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DRAFT MEMORANDUM

TO: 		Jeffrey Vukovich, U.S. EPA
Alison Eyth, U.S. EPA
Janice Godfrey, U.S. EPA
FROM:	Mike Pring, Eastern Research Group, Inc. (ERG)
		Regi Oommen, ERG
DATE: 	March 21, 2024
SUBJECT:	2022 Abandoned Well Emission Estimates for VOC and HAP 
INTRODUCTION

The purpose of this memorandum is to present a draft 2022 emissions inventory with estimates of VOC and hazardous air pollutants (HAP) emissions from abandoned wells across the U.S. This work builds upon the initial methodology development and emissions inventory completed for abandoned wells for 2020. [footnoteRef:1] Results from both the 2020 and 2022 inventories are presented here for comparison. [1:  Memorandum “Abandoned Well Emission Estimates for VOC and HAP” from Mike Pring, Gopi Manne, and Regi Oommen (ERG) to Jeffrey Vukovich and Carolina Farkas (EPA), April 19, 2023.] 


The term "abandoned wells" encompasses various types of wells:

· Wells with no recent production, and not plugged. Common terms (such as those used in state databases) might include: inactive, temporarily abandoned, shut-in, dormant, and idle. 
· Wells with no recent production and no responsible operator. Common terms might include: orphaned, deserted, long-term idle, and abandoned. 
· Wells that have been plugged to prevent migration of gas or fluids.

There are approximately 3.9 million abandoned wells in the U.S., with approximately 2.43 million abandoned oil wells, 0.63 million abandoned gas wells, and 0.85 million abandoned dry wells (may be oil or gas wells). Abandoned wells may emit CH4, CO2, VOC, and various HAP. 

Estimates of greenhouse gas (GHG) emissions (CH4 and CO2) from abandoned wells have been estimated as part of the Inventory of U.S. Greenhouse Gas Emissions and Sinks since 2018. The GHG inventory (GHGI) methodology, estimates of emissions, and emission factors for abandoned wells served as the starting point for development of the VOC and HAP emissions inventory for abandoned wells presented here.

DATA RESOURCES

The GHGI abandoned well inventory and emissions estimation methodology form the basis of the VOC and HAP inventory described in this memorandum. In addition to the GHGI, several other data sources were used to resolve the inventory to the county level and to allow for estimation of VOC and HAP emissions. These include the following:

· Enverus database; [footnoteRef:2] [2:  https://www.enverus.com/] 

· Historical Oil and Gas Commission Websites;
· Abandoned Well CH4 Emission Factors from the GHGI; and
· EPA’s Nonpoint Oil and Gas Emission Estimation Tool. [footnoteRef:3] [3:  2022 Nonpoint Oil and Gas Emission Estimation Tool Version 1.1, March, 2024.] 


These data sources are discussed in more detail below.

Enverus Database

The primary activity data source used to develop the abandoned well GHGI is the Enverus database. The Enverus database was also used as the primary data source for activity data to develop the VOC and HAP abandoned well emissions inventory. One distinction between the GHGI abandoned well counts and the abandoned well counts used for the VOC and HAP abandoned well emissions inventory is that for purposes of the VOC and HAP inventory, well counts were developed at the county level. Otherwise, the methodology and approach used in the GHGI were retained to develop the abandoned well counts for the VOC and HAP inventory. The Enverus data allows for distinction between plugged and unplugged wells, which is needed to apply the abandoned well emission factors (discussed in Section 2.3). Additional details on the methodology used to extract abandoned well activity data from Enverus are available in the memorandum “Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2020: Updates for Abandoned Oil and Gas Wells” (April 2022).[footnoteRef:4] [4:  “Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2020: Updates for Abandoned Oil and Gas Wells”, April 2022, available online at: https://www.epa.gov/system/files/documents/2022-04/2022_ghgi_update_-_wells.pdf] 


Table 1 presents the Enverus abandoned well counts for 2020 and 2022 at the state level.

Table 1. Enverus Abandoned Well Counts

	State
	2020 Abandoned Well Counts
	2022 Abandoned Well Counts

	
	Oil Wells
	Gas Wells
	Dry Wells
	Oil Wells
	Gas Wells
	Dry Wells

	AK
	2,800
	410 
	453 
	 2,849 
	 6,162 
	 2,469 

	AL
	2,692 
	5,793 
	2,459 
	 2,853 
	 406 
	 620 

	AR
	6,180 
	5,142 
	4,366 
	 59 
	 25 
	 1,240 

	AZ
	70 
	13 
	1,239 
	 6,688 
	 5,497 
	 6,890 

	CA
	125,883 
	8,450 
	14,812 
	 128,613 
	 8,581 
	 14,811 

	CO
	31,821 
	8,832 
	26,743 
	 46,366 
	 9,335 
	 24,353 

	FL
	318 
	 -
	502 
	 361 
	 -   
	 714 

	GA
	 -
	 -
	3 
	 -   
	 -   
	 3 

	IA
	 -
	 -
	90 
	 -   
	 -
	90 

	ID
	 -
	2 
	82 
	 -   
	 2 
	 85 

	IL
	-   
	-   
	-   
	1
	 -   
	3

	IN
	-   
	-   
	-   
	 2 
	 -   
	 2 

	KS
	130,762 
	35,845 
	110,331 
	 125,736 
	 34,933 
	 110,464 

	KY
	31,142 
	11,632 
	46,617 
	 33,565 
	 23,078 
	 46,670 

	LA
	66,584 
	24,954 
	80,169 
	 92,327 
	 32,711 
	 72,758 

	MD
	 -
	11 
	33 
	 -   
	 11 
	 33 

	MI
	12,634 
	9,406 
	21,388 
	 14,140 
	 14,052 
	 22,947 

	MN
	 -
	 -
	1 
	 -   
	 -   
	 1 

	MO
	1,888 
	1,357 
	3,014 
	 10,253 
	 2,745 
	 7,097 

	MS
	8,932 
	2,450 
	6,921 
	 1,889 
	 1,357 
	 3,016 

	MT
	10,350 
	6,894 
	16,658 
	 11,906 
	 7,542 
	 16,714 

	NC
	 -
	 -
	123 
	 5,910 
	 375 
	 13,329 

	ND
	10,451 
	140 
	8,198 
	 325 
	 2 
	 585 

	NE
	5,676 
	371 
	13,259 
	 42,399 
	 15,676 
	 670 

	NM
	38,533 
	15,321 
	683 
	 4,273 
	 3,355 
	 3,523 

	NV
	60 
	2 
	696 
	 -   
	 -   
	 123 

	NY
	5,552 
	1,682 
	2,836 
	 10,478 
	 128 
	 8,097 

	OH
	25,826 
	11,502 
	79,057 
	 27,785 
	 12,746 
	 78,729 

	OK
	153,455 
	38,544 
	200,957 
	 182,584 
	 45,060 
	 184,265 

	OR
	1 
	96 
	212 
	 1 
	 99 
	 245 

	PA
	47,657 
	28,722 
	7,089 
	 28,764 
	 24,467 
	 4,025 

	SD
	807 
	346 
	613 
	 850 
	 361 
	 613 

	TN
	3,582 
	1,964 
	7,170 
	 3,609 
	 1,970 
	 8,177 

	TX
	574,216 
	129,442 
	91,204 
	 618,634 
	 137,256 
	 159,760 

	UT
	8,064 
	4,947 
	4,652 
	 8,580 
	 4,982 
	 5,205 

	VA
	348 
	4,718 
	169 
	 351 
	 4,855 
	 169 

	WA
	 -
	 -
	450 
	 -   
	 -   
	 519 

	WV
	8,803 
	20,448 
	19,765 
	 13,610 
	 28,133 
	 15,010 

	WY
	22,416 
	34,595 
	34,699 
	 24,190 
	 35,831 
	 34,634 

	TOTAL
	1,337,503
	414,031
	807,713
	 1,449,951 
	 461,733 
	 848,658 



Historical Oil and Gas Commission Websites

Wells abandoned after 1975 are assumed to be fully characterized in the Enverus dataset. While Enverus also contains data on abandoned wells prior to 1975, this data is not considered to be complete. Therefore, historical datasets were evaluated under the GHGI program to account for old wells with installation and abandonment pre-dating Enverus data coverage (e.g., wells that were drilled in the 1800’s). Based on an analysis of oil and gas well counts from individual U.S. State databases and the U.S. Geological Survey (USGS), the historical number of abandoned wells not captured by Enverus (for the 2022 inventory) were estimated to equal approximately 1.1 million wells as of 1975. These wells are assumed to be unplugged. Additional details on the methodology used to develop these historical abandoned well counts are available in the memorandum “Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2020: Updates for Abandoned Oil and Gas Wells” (April 2022).[footnoteRef:5] [5:  “Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2020: Updates for Abandoned Oil and Gas Wells”, April 2022, available online at: https://www.epa.gov/system/files/documents/2022-04/2022_ghgi_update_-_wells.pdf] 


The state level historical 1975 abandoned well estimates used in the 2020 and 2022 emission inventories are presented in Table 2. As shown in Table 2, there are fewer historical/1975 abandoned wells used in the 2022 inventory than in the 2020 inventory. This indicates more historical/pre-1975 wells were found in the Enverus database during preparation of the 2022 inventory than were found preparing the 2020 inventory. This is also reflected in Table 1 above, which shows more abandoned wells in Enverus in 2022 than were identified in 2020.

Table 2. 1975 Historical Abandoned Well Counts

	State
	2020 Historical Abandoned Well Counts
	2022 Historical Abandoned Well Counts

	
	Oil Wells
	Gas Wells
	Oil Wells
	Gas Wells

	AR
	12,534
	1,356
	10,376
	1,122

	CA
	32,621
	1,005
	32,621
	1,005

	CO
	0
	0
	686
	254

	FL
	165
	0
	2
	0

	IL
	82,914
	1,565
	82,914
	1,565

	IN
	37,391
	13,558
	37,391
	13,558

	KS
	8,554
	1,562
	14,484
	2,644

	KY
	25,982
	5,094
	26,035
	5,105

	LA
	19,900
	4,620
	22,198
	5,154

	MS
	8,040
	601
	7,620
	570

	MT
	466
	103
	453
	100

	NM
	2,110
	868
	1,853
	763

	OH
	53,732
	12,984
	53,665
	12,968

	OK
	2,386
	275
	7,211
	832

	PA
	250,077
	42,453
	263,733
	44,771

	TX
	461,851
	82,267
	410,590
	73,137

	WV
	2,419
	2,684
	3,219
	3,572

	Total
	1,001,142
	170,995
	 975,051 
	 167,120 



To develop a complete estimate of abandoned wells, the 1975 historical abandoned well counts were added to the counts of abandoned wells from Enverus. However, only state totals are available for this historical data. Therefore, the state level abandoned well counts presented in Table 2 were disaggregated to the county level. For all states but IL and IN, the historical 1975 state level abandoned oil and gas well counts were disaggregated to the county level using Enverus ratios of abandoned oil and gas wells in each county. Enverus only identified eight abandoned wells in IL and IN, which was insufficient to employ the same disaggregation methodology used for the rest of the U.S. Therefore, the historical 1975 state level abandoned oil and gas well counts for IL and IN were disaggregated to the county level using ratios of producing oil and gas wells in each county from EPA’s Nonpoint Oil and Gas Emission Estimation Tool.

Abandoned Well CH4 Emission Factors from the GHGI

Based on a review of existing literature and studies, region-specific emission factors (EFs) for plugged and unplugged abandoned wells were developed under the GHGI.[footnoteRef:6] Wells that are plugged have much lower average emissions than wells that are unplugged, with around 40 percent of abandoned wells in the U.S. being plugged. The fraction of abandoned wells that are plugged has increased over time as more wells fall under regulations and programs requiring or promoting plugging of abandoned wells. As a result of this literature review, two sets of CH4 emission factors were developed – one set for the Appalachia region and one set for the rest of the U.S. Each set of emission factors contains one factor for plugged wells, and one factor for unplugged wells. [6:  “Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2016: Abandoned Oil and Gas Wells”, April 2018, Available online at: https://www.epa.gov/sites/default/files/2018-04/documents/ghgemissions_abandoned_wells.pdf] 


Table 3 provides the two sets of CH4 emission factors used in the GHGI.

Table 3. Abandoned Well Emission Factors

	Well Category
	EF (g CH4/h/well)

	Plugged wells (non-Appalachia)
	0.002

	Unplugged wells (non-Appalachia)
	10.02

	Plugged wells (Appalachia)
	0.357

	Unplugged wells (Appalachia)
	30.57



EPA’s Nonpoint Oil and Gas Emission Estimation Tool Data

As described in Section 2.2, producing well counts in EPA’s Nonpoint Oil and Gas Emission Estimation Tool were used to disaggregate the historical 1975 well counts for IL and IN to the county level.

CH4 emission factors for abandoned wells used in the GHGI are used in this analysis to form the basis of the VOC and HAP emission estimates. In order to develop VOC and HAP estimates, ratios of CH4 to the pollutant of interest (VOC or HAP) are needed. This information is available in EPA’s Nonpoint Oil and Gas Emission Estimation Tool for several source categories for VOC and the HAPs Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX). No speciation data is available specific to abandoned well emissions, therefore, speciation data for oil and gas well completions were used as a surrogate to estimate VOC and BTEX emissions.

EMISSIONS INVENTORY	

VOC and HAP emissions from abandoned wells are calculated as follows:

· Step 1 - develop county-level populations of plugged and unplugged abandoned oil, gas, and dry wells using the Enverus and historical 1975 abandoned well datasets described in Sections 2.1 and 2.2;
· Step 2 - multiply the county-level abandoned well counts by the CH4 emission factors described in Section 2.3; and 
· Step 3 - apply the CH4 to VOC and CH4 to BTEX pollutant ratios from EPA’s Nonpoint Oil and Gas Emission Estimation Tool described in Section 2.4. Gas well speciation is currently used to estimate emissions from “dry wells” as categorized in the Enverus dataset.

Appendix A (Abandoned_Wells_Calculations_2022.xlsx) contains the county-level VOC and HAP emission calculations for 2022, including the detailed analysis of well counts and speciation data using the data sources discussed above.

Table 4 shows the estimated VOC and BTEX emissions from abandoned wells at the state level for 2020, while Table 5 shows the estimated VOC and BTEX emissions from abandoned wells at the state level for 2022.

Table 4. 2020 Abandoned Wells Inventory
	State
	VOC (tpy)
	Benzene (tpy)
	Ethylbenzene (tpy)
	Toluene (tpy)
	Xylenes(tpy)

	AK
	 60 
	2.30E-01
	2.75E-02
	1.98E-01
	6.02E-02

	AL
	 185 
	3.80E-01
	9.68E-02
	1.82E-01
	1.10E-01

	AR
	 909 
	1.48E+01
	4.63E+00
	6.65E+00
	3.71E+00

	AZ
	 10 
	1.54E-02
	6.41E-04
	1.12E-02
	6.10E-03

	CA
	 5,239 
	5.33E+01
	6.42E+01
	6.93E+01
	8.33E+01

	CO
	 349 
	8.83E-01
	4.95E-02
	1.10E+00
	3.54E-01

	FL
	 40 
	5.58E-02
	1.13E-02
	2.06E-02
	2.86E-02

	GA
	4.23E-02
	7.74E-05
	2.33E-06
	6.73E-05
	2.04E-05

	IA
	1.44E-02
	2.62E-05
	8.60E-07
	2.27E-05
	6.91E-06

	ID
	2.40E-01
	4.39E-04
	1.32E-05
	3.82E-04
	1.16E-04

	IL
	 6,726 
	5.21E+00
	5.07E-01
	2.55E-01
	5.38E+00

	IN
	 3,214 
	2.68E+00
	2.38E-01
	4.03E-01
	2.45E+00

	KS
	 7,146 
	6.49E+00
	2.61E+00
	2.95E+00
	2.08E+00

	KY
	 11,762 
	1.01E+01
	8.67E-01
	1.91E+00
	9.05E+00

	LA
	 2,375 
	2.02E+01
	5.97E+00
	7.97E+00
	4.92E+00

	MD
	 1 
	1.08E-03
	3.26E-05
	9.42E-04
	2.86E-04

	MI
	 433 
	4.92E-01
	2.97E-02
	2.46E-01
	3.00E-01

	MN
	1.41E-02
	2.58E-05
	7.76E-07
	2.24E-05
	6.80E-06

	MO
	 118 
	1.54E-01
	7.99E-02
	2.91E-02
	4.27E-02

	MS
	 725 
	1.87E+00
	6.34E-01
	7.70E-01
	4.84E-01

	MT
	 598 
	7.60E-01
	5.13E-02
	1.25E-01
	4.67E-01

	NC
	3.46E-04
	6.34E-07
	1.90E-08
	5.51E-07
	1.67E-07

	ND
	 418 
	2.12E-01
	1.77E-02
	4.55E-02
	1.86E-01

	NE
	 137 
	7.19E-01
	4.29E-02
	8.98E-01
	2.88E-01

	NM
	 391 
	5.80E-03
	2.75E-04
	3.81E-03
	2.40E-03

	NV
	 14 
	2.06E-02
	8.73E-04
	1.48E-02
	8.34E-03

	NY
	 658 
	5.82E-01
	4.82E-02
	1.32E-01
	5.05E-01

	OH
	 21,812 
	1.95E+01
	1.59E+00
	4.74E+00
	1.67E+01

	OK
	 7,426 
	8.92E+00
	3.56E+00
	2.59E+00
	2.73E+00

	OR
	 3 
	5.68E-03
	1.71E-04
	4.93E-03
	1.50E-03

	PA
	 69,837 
	5.65E+01
	5.21E+00
	6.31E+00
	5.52E+01

	SD
	 27 
	2.07E-02
	1.49E-03
	3.65E-03
	1.45E-02

	TN
	 1,279 
	1.40E+00
	9.28E-02
	6.45E-01
	8.99E-01

	TX
	 31,921 
	5.95E+01
	2.06E+01
	2.38E+01
	1.55E+01

	UT
	 173 
	4.75E-01
	3.04E-02
	5.42E-01
	2.40E-01

	VA
	 67 
	1.13E-01
	3.85E-03
	9.25E-02
	3.49E-02

	WA
	 3 
	5.11E-03
	1.54E-04
	4.44E-03
	1.35E-03

	WV
	 2,098 
	2.26E+00
	1.46E-01
	1.02E+00
	1.49E+00

	WY
	 514 
	2.65E+00
	1.75E-01
	6.56E-01
	1.01E+00

	Total:
	 176,670 
	 271 
	 112 
	 134 
	 208 



Table 5. 2022 Abandoned Wells Inventory
	State
	VOC (tpy)
	Benzene (tpy)
	Ethylbenzene (tpy)
	Toluene (tpy)
	Xylenes(tpy)

	AK
	 64 
	2.46E-01
	2.95E-02
	2.13E-01
	6.37E-02

	AL
	 198 
	4.07E-01
	1.03E-01
	1.96E-01
	1.19E-01

	AR
	 794 
	1.29E+01
	4.05E+00
	5.81E+00
	3.24E+00

	AZ
	 10 
	1.49E-02
	5.76E-04
	1.14E-02
	5.39E-03

	CA
	 5,357 
	5.57E+01
	6.72E+01
	7.25E+01
	8.71E+01

	CO
	 451 
	1.16E+00
	6.66E-02
	1.39E+00
	4.52E-01

	FL
	 32 
	4.44E-02
	8.48E-03
	1.77E-02
	2.21E-02

	GA
	4.23E-02
	7.74E-05
	2.33E-06
	6.73E-05
	2.04E-05

	IA
	1.44E-02
	2.62E-05
	8.60E-07
	2.27E-05
	6.91E-06

	ID
	2.82E-01
	5.17E-04
	1.55E-05
	4.49E-04
	1.36E-04

	IL
	 6,739 
	5.52E+00
	7.98E-01
	5.66E-01
	5.67E+00

	IN
	 3,326 
	3.15E+00
	6.34E-01
	7.95E-01
	2.92E+00

	KS
	 6,663 
	6.17E+00
	2.46E+00
	2.89E+00
	2.02E+00

	KY
	 12,817 
	1.14E+01
	9.37E-01
	2.71E+00
	9.74E+00

	LA
	 3,195 
	2.43E+01
	7.29E+00
	9.74E+00
	5.95E+00

	MD
	 1 
	1.08E-03
	3.26E-05
	9.42E-04
	2.86E-04

	MI
	 487 
	5.48E-01
	3.34E-02
	2.70E-01
	3.38E-01

	MN
	1.41E-02
	2.58E-05
	7.76E-07
	2.24E-05
	6.80E-06

	MO
	 118 
	1.55E-01
	7.99E-02
	2.91E-02
	4.27E-02

	MS
	 749 
	1.94E+00
	6.56E-01
	7.97E-01
	5.00E-01

	MT
	 740 
	9.00E-01
	6.15E-02
	1.34E-01
	5.60E-01

	NC
	3.46E-04
	6.34E-07
	1.90E-08
	5.51E-07
	1.67E-07

	ND
	 401 
	2.04E-01
	1.69E-02
	4.54E-02
	1.78E-01

	NE
	 141 
	7.20E-01
	4.31E-02
	9.00E-01
	2.89E-01

	NM
	 348 
	6.17E-03
	2.73E-04
	4.29E-03
	2.35E-03

	NV
	 34 
	3.42E-02
	2.40E-03
	1.30E-02
	2.47E-02

	NY
	 596 
	5.81E-01
	4.26E-02
	1.99E-01
	4.41E-01

	OH
	 22,286 
	2.00E+01
	1.63E+00
	4.82E+00
	1.70E+01

	OK
	 8,944 
	1.08E+01
	4.25E+00
	3.49E+00
	3.23E+00

	OR
	 3 
	6.35E-03
	1.91E-04
	5.52E-03
	1.67E-03

	PA
	 69,730 
	5.72E+01
	5.35E+00
	5.42E+00
	5.67E+01

	SD
	 31 
	2.27E-02
	1.67E-03
	4.01E-03
	1.63E-02

	TN
	 1,329 
	1.49E+00
	9.57E-02
	7.15E-01
	9.26E-01

	TX
	 31,588 
	5.72E+01
	2.00E+01
	2.23E+01
	1.51E+01

	UT
	 178 
	4.91E-01
	3.15E-02
	5.59E-01
	2.48E-01

	VA
	 69 
	1.17E-01
	3.97E-03
	9.55E-02
	3.61E-02

	WA
	 3 
	5.22E-03
	1.57E-04
	4.53E-03
	1.37E-03

	WV
	 2,723 
	2.80E+00
	1.92E-01
	1.12E+00
	1.97E+00

	WY
	 552 
	2.81E+00
	1.87E-01
	7.06E-01
	1.08E+00

	Total:
	 180,695 
	 279 
	 116 
	 138 
	 216 



FUTURE IMPROVEMENTS

The VOC and HAP abandoned well emissions inventory presented in this memorandum reflects the results of an analysis of existing and readily available information currently used by EPA to develop the GHGI for abandoned wells. Additional information, as described above, was then used to develop VOC and HAP emission estimates based on the GHGI inventory and methodology. Additional information and analysis that would allow for additional refinement and improvement of the VOC and HAP abandoned well inventory include:

· Distinction of coal-bed methane (CBM) abandoned wells from the gas well category;
· Resolution of the Enverus “dry well” abandoned well counts into oil, gas, and CBM wells; and
· Improved speciation profiles for abandoned well emissions by well type (oil, gas, CBM), including CH4, VOC, and HAP composition data.



Appendix A – Abandoned Well VOC and HAP Emissions Calculations

(See Abandoned_Wells_Calculations_2022.xlsx)
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