emissions from liquids unloading.*
Specifically, EPA analyzed a report issued in September of 2012 by the American Petroleum
Institute (API) and America’s Natural Gas Alliance (ANGA) entitled “Characterizing Pivotal
Sources of Methane Emissions from Natural Gas Production”. Using data presented in the report,
EPA developed updated vent rates (Vyenea in Equation 43) for liquids unloading activities based
on U.S. EIA Supply Regions. Figure 3-12 below shows the six EIA Supply Regions used in the
U.S. GHG Inventory.

Facific

Figure 3-12. EIA Supply Region Map

Table 3-2 below shows the vent rates (Vvenea in Equation 43) by EIA Supply Region for
each venting scenario used in the U.S. GHG Inventory.

4 U.S.EPA, 2013. Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2013. Internet address:
http://www.epa.gov/climatechange/ghgemissions/usinventoryreport.html
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Table 3-2. Liquids Unloading Vent Rates from the U.S. GHG Inventory

Wells venting| Wells venting Vent Rat? for Vent Rate for Wells
EIA Supply . . Wells with . .
- with plunger | without plunger . without Plunger Lift
Region lift (%) lift (%) Plunger Lift (sct/yr/well) ®
° ° (scf/yr/well) ® y
North East 4.3 11.26 314,626 166,174
Midcontinent 2.33 4.14 1,379,958 230,199
Rocky Mountain 12.88 1.52 154,300 2,579,444

South West 3.32 19.47 3,547 96,748
West Coast 7.59 6.80 345,343 304,048
Gulf Coast 2.32 7.08 70,021 300,592

*Whole gas vent rates.

In order to utilize this information within the structure and methodology used in the tool,
a weighted vent rate was developed for all wells in a county. Calculation of a weighted vent rate
was accomplished using the data in Table 3-2. For example, the updated default liquids
unloading vent rate for the North East EIA Supply Region is calculated as follows (using the
2011 value of 153,773 wells in the North East as shown in Table 3-3):

= 32,421 (scf/yr/well)

liquids _unloading

Table 3-3 shows the resultant default vent rates used in the tool (data from the West
Coast Region has been used for the State of Alaska). As these are annual vent rates, where this
information is used in the tool, the frequency of liquids unloading venting has been set equal to
one event per year. Additionally, as these rates reflect some level of control (through the use of
plunger lifts), where this information is used in the tool, a value of “NA” is used for the control
method, and no additional reduction from use of controls has been applied.

Table 3-3. Default Liquids Unloading Vent Rates for the Tool

EIA Supply Region “Count | Wells (efiyewell
North East 153,773 32,421
Midcontinent 87,193 41,659
Rocky Mountain 58,285 59,047
South West 41,919 18,956
West Coast 1,516 46,884
Gulf Coast 71,629 22,913
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Extrapolation to County-Level Emissions:

The total county-level emissions from all liquids unloading are evaluated following
Equation 44:

Equatlon 44) Eliquidsunloading,TOTAL = Eliquidsunloading,i X Nblowdowns X Wgas X (l - Fcontrol,device X Ce[?’iciency )

where:

Eliquids unioading, ToTaz are the total county-wide emissions of pollutant i from liquids unloading
[tons/yr]

Eliguids unioading,i are the liquids unloading emissions from a single liquids unloading event
[tons/event]

Nbiowdowns 18 the number of annual blowdowns per well in the county [event/yr-well]

Wias 1s the total number of active gas wells in the county for a particular year [well]

Feontrol device 18 the fraction of liquids unloading in the county that were controlled

Ceficiency 1 the control efficiency of the control technology used (plunger lifts for example)

Example Calculation for Liquids Unloading:

Using the equations provided above, VOC emissions from liquids unloading in Cleburne
County, Arkansas were calculated as follows:

P X (Vvented ) f

X
(%ngj «Tx35%10° | 207185

Eliquia'sunlaading =

where:

E liquidsunioading = emissions from a single liquids unloading event [ton/event]
P =1 [atm]

V ventea = 5.9375 [MSCF/event]

R =0.082 [L-atm/mol-K]

MW g5 =17.3066 [g gas/mole gas]

T=298 [K]

f=0.03429 [VOC fraction]

3.5x10”° [MCF/L]

907,185 [g/ton]

Therefore:

1x(5.9375) 003429
0.082 -
( %7.3066)x 298x3.5x10 | 907,185

liquidsunloading =

E liguidsunloading = 0.004541 [ton/event]
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In this example, liquids unloading emissions are controlled through the use of a Plunger
lift, ESP, or Beam Pump.

Therefore, total VOC emissions from liquids unloading venting in Cleburne County were
calculated as follows:

liquidsunlading TOTAL =E liquidsunloading X N blowdown X Wgas X (1 - F'control Jdevice X Cefﬁciemy)

where:

Eliguidsuntoading, ToT4L are the total county-wide emissions of VOC from blowdowns [ton/yr]
Eliquia’sunloaa’ing= 0.004541 [ton/event]

Noiowdown = 64 [event/yr-well]

Wgas =490 [WCHS]

Feontrol device = 0.3769 (fraction controlled)

Cefiiciency = 0.7063 (control efficiency expressed as fraction)

Therefore:

Eliquidsunloading,TOTAL = 0004541 X 64 X 490 X (1 - 03769 X 07063)

E liquidsunloading, TOTAL = 104.5 [tOn/yr]

Note that if liquids unloading emissions were controlled through the use of flares, flaring
emissions would be calculated using Equations 42 and 43.

3.14 Loading

This category refers to loading losses that occur when transferring hydrocarbon liquids,
crude oil or condensate, from storage tanks to cargo trucks. Figure 3-13 shows truck loading
operations at a tank battery in Mississippi.
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XL\ AN

Figure 3-13. Truck Loading Operations

The emissions from loading operations will vary by the gas speciation of the working
losses; hence emissions were calculated separately for each hydrocarbon liquid. Equations 46-47
may be used for both categories (SCCs). The loading loss rate is estimated following Equation
45:

. SxV xMW
Equation 45) L=12.46x( % XT gasj

where:

L is the loading loss rate [1b/1,000gal]

S is the saturation factor taken from AP-42 default values based on operating mode (here
assumed as submerged loading: dedicated normal service)

V' is the true vapor pressure of the liquid loaded [psia]

MW s the molecular weight of the vapor [Ib/Ib-mole]

T is the temperature of the bulk liquid [°R]
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VOC truck loading emissions are then estimated by Equation 46 which is dependent on
the VOC fraction in the gas. When available, county-specific working/breathing gas
compositions from condensate/crude oil storage tanks were used in Equations 46-47; however
when county-level data was limited or unavailable, produced gas analyses were used to speciate
emissions from each pollutant.

42

. L
Equatlon 46) Eloading, voc = 1.000 X Yvoc X 2000

where:

Elvaging, voc are the VOC tank loading emissions [ton-VOC/bbl]

L is the loading loss rate [Ib/1,000gal]

Yyoc is the weight fraction of VOC in the vapor in the liquid loaded
42 is a unit conversion [gal/bbl]

2,000 is a unit conversion [Ibs/ton]

Emissions of other pollutants are calculated based on Equation 47:

weight fraction;

Equation 47) Ejyqdinai = Eloadi X
q ) loading,i loading,VvoC weight fractionyoc

where:

E 1oading,i 18 the total loading emissions of pollutant “i” per barrel of liquid [ton/bbl]
(weight fractioniy/weight fraction,.) is the mass-based weight fraction of pollutant i
divided by the weight fraction of VOC in the gas

Extrapolation to County-Level Emissions:

Annual emissions per pollutant i from condensate loading were scaled to county-level by
annual condensate production per Equation 48:

Equatlon 48) Etank loadout, i — Eloading, i X Pcondensate X Ftrucked

where:

E'tank loadour, i 1S the annual county-level emissions for pollutant i from condensate tank load-out
[ton/yr]

Eloading, i 1s the emissions for pollutant i from loading per barrel [ton/bbl]

P condensare 18 the total annual of barrels condensate produced county-wide [bbl/yr]

Fiuckea 1 the fraction of condensate production that is delivered by truck

Annual emissions per pollutant i from oil loading were scaled to county-level by annual
oil production per Equation 49:

Equatlon 49) Etank loadout,oil, i = Eloading, i X Poil X Ftrucked
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where:

E'tank loadour, i 1S the annual county-level emissions for pollutant i from crude oil tank load-out
[ton/yr]

Eloading, i 1s the emissions for pollutant i from loading per barrel [ton/bbl]

P i1 1s the total annual county-wide oil production [bbl/yr]

Fruckea 18 the fraction of oil production that is delivered by truck

Example Calculation for Loading:

Using the equations provided above, VOC emissions for condensate loading in Columbia
County, Arkansas were calculated as follows:

SxXVxMW,,
L =12.46x fg

where:

L is the loading loss rate [1b/1,000gal]

S'=0.6 (based on submerged loading: dedicated normal service)
V'=15.12 [psia]

MWgas = 54.2 [Ib/Ib-mole]

T=1540[°R]
Therefore:
I —12.46x 0.6x5.12x54.2
540

L=3.84 [1b/1,000gal]

Total VOC emissions from all condensate loading in Columbia County can be evaluated
as follows:

42
Eloading,VOC = m X Yvoc X m

where:

Elvaging voc are the VOC tank loading emissions [ton-VOC/bbl]
L =3.84 [1b/1,000gal]

Yvoc= 0.933

42 [gal/bbl]

2,000 [1b/ton]

Therefore:

3.84
Eloading =—- X 0933 X
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Eloading = 0.0000752 [ton-VOC/bbl]

Annual emissions of VOC from condensate loading are then scaled to the county-level
using:

Etank loadout — Eloading,VOC X Pcondensate X Ftrucked

where:

E'tank loadour 18 the annual county-level emissions of VOC from condensate tank load-out
[ton/yr]

Elvadingvoc = 0.0000752 [ton-VOC/bbl]

P condensare = 275,892 [bbl/yr]

Frruckea = 1
Therefore:
Eyonk toadous = 0.0000752 x 275,892 x 1
E'tank toadour = 20.76[ton/yr]

3.15 Mud Degassing

Drilling mud degassing refers to the practice of extracting the entrained gas from the
drilling mud once it is outside of the wellbore. During this process VOCs and CH4 (and other
pollutants in the gas) are vented to the atmosphere. National default emissions factors for mud
degassing are available from The Climate Registry Reporting Protocol as shown in Table 3-4:

Table 3-4. National Default Emissions Factors for Mud Degassing by Mud Base

Emission Source

Emission Factor Units?®

Emission Factor Units®

Mud degassing — water-
based mud

881.84 1bs THC / drilling
day

0.2605 tonnes CH4/ drilling
day

Mud degassing — oil-based
mud

198.41 Ibs THC / drilling
day

0.0586 tonnes CH4/ drilling
day

Mud degassing — synthetic
mud

198.41 Ibs THC / drilling
day

0.0586 tonnes CH4/ drilling
day

Water-based mud emissions factors were assumed as a default conservative value, but
this parameter may be updated in the tool. To account for the use of different mud bases within a

5 Wilson, Darcy, Richard Billings, Regi Oommen, and Roger Chang, Eastern Research Group, Inc. Year 2005
Gulfwide Emission Inventory Study, U.S. Department of the Interior, Minerals Management Services, Gulf of
Mexico OCS Region, New Orleans, December 2007, Section 5.2.10.

¢ Based on gas content of 65.13 weight percent CHa, derived from sample data provided in the original source of
the emission factors. Original sample data is as follows, in terms of mole%: 83.85% CHa, 5.41% C>Hg, 6.12%
C3H8, 3.21% C4H10, and 1.40% CsHi, (Wilson et al., 2007)
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region, the CH4 emissions factor may be estimated as a weighted average based on a usage
fraction of each mud type within a county.

Applying the local-gas CH4 mass fraction to the mud degassing emission factors provides
the site-representative emissions as shown in Equation 50. Because the mud entrained gas is the
gas coming out directly from the wellbore during drilling, produced gas compositions by well
type are used to characterize these emissions. Equations 50-51 are applicable to both oil and gas
wells mud degassing emissions, however gas compositions and surrogate values (spuds) will
vary for each well type.

MCH4

Equatlon 50) Emudgas,,CH4 = Ndrill X Equd,CH4 X 1 102 X m

where:

E nmudgas,crs 1s the mud degassing emissions for CHy per spud [ton/spud]

Nayin 1s the number of drilling days per spud [drilling days/spud]

EFna,cnsis the emissions factor for CH4 [tonne CH4/drilling days]

0.8385 is the mole percent of CH4 from the vented gas used to derive the emissions factor
(EF)

Mcry4 is the mole percent of CHa in the local gas vented during mud degassing [percent,
expressed as a fraction] (if county-specific CH4 emissions factor is used, M=0.8385)
1.102 is the conversion of tonnes to short tons

To estimate emissions from other pollutants in the vented gas Equation 51 may be used:

Equation 51) £ _ MW, M,

=E X
mudgas i mudgascy 4 W ;
M CH4 M CH4

where:

E nudgas,i 1s the mud degassing emissions for pollutant i per spud [ton/spud]

EF pudgas, cus1s the vented emissions for CHy [ton CHa/spud]

MW; is the molecular weight of pollutant i [Ib/lb-mol]

MWy is the molecular weight of CHa [1b/lb-mol]

Mcry4 1s the mole percent of CHa in the local gas vented during mud degassing [percent,
expressed as a fraction]

M; is the mole percent of pollutant in the local gas vented during mud degassing [percent,
expressed as a fraction]

Extrapolation to County-Level Emissions:

To estimate county-wide annual emissions, mud degassing emissions by spud are scaled
with the county-wide count of drilling events (spuds), according to Equation 52:

Equatlon 52) Emudgas,TOTAL i= Emudgas, i X Sspuds

where:

Evudgas, roraLi 1s the annual county-wide emissions for pollutant i from mud degassing [ton/yr]
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Enudgas, i 1s the emissions from mud degassing from a drilling event [ton/spud]
Sspuas 18 the number of wells drilled in a county for a particular year [spud/yr]

Example Calculation for Mud Degassing:

Using the equations provided above, VOC emissions for mud degassing in Cleburne
County, Arkansas were calculated as follows:

M
E v igas.cirs = N X EF yggas crra X 1.102% ﬁ

where:

E nudgas, cra 18 the mud degassing emissions for CHy per spud [ton/spud]
Narin = 20.22 [drilling days/spud]

EFmudgas, ca= 0.2605 [tonnes CHy/drilling days]

Mcus = 0.94 [percent, expressed as a fraction]

0.8385 = [mole fraction CH4 used to derive emission factor]

1.102 [ton/tonnes]

Therefore:

0.94

EmudgaS,CH4 = 2022 x 02605 x 1 ) 102 x 08385

E mudgas, CH4 = 6.51 [tOl’lS CH4/WCH/yI']
VOC emissions are then calculated using:

MWVOC X MVOC
MWCH4 M

E

mudgas ,VOC = Emudga.s,CH4 x
CH4

where:

E nmudgas, voc 1s the emissions of VOC per completion [ton/completion]
Emudgas,CH4 =6.51 [tOl’l CH4/WCH-yI']

MWyoc = 52.1 [Ib/Ib-mol]

MWcrs = 16.04 [1b/Ib-mol]

Mcns = 0.94 [percent CHy, expressed as a fraction]

Myoc = 0.01 [percent VOC, expressed as a fraction]

Therefore:

52.1 0.01
Emudgas,VOC :65 X —— X ——

X
16.04 0.94

Emudgas, voc = 0.225 [tOH/WCH-yI']
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Total VOC emissions from all mud degassing in Cleburne County can be evaluated as
follows:

Emudgas,TOTAL = Emudgas,VOC X Sspuds

where:

Enudgas, rorar 1s the annual county-wide VOC emissions from mud degassing [ton/yr]
Enudgasvoc = 0.225 [ton/spud]
Sspuds = 133 [spud/yr]

Therefore:
Emudgas,TOTAL = 0225 X 133

Emudgas,TOTAL =29.93 [ton/yr]
3.16 Pneumatic Devices

Pneumatic devices are located at the well site and use high-pressure produced gas to
produce mechanical motion. These devices are typically under operation throughout the year and
they may or may not vent the working fluid during operation, making them a potentially
significant source of VOC emissions. Figure 3-14 shows a pneumatic device at a well in the
Marcellus shale. !

Figure 3-14. Pneumatic Device

The counts of pneumatic devices vary between oil and gas wells, thus emissions are
estimated separately for both well types. Emissions from pneumatic devices vary by the bleed
rate of the device. Here it is assumed that four configurations can be found in a typical well: high
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bleed, low bleed, intermittent and no bleed. Emissions for the first three types of device i must be
estimated. The methodology for estimating the emissions from pneumatic devices for a particular
type of well are shown in Equation 53:

Equation 53)
Epneumatic,j = %{Z I/z X Ni X tannual j X r
’ / LOOOx((%M ijx3.5x105j
gas
where:

Epneumaricj 1s the total emissions of pollutant j from all pneumatic devices for a particular type
of well (oil vs. gas) [ton/yr/well]
/; 1s the mass fraction of pollutant j in the vented gas (produced gas)

Vl. is the volumetric bleed rate from device i [SCF/hr/device]

N; is the number of devices i found in a type of well (oil vs. gas) [devices/well]
tannual 1 the number of hours per year that devices were operating [8760 hr/yr]
P is the atmospheric pressure [1 atm]

R is the universal gas constant [0.082 L-atm/mol-K]

MW s 1s the molecular weight of the gas [g/mol]

T is the atmospheric temperature [298 K]

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton

1,000 is the unit conversion factor SCF/MCF

Extrapolation to County-Level Emissions:

County-wide pneumatic device emissions for each well type are estimated according to
Equation 54:

Equatlon 5 4) E pneumatic,TOTAL, j = E pneumatic,j X Wgasoroil

where:

Epneumaric,orar, 1s the total pneumatic device emissions of pollutant j in the county [ton/yr]
Epneumaticj s the pneumatic device emissions of pollutant j for a type of well (gas vs. oil)
[ton/yr/well]

Was or 0it 18 the total number of active gas (or oil) wells in the county [wells]

Total emissions from pneumatic devices will be the combination of county-wide
emissions from each well type:

Equation 55) E =|E

allpneumatics, j |_ pneumatic,TOTAL,j Jgaswells + lEpneumatic,TOTAL,j Joilwells

Subpart W of the GHGRP prescribes bleed rates for low bleed, high bleed, and
intermittent bleed devices that are to be used by reporters to estimate emissions. These rates,
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shown in Table 3-5 below, have been incorporated into the tool as default bleed rates for
pneumatic devices used at oil and gas wells.

Table 3-5. Whole Gas Bleed Rates for Pneumatic Devices

Onshore petroleum and natural gas production Bleed Rate (scf/hour/component)
Low Bleed Pneumatic Devices 1.39
High Bleed Pneumatic Devices 37.3
Intermittent Bleed Pneumatic Devices 13.5

The U.S. GHG Inventory utilizes per-well pneumatic device counts that are used in the
tool. For gas wells, the total device counts in the U.S. GHG Inventory were used to derive
default device counts by device type using the distribution between low, intermittent, and high
bleed devices found in the CenSARA inventory and survey effort. The updated default device
counts are shown in Table 3-6 below for each EIA Supply Region. (Note that for oil wells, the
total device counts by device type will be updated in future inventories as EPA has identified a
calculation error for the oil well device counts shown in Table 3-6.)

Table 3-6. Pneumatic Device Counts for Oil and Gas Wells

Oil Well Device Counts Gas Well Device Counts
EIA Supply Region i i i
PPV | Bieed | Blosd | Bleed | Bieea | High Bleed |GG

North East 0.495 | 0.267 0 0.144 0.222 0.120
Midcontinent 0.495 | 0.267 0 0.460 0.709 0.382
Rocky Mountain 0.495 | 0.267 0 0.434 0.669 0.360
South West 0.495 | 0.267 0 0.394 0.607 0.327
West Coast 0.495 | 0.267 0 0.297 0.458 0.247
Gulf Coast 0.495 | 0.267 0 0.206 0.318 0.171

Example Calculation for Pneumatic Devices:

Using the equations provided above, VOC emissions from low-bleed pneumatic devices
located at gas wells in Cleburne County, Arkansas were calculated as follows:

f ; P
Epneumatic,VOC,well = W Z V X N x tannual

X
i l,OOOx([%/[%aJxT><3.5><10_5J

Epneumatic,voc,wei 18 the total emissions of VOC from low-bleed pneumatic devices
[ton/yr/well]
f=0.0342 [VOC fraction]

where:
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¥ =3.151 [SCF/hr/device]
N =0.99 [devices/well]
Lannual = 8,760 [hr/yr]

P =1 [atm]

R =0.082 [L-atm/mol-K]
MWeaus =17.31 [g/mol]
=298 [K]

3.5x107 [MCF/L]

907,185 [g/ton]

1,000 [SCF/MCF]

Therefore:

1

00342
1.000x (0082, . }x298x3.5x10°)

3.151x0.99x8,760)x

pneumatic,VOC,well =
907,1

Epneumatic,voc,wen = 0.021 [ton/yr/well]

VOC emissions from low-bleed pneumatic devices located at gas wells in Cleburne
County can be evaluated as follows:

E pneumatic,VOC,TOTAL =E pneumatic,VOC ,well X Wgas

where:

Epneumaric,voc, torar 1s the total pneumatic device emissions of VOC from low-bleed pneumatic
devices located at gas wells in Cleburne county [ton/yr]

Epneumatic,voc,wen = 0.021 [ton/yr/well]

Wgas =490 [WCHS]

Therefore:

E

pneumatic,VOC = 0021 x 490
Epneumatic, voc=10.3 [tOH/yI']
3.17 Produced Water Tanks

Water tank emissions are generated by working and breathing processes from tanks used
to store produced water. Figure 3-15 shows produced water tanks in the Barnett Shale.
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Figure 3-15. Produced Water Tanks

Because information on oil and gas field handling of produced water is limited, emissions
from this source were assumed uncontrolled. The methodology for estimating water tank
emissions is shown below separately for gas wells and oil wells as water production and gas
compositions for each well-type will differ:

Gas Well Water Tanks:

. EFwa er tanks ,CH 4
Equatlon 56) Ewater,gaswells,CH4 = é (,)tOO ; X Pwater,gas X Eank
where:

E\vater,gaswelis,cr4 18 the county-wide annual CH4 emissions from water tanks located at gas
wells [tons/yr]

EF water,tanks,cr4 18 the emissions factor for CHs from working/breathing losses from water
tanks in gas well sites [1b/bbl]

Patergas 1 the county-wide annual water production [bbl/yr] from gas wells

Fank 1s the fraction of produced water directed to tanks [%]

2,000 is the unit conversion factor 1bs/ton

Oil Well Water Tanks:

(EFwater,LPwells,CH4 x F + EFwater,RPwells,CH4 X (1 - F)) % F

2 000 tank XP

water ,o0il

Equatlon 57) Ewater,oilwells,CH4 =
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where:

E\vater,oit welis,cr4 18 the county-wide annual CHs4 emissions from water tanks located at oil wells
[tons/yr]

EF vater,LPwelis,crs 18 the emissions factor for CH4 from working/breathing losses from water
tanks at low pressure oil wells (i.e. wells with artificial lifts) [1b/bbl]

EF vater,RPwelis,c4 18 the emissions factor for CHs from working/breathing losses from water
tanks at regular pressure oil well sites [1b/bbl]

F is the fraction of water production from oil wells with artificial lifts

Frani 1s the fraction of produced water directed to tanks [%]

Prater0ir 18 the annual county-wide water production [bbl/yr] from oil wells

2,000 is the unit conversion factor 1bs/ton

To estimate emissions of other pollutants in the losses from water tanks, the following
equation may be used:

MW, M.
Equation 58) E =EF Lx—1

water ,wells ,i water ,wellscy 4 X MW M
CH4 CH4

where:

E vater,weiis,i 1s the water tank county-wide venting losses of pollutant i from water tanks at
particular well type (oil or gas) [ton/yr]

EF water,weiis,cr4 1 the water tank emissions for CHy for a particular well type [ton CHa4/yr]
MW; is the molecular weight of pollutant i [Ib/lb-mol]

MWy is the molecular weight of CHa [1b/lb-mol]

Mcnus 1s the mole percent of CHy in the water tanks gas (local produced gas) [%]

M; is the mole percent of pollutant in the water tanks gas (local produced gas) [%]

Extrapolation to County-Level Emissions:

County-wide emissions from produced water tanks are estimated directly from Equations
56 through 58. The sum of oil wells and gas wells water tank emissions yield total county-wide
emissions from water tanks.

Example Calculation for Produced Water Tanks:

Using the equations provided above, VOC emissions for produced water tanks in
Columbia County, Arkansas were calculated as follows:

Venting emissions (CH4) from gas wells:

EF

water tank
water,gaswell ~ 2 OO 0 water,gas x Eal1k
}
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where:

Evater.gaswen 1 the county-wide annual CH4 emissions from water tanks located at gas wells

[ton/yr]

EFwater,tank =0.11 [lb CH4/bb1]
Pwater,gas = 1,234,207 [bbl/yr]
Frank=1 [%]

2,000 [1b/ton]

Therefore:

011 x1,234,207 x1
2,000

b

water,gaswell

E water, gaswell = 67.9 [tOHS CH4/yI']

VOC emissions are then calculated using:

E M WVOC

water,gaswell ,VOC = water,gaswell MW
CH4

where:

E vater.gasweivoc 1s the emissions of VOC from produced water at gas wells [ton/yr]

EFwater,gaswell =679 [tOl’lS CH4/yI']

MWyoc = 59.5 [Ib/Ib-mol]
MWcrqs = 16.04 [1b/1b-mol]

Mcns = 0.89 [percent CHy, expressed as a fraction]
Myoc = 0.04 [percent VOC, expressed as a fraction]

Therefore:

67.9 59.5 ><0.04

water,gaswell ,VOC = 1 6 04 O 89

E

E water,gaswell, VOC = 11.32 [tOH/yI']

3.18 Well Completions

This category refers to emissions from well completions events, which includes initial
completions and recompletions. Data provided in the Enverus database includes a count of
annual well completions (combines initial and recompletions), thus county-wide emissions will
be a combination of the two. However, well completions characteristics will vary by well type;
hence emissions are estimated separately for gas well completions and oil well completions.
Additionally, emissions are estimated separately for unconventional and conventional

completions.
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Figure 3-16 shows temporary storage tanks used to collect flowback fluids at an
unconventional well completion in the Barnett Shale. Emissions are generated as gas entrained in
the flowback fluid is emitted through open vents at the top of the tanks.

Figure 3-16. Well Completion

The calculation methodology for estimating emissions from a single, uncontrolled
completion event is shown below in Equation 59. Emissions from well completions controlled by
flaring or use of green completions are then calculated using Equations 60-61 as described
below.

P x (Qcompletion ) % f;

Equation 59) E = 907,185
R B ’
(ﬁleaJxTx?a.leO

completion,i

where:

Ecompietion,i 1s the uncontrolled emissions of pollutant i from a single completion event
[ton/event]

P is atmospheric pressure [1 atm]

QOcompierion 18 the uncontrolled volume of gas generated per completion [MCF/event]
R is the universal gas constant [0.082 L-atm/mol-K]

MW, s the molecular weight of the gas [g/mol]

T is the atmospheric temperature [298 K]

fi is the mass fraction of pollutant i in the completion venting gas

3.5x107 is the unit conversion factor MCF/L

907,185 is the unit conversion factor g/ton
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Flaring Emissions from Well Completion Controls:

The methodology for estimating flaring emissions from completion venting processes is
described below:

EF.XQ o ion X EX\C o IX\C ey )X HV
Equation 60) E =[ i Qcompletwn ( captmed) ( g{fzuency) XWCCOU,,W]/Z,OOO

are,completion
farescomplet 1,000

where:

Efare,completion 18 the county-wide flaring emissions of pollutant i for well completions [ton/yr]
EFi is the flaring emissions factor for pollutant 7 [I1b/MMBtu]

Qcompletion 18 the uncontrolled volume of gas generated per completion [MCF/event]
F is the fraction of well completions with flares

Ceapuurea 18 the capture efficiency of the flare

Ceficiency 18 the control efficiency of the flare

HYV is the local heating value of the gas [BTU/SCF]

WCcounty 1s the county-wide number of well completion events for a particular year
[events/yr]

2,000 is the unit conversion factor 1bs/ton

1,000 is the unit conversion factor MCF/MMCF

The methodology for estimating SO emissions from flaring of completion vent gas is
shown below:

Equation 61)

Eﬂare’compleﬁan’soz _ Px (chmpletion X WCcuunty )X Fx (Ccapturea’ )X (Ceﬁ”zciency ) « szS % %07’1 85

R =5
(ﬁleaijTx&leO

where:

is the county-wide SO; flaring emissions from flaring of completion vent gas

flare completion, SO,
[ton/yr]

P is atmospheric pressure [1 atm]

Qcompletion 18 the uncontrolled volume of gas generated per completion [MCF/event]
WCcounty 1s the county-wide number of well completion events for a particular year
[events/yr]

F is the fraction of well completions with flares

Ceapurea 18 the capture efficiency of the flare

Cefiiciency 18 the control efficiency of the flare

R is the universal gas constant [0.082 L-atm/mol-K]

MW 45 1s the molecular weight of the completion venting gas [g/mol]

T is the atmospheric temperature [298 K]

S5 1s the mass fraction of HzS in the completion venting gas
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3.5x107 is the unit conversion factor MCF/L
907,185 is the unit conversion factor g/ton

Extrapolation to County-Level Emissions:

Controlled, county-wide emissions are obtained by scaling-up well completions by well
type using the number of completion events by well type by year and accounting for any controls
used. This is done by applying Equation 62:

Equation 62)

E completion,TOTAL =E completion i X WCcounty (1 - F flare X (Ccaptured ) X (Ce[ﬁciency )_ F green ) +E Slare,completion,i
where:

Ecompietion Torar are the total emissions county-wide of pollutant i from well completions
[tons/yr]

Ecompietion,i are the completion emissions from a single completion event [tons/event]
WCeounty 1s the county-wide total completions events in a particular year [events/yr]

Fare 18 the fraction of completions in the county controlled by flare

Ceapurea 18 the capture efficiency of the flare

Ceficiency 18 the control efficiency of the flare

Fgreen 1s the fraction of completions in the county that were controlled by green completion
techniques

Efare,completion,i 18 the county-wide flaring emissions from flaring of completion vent gas
[ton/yr]

Example Calculation for Well Completions:

Using the equations provided above, VOC emissions from venting of controlled
(accounting for both flaring and green completions) oil well completions in Columbia County,
Arkansas were calculated as follows:

completion —

Px (Qcompletlon ) X f

R 5|7 907,185
(ﬁng)xTx&sxlo

where:

Ecompietion 18 the uncontrolled emissions of VOC from a single completion event [ton/event]
P =1 [atm]

Qcompletion = 226 [MCF/event]

R =0.082 [L-atm/mol-K]

MWgas = 24.25 [g/mol]

T=298 [K]

f=0.26 [VOC fraction]

3.5x10”° [MCF/L]

907,185 [g/ton]
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Therefore:

. _ 1x(226) . 026
completion (008%4 25))( 2908%3.5%10~° 907,185

E completion = 1.84 [tOIl/eVel’lt]

Well completion flaring emissions are calculated similarly to the example given above
for condensate tanks. In this case, E fiare, compierion,voc = 0.552 [ton/yr]

Total VOC emissions from well completion venting and flaring in Columbia County were
calculated as follows:

E

completion

xWC

E completion,TOTAL = county (1 - F flare X (Ccaptured ) X (quﬁciency ) -F, green ) +E Slare,completion

where:

Ecompierion, Torar are the total emissions county-wide of VOC from well completions [tons/yr]
Ecompletion =1.84 [tons/event]

WCeouny = 62 [events/yr]

Fare = 0.833 (fraction flared)

Ceaprurea = 0.898 (capture efficiency expressed as fraction)

Cefiiciency = 0.98 (control efficiency expressed as fraction)

Fgreen = 0.167 (fraction green completions)

Eﬂare,completion =(0.552 [tOH/yI']

Therefore:

Ecompietionrora, = 1.84 % 62 (1 — 0.833 x (0.898) x (0.98) — 0.167) + 0.552

E completion, TOTAL = 11.95 [tOn/yr]
3.19 Wellhead Compressor Engines

Wellhead compressor engines are generally small natural gas-fired engines located at the
well site and used to boost produced gas pressure from downhole pressure to the required
pressure for delivery to a transmissions pipeline. Compressor engines may also be used to assist
in removal of accumulated liquids in the wellbore (artificial lift), or as vapor recovery units to
collect vapors from various equipment on the wellpad for routing to a control device or sales
line. The fractional usage of these engines will depend on the basin characteristics; hence for
those basins that largely require wellhead compression, this may be a significant nonpoint source
of NOx emissions. Figure 3-17 shows two wellhead compressor engines in the Barnett shale.
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Figure 3-17. Wellhead Compressor Engines

Compressor engines found at a wellhead were categorized into two main categories in
this analysis and thus emissions are estimated for each type of engine and consequently
extrapolated to county-wide emissions. These categories of compressors are:

e Rich burn compressors

e Lean burn compressors

The basic methodology for estimating emissions from wellhead compressor engines is
shown in Equation 63:

B EE x HPx LF xt
engine,type ~ 907,185

Equation 63) E el (1-F, x CF})

ontrolled

where:

Eecngine,npe are emissions from a particular type (rich vs. lean) of compressor engine
[ton/yr/engine]

EF; is the emissions factor of pollutant i [g/hp-hr] (note that this may be different for NOx
emissions from rich-burn vs. lean-burn engines)

HP is the horsepower of the engine [hp]

LF is the load factor of the engine

tannual 18 the annual number of hours the engine is used [hr/yr]

Feonmoliea 18 the fraction of compressors of a particular type (rich vs. lean) that are controlled
CFi is the control factor for controlled engines for pollutant i

907,185 is the unit conversion factor g/ton
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Extrapolation to County-Level Emissions:

County-level emissions are made up of the combination of emissions from each type of
wellhead compressor, rich burn and lean burn. Emissions are scaled to county level using the
usage fraction (F) of each engine type against all other compressor engines, the fraction of wells
with wellhead compressor engines, and the total gas well count in a county, according to
equation below:

Equation 64) Eengine,TOTAL = (F E + F E )X Wgas X fwellhead

rich™ engine,rich lean engine,lean

where:

Eecngine rorar 1s the total emissions from wellhead compressor engines in a county [ton/yr]

Fich 1s the fraction of rich-burn wellhead compressors in the county amongst all wellhead
compressors

Eecngine ricn 18 the total emissions from a single rich burn compressor engine per Equation (63)
[ton/yr]

Flean 1s the fraction of lean-burn wellhead compressors in the county amongst all wellhead
COmpressors

Eecngine iean 18 the total emissions from a single lean burn compressor engine per Equation (63)
[ton/yr]

Was 1s the total gas well count in a county

Jweliheaa 18 the fraction of all gas wells in the county with wellhead compressor engines

Example Calculation for Rich-Burn Wellhead Compressor:

Using the equations provided above, NOx emissions from rich-burn wellhead compressor
engines in Cleburne County, Arkansas were calculated as follows:

 EFxHPxLF x1
engine, rich 907’1 85

where:

annual % (1 _ F‘c X CF )

ontrolled

E cngine, riecn = emissions from a rich-burn wellhead compressor engine [ton/yr/engine]
EF=8.24 [g/hp-hr]

HP =105.5 [hp]

LF =0.77 (load factor for the engine)

tannual = 8,370 [hr/yr]

Feontroiea = 0.44 (fraction of engines controlled)

CF = 0.90 (control factor)

907,185 [g/ton]

Therefore:

_ 8.24x105.5x0.77x 8,370
engine, rich 907’1 85

x (1—0.44 % 0.90)
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E engine, rich — 3.73 [ton/yr/engine]

Total NOx emissions from all rich-burn wellhead compressor engines in Cleburne County
can be evaluated as follows:

Eengine,richIOTAL = (Frich x Eengine, rich )X Wgas X fwellhead

where:

E engine, rich, Tor4z = total emissions from rich-burn compressor engines in a county [ton/yr]
F vien = 0.490 (fraction of rich burn engines)

E engine, rich — 3.73 [ton/yr/engine]

Wgas =490 [WCHS]

[ weiiheaa = 0.0845 (fraction of gas wells with compressor engines)

Therefore:

E, e ronroras = (0.490% 3.73)x 490 x 0.0845
E engine, rich, TOTAL, — 75.7 [tOHS/NOx/yI']
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4.0 TooL NONPOINT OIL AND GAS EMISSIONS SUMMARY

Table 4-1 presents a summary of nonpoint oil and gas emissions generated by the tool by

state for 2023.
Table 4-1. State-wide Tool Emissions Estimates
Total HAP
State NOx (TPY) | VOCs (TPY) | CO (TPY) (TPY)
Alabama 4,046 9,701 5,778 371
Alaska 2,633 8,240 4,824 775
Arizona 13 22 19 1
Arkansas 6,024 8,932 5,757 422
California 1,219 21,210 4,245 1,894
Colorado 23,471 59,451 32,272 5,471
Florida 20 408 52 19
Idaho 9 66 14 10
Illinois 13,845 39,466 20,966 389
Indiana 2,744 9,570 4,017 92
Kansas 33,655 71,126 50,737 1,561
Kentucky 24,361 30,812 34,777 1,056
Louisiana 20,896 50,232 30,273 8,557
Maryland <1 1 1 <1
Michigan 8,801 10,332 12,505 525
Mississippi 1,491 5,911 2,386 232
Missouri 234 453 360 5
Montana 1,941 31,789 3,202 1,845
Nebraska 251 1,589 397 20
Nevada 3 122 9 3
New Mexico 96,080 310,372 132,121 24,008
New York 811 6,728 1,170 110
North Dakota 37,802 240,396 45,746 17,607
Ohio 1,778 12,389 2,732 484
Oklahoma 28,936 162,037 36,641 6,154
Oregon 9 13 12 1
Pennsylvania 42,445 72,779 60,191 26,429
South Dakota 191 1,131 151 49
Tennessee 1,201 1,978 1,750 51
Texas 177,449 1,398,840 279,558 51,953
Utah 8,230 71,371 12,705 2,358
Virginia 3,551 7,413 5,073 424
West Virginia 29,612 84,412 42,146 11,969
Wyoming 17,490 77,495 25,783 4,198
Total 591,242 2,806,786 858,368 169,044
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While there is some variability in emissions due to regional and basin-specific factors
such as the VOC weight percent in natural gas, in general, the relative magnitude of state-wide
emissions is dependent on the level of oil and gas activity in each state. As shown in Table 4-1,
the highest emissions occur in those states with the highest oil and gas production.

Table 4-2 presents a summary of national emissions for 2023 for each source category as
calculated by the tool.

Table 4-2. Source Category Tool Emissions Estimates

NOx VOCs CcO Total HAP
Source Category (TPY) (TPY) (TPY) (TPY)

Artificial Lifts 143,838 16,650 | 209,000 16,666
Associated Gas 22,321 158,609 98,850 27,653
CBM Dewatering Pump Engines 0 0 0 0
Condensate Tanks 3,104 429,443 13,746 7,897
Crude Oil Tanks 3,892 820,143 17,247 22,124
Dehydrators 593 113,587 1,338 74,245
Drill Rigs 41,740 1,453 4,964 761
Fugitives 0 317,096 0 1,613
Gas-Actuated Pumps 0 146,664 0 1,055
Heaters 33,237 3,134 48,149 1,092
Hydraulic Fracturing 10,682 362 1,184 198
Lateral/Gathering Compressor Engines 114,930 3,329 | 163,455 2,665
Liquids Unloading 111 67,403 492 388
Loading Emissions 0 72,902 0 2,551
Mud Degassing 0 47,409 0 216
Pneumatic Devices 0 460,680 0 2,802
Produced Water 0 87,489 0 260
Well Completions 757 52,873 3,352 1,103
Wellhead Compressor Engines 216,037 7,558 | 296,591 5,755
Total 591,242 | 2,806,786 | 858,368 169,044

As Table 4-2 illustrates, NOx emissions are largely dominated by wellhead and lateral
compressor emissions. This is particularly true for states with a large number of active gas wells.
Other significant sources of NOx include artificial lift engines, drill rigs, and well-site heaters.
Crude oil storage tanks, pneumatic devices, and condensate tanks are the most significant
sources of VOC emissions in many states. Other key sources of VOC emission include fugitives
(equipment leaks), associated gas, and dehydrators.

Figure 4-1 below shows 2023 tool nonpoint oil and gas VOC emissions for each county.
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Figure 4-1. Tool Nonpoint Oil and Gas VOC Emissions

Figure 4-2 below shows 2023 tool nonpoint oil and gas NOy emissions for each county.
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Figure 4-2. Tool Nonpoint Oil and Gas NOx Emissions
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5.0 NEI NONPOINT OIL AND GAS EMISSIONS SUMMARY

To develop emissions estimates for the nonpoint oil and gas sector in the 2023 NEI, some
states relied on the tool described in detail in this report. While there is much overlap between
the NEI and the tool, it is worth emphasizing again that the tool is not the oil and gas sector NEI.
For many states, the nonpoint oil and gas sector data submitted for inclusion in the NEI are
exactly the same (or very close to the same) as the data generated by the tool. This is true for
states like Oklahoma that participated in the CenSARA study and which provided corrections
and additional input during the development of the tool and which used the tool to generate the
data that were submitted to the NEI. This is also the case for states like North Dakota that
accepted the NEI emissions data for this sector that were generated by EPA using the tool. In
other cases, (e.g., Texas), states have collected data from oil and gas operators directly and have
supplemented that data with data from the tool as needed. And still other states (e.g.,
Pennsylvania) have used the tool in an iterative fashion, generating separate sets of emissions
using specific emission factors, activity values, and input parameters selected to reflect a variety
of source categories (e.g., coal-bed methane wells, conventional gas wells, unconventional wells)
and summed the results (on a county-by-county basis) to yield a more accurate representation of
emissions from this sector in their states. In short, the tool has been used to inform the NEI, but
the parameters incorporated into the tool (and the emissions generated by the tool) may or may
not be the same as the data incorporated into the NEI.

96



Nonpoint Oil and Gas Emissions Estimation Tool

6.0 RECOMMENDED IMPROVEMENT ACTIVITIES FOR FUTURE NONPOINT OIL
AND GAS EMISSION INVENTORIES

The nonpoint oil and gas emissions estimation tool developed under this effort provides
EPA with default emission estimates for each oil and gas producing county in the country. As
mentioned above, these estimates have been used by EPA to gapfill the NEI when state-supplied
data is unavailable. Currently, emission estimates in the tool are based on process
characterization data and emission factors developed by CenSARA, EPA, the WRAP, and
numerous state and local air quality agencies. As available, the data included in the tool is
resolved spatially down to the county level to provide a greater geographic specificity. For some
areas of the country, region specific information was not available and the tool has been
populated for these areas using default data from the CenSARA inventory or from EPA. It is
expected that these areas have their own unique characteristics that are not reflected in the data
currently used in the tool.

Many states, intergovernmental agencies, and other groups have developed their own oil
and gas nonpoint emission inventories using localized data such as air permitting records and
drilling permits and authorizations and have submitted these inventories to EPA for inclusion in
the NEI. Additionally, EPA anticipates that substantial amounts of new information on the oil
and gas sector will become available in the coming years from a variety of ongoing studies being
conducted by government, academic, and industry researchers and organizations. For example,
the required reporting of GHG emissions and other data by the oil and gas sector under Subpart
W of GHGRP continues to expand, and the recent changes to the New Source Performance
Standards (NSPS) and National Emission Standards for Hazardous Air Pollutants (NESHAP)
applicable to this industry have required much more detailed monitoring and recordkeeping than
this industry was subject to even three or four years ago. As such, EPA continues to review
information and data from these sources as they become available for potential incorporation into
the tool.

Given the above, the following recommended improvements are presented for
consideration for future development and refinement of the tool:

e Continued coordination between EPA, states, and intergovernmental agencies to
exchange and share information from their oil and gas nonpoint source inventory
programs. Many states have compiled nonpoint emission estimates and
methodologies for oil and gas sources. For example, TCEQ’s oil and gas inventory
served as the starting point for development of the CenSARA inventory, which was
then developed further into the tool; Pennsylvania has developed a specific emissions
inventory for unconventional exploration and production; and Wyoming inventories
individual oil and gas well pads. A free and open exchange of data, including
mechanisms to make such data sharing easy for all users, would be beneficial to all
parties. This is especially important for states that have relied on their own data with
or without supplementing that data with data from the tool. In addition, it would be
helpful to compare inventories compiled by states to what is generated by the tool,
especially in cases where the state estimates and the tool estimates differ
dramatically. This comparison would help facilitate much-needed quality control
analysis. This is especially important where emission methodologies differ as, for
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example, where states rely on individual company submissions for each individual
wellhead site and the tool relies on county-level activity factors and process
characterization data. The National Oil & Gas Emissions Committee has created an
information repository to facilitate such information transfer
(http://vibe.cira.colostate.edu/OGEC/).

o Add processes, control devices, and source categories. Additional processes such as
saltwater injection, vapor recovery unit engines, turbines, flares (as a separate source
type), construction and workover equipment, and other source categories could be
added to the tool as suggested by stakeholders.

e Update emission estimation methodologies to account for electric-powered
equipment. Many wellhead sites, especially those in urban areas with access to
electrical power, are being hooked up to the grid to power equipment currently
powered by field gas. Including options in the tool to identify the fraction of units
powered by electricity would help refine the emission estimates for affected
categories.

o Allow for various levels of granularity. The ability to perform more granular
estimates at the sub-basin, field, or formation level or for well type (e.g. conventional
and unconventional) or age could be beneficial for states that have those data
available. A less granular approach may be best where detailed sub-basin data are
lacking.

o Improve the tool reports capability. The tool could be modified to facilitate
generation of additional reports requested by stakeholders, which would aid in data
analysis and quality assurance operations.

o Consider adding a module to evaluate midstream oil and gas emissions. A number
of states collect point-source emissions data from midstream oil and gas companies
and submit that data to the NEI. For states that do not collect point-source midstream
data, it would be helpful to include nonpoint emissions module for this sector. In
addition, the demarcation between the midstream and upstream sectors could be made
clearer to determine exactly what the tool currently covers, and what it does not.
Alternatively, an entirely separate midstream tool could be developed.
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Instructions for Using the 2023 EPA Nonpoint Oil and Gas Emissions Estimation
Tool, Exploration Module (4/23/2025)

1.0 Introduction

Under Work Assignment with U.S. EPA, Eastern Research Group, Inc. (ERG) was tasked to develop a
tool that state, local, and tribal (SLT) agencies could use to develop a nonpoint source emission inventory
for upstream oil and natural gas activities. To this end, ERG prepared the EPA Nonpoint Oil and Gas
Emissions Estimation Tool for the 2011 base year to assist agencies in compiling, allocating, and
adjusting upstream oil and natural gas activity data, and developing county-level nonpoint source
emission estimates.

In support of the 2014 NEI, U.S. EPA directed ERG to redesign the Tool to enhance the User experience.
Such enhancements included, but were not limited to: 1) the development of a “Dashboard View” to guide
the User; 2) the creation of data entry forms; 3) the creation of a MS Excel-based data import/export
utility; 4) ability to view EPA default data; and 5) more flexibility in how data are presented. As part of this
work and to increase the efficiency, the Tool was split into two separate modules (i.e., two separate
databases): exploration activities and production activities. These instructions address use of the
exploration module.

For the 2017 NEI, U.S. EPA directed ERG to build upon the re-engineered Production and Exploration
Tools to reflect 2017 activity, as well as include additional PM species, update county FIPS code
changes, and include new source categories and pollutants, when available.

For the 2020 NEI, EPA included basin-level speciation and non-speciation factor updates. The tool
generated estimates for 57 source classification codes (SCCs) and 70 pollutants. Where state or local
data were not submitted to the NEI, EPA uses the estimates generated for inclusion in the 2020 NEI.

For the 2023 NEI, EPA added Tribal Layers. No other substantial changes were made, except for
updating datasets to year 2023 where available.

2.0 MS-Access Databases

The Nonpoint Oil and Gas Emissions Estimation Tools were programmed in MS-Access. This platform
offered several advantages, particularly in accessibility (software is available to most users), familiarity
(MS-Access is used by most SLT agencies in preparation of Emission Inventory System (EIS) data files),
and portability (the tool modules can be e-mailed as zipped files that are less than 25 MB each in size).

Included with the tool are the “area_bridgetool” blank staging tables which are to be used for preparation
of EIS data files.

3.0 Tool Data Flow
The basic concept of the tool is to calculate the source category emissions using the activity data,
emission factors, and basin factors. A conceptual flow is:

Inputs-Activity

EIS Base Table

T~

Emission Factors |~ Source Category Emissions

e
B Compiled Emissions

Basin Factors

A-1
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4.0 Steps for Using the Oil and Natural Gas Tool for Exploration Sources to Generate
Emissions

In this section, steps will be outlined to generate emissions from the Exploration sources.

Note: If the User will be editing an existing version of the database and wishes to reset the tool and
regenerate the emissions, the following steps are recommended:

a. Click on the “Reset All Selections/Go to Step 1” button at the top of the Dashboard; and

b. Compact and Repair the database.

4.1 Preparation

Prior to running the tool, the User must properly link the data tables in the Nonpoint Emissions Staging
Tables within the tool. To do this, follow the instructions below:

1) Place both the “OIL_GAS_TOOL_ 2023 NEI_EXPLORATION_V1_0.accdb” and the
“area_bridgetool.accdb” database tables in the same directory. It is recommended that the User
creates an “EPA_OIL_GAS_2020” directory on their hard drive.

2) Open the “OIL_GAS_TOOL_2023 NEI_EXPLORATION_V1_0.accdb” database. You will need to
“Enable Content” if the message pops up.

(1) SECURITY WARNING Some active content has heen disabled. Click for more details. Enable Content |w—_| Click on the

CUStO m - e EI EPA 0il and Gas - Exploration Activities uE na ble Contentn

RESET N EPA Oil and Gas Tool, 2023 NEI button pration Activities
.= GO TO DASHBOARD Module

L2 GO TO HOME |

Welcome to the U.S. Environmental Protection Agency (EPA) Oil and Gas Tool - Exploration Activities Module. This Module
allows the User to generate county-level emission estimates of criteria and hazardous air pollutants {CAPs and HAPs) for oil
and gas source categories related to exploration activities. When finished, data can be exported to Emission Inventory
System (EIS) Staging tables.

To begin, first link to the EIS Staging tables in the area_bridgetool.accdb database. When finished, please click the "BEGIN"
button below to make your geographic and source category selections.

LINK TO EIS
STAGING TABLES

BEGIN (go to
DASHBOARD VIEW)

CLICK FOR A LIST OF
UPDATES TO THIS
VERSION OF THE

TOOL

3) Click on the “LINK TO EIS STAGING TABLES” button, and a pop-up box will appear. Follow the
instructions to link in the EIS Staging tables in the “area_bridgetool_v2.accdb” database (see
figure below). If successfully linked, 10 tables will be linked.

A-2
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2] Link EIS Tables X

Link EIS Tables

EIS Import Tables
Status  Table Name ﬂ

ControlApproach
ControlMeasure
ControlPollutant

Emsed - Click on the “Select Source

Database” button, and locate
the “area_bridgetool v2.accdb” I

database
Select Source 04

When finished, Click here.

Emissior|

Locatior]

4) Once you have identified the location of the “area_bridgetool v2.accdb” database to link, click on
the “Link Tables” button. If successful, 10 tables will be linked. When finished click on the “When
finished, Click here.” button.

=5 Link EIS Tables X
Link EIS Tables
EIS Import Tables
Status  Table Name s
i
v ControlApproach
v ControlMeasure
v control Once you have identified the
v Emissol - “grea_bridgetool v2.accdb”
v Emssol - database, click on the “Link
Locati |
Ll Tables” button d
Successful: 10 Unsuccessful: 0
C:\WORK\OIL_GAS\2020\INVENTORY\INVENTORY\EIS_JWORK\area_bridgetool
Select Source Database — LlnkTables --------
When finished, Click here.

5) Click the “BEGIN (go to DASHBOARD VIEW)” button to go to the Dashboard View.

6) In the Dashboard View, there are 10 tabs labeled Steps 1 through 10. The User will need to
follow all ten steps in order to generate the emission estimates.

4.2 Steps to Generate Emissions

1) Step 1 - Select the Geographic Level. In Step 1, the User selects the geographic-level of the
emissions inventory based on interest. On this page, the User will see some of the Geographic
Area Type maps, which include: EIA Supply Region; EPA Regional Offices; NEMS Regions;
Ozone Attainment Status; Regional Planning Organization; or Subpart W Basin. Most Users will
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select the “STATE” view. When finished, click the “When finished, click here to complete this
step.” button. A message box will appear instructing the User to proceed to Step 2.

=3 Geographic and Source Selections X
Oil and Gas Tool: Explor{ swp1- Ps - Dashboard View

Back to Home Page I Reset All Sel Select a EXIT TOOL

Step 6 - View/Edit Basin Factors e BeOBraphic
Step 1 - Select Geographic Level Step 2 - Sel level. tion Step 3 - Select Source Category Level

Please select the geographic level at which you are generating emission estimates.

AREA_TYPE - PICK_ONE - e
EIA SUPPLY REGION 0O finished, click
EPA REGION @] here to
NATIONWIDE 0 c“"“:et:_ths
NEMS REGION (@]
OZONE ATTAINMENT STATUS @] \
REGIONAL PLANNING ORGANIZATION @]
STATE o After making
SURRARTW RASIN Ej the selection,
TRIBAL NATIONWIDE @] . _
TRIBE NAME O olfilecchis

O = button
Record: M 10f 10 oM Search

Step 8 - Point Source Activity Adjustments Step 9 - Point Source Emission Adjustments Step 10 - Final Emissions Master References

Step 4 - Select Spedific Source Category Step 5 - View/Edit County-Level Activity Data

ElA Supply Region

[ i

2) Step 2 — Select Specific Geographic Location. Click the “Step 2 — Select Specific Geographic
Location” tab to continue. In Step 2, the User selects the specific geographic location of interest.
The User may select more than specific location. When finished, click the “When finished, click
here to complete this step.” button. A message box will appear instructing the User to proceed to

Step 3.
ﬁ Geographic and Source Selections 3 ‘
Oil and Gas Tool: Exploration Activities - Dashboard View
Back to Home Page Reset All Selections/Go to Step 1 EXIT TOOL
i 1 Step 2 — Select the
Step & - View/Edit Basin Factors Step 7 - View/Edit Emission Factors Step 8 - Point Source Activity Adjustments Step 9 - Point Source Emission Master References
Step 1 - Select Geographic Level Step 2 - Select Specific Geographic Location Step 3 - Select Source Category Level Step 4 - Select SpECiﬁC geogra phl c County-Level Activity Data
Please selact the specific geographic location at which you are generating emission estimates. I .
ocation(s)
AREA_TYPE - AREA_DESCRIPTION - STATE_NAME - pick_AT LEASTYONE - =
AK Alaska L
When
STATE AL Alabama O fnshod, dick
STATE AR Arkansas ] here to
STATE AZ Arizona O complete this
STATE cA California ] s
STATE co Colorado O
STATE cT Connecticut ]
STATE DC District Of Columbia ]
STATE DE Delaware a
STATE FL Florida O
STATE GA Georgia ]
STATE HI Hawaii O
STare 1A lows g After making the
aho
STATE L Hinois 0 selection(s), click
STATE IN Indiana ] .
STATE KS Kansas ] this button.
STATE KY Kentucky O
STATE LA Louisiana O
STATE MA. Massachusetts (]
STATE MD Maryland ]
STATE ME Maine ]
STATE Ml Michigan O
STATE MN Minnesota a
STATE MO Missouri O
STATE MS Mississippi O
STATE MT Montana ]
STATE NC North Carolina O
STATE ND North Dakota O -
e — = i -
| Record: 14 1 of 53 bH o Search b »

3) Step 3 — Select the Source Category Level. Click the “Step 3 — Select Source Category Level” tab
to continue. In Step 3, the User can either pick to generate emission estimates for all oil and gas
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exploration source categories or individually select source categories. When finished, click the
“When finished, click here to complete this step.” button. A message box will appear instructing
the User to proceed to Step 4.

“Z| Geographic and Source Selechons\

Oil and Gas Tool: Exploration Activities - Dashboard View

Back to Home Page ' Reset All Selections/Go to Step 1 I EXIT TOOL

Step 6 - View/Edit Basin Factors | Step 7 - View/Edit Emission Factors 1 Step 8 - Point Source Activity Ad] its | Step Step 3 - Select the bns | Master References |
Step 1 - Select Geographic Level { Step 2 - Select Spedific Geographic Location \ Step 3 - Select Source Category Level county-Level Activity Data |
Source Category level.
Please select the source category level at which you are generating emission estimates.
SOURCE_CATEGORY 22 PICK_ONE - When -
ALL OIL AND GAS EXPLORATION SOURCE CATEGORIES] B ﬁ”‘;';fg't;"‘k After maki ng the
SELECT OIL AND GAS EXPLORATION SOURCE CATEGORIES o complete 1 ( ) 1
N 2 Grpits selection(s), click
this button.

4) Step 4 — Select Specific Source Category. Click the “Step 4 — Select Specific Source Category”
tab to continue. In Step 4, the User can select the specific Source Categories to generate
emission estimates. If in Step 3, the User selected “ALL OIL AND GAS EXPLORATION SOURCE
CATEGORIES”, then all source categories will be checked. At this point, the User may choose to
deselect certain source categories. When finished, click the “When finished, press here” button. A
message box will appear instructing the User to proceed to Steps 5, 6, and 7 to review/edit the
activity data, basin factors, and emission factors; or to proceed directly to Step 8 for Point Source
Activity Adjustments.

~5| Geographic and Source Sde:ﬁons\

Oil and Gas Tool: Exploration Activities - Dashboard View Step 4 — All Source
Categories are selected. |

Back to Home Page I Reset All Selections/Go to Step 1 I EXIT TOOL

Step 6 - View/Edit Basin Factors | Step 7 - View/Edit Emission Factors | Step 8 - Point Source Activity Adjustments | Step 9-P .
Step 1-Select GeographicLevel | Step 2 - Select Specific Geographic Location | Step 3 - Select Source Category Level | Step 4 - Select Specific Source Categor

5 = ister References
| Step S - view/Edit County-Level Activity Data

Please select the specific source categor(ies) for which you are generating emission estimates.

SOURCE_CATEGORY - scc - SCC_DESCRIPTION - | PICK_AT_LEAST_ONE -
2310000220  Oil And Gas Exploration Drill Rigs =
HYDRAULIC FRACTURING 2310000660 0il & Gas Expl & Prod /All Processes /Hydraulic Fracturing Engines ) . When
MUD DEGASSING 2310023606 On-Shore CBM Exploration /Mud Degassing ) ﬁmﬁﬂ}e”re”
MUD DEGASSING 2310111100 On-Shore Oil Exploration /Mud Degassing ¥
MUD DEGASSING 2310121100 On-Shore Gas Exploration /Mud Degassing )
WELL COMPLETIONS 2310023600 On-Shore CBM Exploration: CBM Well Completion: All Processes 7 T
WELL COMPLETIONS 2310111700 On-Shore Qil Exploration: Oil Well Completion: All Processes [
WELL COMPLETIONS 2310121700 On-Shore Gas Exploration: Gas Well Completion: All Processes .

After making the

selection(s), click
this button.

If in Step 3, the User selected “SELECT OIL AND GAS EXPLORATION SOURCE
CATEGORIES”, then no source categories will be checked. At this point, the User will select one
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or more source categories. When finished, click the “When finished, press here” button. A
message box will appear instructing the User to proceed to Steps 5, 6, and 7 to review/edit the
activity data, basin factors, and emission factors; or to proceed directly to Step 8 for Point Source
Activity Adjustments.

= icand Source Selections
Oil and Gas Tool: Exploration Activities - Dashboard View Step 4 — No Source
Back to Home Page l Reset All Selections/Go to Step 1 l EXIT TOOL Categorles are Se]ected
| Step & - View/Edit Basin Factors | Step 7 - View/Edit Emission Factors | Step 8 - Point Source Activity Adjustments | Step 3 - Poi | Master References |

—
| step 1 -Select GeographicLevel | Step 2 - Select Specific Geographic Location | Step 3 - Select Source Category Level | Step 4-Select Specific Source Categofy | Step 5 - View/Edit County-Level Activity Data |

Please select the specific source categor(ies) for which you are generating emission estimates.

SOURCE_CATEGORY - SccC - SCC_DESCRIPTION ~ | PICK_AT_LEAST ONE ~

DRILLRIGS 2310000220 Qil And Gas Exploration Drill Rigs B

HYDRAULIC FRACTURING 2310000660 0il & Gas Expl & Prod /All Processes /Hydraulic Fracturing Engines (]

MUD DEGASSING 2310023606 On-Shore CBM Exploration /Mud Degassing [

MUD DEGASSING 2310111100 On-Shore Qil Exploration /Mud Degassing [F

MUD DEGASSING 2310121100 On-Shore Gas Exploration /Mud Degassing ]

WELL COMPLETIONS 2310023600 On-Shore CBM Exploration: CBM Well Completion: All Processes M

WELL COMPLETIONS 2310111700 On-Shore Oil Exploration: Oil Well Completion: All Processes [} .

WELL COMPLETIONS 2310121700 On-Shore Gas Exploration: Gas Well Completion: All Processes = After maklng the
* 1| selection(s), click

this button.

5) Step 5 — View/Edit County-Level Activity Data. Click the “Step 5 — View/Edit County-Level Activity
Data” tab to continue. In Step 5, the User can view and edit the activity data that EPA has
compiled for the geographic area and source categories selected.

=8 Geographic and Source Selections

Oil and Gas Tool: Exploration Activities - Dashboard View

Back to Home Page I Reset All Selections/Go to Step 1 l EXIT TOOL

Step 6 - View/Edit Basin Factors Step 7 - View/Edit Emission Factors Step 8 - Point Source Activity Adjustments Step 9 - Point Source Emission Adjustments Step 10 - Final Emissions Master References
Step 1 - Select Geographic Level Step 2 - Select Spedific Geographic Location Step 3 - Select Source Category Level Step 4 - Select Specific Source Category Step 5 - View/Edit County-Level Activity Data

Please select the source category you would like to view/edit.

Oil and Gas Exploration Sources - County-Level Activity Data

Click on the county-level data set you wish to view/e@ft-

Drilling and Mud Degassing Well Completions and
Activity Hydraulic Fracturing Activity

hen finished, please continue to Step 6 to View/Edit Basin Factor.

Pick a type of production
dataset

To continue with this step, the User will need to pick an activity dataset to view/edit. If the “Drilling
and Mud Degassing Activity” button is chosen, the User will then be asked to choose a well type.
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§| Geographic and Source Selections | :_j'l County Level Activity Data Sets

COUNTY-LEVEL DRILLING AND MUD DEGASSING ACTIVITY DATA ENTRY FORM

Click on the county-level well type data set you wish to view/edit.

oil wells Gas Wells CBM Wells

When finished,
click here

Once the well type is selected, an Activity Data form will appear that the User can view or edit. To
get to the next county, at the bottom of the screen is the record number. Use the triangle arrows

to move through the counties.

=3 Geographic and Source Selections X 5| County Level Adtivity DataSets X -5] Activity Data - Oil Wells X

COUNTY-LEVEL DRILLING AND MUD DEGASSING ACTIVITY DATA ENTRY FORM - OIL WELLS

Tribal Code 00000
Tribal Name NON_TRIBAL The User can filter
State Abbreviation AL for spemflc basins. Select values When
State and County FIPs Code 01001 | to create a finished
’
County Name Autauga custom filter click this
Basin Name Mid-Gulf Coast Basin
button.
Values from the 2022
Tool. Values here
If new values are entered, t be edited
Import/ cannot be edited.
please enter a reference e
Current Value Source C
County-Level Oil Well Spud Counts, Vertical Drilled Wells PRISM_2024 ENVERUS_2023 Mud Degassing T
County-Level Oil Well Spud Counts, Horizontal Drilled Wfls 0 PRISM_2024 0 ENVERUS_2023 Mud Degassing click here

County-Level Oil Well Spud Counts, Directional Drilled Wells 0 PRISM_2024
County-Level Oil Well Spud Counts, Unknown Drilled

ENVERUS_2023
ENVERUS_2023

Mud Degassing

PRISM_2024 Mud Degassing

County-Level Oil Well Depth Drilled, Vertical Drilled Wellg PRISM_2024 ENVERUS_2023 Drilling Rigs
County-Level Oil Well Depth Drilled, Horizontal Drilled Wéljs 000 PRISM_2024 000 ENVERUS_2023 Drilling Rigs
County-Level Oil Well Depth Drilled, Directional Drilled Wells PRISM_2024 ENVERUS_2023 Drilling Rigs
County-Level Oil Well Depth Drilled, Unknown Drilled Wells ENVERUS_2023 Drilling Rigs

The User may also edit activity data in MS-Excel by using the “Import/Export Data...” button.
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=5 Geographic and Source Selections X (5] County Level Activity Data Sets X -u] Activity Data - Ol Wells X

COUNTY-LEVEL DRILLING AND MUD DEGASSING ACTIVITY DATA ENTRY FORM - OIL WELLS

Tribal Code 00000] v
Tribal Name NON_TRIBAL
State Abbreviation AL

Select values

State and County FIPs Code 01001 v to create a

County Name Autauga | custom filter
Basin Name Mid-Gulf Coast Basin
Year 2023

Apply Fiter Clear Fiter

Values here can be edited I

Current Value Current Value Reference 2022 Value 2022 Reference Applicable Source Categories

County-Level Oil Well Spud Counts, Vertical Drilled Wells 0 PRISM_2024 [] ENVERUS_2023 Mud Degassing

County-Level Oil Well Spud Counts, Horizontal Drilled Wells 0 PRISM_2024 o ENVERUS_2023 Mud Degassing
County-Level Oil Well Spud Counts, Directional Drilled Wells 0 PRISM_2024 0 ENVERUS_2023 Mud Degassing
County-Level Oil Well Spud Counts, Unknown Drilled Wells 0 PRISM_2024 L] ENVERUS_2023 Mud Degassing
County-Level Oil Well Depth Drilled, Vertical Drilled Wells 0.00 PRISM_2024 0.00 ENVERUS_2023 Drilling Rigs
County-Level Oil Well Depth Drilled, Horizontal Drilled Wells 0.00 PRISM_2024 0.00 ENVERUS_2023 Drilling Rigs
County-Level Oil Well Depth Drilled, Directional Drilled Wells 0.00 PRISM_2024 0.00 ENVERUS_2023 Drilling Rigs
County-Level Oil Well Depth Drilled, Unknown Drilled Wells 0.00 PRISM_2024 0.00 ENVERUS_2023 Drilling Rigs

When finished,
click here

If the user elects to edit activity data in MS-Excel, after clicking the button, the data is then
exported into MS-Excel as shown below.

Import/Export Data

Import/Export Data
Data Activity Oil Well

x Close Form |

Export | Importl @ Help ‘

Export the data to an Excel file

Step 1 — Export activity
(Fosentone ) dafal ol
S— (It is recommended that
you save this file for later
upload.)

A MS-Excel workbook will open when finished exporting. It is required that the User save this file
to the hard drive for later upload. In the Excel file, the User can only edit the yellow shaded cells.
When completed, simply save the file.
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STA [STATE_COUNTY_FIPS |COUNTY_NAME YEAR |DATA_CATEGORY PREVIOUS_VALUE |PREVIOUS REFERENCE OI.IRIEN'I‘_VI/UR' Um!jﬂENcE
AR 105001 i Salt Basins {2023 |County-Level Oil Well Spud Counts, Di Drilled Wells |0 ENVERUS 2023 0 PRISM_20,

AR 05001 Mississippi Salt Basins {2023 |County-Level Oil Well Depth Drilled, Directional Drilled Wells |0 ENVERUS_2023 0 / PRISM_2024 \

AR 05003 Ashley Louisiana-Missi: i Salt Basins {2023 |County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS 2023 0 / PRISM_2024

AR 05003 Ashley Louisiana-Mississippi Salt Basins |2023 |County-Level Oil Well Depth Drilled, Directional Drilled Wells |0 ENVERUS_2023 0 / PRISM_2024 \

AR 05005 Baxter Ozark Uplift 2023 [County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS_2023 0 / PRISM_2024 \

AR 05005 |Baxter Ozark Uplift 2023 _[County-Level Oil Well Depth Drilled, Di Drilled Wells |0 ENVERUS_2023 D/ PRISM_2024 ‘\

AR 05007 Benton Ozark Uplift ’ﬁs County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS_2023 1 PRISM_2024 \
AR 05007 Benton Ozark Uplift 2023 |County-Level Oil Well Depth Drilled, Directional Drilled Wells |0 ENVERUS_2023 PRISM_2024 \
AR 05009 Boone Ozark Uplift 2023 [County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS_2023 0 PRISM_2024 \
AR 05009 Boone Ozark Uplift @3 County-Level Qil Well Depth Drilled, Directional Drilled Wells [0 ENVERUS_2023 0 PRISM_2024 \
AR 05011 Bradley i SaltBasins |2023 |County-Level Oil Well Spud Counts, Di Drilled Wells |0 ENVERUS_2023 0 PRISM_2024 \
AR 05011 Bradley Louisian i SaltBasins {2023 |County-Level Oil Well Depth Drilled, Di Drilled Wells |0 ENVERUS_2023 0 PRISM_2024

AR 05013 Calhoun i SaltBasins |2023 |County-Level Oil Well Spud Counts, Dire . ERUS_2023 0 PRISM_2024

AR 05013 Calhoun Louisiana-Mississippi Salt Basins (2023 [County-Level O1l Well Deptn Drilled, 0 Step 2 — The User can edit  |veaus 2023 o PRISM 2024

AR 05015 Carroll Ozark Uplift 2023 [County-Level Oil Well Spud Counts, Dirs the ye| IOW-Shaded Cel IS- [VERUS 2023 0 PRISM_2024

AR 05015 Carroll Ozark Uplift @3 County-Level Qil Well Depth Drilled, Dirt ~VERUS 2023 0 PRISM_2024

AR 05017 Chicot Louisiar i i Salt Basins {2023 |County-Level Oil Well Spud Counts, Di Drilled Wells |0 IENVERUS,ZOZS 0 PRISM_2024

AR 05017 Chicot Louisiana-Mississippi Salt Basins 12023 |County-Level Oil Well Depth Drilled, Directional Drilled Wells |0 ENVERUS 2023 ‘ 0 PRISM_2024 ’
AR 05019 Clark Louisian: i Salt Basins {2023 |County-Level Oil Well Spud Counts, Di Drilled Wells |0 ENVERUS 2023 \ 0 PRISM_2024 [
AR 05019 Clark Louisiana-Mississippi Salt Basins |2023 |County-Level Oil Well Depth Drilled, Directional Drilled Wells [0 ENVERUS_2023 0 PRISM_2024 ,,
AR 05021 Clay Illinois Basin 2023 [County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS 2023 PRISM_2024 I
AR 05021 Clay Illinois Basin 2023 [County-Level Oil Well Depth Drilled, Directional Drilled Wells |0 ENVERUS_2023 ﬁ PRISM_2024 ,’
AR 05023 Cleburne Arkoma Basin 2023 |County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS_2023 0\ PRISM_2024 /
AR 05023 Cleburne Arkoma Basin 2023 _|County-Level Oil Well Depth Drilled, Di Drilled Wells |0 ENVERUS_2023 0 \ PRISM_2024 /

AR 05025 Cleveland Louisiana-Mississippi Salt Basins |2023 |County-Level Oil Well Spud Counts, Di | Drilled Wells [0 ENVERUS_2023 0 \ PRISM_2024 /

AR 05025 Cleveland Louisiana-Mississippi Salt Basins |2023 |County-Level Oil Well Depth Drilled, D Drilled Wells |0 ENVERUS_2023 0 \ PRISM_2024 /

AR 05027 Columbia Louisiana-Mi Salt Basins |2023 |County-Level Oil Well Spud Counts, Di Drilled Wells |0 ENVERUS_2023 3 \ PRISM_2024 /

AR 05027 Columbia Louisiana-Mississippi Salt Basins |2023 |County-Level Oil Well Depth Drilled, Directional Drilled Wells |0 ENVERUS_2023 34721 PRISM}D?‘_AROGC_ZDZs
AR 05029 Conway /Arkoma Basin 2023 [County-Level Oil Well Spud Counts, Directional Drilled Wells |0 ENVERUS_2023 0 RI 4

If data edits were made, then the User will need to go back to the Tool and click on the
“Import/Export Data...” button to initiate importing the edited data file. After clicking, the
Import/Export form will appear. The User will need to:

Step 1 — Click on the “Import” tab

Step 2 — Click the “Select File” button

Step 3 — Map to the location of the edited data, and click “OK”

Step 4 — Click on the “Import from Excel” button

-
Import/Export Data

Data Activity Oil

% Close Form

Import/Export Data
Well

0 Help |

Step 1 — Click on
the “Import” tab.

=

Import the Selected Excel File

(Blipeadienpil)
X

[C:\WORK\OIL_GAS\RE_ENGINEERING\ITERATION_009_2{

Step 2 — Click on the
“Select File” button

14_NEl]

e ——— <
Q, Select File J

Step 4 — Click on the

Step 3 — Map to the

“Import from Excel” button

location of the edited data

The edited data is now imported into the Tool.

6) Step 6 — View/Edit Basin Factors. Click the “Step 6 — View/Edit Basin Factors” tab to continue. In

Step 6, the User can view and edit the basin factor data that EPA has compiled for the
geographic area and source categories selected.
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~5] Geographic and Source Selections

QOil and Gas Tool: Exploratid

Back to Home Page l Reset All Selectio
 Step 1-Select Geographic Level | Step 2 - Select Specifi
Step 6 - View/Edit Basin Factors Step 7 - View/Edit Emis

Please select the source category you would like t

to view or edit.

Step 6 — Pick a source
category basin factor or
gas composition dataset

Step 4 - Select Spedific Source Category

Step 5 - View/Edit County-Level Activity Data
Step 10 -Final | Master References

kep 9 - Point Source Emission Adj

Qil an

Please click o

ource category below to view
basin factors.

[ Hydraulic Fracturing ]

[/ Drill Rigs Horizontal [ Drill Rigs Vertical

[ Mud Degassing ]

)

Well Completions

as Exploration Sources -

Please click on the sof

When finished, please continue to Step 7 to View/Edit Emission Factors

bd

sin Factors

N
Mud Degassing Gas
Composition Data
Well Completions
Gas Compostion Data

When finished,
continue to Step 7.

In the Basin Factors form, the User can view/edit the data. If the User updates values for one
county in a basin, then all other counties in the basin and state can be updated by clicking on the
“Click to apply these values to all other counties in the same basin for the state.” button.
Additionally, the User can export and import data to MS-Excel similar to the procedure outlined

in Step 5.

[5] Geographicand Source Selections X [=5] Basin Factors - Horizontal Drilling X

HORIZONTAL DRILLING RIGS BASIN FACTORS FORM

Tribal Code 00000
Tribal Name NON_TRIBAL
State Abbreviation AL

State and County FIPs Code 01001
County Name Autauga

Basin Name Mid-Gulf Coast Basin

The User can export
and import the data
into MS-Excel.

Import/Expart
Data...

Horizontal-Drill Rig Spud Depth (ft/spud)
Horizontal-Drill Rig Spud Duration (hrs)
Horizontal-Drill Rig Fuel Consumed (gallons)

30M3.25
5575
0.58

CENSARA_STUDY_2012_
CENSARA_STUDY_2012_EX

Horizontal-Draw Rig Horsepower (HP)
Horizontal-Draw Rig Load Factor

Number of Horizontal-Draw Rig Engines (count/rig)
Hor
Hol
Ho!

If new values are entered,
please enter a reference.

Horizontal-Drill Number of Mud Pump Engines (count/rig)

Horizontal-Drill Mud Pumps Spud Duration (hrs/spud)
Diesel-Horizontal Drill Rigs Horsepower (HP)
Diesel-Horizontal Drill Rigs Load Factor

Diesel-Horizontal Drill Rigs Number of Engines (count/rig)
Diesel-Horizontal Drill Rigs Spud Duration (hrs/spud)
Diesel-Electric-Horizontal Drill Rigs Horsepower (HP)
Diesel-Electric Horizontal Drill Rigs Load Factor
Diesel-Electric-Horizontal Drill Number of Engines (count/rig)
Diesel-Electric-Horizontal Drill Spud Duration (hrs/spud)

CENSARA_STUDY_2012_EXTENYON
CENSARA_STUDY_2012_EXTENSI§N
CENSARA _STUDY_2012_EXTENS|
CENSARA_STUDY_2012_EXTENSIOI
CENSARA,_STUDY_2012_EXTENSION
2 CENSARA_STUDY_2012_EXTENSION
CENSARA_STUDY_2012_EXTENSION
CENSARA_STUDY_2012_EXTENS(OI
CENSARA_STUDY_2012_EXTENS|
2 CENSARA_STUDY_2012_EXTENSJON
CENSARA_STUDY_2012_EXTERSION
CENSARA_STUDY_2012_EXJENSION

Apply Fiter

058
2

The User can filter for
specific locations.

custom filter

When finished,
click here

Clear Fitter Click here to apply
these values to all

other counties in the

same basin for this
state.

2020 Value
CENSARA_STUDY_201
CENSARA_STUDY 2012 ¢
CENSARA_STUDY_2012_E
CENSARA_STUDY_2012_EXTEN
CENSARA_STUDY 2012 EXTEN

When finished,
click here

30713.25
557.5
0.58

CENSARA_STUDY_2012_AVE

EMCAD

Oy 2012

E

cannot be edited.

Values from the 2022
NEI. Values here cannot
be edited. o

PA default values

2
130
m
06
2

CENSARA_STUDY_2012_AVERAG]
CENSARA_STUDY_2012_AVERA(

CENSARA_STUDY _ZUTZ_EXTH
CENSARA_STUDY_2012_EXTENSIOIp
CENSARA_STUDY_2012_EXTENSIO)

ol

Similarly, the User can view/edit the gas composition data for select categories.
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7) Step 7 — View/Edit Emission Factors. Click the “Step 7 — View/Edit Emission Factors” tab to

continue. In Step 7, the User can view or edit the emission factors that are used to generate the
emission estimates for the source categories selected.

Oil and Gas Tool: Exploration Activities - Dashboard View

Back to Home Page Reset All Selections/Go to Step 1

EXITTOOL

| step 1-Select GeographicLevel | stey
| Step 6 - View/Edit Basin Factors | Step 7

Please select the emission factor source category you would like to view/edit.

_ﬁ

Step 7 — Pick emission
factors for a source
category to view or edit.

Step 5 - View/Eit County-Level Activity Data_|

Ep 10 - Final Emissions I Master References ‘

QOil and Gas Exploration Souptes - Emission Factors

Please click on a Source Category below to view/edit

When finished, please continue to Step 8 for Point Source Activity Adj

emission|factors.

Drill Rigs

Hydraulic Fracturing

Mud Degassing

well Completions

/

When finished,
continue to Step 8.

Once a Source Category has been selected, the User can view or edit the emission factors.
Remember to update the reference field (EMISSION_FACTOR_SOURCE) for any updated

emission factors.

Geographic and Source Selections FORM_HYDRAULIC_FRACTURING_EF
HYDRAULIC FRACTURING EMISSION FACTORS FORM
ST-| BASIN - |ATTAINMEN - | SOURCE_CATEGORY - SCC - [SCC_SHOI - POLLUTANT, - POLLUTANT_DESCR - |POLLUTAN - EMISSION_FA( - [£ - EMISSIC {~
AR 5 AINMENT |HYDRAULIC FRACTURING 0il & Gas Ex Ethyl Benzene 100414 9. 504 G HP-HR
AR QINMENT HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Styrene Styrene 100425 0 G HP-HR
AR Akoma Basin HYDRAULIC FRACTURING 2310000660  Oil & GasEx 1,3-Butadiene 1,3-Butadiene 106990 AG  HP-HR
AR Arkoma Basin WIENT HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Acrolein Acrolein 107028 HP-HR
AR [Arkoma Basin ATTAINMENT HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Toluene Toluene 108883 HP-HR
Arkoma Basin | ATTAINMENT HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Hexane Hexane 110543 HP-HR When
Arkoma Basin | ATTAINMENT HYDRAULIC FRACTURING Oil & Gas Ex yclic Orge Anthracene 120127 HP-HR finished, cick
Arkoma Basin  ATTAINMENT  HYDRAULIC FRACTURING 0il & Gas Ex Propi y Pr 123386 HP-HR fe
Arkoma Basin | ATTAINMENY HYDRAULICFRACTURING 2310000660  Oil & Gas Ex Polycyclic Orgz Pyrene 125000 3.171553E-05 G | HP-HR
Arkoma Basin  ATTAINMENY HYDRAULICFRACTURING 2310000660  Oil & Gas Ex Xylenes (Mixe: Xylenes (Mixed Isome 1330207 2.696867E-03 G | HP-HR
Arkoma Basin ATTAINMENT| HYDRAULIC FRACTURING 2310000660 0il & Gas Ex Chromium Cor Chromium (V1) 18540299 6.738941E-09 G |HP-HR
Arkoma Basin ATTAINMENT| HYDRAULIC FRACTURING Oil & Gas Ex Dnlyfvtlit Orgz Banzn[g,h,\,]Dswlens 191242 1.795181E-06 G |HP-HR
Arkoma Basin | ATTAINMENT | Hy| ah | & Gas Ex Polycyclic Orge Indenol[1,2,3-¢,d]Pyre 193395 7.030915E-07 G [HP-HR
Arkoma Basin  ATTAINMENT | HY| Emission Factors are | & Gas Ex Polycyclic Orge Benzo[b]Flucranthen: 205952 1.123066-06 G [HP-HR
Arkoma Basin | ATTAINMENT presented at the state, |i& asex Polyoydlic org: Fluoranthene 206440 3.5717E-05 G [HP-HR
Arkoma Basin basin, and attainment |1 &Gasex Polycyclic Orge BenzolkFluoranthen: 207083 8.518818E-07 G |HP-HR
Arkoma Basin | ATTAINMENT status level. | & Gas Ex Polycyclic Orgz Acenaphthylene 208968 2.298891E-04 G HP-HR When
Arkoma Basin  ATTAINMENT | HY] | & Gas Ex Polycyclic Orgz Chrysene 218019 2.913389E-06 G |HP-HI finished
Arkoma Basin | ATTAINMENT | HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Formaldehyde Formaldehyde 50000 5.8979826-02 G HP-HR ¥
AR Arkoma Basin ATTAINMENT | HYDRAULIC FRACTURING 0il & Gas Ex Polycyclic Orge [alpy 50328 71320088076 Jup-v | Click here
Arkoma Basin  ATTAINMENT| HYDRAULIC FRACTURING 2310000660 0il & Gas Ex Polycyclic Orgz Dibenzo[a,h]Anthrace 53703 1.195512E-07 G [HP-HR
Arkoma Basin | ATTAINMENT{ HYDRAULIC FRACTURING 2310000660  Oil & Gas g 1.635179E-03 G |HP-HR
Arkoma Basin | ATTAINMENT HYDRAULIC FRACTURING 2310000660  Oil & Gas§| These emission factors 2.30254E-06 G |HP-HR
Arkoma Basin HYDRAULIC FRACTURING 2310000660 oil & casg] ©an be edited. If Changes 6.861636E-05 G | HP-HR
Arkoma Basin HYDRAULIC FRACTURING 2210000660 Qil&Gas8  gre made, please update HP-HR
AR Arkoma Basin j HYDRAULIC FRACTURING 2310000660 Ol & Gas g the reference HP-HR
Arkoma Basin FNT HYDRAULIC FRACTURING 2310000660 Oil & Gas | & 65 HP-HR
AR HYDRAULIC FRACTURING 2310000660 0il & Gas Ex Mercury Comp Mercury 7439976 HP-HR
AR \arkoma Basin HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Nickel Compot Nickel 7440020 HP-HR
AR HYDRAULIC FRACTURING Oil & Gas Ex Com Antimony 7440360 HP-HR
AR HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Arsenic Compc Arsenic 7440382 HP-HR
AR 5 HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Cadmium Com Cadmium 7440439 HP-HR
AR Arkoma BaZin  ATTAINMENT HYDRAULIC FRACTURING 2310000660  Oil & Gas Ex Cobalt Compot Cobalt 7440484 HP-HR
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8) Step 8 — Point Source Activity Adjustments. Click the “Step 8 — Point Source Activity
Adjustments” tab to continue. After the activity data, basin factors, and emission factors have
been reviewed and/or updated, the User may enter point source activity adjustments to account
for emissions that are to be reported to the point sources emissions inventory. If the User does
not have any point source activity adjustments, then they will need to click the “When finished,

click here to complete this step.” button. A message box will appear instru
proceed to Step 9.

cting the User to

=5] Geographic and Source Selections

Oil and Gas Tool: Exploration Activities - Dashboard View

Back to Home Page l Reset All Selections/Go to Step 1 l EXITTOOL

Step 2 - Select Speafic Geographic Location
Step7- Factors

Step 3 - Select Source Category Level
Step & - Point Source Activity Adjustments

Step 4 - Select Speafic Source Category
Step 9 - Point Source Emission Adjustments

Step 1 - Select Geographic Level
Step6 - i

Please select the source category you would like to view/edit to make point source activity adjustments.

Step S - view/Edit County-Leve! Activity Data
Step 10 - Final Emissions

Master References

Users can refer to this
point/nonpoint SCC
crosswalk.

Oil and Gas Exploration Sources - Point Source Activity A

Please click on a Source Category below to view/edit activity
data for point sources adjustments.

When
finshed, cick
here to

N,

Mud Degassing

Nonpoint
Source SCCs
and Point
Source SCCs

Select a Source Category
to make point source

o . Well Completions/Hydrauli
activity adjustments. e

Fracturing

and saved them for later use, please click on

If you created point source activity data adjustments
gory-below to populate

aSource Catege

Drill Rigs

Click a Source Category to Mud Degassing

complete this
st

f'

Clear all point source

apply saved point source activity holding tables

activity adjustments.

‘Well Completions/Hydraulic
Fracturing

When finished,
click here to
proceed to
Step 9.

Currently, ALL point source activity adjustments (e.g. county-level point source spud counts,
county-level point source feet drilled, county-level well completions, etc.) are defaulted to zero

(i.e., no point source activity adjustments).

E Geographic and Source Selections X E FORM_WELL_COMPLETION_PS_ACTIVITY X

WELL COMPLETIONS/HYDRAULIC FRACTURING POINT SOURCE ACTIVITY ADJUSTMENT FORM

Tribal Code 00000
Trnbal Name NON_TRIBAL
State Abbreviation AR

State and County FIPs Code 05003

County name Ashley

Year 2023

Apply Fitter

Point Sources

Conventional

Wells Value
0

Point Sources
Unconventional
Wells Value*
Point Source Well Completions from Oil Wells 0 When

finished, dick
0 here

Point Source Well Completions from Gas Wells 0

Point Source Well Completions from CBM Wells 0 0

* Hydraulic Fracturing point source subtractions are accounted for in "Point Sources Unconventional Wells Value™

Select values
to create a
custom filter

Clear Fitter
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9)

It is encouraged that point source activity adjustments have priority over point source
emission adjustments. Additionally, Users should pay careful attention to ensure that the
point source activity data is entered in the same units as the nonpoint activity data. Users
should refer to the “Nonpoint Source SCCs and Point Source SCCs Crosswalk” button to identify
point source SCCs. After any point source activity adjustments have been made, proceed to Step

9.

Step 9 — Point Source Emission Adjustments. Click the “Step 9 — Point Source Emission
Adjustments” tab to continue. In Step 9, the User can make point source emission adjustments
directly in the emission tables. Select a Source Category to open. If a User has no point source
emissions adjustments, they may click on the “When finished, click here to complete this step”

button.

73] Geographic and Source Selections

Oil and Gas Tool: Exploration Activities - Dashboard View

|1— Back to Home Page l'[ Reset All Selections/Go to Step L—H EXITTOOL l

need to make point source emission adjustments.

emission records for point sources adjustments.

Select a Source Category
to make point source

T . 2 Mud Degassin,
emission adjustments. ARSI

Well Completions

on a Source Category helow to populate

Drill Rigs

Hydraulic Fracturing

Click a Source Category to
apply saved point source
emission adjustments.

Mud Degassing

Well Completions

Step 1 - Select GeographicLevel | Step 2 - Select Spedific Geographic Locaion | Step 3 - Select Source Category Level |
Step 6 - View/Edit Basin Factors | Step 7 - View/Edit Emssion Factors | Step 8 - Point Source Activity Adpustments | Step 9 - Point Source Emission Adjustments

Step 4 - Seiect Specific Source Categary

Oil and Gas Exploration Sources - Point Source Emission Adjustments

Please click on a Source Category below to view/edit calculated

If you created point source emissions data adjustments and saved them for later use, please click

Clear all point source
emissions holding tables

| Step 5 - View/Edit County-Lewvel Activity Data
Step 10 -Final Emssions | Master References

Please select the source category you would lke to view/edt to make pont source emssion adjustments. If you made pont source actiity adjustments, you de not

When
finished, cick
here to
complete this
step.

When finished,
click here to
proceed to
Step 9.

Point source emission estimates are to be entered in the “POINT_EMISSIONS_TPY” field. It is
important to note that if point source activity adjustments were made in Step 8, then point
source emission adjustments should NOT be made in these tables for overlapping SCCs.
Also, point source emission adjustments need to be entered as tons per year (TPY).
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] Geooraphic and SOUTCE Selections 1 ] FORM_WLLL COMPLETIONS LMISSIONS
WELL COMPLETIONS POINT SOURCE EMISSIONS ADIUSTMEN When
B '
When
e ————3* frushad, cick
finished el
f 4
STATE_COUNTY_FIPS - STATE_ABBR - COUNTY_NAME - SCC + SOURCE_CATEGOR - | POLLUTANT_CODI - POINT, ISSIONSNPY = =
45439 T Tarrant 2310111700 WELL COMPLETIONS 100414 Ethyl B - L
48439 ™ Tarrant 2310111700 WELL COMPLETIONS 108883 Toluan| C I | Ck h e re
45439 ™ Tarrant 2310111700 WELL COMPLETIONS 1330207 Xylenel o
48439 ™ Tarrant 2310111700 WELL COMPLETIONS 50000 Formal . - o
4B4A39 ™ Tarrant 2310111700 WELL COMPLETIONS 71432 Banzer t f I o
48439 % Tarrant 2310111700 WELL COMPLETIONS 7783064 Hydrog] 0 I n a I Ze 2 L
48439 ™ Tarrant 2310111700 WELL COMPLETIONS CHa Methad o
48439 T Tarrant 2310111700  WELL COMPLETIONS | CO Carbon| th e £ o
48439 % Tarrant 2310111700 WELL COMPLETIONS CO2 Carbon)| 2 L)
provs m Tareant 210111700 WELL COMPLETIONS | N20 Nitrou] A o
48439 ™ Tarrant 2310111700 WELL COMPLETIONS NOx Mitrog . - H o
iy = e P =221 emissions. | F
48439 ™ Tarrant 2310111700 WELL COMPLETIONS VOC Vvolatils 3 o
48439 ™ Tarrant 2310121700 WELL COMPLETIONS 100414 Ethyl 8| 5 [
48439 ™ Tarrant Toluane 03089088 [
aBazs ™ Tarrant xylenes (Mixed tsomers) achssos o
48439 ™ Tarmant U Formaldehyde afm7e °
aiace & e Sers can — % :
45439 = Tarrant Hydrogen Sulfide 0. 7443761 L)
48439 = Tarrant = Methane 15246.56 o
i = enter point i b S e g
48439 ™ Tarrant Carbon Dioxide FI22AY o
48439 ™ Tarrant Nitrous Oxide 1218472 o
anaz ™ Tamant source Nitrogen Oxides sa97ke o
48439 % Tarrant Sulfur Diexide 0.95423; oc
48439 > Tarrant . - Volatile Organic Compound: 533 o
48441 ™ Taylor Ethyl Benzene o o
i 5 e emissions e A
ag4a1 @ Taylor xylenes (Mixed isomers) o ()
48441 ™ Taylor d = t t Formaldetyde o 0.
Reconss W Lot 7800 |+ W v | e agjustments

After point source emission adjustments are made (if applicable), then the User should proceed
to Step 10.

10) Step 10 — Final Emissions. Click the “Step 10 — Final Emissions” tab to continue. In Step 10, the
User can review the final emissions, update county-level activity data, emission factors, and basin
factors that the User updated, retain point source activity and/or point source emission
adjustments, or generate the Emission Inventory System (EIS) data tables.

=2] Geographic and Source Selections
Final emissions are  EXploration Activities - Dashboard View

Oil and Gas Exploration Sources - Summary Emissions

ummary Emissiol ‘mission Tables by Source o,
ol by Emissions
Click here to Hydraulic Mud wel
generate the Dl o Fracturing Degassing Cormle_t)ons e bv
Source Category | Source Catedpry Soukee
Pollutant Table = category.
il and Pollutant and Pollutal )
Emissions Emissions by Sthte
Emission Inventol EIS) Staging Tables
Click here to
generate the
Click here to Click here to
calculated i
e create EIS clear EIS Staging EIS Staging
records, Staging Tables Tables tables can be
developed.
If you updated activity data, and would like to replace the original If you updated emission factors, and would like to replace the
values, please click on the appropriate source categories. original values, please click on the appropriate source categories. If the User
Update Z updated
. Update Wel Update Mud Upda p
pdate Dril Rig and Update Dril Hydraulic i
Mud Degassing DO e Rig Emission Fracturing DEDe ':"m"s activity data or
Activity Data. HyX oL aCtumng Factors. Emission b 0 ieei
Activity Data. Factors Factol emission

factors, then
they can be re-
used by
clicking here.

If you updated basin factors, and would like ToTepia £
values, please click on the appropriate source categories.

Update Mud

Update Update Mud | Update Wel Degassi
Hydraulc pdate Mu pdate Wel egassing mpletions
Frachiiiei Degassing Completions Basin Gas Basin Gas
oo 9 Basin Factors | Basin Factors Composition Composition
sin Factors. Data DS

If you made point source activity adjustments, and would like to re-use them, please click on the appropriate source categories.

Save Hydraulic Save Mud Save Well
if]‘.’:g’;‘ug‘ Fracturng Degassing Completions
point source point source point source
Y a actwity actwity
adjustments
adjustments adjustments adjustments

If vou made noint source emission adiustments. on the anoronriate source catesories.
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Additional notes:

1) Inthe EIS Staging Tables, the ControlApproach, ControlMeasure, ControlPollutant, Emissions,
EmissionsProcess, Location, and ReportingPeriod are populated.
2) EPA’s EIS area_bridgetool (included in the .zip file) can be used to generate the .xml file needed
for EIS upload.
3) If the User wishes to reset the tool, and regenerate the emissions, the following steps are
recommended:
a. Click on the “Reset All Selections/Go to Step 1” button at the top of the Dashboard.
b. Compact and Repair the database.

EI Geographic and Source Selections

Oil and Gas Tool: Exploration Activities - Dashboard View
Back to Home Page eset All Selections/Go to Step 1 EXIT TOOL
Step 1 - Selectipeographic Level I Step 2 - Select Speanc! aphic Location | Step 3 - Selel Source Category Level I Step 4 - Select Spedific Source Category | Step 5 - View/Edit County-Level Activity Data ‘
| Step 6 - View/ENt Basin Factors | Step 7 - View/Edit Emissido Factors | Step 8 - Point Source ActNy Adjustments | Step 9 - Point Source Emission Ads |{_Step 10 -Final Emissions || Master References |

Please select Yhe type of summary emissions you would like to view, or to generate the EIS ing tables.

Oil and Gag Exploration Sources - S| 1, it the Tool. 'S

mary Emi click here. Bs by Source Category
To return to the To reset the Tool, | —
: i T 3 ] Hydraulic Mud well
Home page, click ;:::x:t please zllck here. ‘ Em.%s Fr:qtqnng Degassing Completions
here. urce Category Source Category Table Ems En_m\s En_m\s
Eieine and Pollutant and Pollutant
Emissions Emissions by State

Emission Inventory System (EIS) Staging Tables

Click here to
generate the . ’
Click here to Click here to
calculated y
o create EIS |clear EIS Staging
e Staging Tables Tables
If you updated activity data, and would like to replace the original If you updated emission factors, and would like to replace the
values, please click on the appropriate source categories. original values, please click on the appropriate source categories.

4) References cited for the original data in the Tool are found in the “Master References” tab.

Step 1 - Select Geographic Level Steo 2 - Select Specit Location Step 3 - Selact Source Category Level Step 4 - Select Specfic Source Category Step 5 - View/Edit County Level Activity Dats
Step 6 - View/Edt Basin Factors Stef References cited in the Tool fustments. Step 9 - Point Source Emission Adustments Step 10 - Final Emissions. Master References
References are compled into a sngle table. The: e flect references entered by the User.
n:m_nEFE:V for the orlglnal data are here. FIELD_REFERENCE_DESCRIPTION -
ALOGC_2021| Alabama Oil and Gas C 1 dat, 2021
API_2009b AP1 Compendium (8/2009), Table 4-11
AVG_WELL_DEPTH_AR Calculated avg feet per well for jrkansas wells and applied to missing wells
AVG_WELL_DEPTH_CA Calculated avg feet per well for Qalifornia wells and applied to missing wells
AVG_WELL_DEPTH_CO Caleulated avg feet per well for Cblorado wells and applied to missing wells
AVG_WELL_DEPTH_KS Calculated avg feet per well for Kansas wells and applied to missing wells
AVG_WELL_DEPTH_LA Calculated avg feet per well for Louisiana wells and applied to missing wells
AVG_WELL_DEPTH_MI Calculated avg feet per well for Michigan wells and applied to missing wells
AVG_WELL_DEPTH_ND Calculated avg feet per well for North Dakota wells and applied to missing wells
AVG_WELL_DEPTH_OH Calculated avg feet per well for Ohio wells and applied to missing wells
AVG_WELL_DEPTH_OK Calculated avg feet per well for Oklahoma wells and applied to missing wells
AVG_WELL_DEPTH_PA Calculated avg feet per well for Pennsylvania wells and applied to missing wells
AVG_WELL_DEPTH_TX Calculated avg feet per well for Texas wells and applied to missing wells
AVG_WELL_DEPTH_WY Calculated avg feet per well for Wyoming wells and applied to missing wells >
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APPENDIX B — INSTRUCTIONS FOR USING THE EPA NONPOINT OIL AND GAS EMISSIONS
ESTIMATION TOOL, PRODUCTION MODULE (4/23/2025)



Nonpoint Oil and Gas Emissions Estimation Tool

Instructions for Using the 2023 EPA Nonpoint Oil and Gas Emissions Estimation
Tool, Production Module (4/23/2025)

1.0 Introduction

Under Work Assignment with U.S. EPA, Eastern Research Group, Inc. (ERG) was tasked to develop a
tool that state, local, and tribal (SLT) agencies could use to develop a nonpoint source emission inventory
for upstream oil and natural gas activities. To this end, ERG prepared the EPA Nonpoint Oil and Gas
Emissions Estimation Tool for the 2011 base year to assist agencies in compiling, allocating, and
adjusting upstream oil and natural gas activity data, and developing county-level nonpoint source
emission estimates.

In support of the 2014 NEI, U.S. EPA directed ERG to redesign the Tool to enhance the User experience.
Such enhancements included, but were not limited to: 1) the development of a “Dashboard View” to guide
the User; 2) the creation of data entry forms; 3) the creation of a MS Excel-based data import/export
utility; 4) ability to view EPA default data; and 5) more flexibility in how data are presented. As part of this
work and to increase the efficiency, the Tool was split into two separate modules (i.e., two separate
databases): exploration activities and production activities. These instructions address use of the
exploration module.

For the 2017 NEI, U.S. EPA directed ERG to build upon the re-engineered Production and Exploration
Tools to reflect 2017 activity, as well as include additional PM species, update county FIPS code
changes, and include new source categories and pollutants, when available.

For the 2020 NEI, EPA included basin-level speciation and non-speciation factor updates. The tool
generated estimates for 57 source classification codes (SCCs) and 70 pollutants. Where state or local
data were not submitted to the NEI, EPA uses the estimates generated for inclusion in the 2020 NEI.

For the 2023 NEI, EPA added Tribal Layers. No other substantial changes were made except for
updating datasets to year 2023 where available.

2.0 MS-Access Databases

The Nonpoint Oil and Gas Emissions Estimation Tools were programmed in MS-Access. This platform
offered several advantages, particularly in accessibility (software is available to most users), familiarity
(MS-Access is used by most SLT agencies in preparation of Emission Inventory System (EIS) data files),
and portability (the tool modules can be e-mailed as zipped files that are less than 25 MB each in size).

Included with the tool are the “area_bridgetool” blank staging tables which are to be used for preparation
of EIS data files.

3.0 Tool Data Flow
The basic concept of the tool is to calculate the source category emissions using the activity data,
emission factors, and basin factors. A conceptual flow is:

Inputs-Activity

EIS Base Table

T~

Emission Factors |~ Source Category Emissions

e
B Compiled Emissions

Basin Factors

B-1



Nonpoint Oil and Gas Emissions Estimation Tool

4.0 Steps for Using the Oil and Natural Gas Tool for Production Sources to Generate
Emissions

In this section, steps will be outlined to generate emissions from the Production sources.

Note: If the User will be editing an existing version of the database and wishes to reset the tool and
regenerate the emissions, the following steps are recommended:

a. Click on the “Reset All Selections/Go to Step 1” button at the top of the Dashboard; and
b. Compact and Repair the database

4.1 Preparation

Prior to running the tool, the User must properly link the data tables in the Nonpoint Emissions Staging
Tables within the tool. To do this, follow the instructions below:

1) Place both the “OIL_GAS_TOOL_ 2023 NEI_PRODUCTION_V1_0.accdb” and the
“area_bridgetool.accdb” database tables in the same directory. It is recommended that the User
creates an “EPA_OIL_GAS” directory on their hard drive.

2) Open the “OIL_GAS_TOOL_2023_NEI_PRODUCTION_V1_0.accdb” database. You will need to
“Enable Macros” if the message pops up.

(!_:- SECURITY WARNING Some active content has been disabled. Click for mare details. Enable Content Cl k h

CUStUm @ < E EPA Oil and Gas - Production Activities X ”Ena::)cle?:r:);teent”

RESET A EPA Oil and Gas Tool, 2023 NEI Versig Activities
L2 GO TO DASHBOARD | Module button

L2 GO TO HOME
Welcome to the U.S. Environmental Protection Agency (EPA) Oil and Gas Tool - Production Activities Module. This Module

allows the User to generate county-level emission estimates of criteria and hazardous air pollutants (CAPs and HAPs) for oil
and gas source categories related to production activities. When finished, data can be exported to Emission Inventory
System (EIS) Staging tables.

To begin, first link to the EIS Staging tables in the area_bridgetool.accdb database. When finished, please click the "BEGIN" button
below to make your geographic and source category selections.

LINK TO EIS
STAGING TABLES

BEGIN (go to
DASHBOARD VIEW)

CLICK FOR A LIST OF
UPDATES TO THIS
VERSION OF THE

TOOL

3) Click on the “LINK TO EIS STAGING TABLES” button, and a pop-up box will appear. Follow the
instructions to link in the EIS Staging tables in the “area_bridgetool.accdb” database (see figure
below). If successfully linked, 10 tables will be linked.
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2] Link EIS Tables X

Link EIS Tables

EIS Import Tables
Status  Table Name ﬂ

ControlApproach
ControlMeasure
ControlPollutant

Emsed - Click on the “Select Source

Database” button, and locate
the “area_bridgetool v2.accdb” I

database
Select Source 04

When finished, Click here.

Emissior|

Locatior]

4) Once you have identified the location of the “area_bridgetool.accdb” database to link, click on the
“Link Tables” button. If successful, 10 tables will be linked. When finished click on the “When
finished, Click here.” button.

=5 Link EIS Tables X
Link EIS Tables
EIS Import Tables
Status  Table Name s
i
v ControlApproach
v ControlMeasure
v control Once you have identified the
v Emissol - “grea_bridgetool v2.accdb”
v Emssol - database, click on the “Link
Locati |
Ll Tables” button d
Successful: 10 Unsuccessful: 0
C:\WORK\OIL_GAS\2020\INVENTORY\INVENTORY\EIS_JWORK\area_bridgetool
Select Source Database — LlnkTables --------
When finished, Click here.

5) Click the “BEGIN (go to DASHBOARD VIEW)” button to go to the Dashboard View.

6) In the Dashboard View, there are 10 tabs labeled Steps 1 through 10. The User will need to
follow all ten steps in order to generate the emission estimates.

4.2 Steps to Generate Emissions

7) Step 1 - Select the Geographic Level. In Step 1, the User selects the geographic-level of the
emissions inventory based on interest. On this page, the User will see some of the Geographic
Area Type maps, which include: EIA Supply Region; EPA Regional Offices; NEMS Regions;
Ozone Attainment Status; Regional Planning Organization; or Subpart W Basin. Most Users will
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select the “STATE” view. When finished, click the “When finished, click here to complete this
step.” button. A message box will appear instructing the User to proceed to Step 2.

"5 Geographic and Source Selections X

Oil and Gas Tool: Production Ad

AREA_TYPE
EIA SUPPLY REGION
EPA REGION
NATIONWIDE
NEMS REGION
OZONE ATTAINMENT STATUS

STATE
SUBPART W BASIN
TRIBAL NATIONWIDE
TRIBE NAME

Record: M 10f 10 (U

Back to Home Page I Reset All Selections/Go
Step & - View/Edit Basin Factors )(szd
Step 1 - Select Geographic Level Step 2 - Seld

Please select the geographic level at which you are generating emission estimates.

REGIONAL PLANNING ORGANIZATION

level.

step1- poard View
Select a oL

8e08raphic | q0q pont souce acoity Adwstments
Step 3 - Select Source Category Level

o PICK_ONE -

0000

D0

Search

When
finished, click
here to
complete this
step.

N

After making
the selection,
click this

v button

Step 9 - Point Source Emission Adjustments Step 10 - Final Emissions Master References
Step 4 - Select Spedfic Source Category Step S - View/Edit County-Level Activity Data
EIA Supply Region

8) Step 2 — Select Specific Geographic Location. Click the “Step 2 — Select Specific Geographic

Location” tab to continue. In Step 2, the User selects the specific geographic location of interest.
The User may select more than specific location. When finished, click the “When finished, click
here to complete this step.” button. A message box will appear instructing the User to proceed to

Step 3.

5] Ganoraphic aeut Sonures Selections

Oil and Gas Tool: Production Activities - Dashboard View

Step 6 - View/Edit Basin Faciors
Step 1 - Select Geographic Level

AREA_TYPE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE
STATE

Record: M 10f53 b M

Back to Home Page l Reset All Selections/Go to Step 1 l

Step 7 - View/Edit Emission Factors

EXITTOOL

Step 8 - Point Source Actity Adjustments:

Step 2 - Select Specific Geographic Location Step 3 - Select Source Category Level

= AREA_DESCRIPTION
AK
AL
AR
Az
cA
co
cr
oc
DE
FL
GA

Searcn <

Step 2 — Select the
specific geographic
location(s)

Please select the specific geographic location at which you are generating emission estmates, /
-] STATE NAME - | PICK_AT_LEAST ONE ~

Alaska
Alabama
Arkansas
Arizona
California
Colorado
Connecticut
District Of Columbia
Delaware
Florida
Georgia
Hawaii

lowa

Idaho

Ilinois
indiana
Kansas
Kentucky
Louisiana
Massachusetts
Maryland
Maine
Michigan
Minnesota
Missouri
Mississippi
Montana
North Carolina
North Dakota

10000000000000000OO00O0O0O00o0n0oog

TOMMENT

]

Step 10 - Final Emissions Master References
Step 5 - View/Edt County-Level Actvity Data

When
finshed, cick

here to
complete this
step.

After making the
selection(s), click
this button.

9) Step 3 — Select the Source Category Level. Click the “Step 3 — Select Source Category Level” tab

to continue. In Step 3, the User can either pick to generate emission estimates for all oil and gas
production source categories or individually select source categories. When finished, click the
“When finished, click here to complete this step.” button. A message box will appear instructing
the User to proceed to Step 4.
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= jic and Source i \

Oil and Gas Tool: Production Activities - Dashboard View

| Step 8 - Point Source Activity Adjustments

I Back to Home Page I Reset All Selections/Go to Step 1 I EXIT TOOL ‘ Step 3 i SeIECt the

Step & - View/Edit Basin Factors T Step 7 - View/Edit Emission Factors

Source Category hs | Master References |

County-Level Activity Data |

Record: 4 1of2 LI

Search

Step 1 - Select Geographiclevel | Step 2 - Select Spedific Geographic Location |¢  Step 3 - Select Source Category Level
level.
Please select the source category level at which you are generating emission estimates.
SOURCE_CATEGORY - PICK_ONE = R
ALL UPSTREAM PRODUCTION OIL AND GAS SOURCE CATEGORIES = ﬁ'lelzg.tglick
SELECT UPSTREAM PRODUCTION OIL AND GAS SOURCE CATEGORIES Fl =i
* ] | this step.

\

After making
the
selection(s),
click this
button.

10) Step 4 — Select Specific Source Category. Click the “Step 4 — Select Specific Source Category”

tab to continue. In Step 4, the User can select the specific Source Categories to generate
emission estimates. If in Step 3, the User selected “ALL OIL AND GAS PRODUCTION SOURCE
CATEGORIES”, then all source categories will be checked. At this point, the User may choose to
deselect certain source categories. When finished, click the “When finished, press here” button. A
message box will appear instructing the User to proceed to Steps 5, 6, and 7 to review/edit the
activity data, basin factors, and emission factors; or to proceed directly to Step 8 for Point Source

Activity Adjustments.

=3 Geographic and Source Selections

Qil and Gas Tool: Production Activities - Dashboard View

Step 4 - All

Back to Home Page I Reset All Selections/Go to Step 1 I

EXIT TOOL

SOURCE_CATEGORY
LIFTS

ARTIFICIAL
ASSOCIATED GAS

CBM DEWATERING PUMPS
CONDENSATE TANKS
CONDENSATE TANKS
CRUDE OIL TANKS
DEHYDRATORS
DEHYDRATORS

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

FUGITIVES

scc
2310000330
2310011000
2310023000
2310021010
2310023010
2310010200
2310021400
2310023400
2310011501
2310011502
2310011503
2310011505
2310021501
2310021502
2310021503
2310021505
2310021506
2310023511

Source Categories
are selected.

SCC_DES
Oil & Gas Expl & Prod /All Processe
On Shore Crude Oil Production All Processes

Coal Bed Methane NG / Dewatering Pump Engines
On-Shore Gas Production /Storage Tanks: Condensate
On-Shore CBM Production /Storage Tanks: Condensate
0il & Gas Expl & Prod /Crude Petroleum /Oil Well Tanks - Flashing & St:
On-Shore Gas Production Dehydrators

Coal Bed Methane NG / Dehydrators

On-Shore Oil Production /Fugitives: Connectors
On-Shore Oil Production /Fugitives: Flanges

On-Shore 0il Production /Fugitives: Open Ended Lines
On-Shore Oil Production /Fugitives: Valves

On-Shore Gas Production /Fugitives: Connectors
On-Shore Gas Production /Fugitives: Flanges

On-Shore Gas Production /Fugitives: Open Ended Lines
On-Shore Gas Produnion/Fugihves: Valves

On-Shore Gas Production /Fugitives: Other

On-Shore CBM Production /Fugitives: Connectors

When
finished, press
here

NN EAAJXRAR

After making the
selection(s), click
this button

&
|
%]

If in Step 3, the User selected “SELECT OIL AND GAS PRODUCTION SOURCE
CATEGORIES”, then no source categories will be checked. At this point, the User will select one
or more source categories. When finished, click the “When finished, press here” button. A
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message box will appear instructing the User to proceed to Steps 5, 6, and 7 to review/edit the
activity data, basin factors, and emission factors; or to proceed directly to Step 8 for Point Source

Activity Adjustments.
Oil and Gas Tool: Production Activities - Dashboard View Step 4 — No Source
Back to Home Page l Reset All Selections/Go to Step 1 I EXITTOOL Catego ries are Se'ected.
Step 6 - View/Edit Basin Factors Step 7 - View/Edit Emission Factors Step 8 - Point Source Activity Adjustments Step 9 - Point Source Emission Adjustments Step 10 - Final Emiss]
Step 1 - Select Geographic Level Step 2 - Select Spedific Geographic Location Step 3 - Select Source Category Level Step 4 - Select Specific Source Category Step 5
Please select the specific source categor(ies) for which you are generating emission estimates for.
SOURCE_CATEGORY v, scC - SCC_DESCRIPTION = PICK_AT_LEAST ONE ~ -
2310000330 Oil & Gas Expl & Prod /All Processes /Artificial Lift O
ASSOCIATED GAS 2310011000 On Shore Crude Oil Production All Processes A an\fg:f!;ress
CBM DEWATERING PUMPS 2310023000 Coal Bed Methane NG / Dewatering Pump Engines O here
CONDENSATE TANKS 2310021010  On-Shore Gas Production /Storage Tanks: Condensate O
CONDENSATE TANKS 2310023010 On-Shore CBM Production /Storage Tanks: Condensate O T
CRUDE OIL TANKS 2310010200  Oil & Gas Expl & Prod /Crude Petroleum /0il Well Tanks - Flashing & St: O
DEHYDRATORS 2310021400 On-Shore Gas Production Dehydrators O .
DEHYDRATORS 2310023400  Coal Bed Methane NG / Dehydrators O After maklng the
FUGITIVES 2310011501  On-Share Oil Production /Fugitives: Connectors O selection(s), click
FUGITIVES 2310011502  On-Shore Oil Production /Fugitives: Flanges 0 | this button.
FUGITIVES 2310011503 On-Shore Oil Production /Fugitives: Open Ended Lines O
FUGITIVES 2310011505 On-Shore Oil Production /Fugitives: Valves L.
FUGITIVES 2310021501 On-Shore Gas Production /Fugitives: Connectors |
FUGITIVES 2310021502 On-Shore Gas Production /Fugitives: Flanges B
FUGITIVES 2310021503 On-Shore Gas Production /Fugitives: Open Ended Lines ]
FUGITIVES 2310021505 On-Shore Gas Production /Fugitives: Valves O
FUGITIVES 2310021506 On-Shore Gas Production /Fugitives: Other O
FUGITIVES 2310023511 On-Shore CBM Production /Fugitives: Connectors O
FUGITIVES 2310023512 On-Shore CBM Production /Fugitives: Flanges O
FUGITIVES 2310023513 On-Shore CBM Production /Fugitives: Open Ended Lines O
ELGITIVES 2310023515 An.Share CBM Bradiicting /Engitives: Value. |

11) Step 5 — View/Edit County-Level Activity Data. Click the “Step 5 — View/Edit County-Level Activity
Data” tab to continue. In Step 5, the User can view and edit the activity data that EPA has
compiled for the geographic area and source categories selected.

l E Geographic and Source Selections
Qil and Gas Tool: Production Activities - Dashboard View

Step 6 - View/Edit Basin Factors Step 7 - View [Edit Emission Factors Step 8 - Point Source Activity Adjustments Step 9 - Point Source Emission Adjustments Step 10 - Final Emissions
Step 1 - Select Geographic Level Step 2 - Select Spedific Geographic Location Step 3 - Select Source Category Level Step 4 - Select Specific Source Category Step 5 -View|
w goTy betowtoview/edit county-level activity data

clickhere fo Click here to Click here to Click here to
reviow the oil review the review the review the Pick a type of production
Dredlioton Data Natural Gas Coalbed Methane Produced Water
: Production Data. Production Data. Data. dataset

to Step 6 to View/Edit8asin Factors

Once the county-level data set is selected, an Activity Data form will appear that the User can
view or edit. To get to the next county, at the bottom of the screen is the record number. Use
the triangle arrows to move through the counties.
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_— Geographic and Source Selections X —1 Activity Data: Natural Gas X

Natural Gas Production Activity Data When finished, click here
Tribal Code 00000
The User can filter
Tribal Name NON_TRIBAL . .
for specific basins.
State Abbreviation m

State and County FIPs Code 01001

County Name Autauga
Basin Name Mid-Guif Coast Basin @
Year 2023
Values from the 2022 Tool. Values
If new values are entered, Import/Expor here cannot be edited.

please enter a reference.

Current Value Refi
PRISM_2024
PRISM_2024
PRISM_2024
EPA_2024

€lrrent Value
0.00

2022 Value R
ENVERUS_2023
ENVERUS_2023
ENVERUS_2023
EPA_2023

4

County-Level Natural Gas Production (MSCF)
County-Level Condensate Production from natural gas wells (BBL)
County-Level Natural Gas Well Counts

When finished,
click here

Fraction of natural gas wells in the county needing compression

The User may also edit activity data in MS-Excel by using the “Import/Export Data...” button.

3] Geographicand Source Selections X |-8] Activity Data: Natural Gas X

Natural Gas Production Activity Data

Tribal Code 00000
Tribal Name NON_TRIBAL
State Abbreviation m

State and County FIPs Code 01001

County Name Autauga
Basin Name Mid-Gulf Coast Basin Filter for this Basin only Remove Basin Filter
Year 2023
Values here can be edited I "“P%"f'i"i’“"
2ta..

Current Value Current Value Reference 2022 Value 2022 Value Reference
County-Level Natural Gas Production (MSCF) 0.00 PRISM_2024 0.00 ENVERUS_2023 When finished,
County-Level Condensate Production from natural gas wells (BBL) 0.00 PRISM_2024 0.00 ENVERUS_2023 click here
County-Level Natural Gas Well Counts 0 PRISM_2024 0 ENVERUS_2023
Fraction of natural gas wells in the county needing compression 0.048 EPA_2024 0.129 EPA_2023

If the user elects to edit activity data in MS-Excel, after clicking the button, the data is then
exported into MS-Excel as shown below.
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2| Import/Export Data

Import/Export Data
Activity: Natural Ga

X Close Form

| Export | Import |

S

Export the data to an Excel file

<| I8 Export to Excel i)é-——'—"

Step 1 — Export activity
data to Excel.
(It is recommended that
you save this file for later
upload.)

A MS-Excel workbook will open when finished exporting. It is required that the User save this file
to the hard drive for later upload. In the Excel file, the User can only edit the yellow shaded cells.
When completed, simply save the file.

STATE ABBR |STATE_COUNTY_FIPS [COUNTY_NAME [BASIN YEAR [DATA CATEGORY

AR 05001 Arkansas Louisiana-Mississippi Salt Basins |2023 |County-Level Qil Production (BBL)

AR 05001 Arkansas Louisiana-Mississippi Salt Basins [2023 |County-level Casinghead Gas Production (MSCF)

AR 05001 Arkansas Louisiana-Mississippi Salt Basins |2023 |County-Level Qil Counts

AR 105001 Arkansas Louisiana-Mississippi Salt Basins |2023 |Fraction of oil wells in the county needing artificial lift _|0. [CENSARA_STUDY_2012

AR 05003 Ashley Louisiana-Mississippi Salt Basins 2023 |County-Level Oil Production (BBL) 5909.422 ENVERUS_2023_APPORTION 9550.#1 PRISM_Z‘O%OC
AR 05003 Ashley L i Mi: i SaltBasins |2023 [County-Level C. thead Gas Prodi (MSCF) 0 ENVERUS 2023 APPORTION [0 [ PRISM_2024_ALLOC
AR 05003 Ashley L Mi SaltBasins |2023 |County-Level Oil Counts 2 ENVERUS_2023_APPORTION |2 ,‘ Ple_md_mw
AR 05003 Ashley Le SaltBasins |2023 |Fraction of oil wells in the county needing artificial lift _|0.95 [CENSARA_STUDY 2012 0. CENSARA_STUDY 2012
AR 05005 Baxter Ozark Uplift 2023 |County-Level Oil Production (BBL) 0 ENVERUS 2023 0 PRISM_2024 E

|AR 05005 Baxter Ozark Uplift 2023 [County-Level Casinghead Gas Production (MSCF) 0 ENVERUS_2023 0 ’ PRISM_2024 \

AR 05005 Baxter Ozark Uplift 2023 |County-Level Oil Counts 0 ENVERUS_2023 0, PRISM_2024 \

AR 05005 Baxter Ozark Uplift 12023 |Fraction of oil wells in the county needing artificial lift 0.73 [CENSARA_STUDY 2012 73 CENSARA_STUDY.

AR 05007 Benton Ozark Uplift 2023 |County-Level Qil Production (BBL) 0 ENVERUS_2023 PRISM_2024

AR 05007 Benton Ozark Uplift 2023 |County-Level C. thead Gas Prod (MSCF) 0 ENVERUS_2023 PRISM_2024

AR 05007 Benton Ozark Uplift 2023 |County-Level Qil Counts o ENVERUS_2023 PRISM_2024

AR 05007 Benton QOzark Uplift 2023 |Fraction of oil wells in the co R SARA_STUDY 2012 73 (CENSARA_STUDY 3012
AR 05003 Boone Ozark Uplift 2023 [County-Level Oil Production(|  Step 2 — The User can edit  |verus 2023 PRISM_2024

AR 05009 Boone Ozark Uplift 2023 |County-Level Casingl Gag the ye || OW'Shaded Cel |5. ERUS_2023 PRISM_2024

AR 05009 Boone Ozark Uplift 2023 [County-Level Qil Counts IVERUS 2023 PRISM_2024

AR 05009 Boone Ozark Uplift 2023 |Fraction of oil wells in the county needing artificial lift |0.73 [CENSARA_STUDY_2012 73 (CENSARA_STUDY ?
AR 05011 Bradley Louisiana-Mississippi Salt Basins |2023 |County-Level Oil Production (BBL) 130245.54 ENVERUS_2023_APPORTION [30109.6 PRISM_2024_ALL(

AR 05011 Bradley Louisiana-Mississippi Salt Basins (2023 |County-Level Casinghead Gas Production (MSCF) 0 ENVERUS 2023 APPORTION 50 PRISM_2024_ALLOE
AR 05011 Bradley Louisiana-Mississippi Salt Basins (2023 [County-Level Oil Counts 7 ENVERUS_2023_APPORTION 5{ PRISM_Z‘DZA_ALLCb
AR 05011 Bradley L i SaltBasins |2023 |Fraction of oil wells in the county needing artificial lift |0.95 [CENSARA_STUDY 2012 0h5 CENSARA_STUDY J2012
AR 05013 Calhoun L SaltBasins [2023 |[County-Level Oil Production (BBL) 11977.97 ENVERUS_2023_APPORTION 11&5.@ PRISM_2024_ALL(

AR 05013 Calhoun Louisiana-Mississippi Salt Basins (2023 [County-Level C: gl Gas (MSCF) 155 ENVERUS_2023_APPORTION [0 \ PRISH}CIZ‘JI!JPC
AR 05013 Calhoun Louisiana-Mississippi Salt Basins 2023 |County-Level Qil Counts 11 ENVERUS_2023_APPORTION 10\ PRISM_2024 #OC
AR 05013 Calhoun Ls i ippi Salt Basins |2023 |Fraction of oil wells in the county needing artificial lift [0.95 (CENSARA_STUDY_2012 ﬂ.ﬁ (CENSARA_STURY_2012
AR 05015 Carroll Ozark Uplift 2023 |County-Level Oil Production (BBL) 0 ENVERUS_2023 o\ PRISM 2024 [

AR 05015 Carroll Ozark Uplift |2023 |County-Level Casinghead Gas Production (MSCF) 0 ENVERUS 2023 0 \ PRISM_2024 f

AR 05015 Carroll QOzark Uplift 2023 |County-Level il Counts 0 ENVERUS_2023 0 \ PRISM

AR 05015 Carroll Ozark Uplift 2023 |Fraction of oil wells in the county needing artificial lift_|0.73 [CENSARA_STUDY 2012 0.73 \ CENSA:_AU %TUDV [ 2012
AR 05017 Chicot Louisiana-Mississippi Salt Basins [2023 [County-Level Oil Production (BBL) o ENVERUS 2023 o \ PRISM 624

AR 05017 Chicot Louisi: i i Salt Basins |2023 |County-Level C: GasF (MSCF) 0 ENVERUS 2023 0 \ 2024

AR 105017 Chicot Louisiana-Mississippi Salt Basins [2023 |County-Level Oil Counts 0 ENVERUS_2023 0 ISM_2024

If data edits were made, then the User will need to go back to the Tool and click on the
“Import/Export Data...” button to initiate importing the edited data file. After clicking, the
Import/Export form will appear. The User will need to:

Step 1 — Click on the “Import” tab

B-8
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e Step 2 — Click the “Select File” button
¢ Step 3 — Map to the location of the edited data, and click “OK”

e Step 4 — Click on the “Import from Excel” button

[=2] Import/Export Data @

Import/Export Data
Activity: Natural Gas

Step 1 —Click on
the “Import” tab.

% Close Form

Step 2 — Click on the
“Select File” button

Import the Selected Excel File

C:\WORK\OIL_GAS\RE_ENGINEE |NG\ITERATION_ODS_ZQ;L4_NE1_
3] Import From Excel | (& selectFile }
i L
Step 4 — Click on the Step 3 — Map to the
“Import from Excel” button | | location of the edited data

The edited data is now imported into the Tool.

12) Step 6 — View/Edit Basin Factors. Click the “Step 6 — View/Edit Basin Factors” tab to continue. In
Step 6, the User can view and edit the basin factor data that EPA has compiled for the
geographic area and source categories selected.

Oil and Gas Tool: Production Activities - Dashboard V

Back to Home Page I Reset All Selections/Go to Step 1 I EXIT TOOL

Step 6 — Pick a Source Category
Basin Factor or Gas Composition

Oil and Gas Production Sources dataset to view/edit
7z
Please click on the source category b T itthe ‘egory below to view/edit the
actors. ition factors.

Artﬁﬁs Dehydrators Liguids Unloading Associated Gas

Gas-Actuate

Associated Gas Fugitives Loading Operations Condensate Tank Liquids Unloading

e 3Exzt5e"ng Gas-Actuated Pumps Pneumatic Devices Crude Oil Tank Loading Operations
Condensate Tank Heaters Produced Water Dehydrators Pneumatic Devices

Lateral/Gathering wellhead

Fugitives Produce
Compressors Compressors

B-9
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In the Basin Factors form, the User can view/edit the data. If the User updates values for one
county in a basin, then all other counties in the basin and state can be updated by clicking on the
“Click to apply these values to all other counties in the same basin for the state.” button.

T Geoaraphic and source seledtions X |5 Basim Factors: Crade OF Tonks X

Crude Oil Tanks Basin Factors Form

Basin Name Palo Duro Basin

Tribal Code 00000

Tribal Name NON_TRIBAL

If new values are entered,
please enter a reference.

Crude Oil Fraction directed to Tanks

Fraction of Oil Tanks with Flares

Current V;

Import/Export
Current Val rence
CENSARA_STUDY_20T
TCEQ_GHGRP_2021

State Abbreviation Ind ~| Select values
State and County FIPs Code 48017 ~| to create a
County Name Bailey

~| custom filter

The User can filter
for specific basins.

When finished, click here

Apply Filter Clear Fitter lick to apply these

EPA Default Val

06399244

CENSARA_STUDY_2012)

lue Reference

values to all other
counties in the same
basin for this state.

2022 Value Reference

GE CENSARA_STUDY When finished,

CENSARA_STUDY_2012

EPA 2025 TCEQ GHGRP 2021 click here
Fraction of Oil Tanks with a VRU 0 TCEQ_GHGRP_2021 021 Values from the
Average VOCs Loss (Ib VOCs/BBL Crude Oil) 101541 CENSARA_STUDY_2012 1| EPAdefaultvalues | 190 20227,
& e ’ : ool. Values here

Flaring Capture Efficiency (%) £ TCEQ 2021 cannot be edited. )

== i cannot be edited.
Flaring Control Efficiency (%) 9% NOGC_Sep_2019 NOGC_Sep_2018
Gas Venting Rate (MCF gas/BBL Crude Oil) 1ATIGZE-02 CENSARA_STUDY.

GE 14 2E-02

CENSARA_STUDY._

Similarly, the User can view/edit the gas composition data for select categories.

13) Step 7 — View/Edit Emission Factors. Click the “Step 7 — View/Edit Emission Factors” tab to
continue. In Step 7, the User can view or edit the emission factors that are used to generate the
emission estimates for the source categories selected.

Oil and Gas Tool: Production Activities - Dashboard View

Back to Home Page l Reset All Selections/Go to Step 1 I

EXIT TOOL

STEP 1 - SEIECT LEOGrapnic Level
Step 6 - View/Edit Basin Factors

STEP £ - HEIECT SPECNC LEOraPNIC LOCATON
Step 7 - View/Edit Emission Factors

Step 7 — Pick a Source

Category Emission Factor
dataset to view/edit

S

SIEP I - DEIECT DO
Step 8 - Point Source Activity Adj
Please select the emission factor source category you would like to view/edit.

Oil and Gas Production Sources - Emission Fac

Please click on a Source Category below to view/edit
emission factors.

Artificial Lifts ; Crude Oil Tanks Lateral/Gathering Compressors

Associated Gas Dehydrators Liquids Unloading

CBM Dewatering Pump Engines Fugitives Wellhead Compressors

Heaters

Note: there are no emission factors to review for Gas-Actuated Pumps, Loading
Operations, Pneumatic Devices, and Produced Water

Once a Source Category has been selected, the User can view or edit the emission factors.

Remember to update the reference field (EMISSION_FACTOR_SOURCE) for any updated
emission factors.
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Illinais Basin

AR IMinois Basin  ATTAINMENT
Illinois Basin  ATTAIN
Illinois Basin  ATTAINMENT
Illinois Basin

Illinois Basin
Illinois Basin

ATTAINMENT
ATTAINMENT
ATTAINMENT
ATTAINMENT
ATTAINMENT
NONATTAINM

Illinois Basin
Illinois Basin
Ilinois Basin
Illinois Basin
Illinois Basin

Illinois Basin  NONATTAINM)|
Illinois Basin  NONATTAIN
Illinois Basin

Illinois Basin
Illinois Basin
Illinois Basin

SOURCE_CATEGORY -

WELLHEAD COMPRESS! 23100;
WELLHEAD COMPRESS! 23100
WELLHEAD COMPRESS! 23100
WELLHEAD COMPRESS/ 23100,
WELLHEAD COMPRESS! 2310021102
WELLHEAD COMPRESS! 2310021102
WELLHEAD COMPRESSI 2310021102
'WELLHEAD COMPRESS! 2310021102
WELLHEAD COMPRESS! 2310021102
WELLHEAD COMPRESS! 2310021102

(28] Geographic and Source Selections ‘ =2] FORM_EF_WELLHEAD_COMPRESSORS

WELLHEAD COMPRESSORS EMISSION FACTORS FORM

SCC ¥ SCC_SHORTENED

2100 P Draductic n

- + POLLUTANT_DESCRIPTIO! - | POLLU" ~ EMIS:
WELLHEAD COMPRESS! 2310021102 On-Shore Gas Productic Polycyclic Aromatic Hydroca 250 8
WELLHEAD COMPRESS! 23100;

. dicklocid

reference.

These emission factors can be edited. If
changes are made, please update the

TIUZ OT=STTOTE Gas PTOUUTTIT
On-Shore Gas Productic
On-Shore Gas Productic
On-Shore Gas Productic
On-Shore Gas Productic
On-Shore Gas Productic
On-Shore Gas Productic

AALATTAIAAAL LAICLLUC AR CALANNCES: 271AA9110%

Tomgene

Trichloroethane, 1,1,2-
Trimethylpentane, 2,2,4-
Vinyl chloride

Volatile Organic Compound
Xylenes (Mixed Isomers)
Acetaldehyde

ol e Gas Productic Acrolein
Emission Factors are

e Gas Productic Benzene

presentEd at the state, e Gas Productic Biphenyl

basin, and attainment
status level.

e Gas Productic
e Gas Productic
On-Shore Gas Productic
On-Shore Gas Productic
0On-Shore Gas Productic

b I e i Wil il

Butadiene, 1,3-
Carbon Dioxide
Carbon Monoxide
Carbon tetrachloride
Chlorobenzene

P iy e

1,2,2-

F ~ |EN - |[EMISSE ~ EMIS ~ |~
4462485604 G HP-HR EPA_X(
78875 6184098-04 G HP-HR EPA_2(
100425 G HP-HR EPA_2(
s02 §3 G HP-HR EPA_2(
79345 1 G HP-HR EPA_2(
108883 3.494457E-08 G HP-HR EPA_2(
7 3.069897E-03 G HP-HR EPA_2(
540841 3.494457E-03 G HP-HR  EPA_2(
75014 8.962939E-04 G HP-HR EPA_2(
voc 4G HP-HR EPA_2
1330207 9.72497E-04 G HP-HR EPA_2(
75070 2.815887E-02 G HP-HR EPA_2(
107028 2.823144E-03 G HP-HR EPA_2(
71432 7.039717E-03 G HP-HR  EPA| When
92524 1.433344E-03 G HP-HR EPA| finished,
106930 2.97555E-08 G HP-HR EPA| lick here
co2 399.1592 G HP-HR  EPA| ks
co P 8 G HP-HR EPA_2(
56235 0.202633-04 G HP-HR EPA_2(
108907 -04 G HP-HR EPA_2(
c3cea Grnar~ _unun  rna o

14) Step 8 — Point Source Activity Adjustments. Click the “Step 8 — Point Source Activity
Adjustments” tab to continue. After the activity data, basin factors, and emission factors have
been reviewed and/or updated, the User may enter point source activity adjustments to account
for emissions that are to be reported to the point sources emissions inventory. If the User does
not have any point source activity adjustments, then they will need to click the “When finished,
click here to complete this step.” button. A message box will appear instructing the User to

proceed to Step 9.

e
Select a Source Category to

make point source activity
adjustments

0 view/edit to make point source activity adjustments.

Associated Gas

CBM Dewatering Pump Engines

Condensate Tanks

de Oil Tanks

icial Lifts
Associated Gas
CBM Dewatering Pump Engines
Condensate Tanks

il Tanks

If you created point source a

Dehydrators
Fugitives
Gas-Actuated Pumps
Heaters

Lateral/Gathering Compressors

a Source Category below to populate

Dehydrators
Fugitives
Gas-Actuated Pumps
Heaters
Lateral/Gathering Compressors

Clear all point source
activity holding tables

duction Sources - Point Source Activity Adjustments

Please click on a Source Chtggory below to view/edit activity data for point sources adjustments.

Loading Operations

Pneumatic Devices

Produced Water

em for later use, please click on

Liquids ing

Loading Operations

Pneumatic Devices
Produced Water

Wellh: presst

When
finished, ciick
here to
complete this
step.
Nonpoint
Source SCCs
and Point
Sgurce SC|(|:<5 When
rosswal ekt
finished,
e a— click here
refer to this | | tO proceed
point/ to Step 9.
nonpoint
crosswalk

Select a Source Category to
apply saved point source activity
adjustments
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Currently, ALL point source activity adjustments (e.g. county-level point source well counts,
county-level point source barrels of oil produced, etc.) are defaulted to zero (i.e., no point source
activity adjustments).

HEATERS POINT SOURCE ACTIVITY ADJUSTMENT FORM

State abbreviation: AR
State and County FIPs Code: 05001

County name: Arkansas

Tribal Code: |00000

Tribal Name: [NON_TRIBAL When finished,
click here
Year: 2023
Enter the point sources
activity data
Oil Wells Gas Wells CBM Wells

When

; finished, click
Point Source Well Counts 0 here

It is encouraged that point source activity adjustments have priority over point source
emission adjustments. Additionally, Users should pay careful attention to ensure that the
point source activity data is entered in the same units as the nonpoint activity data. Users
should refer to the “Nonpoint Source SCCs and Point Source SCCs Crosswalk” button to identify
point source SCCs. After any point source activity adjustments have been made, proceed to Step
9.

15) Step 9 — Point Source Emission Adjustments. Click the “Step 9 — Point Source Emission
Adjustments” tab to continue. In Step 9, the User can make point source emission adjustments
directly in the emission tables. Select a Source Category to open. If a User has no point source
emissions adjustments, they may click on the “When finished, click here to complete this step”
button.
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lections/Go to Step 1 I EXITTOOL When
finished,
click here

Select a Source Category to
make point source
emissions adjustments

Production Sources - Point Source Emission Adju

When
P p roceed \. finished, click
Please click on a Source Category below to view/edit calculated 5 here to
Zarid ‘ s omplete this
emission records for point sources adjustments. to Step 10. step.

/ﬂﬂ?ﬁcial Lifts i Dehydrators Liquids Unloading

Associated Gas Fugitives Loading Operations

CBM Dewatering Pump Engines Gas-Actuated Pumps Pneumatic Devices

Condensate Tanks Heaters Produced Water

Select a Source
Category to apply

Wellhead

Lateral/Gathering Compressors

If you created point source emissions data adj and saved them for later use, please click saved point source
on a Source Category below to populate emissions
Tal Lifts Dehydrators Liquids Unloadi adj ustments
Associated Gas Fugitives Loading Operations
CBM Dewatering Pump Engines Gas-Actuated Pumps Pneumatic Devices
Condensate Tanks Heaters Produced Water
Cru il Tanks Lateral/Gathering Compressors Wellhead Co

Clear all point source
emissions holding tables

Point source emission estimates are to be entered in the “POINT_EMISSIONS_TPY” field. It is
important to note that if point source activity adjustments were made in Step 8, then point
source emission adjustments should NOT be made in these tables for overlapping SCCs.
Also, point source emission adjustments need to be entered as tons per year (TPY).

WELLHEAD COMPRESSORS POINT SOURCE EMISSIONS ADJUSTMENT FORM
- n
When finished, ks ek
y here
click here to
STATE - STATE_A - COUNTY_NA ~ scc v SOURCE_CATEGORY - POLLUTA! ~ L] ” - | TRY - POINT_EMISSIONS_TPY -
05023 R Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 75003 Ethyl Chi finalize 82504 0
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR ENGINES 75014 vinyl ch emissions. 205E-03 0
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 75070 Acetald 1.3091 o
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR ENGINES 75092 Methylene Chloride 3.131818E-03 0
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 75343 Ethylidene Dichloride 3.695546E-03 o
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 78875 Propylene Dichloride 4.212296E-03 o
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 79005 1,1,2-Trichloroethane 4.979591E-03 [
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 79345 1,1,2,2-Tetrachloroethane 6.263637€-03 \
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR ENGINES 91203 Naphthalene 1.165036€-02
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES 92524 Biphenyl 3.319727e-02
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES CH4 Methane 253 4544
05023 |AR Cleburne 2310021202  WELLHEAD COMPRESSOR ENGINES €O Carbon Monoxide 76.9365:
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES CO2 Carbon Dioxide 22303.99
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR EN 4.246591E-04 0|
05023 AR Cleburne z0021202  wewkeapcomeressorel  Users can enter point 171.740 o
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR E g g — i of
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR E source emissions 2.02503 of
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR E adJuStmenis. 1.563307e-03
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSOR E 2.0250;
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES PM-CON  PM Condensible 2.009287
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES SO2 Sulfur Dioxide 0.1192249
05023 AR Cleburne 2310021202 WELLHEAD COMPRESSOR ENGINES  VOC Volatile Organic Compounds 18.46957
05023 AR Cleburne 2310021302 WELLHEAD COMPRESSOR ENGINES 100414 Ethyl Benzene 1.946151E-03
05023 AR Cleburne 2310021302  WELLHEAD COMPRESSOR ENGINES 100425  Styrene 9.338181E-04
05023 AR Cleburne 2310021202  WELLHEAD COMPRESSORENGINES 106934 Ethylene Dibromide 1.671456E-03
05023 AR Cleburne 2310021302 WELLHEAD COMPRESSOR ENGINES 106990 1,3-Butadiene 5.202699E-02
05023 AR Cleburne 2310021302  WELLHEAD COMPRESSOR ENGINES 107028 Acrolein 0.2063816
05023 AR Cleburne 2310021302 WELLHEAD COMPRESSOR ENGINES 108833 Toluene 4.378839€-02
05023 AR Cleburne 2310021302 WELLHEAD COMPRESSOR ENGINES 108507 Chlorobenzene 1.01229€-03
05023 AR Cleburne 2310021302  WELLHEAD COMPRESSOR ENGINES 1330207  Xylenes (Mixed Isomers) 0.0153024

After point source emission adjustments are made (if applicable), then the User should proceed
to Step 10.
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16) Step 10 — Final Emissions. Click the “Step 10 — Final Emissions” tab to continue. In Step 10, the
User can review the final emissions; update county-level activity data, emission factors, and/or
basin factors they provided in Steps 5 through 7; or generate the Emission Inventory System
(EIS) data tables.

Final emissions are lections/Go to Step 1 EXIT TOOL

presented here.

0Oil and Gas Production Sources - Summary Emissions

S ns al Emissions Tables by Source Catega
: Emission tables
Sen Click here to Click hereto ) Asschtad G CBM e
ot
@nerate the generate the generate the by Source ns Table  Emissions Table pll):;assz:?e Tanks _ Tanks
Pollutant Source Category Source Category Emeens Tibje| [Emssions Table | |Emissions T3ble
Exrile=tons and Pollutant and Pollutant Category-
Emissions Emissions by State
Gas-Actuated
" Dehydrators Fugitives Heaters Gathering
;::: r'::;et ;&; Emissions Table|  Emissions Table Eﬂr-s';;';f%ahb Emissions Table Compressors
calculated If the User
emissich. updated activity
records. P P i Drodticad
icci oading neumatic roducet
or emission Operations Devices Water
fa ctors, then Emissions Table i Emissions Table e Emissions Table

they can be re-

eplace the origin| used by CliCking

If you updated a¢ y data, and would itke-te ion Inventory System (EIS) Staging
atties, please click on the appropriate source cateégories. here. EIS Sta g] ng
Undate O Update Gas Update CBM Update Click here to Click here to tables can be
Wel Counts/ | Well Counts/ | | Well Counts/ Produced ey EeaLH e developed.
Production Production Production Staging Tables Tables

Data Data Data

If you updated emission factors, and would like to re-use them, please click on the appropriate source categories.

Update
Update Update Llépei?;:efhm Update Update Crude Update Update Update Lateral/ Update Liquids wugﬂ:et:d
Artificial Lifts Associated Gas P En ‘n%s Condensate 0il Tanks Dehydrators Fugftives Heaters Gathering Unloading o
mission Emission “rg". 9n Tanks Emission Emission Emission Emission Emission Compressors Emission E"" ;
Factors Eactors Factors Factors Factors Factors Factors n Factors S

Factors

Summary screen (continued)

Oil and Gas Production Sources - Summary Emissions

If you updated-gas composition data basin factors, and wouldi

: If updat in f: hy Id liks re-use them, pl i n the ropriaf e tegories.
Them, please click on the appropriate sousce cotegores. you updated basin factors, and would like to re-use them, please click on the appropriate source categories.

Update Update Update CBM Update
Gsocated Gas | | Condensate | | UpdateCrude | oo goryes s indete Hodsn Dewatering Condensate
Oi Tanks Gas Fugitves Gas Artificia) Associated Gas
Gas Tanks Gas Compostion Gas Compostion i Basin Factors Pump Engine Tanks Basin
Composition ‘Composition Data Basin Compaosition Data Basin Basin Factors Factors
Data Basn Data Basin Factors Data Basin Factors
Factors Factors
. Update Update Update Update Gas- puxix
Undate Liquids Loadng Pneumatic Produced Update Update Actuated Update Lateral/
Unloading Gas Operations Gas Devices 636 Water G; Dehydrators Fugitives Basin P Heaters Basin Gathering
‘Composition 2 Basin Factors Factors urrps Basin L Compressors
2 Composition Composttion g Factors sy
Data Basin Data Basin Data Basin Basin Factors
Factors
Factors Factors
Update Update Update Update
T Update Uf"‘;'ﬂ’ Loading Pneumatic Produced
H it Operations Devices Basin ‘Water Basin
If the User updated Basin Factors or gas composition data, 8asn L s gl

then they can be saved and re-used by clicking here.

Summary screen (continued)
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Qil and Gas Production Sources - Summary Emissions

If you made point source activity adjustments, and would like to re-use them, please click on the appropriate source categories.

i ave Save CBM Savi
Sm'z e | Associated Gas Dewatering Condensate Sa\;gﬂ:?i
oo point source Pump point Tanks point
e activity source activity source activity
adjustments adjustments adjustments
Save - Save Gas-
Dehydrators Sav.e Fugitives Actiiated Si\.re Heaters Gathering
i point source point source Compressors
point source : Pumps point . 4
activity _actmtv source activity activity point source
adjustments adjustments adjustments adjustments activity

If the User created
point source

Save Loading Save Save

Operations Pneumatic Produced
- point source Devices point Water point
activity data and/or activity source activity |  source activity activity
adjustments adjustments adjust: adjustments

emission
adjustments, then

If you made point source emission adjustments, and would like to re-use them, please click on the appropriate source categories.
they can be re-used

i ? Save CBM i
by CIICkmg here. Smﬁﬁal ciated Gas Dewatering Condensate sa;;ig‘;%i?"
S0UrC point Pump point Tanks point licce
it emissions source source PreEl
S NEhents activity emissions emissions adjust
adjustments adjustments adjustments
o Save Gas- Save Lateralf
Dehydrators Save Fugitives Actuated Save Heaters Gathering
Fatmraay point source Pumps point point source Compressors
p e emissions source emissions point source
adjustments adjustments emissions adjustments emissions
adjustments adjustments
Savekiguids Save Loading P Save i P nge d Save ead
Unloa Operations NETREE TOCHce! ressors
point source point source e o A STl point source
emissions ions efr?isswigis Sotice = emissions
adjustments adjustme adjustments adjustments

Additional notes:

1) Inthe EIS Staging Tables, the ControlApproach, ControlMeasure, ControlPollutant, Emissions,
EmissionsProcess, Location, and ReportingPeriod are populated.
2) EPA’s EIS area_bridgetool (included in the .zip file) can be used to generate the .xml file needed
for EIS upload.
3) If the User wishes to reset the tool, and regenerate the emissions, the following steps are
recommended:
a. Click on the “Reset All Selections/Go to Step 1” button at the top of the Dashboard.
b. Compact and Repair the database.
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Qil Tool: Pr: vities - rd View To exit the
Back to Home Page Reset All Selections/Go to Step 1 EXITTOOL Tool, click
here.
Step 1 fselect Level Step2- Specfic Geographic Locaton Step 3 - Select Source Category Level Step 4 - Select Spedific Source Category Step § - View/Edit Col
Toreturnto  [actors S To reset the Step 8 - Point Source Activity Adjustments Step 9 - Point Source Emission Adjustments Step 10 - Final Emissions
f summary emissions yol " nerate the EIS Staging tables.
the Horpe e " Tool, click here. Sl
page, click
here. Oil and Gas Production Sources - Summary Emissions
Summary Emissions Final Emissions Tables by Source Category
Click here to Click here to cBM
Click here to rtificia Associat
generate the generate the A_ _ | Lifts . ed Gas Dewatering Coqlger.t?te C[}_.:degl
generate the Emissions Table  |[Emissions Table | pymp Engine _Tanl [an
pollutant Source Category Source Category s Table Table Table
Elstons and Pollutant and Pollutant
Emissions Emissions by State
Lateral/
s Dehydrators Fugttves Gatfchisad Heaters Gathering
Emissions Table ~ Emissions Table bl Table  C
generate the Table Emissions Table
calculated
emission
records.
Liquids Loading Pneumatic Produced Welhead
Unloading Operations ices Water Compressors
Table Table Table  Emissions Table Emissions Table

4) References cited for the original data in the Tool are found in the “Master References” tab.

[53] Geographic and Source Selections ‘

Oil and Gas Tool: Production Activities - Dashboard View

I Reset All Selections/Go to Step 1

Back to Home Page EXIT TOOL

Step 1 - Select Geographic Level
Step 6 - View/Edit Basin Factors s

Source Category Level
lity Adjustments

ot reflect references entered by the User.

References cited in the Tool

for the original data are here.
FIELD_REFERENCE_DESCRIPTION

Hinois production data 2019 carried forward and adjusted by the 2020 to 2019 EIA state totals
Indiana production data fron} 2019 carried forward and adjusted by the 2020 to 2019 EIA state totals
Kentucky production data frofn 2019 carried forward and adjusted by the 2020 to 2019 EIA state totals

Step § - Point Source Emission Adjustments
References are compiled into a single table. TH

2019_INOGC_ADJ_2020
2019 _KY_EIA_2020

| ADEC_2016 Alaska Department of Envirof¥nental Conservation. Personal communication to Mr. Mike Pring/ERG from
ADEC_2019 Personal communication from Molly Birnbaum, ADEC to Jennifer Snyder, EPA. September 19, 2019.
API_2009a API Compendium (8/2009), Table 4-5
| AP1_2009b API Compendium (8/2009), Table 4-11
AZDEQ_2019 Arizona Department of Environmental Quality. 2017 Production Reports received on 2/27/2019 via FTP
BOEM_2014 Bureau of Ocean Energy Management, Speciation data for North Slope, AK.

CALC_PW_TX_PROD
CALC_VEIL_RATIO
CALC_WTR_LA_PROD

Produced water factor calculated from 2020 Texas wells reporting produced water, and applied to missing wells.
Produced water production factors calculated from the Veil Report
Produced water factor calculated from 2018 Louisiana wells reporting produced water, and applied to missing wells.

| CARB_2021 Basin factor updates for select source categories
CENRAP_2008 ENVIRON. endations for Impr ts to the CENRAP STATES' OIL AND GAS EMISSIONS INVENTORIES. November 2008
|Record: 1+ < 10126 | » mre |52 search 4 v

Step 4 - Select Spedific Source Category

Step 10 - Final Emissions

0]

Step 5 - View/Edit County-Level Activity Data

Master References
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APPENDIX C — US OIL AND GAS BASINS (2023 NONPOINT OIL AND GAS EMISSION
ESTIMATION TOOL REPORT APPENDIX C - US OIL AND GAS BASINS.XLSX”)
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APPENDIX D — DATA ELEMENT DICTIONARY (*“2023 NONPOINT OIL AND GAS EMISSION
ESTIMATION TOOL REPORT APPENDIX D - DATA ELEMENT DICTIONARY.XLSX”)
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