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MEMORANDUM

TO:	Jeffrey Vukovich, Caroline Farkas, Janice Godfrey, and Alison Eyth, US EPA
FROM:	Mike Pring, Eastern Research Group, Inc. (ERG)
	Regi Oommen, Eastern Research Group, Inc. (ERG)
DATE:	June 6, 2024
SUBJECT:	Nonpoint Oil and Gas Emission Inventory Development for 2022
The purpose of this memorandum is to document development of the nonpoint oil and gas emission inventory for 2022. This inventory was prepared under EPA Contract No. 68HERD19A0001, Task Order 68HERH24F0013, “Estimating Emissions from and Providing Key Inputs for Modeling of the Oil and Gas Production Sector.” The inventory was prepared using the final version of the 2021 Nonpoint Oil and Gas Emission Estimation Tool (Tool) using updated 2022 activity data.
Activity Updates
Activity data for the 2022 year was compiled using a variety of resources.
Enverus DI Desktop
The primary data source for obtaining activity data was Enverus’ HPDI 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 Enverus, 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. Well-level data were processed into two separate types of databases. The first type was well-level information for all wells in DI Desktop. This information includes: locational coordinates, field, formation, production type, liquid product type, well depth, spud date, completion date, date of first production, and API number. The second type was monthly-level production for each base year of interest. The date of the refresh for the 2022 activity was December 2023, which was the refresh version used for EPA’s 2022 National Greenhouse Gas Emissions Inventory.
State Oil and Gas Commission Websites
While most of the well-level data was from DI Desktop, state oil and gas commission (OGC) websites were queried for data elements that were missing. These include:
Alabama: well-level exploration data for the entire year
Alaska: well-level exploration data for the entire year
Arkansas: well-level production and exploration data for the entire year
Arizona: well-level production and exploration data for part of the year
California: well-level exploration data for part of the year
Colorado: well-level exploration data for part of the year
Idaho: well-level production and exploration data for the entire year
Illinois: well-level exploration and location data and county-level oil production for the entire year
Indiana: state-level production and well-level exploration data for the entire year
Kansas: well-level exploration data and county-level produced water for the entire year
Kentucky: well-level exploration data for the entire year
Michigan: well-level exploration data for the entire year
Mississippi: well-level exploration data for part of the year
Missouri: well-level production data for part of the year
Nebraska: well-level exploration data for part of the year
Nevada: well-level production and exploration data for the entire year
New Mexico: well-level exploration data for part of the year
Ohio: well-level production and exploration data for part of the year
Pennsylvania: well-level exploration data and produced water data
Tennessee: well-level exploration data for the entire year
Utah: well-level production and exploration data for the entire year
Virginia: well-level exploration data for the entire year
Wyoming: well-level exploration data for the entire year
RigData
RigData was contacted to obtain “StartsByDepth” and “StartsByYear” for 2022, which was available on request. These reports, which publish number of well starts (i.e., spud counts) and depth (i.e., feet drilled) were sent to ERG for the 2022 base year. 
EIA Data
Illinois and Maryland natural gas production data were not available from DI Desktop or the state OGC websites and ERG obtained state-level production estimates from EIA. Additionally, well-level Kentucky oil and natural gas production data were scaled to match EIA totals from 2021 to 2022.
Produced Water
Produced water estimates were developed using activity-based factors for seven states in which there were incomplete or no information: Illinois, Indiana, Kentucky, Oklahoma, and Tennessee. The methodologies are described below:
Illinois: For the 2011 base year, the Enverus dataset contained annual well-level production data and annual produced water data for 6,726 wells, which is approximately one-third of the total estimated wells in this state. Each of these wells were identified as oil, gas, or CBM. From this dataset, activity-based produced water factors were developed, and applied to the estimated well-level production totals by well type.
· Produced Water – CBM Wells: 1.73 BBL produced water per MSCF CBM produced, based on 15 wells.
· Produced Water – Gas Wells: 0.0094 BBL produced water per MSCF gas produced, based on 12 wells.
· Produced Water – Oil Wells: 0.08 BBL produced water per BBL oil produced, based on 6,699 wells.
Indiana: For the 2011 base year, the Enverus dataset contained annual well-level production data and annual produced water data for 3,014 wells, which is less than 20% of the total estimated wells in this state. Each of these wells were identified as oil or gas (no CBM wells were identified). From this dataset, activity-based produced water factors were developed, and applied to the estimated well-level production totals by well type.
· Produced Water – Gas Wells: 0.000133 BBL produced water per MSCF gas produced, based on 3,010 wells.
· Produced Water – Oil Wells: 0.0497 BBL produced water per BBL oil produced, based on 4 wells.
Kentucky: Production-based activity factors for Kentucky were based on a survey conducted by Veil Associates for the 2017 calendar year.[footnoteRef:1] The total state-level produced water was allocated proportionally by oil and gas well counts. The produced water oil and gas estimates were then divided by the state-level oil and gas produced, respectively to develop activity-based produced water factors, which were then applied to the well- level production totals by well type. [1: 	Veil Environmental, LLC. U.S. Produced Water Volumes and Management Practices in 2017. Prepared for the Ground Water research and Education Foundation. February 2020. Table 5-25] 

· Produced Water – Gas Wells: 0.068565 BBL produced water per MSCF gas produced.
· Produced Water – Oil Wells: 3.16155 BBL produced water per BBL oil produced.
Oklahoma: Production-based activity factors for Oklahoma were based on a survey conducted by Veil Associates for the 2017 calendar year.[footnoteRef:2] The total state-level produced water was allocated proportionally by oil and gas well counts. The produced water oil and gas estimates were then divided by the state-level oil and gas produced, respectively to develop activity-based produced water factors, which were then applied to the well- level production totals by well type. [2: 	Veil Environmental, LLC. U.S. Produced Water Volumes and Management Practices in 2017. Prepared for the Ground Water research and Education Foundation. February 2020. Table 5-49] 

· Produced Water – Gas Wells: 1.1873 BBL produced water per MSCF gas produced.
· Produced Water – Oil Wells: 9.27 BBL produced water per BBL oil produced.
· Tennessee: Production-based activity factors for Tennessee were based on a survey conducted by Veil Associates for the 2017 calendar year.[footnoteRef:3] The total state-level produced water was allocated proportionally by oil and gas well counts. The produced water oil and gas estimates were then divided by the state-level oil and gas produced, respectively to develop activity-based produced water factors, which were then applied to the well- level production totals by well type. [3: 	Veil Environmental, LLC. U.S. Produced Water Volumes and Management Practices in 2017. Prepared for the Ground Water research and Education Foundation. February 2020. Table 5-57] 

· Produced Water – Gas Wells: 0.006873 BBL produced water per MSCF gas produced.
· Produced Water – Oil Wells: 0.084565 BBL produced water per BBL oil produced.
Quality of Data Sources Compared to 2021 Tool
The primary datasets used for this effort were similar to those used for the 2021 oil and gas emissions inventory Tool. These include the Enverus dataset and the state oil and gas sites. The methodologies used for the development of the historical inventory were similar to those used for the 2021 oil and gas emissions inventory, with a few exceptions:
Comparisons were made for Total Liquids and Total Gas at the state-level between the EIA data and the master well-level database. 
· After supplementing for missing data, the final comparisons between the EIA data and the master well-level database for total liquids was -0.01%:
· Total EIA liquids = 3,713,581,000 BBL
· Total master well-level database liquids = 3,713,269,711 BBL
· After supplementing for missing data, the final comparisons between the EIA data and the master well-level database for total gas was -0.70%:
· Total EIA gas = 43,017,701,000 MSCF
· Total master well-level database gas = 42,722,331,634 MSCF
Produced water for Illinois and Indiana. These county-level estimates were based on calculated activity-based production factors. The Illinois and Indiana production factors were based on a set of wells for 2011 that reported both produced water and oil/gas/CBM production. These factors were applied to all the base year inventories, which may not be representative of historical production techniques.
Produced water for Kentucky, Oklahoma, and Tennessee. These well-level estimates were based on calculated activity-based production factors. The Kentucky, Oklahoma, and Tennessee production factors were based on state-level survey results and state level oil/gas/CBM production totals for the 2017 base year. These factors were applied to the 2021 base year, which may not be representative of historical production techniques.
Basin Factor Updates
The emission estimation methodologies and algorithms used in the Tool rely on a variety of emission factors and process characterization parameters to estimate emissions. Examples of emission factors used in the Tool include VOC emission factors for storage tanks and engine emission factors for compressor engines. Examples of process characterization parameters include the fraction of storage tanks controlled, and the control efficiency of those controls. In the Tool, these process characterization factors are referred to as “Basin Factors” and are county-specific. In many instances these factors are common across large oil and gas basins such as the Permian Basin in Texas and New Mexico and the Marcellus Shale in West Virginia and Pennsylvania. Full documentation of the Tool and the emission estimation methodologies may be found in the 2020 Nonpoint Oil and Gas Emission Estimation Tool Version 1.3 report.[footnoteRef:4] [4: 	2021 Nonpoint Oil and Gas Emission Estimation Tool Version 1.0, Prepared for U.S. EPA, November 22, 2023.] 

Basin factor updates were made for the 2022 inventory years for the following parameters:
County-level temperature data from EPA for the Loading Operations source category.
Emission factors for nonroad engines for hydraulic fracturing and drilling rigs.
Subpart W data.
Capture efficiency updates for crude oil and condensate tanks in North Dakota. 
Gas composition data updates for select categories in Pennsylvania from the Pennsylvania Department of Environmental Protection.
Basin Factor and gas composition data updates for select categories in Texas from the Texas Commission on Environmental Quality.
Results
Results for the 2022 inventory may be found in Attachments A and B. This Excel workbook contains a “README” sheet with additional documentation on the steps used to compile the activity and basin factor updates, as well as the final emission estimates for this inventory year.
Other Attachments to this memorandum include:
· Attachment C presents the crosswalk between SCCs and spatial surrogate codes.
· Attachment D presents the assigned spatial surrogate code for each state-county FIPs and SCC.
· Attachment E presents the primary and alternate surrogate priorities.
· Attachment F presents the combined 2-km/4-km shapefile for each spatial surrogate code.
· Attachment G presents 4-km spatial surrogate heat maps for the continental U.S. (CONUS) and Alaska.
· Attachment H presents 2022 monthly profiles for each SCC.
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Attachment A – “ACTIVITY_SUMMARY_2022_20240301_EXPANDED.xlsx”
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Attachment B – “OIL_GAS_DATA_EMISSIONS_METHODOLOGIES_2022.xlsx”
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