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1 Introduction

This document supplements the Early Plugging of Marginal Oil and Gas Wells Protocol by
specifying requirements applicable to projects in the United States. Projects in this jurisdiction
must comply with both the Protocol and this module to register greenhouse gas (GHG) emission
reductions with the Reserve.

Section headings in this document refer to the Protocol.

2 The GHG Reduction Project
2.1 Background

The number of productive wells in the United States was over 918,400 wells in 2024, yet only
20% of the wells represent over two-thirds of total domestic oil and natural gas production.’
Wells are most productive in the first few months or year of production but decline over time as
the resources are depleted and the reservoir pressure decreases.

The United States Department of Energy (DOE) defines a marginal conventional well as a
vertically drilled or slightly deviated oil or gas well that produces less than or equal to 15 barrels
of oil equivalent (BOE) per day and/or 90,000 cubic feet of natural gas per day over a 12-month
period. Wells that produce such low quantities of oil and natural gas on a daily basis have high
emission profiles and account for about 50% of the sector’'s emissions despite producing only
6% of domestic oil and gas supplies.??

2.2 Project Definition

For the purposes of this protocol, a marginal oil and gas well is defined as a vertically drilled or
slightly deviated oil or natural gas well with a known owner/operator that produces an average
of equal to or less than 15 barrels of oil equivalent (BOE) per day and/or 90,000 cubic feet (Mcf)
of natural gas per day over the 12-months prior to the project start date.* The well must have
been extracting oil and/or gas in at least 7 of the previous 12 months preceding the project start
date.

Wells with production above 15 BOE/day but less than or equal to 75 BOE/day may be eligible if
they share production and extraction equipment with an eligible marginal well and account for
less than 10% of the total BOE production across all wells within the project. However, the well
will not receive credits associated with the emissions avoided from plugging the well while
production rates remain above 15 BOE/day. These wells must meet all other requirements
within the protocol to be eligible. Operating equipment records and diagrams must be provided
to the verifier to demonstrate that they shared equipment, and the verifier must be able to meet
a reasonable level of certainty.

T According to the U.S. Energy Information Administration report released December 2025. Available at:
https://www.eia.gov/petroleum/wells/

2 GSI Environmental Inc. (April 2022). Quantification of Methane Emissions from Marginal (Low Production Rate) Oil
and Natural Gas Wells. U.S. Department of Energy [US DOE NETL Award Number DE-FE0031702].

3 Omara, M. et al (2022). Methane emissions from US low production oil and natural gas well sites. Nature
Communications

4 Based on the US Department of Energy definition
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2.3 The Project Developer

The well owner and/or operator has ownership of the hydrocarbons through a contract or lease
with the mineral estate and would be liable for the emissions associated with the project
boundary (see Section Error! Reference source not found.).

3 Eligibility Rules

3.1 Location

Under this module, projects located in the United States, its territories, and on U.S. tribal lands
are eligible to register with the Reserve. Eligible oil and gas wells may be located on either
private or public lands.

3.2 Project Start Date

P&A must be completed in accordance with the minimum requirements established by the
Bureau of Land Management® (for public lands), applicable state regulations (for private lands),
and/or tribal requirements. For projects that include multiple wells, each well will have its own
start date and must be P&A within 12 months of the first well plugged, though the overall project
start date will be based on the certification date of the first plugged well.

3.4 Additionality

3.4.1 The Performance Standard Test

Projects pass the performance standard test by meeting a performance threshold, i.e., a
standard of performance applicable to all marginal oil and gas well projects, established on an
ex-ante basis by the Protocol. The performance standard test employed by this protocol is
based on a national and state level assessment of “common practice” for oil and gas production
and decommissioning.® The performance standard test is applied at the time of a project’s start
date and at the time of crediting period renewal.

3.4.1.1 Determination of Economic Reserves

In addition to the requirements in Section 3.4.1.1 of the Protocol, wells that were
decommissioned and plugged with production rates greater than 15 BOE/day but less than or
equal to 75 BOE/day must exclude, for credit quantification purposes, the quantity of economic
reserves prior to when the project reaches a production rate of 15 BOE/day.

3.4.1.2 Determination of Economic Limit

The most recent U.S. Energy Information Agency (EIA) Annual Energy Outlook” (AEO) report
available at the time of the evaluation must be used to determine the future price of the
economic reserves. Project developers must use the reference case price model for the Henry
Hub natural gas spot price or the West Texas Intermediate spot crude oil prices. When
forecasting revenue from the economic reserves, the evaluation must be applied on a year-by-
year basis, such that the production in a given year is multiplied by the AEO forecasted price for
that year. If the economic life exceeds the available AEO forecasted prices, then the latest price

5 Bureau of Land Management (1988), available at: http://www.mt.blm.gov/oilgas/op

6 See Appendix A for more information on the performance standard test analysis.

7 EIA Annual Energy Outlook is released every spring and forecast prices through 2050. Most recent report is
available here: https://www.eia.gov/outlooks/aeo/
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available should remain constant through the project’'s economic limit date, but should be re-
evaluated during the renewed crediting period.

For wells with production rates greater than 15 BOE/day but less than or equal to 75 BOE/day,
the Evaluation Report must clearly state the date on which the well would be considered
marginal (i.e., reach 15 BOE/day).

3.4.2 The Legal Requirement Test

Section 3.4.2 of the Protocol establishes the legal requirements test and the minimum threshold
for additionality. As of the effective date of this module, the Reserve could identify no existing
federal, state, or local regulations that obligate the project activity while the well remains
economically viable.

3.4.3 Other Incentives

3.4.3.2 Payment Stacking

The U.S. Environmental Protection Agency (EPA) and DOE provide financial assistance through
several grant opportunities under the Methane Emissions Reduction Program (MERP).2 Grants
are either issued to individual projects or issued to states — Texas, Pennsylvania, West Virginia,
California, Ohio, lllinois, Louisiana, New Mexico, Kentucky, Colorado, New York State,
Michigan, Utah, and Virginia — to support reducing emissions in the oil and gas sector.

These funding opportunities are typically limited to idle or producing onshore oil or natural gas
wells producing less than or equal to 15 BOE and/or 90,000 cubic feet of gas per day over the
prior 12-month period. Wells for which such funding has been received are not eligible.
Furthermore, wells operated by oil and gas wellfield operators that participate in and receive
funding for large-scale voluntary well retirement programs funded by non-carbon market
sources are also not eligible.

3.5 Regulatory Compliance

3.5.1 Limitations on Burdening Mineral Rights

In states with oil and gas development, surface rights and mineral rights are typically legally
separated, and considered distinct sets of rights. For example, under Texas law, when the
surface estate is different from the mineral estate, the mineral estate takes precedence, and the
owner has the right to use the surface land to the “extent reasonably necessary for the
exploration, development, and production of the oil and gas under the property.”™ To protect the
mineral estate, states may strictly limit one party’s ability to retire, extinguish, restrict, or
otherwise burden mineral interests of another.

This protocol does not seek to retire, extinguish, restrict, or otherwise burden mineral interests
belonging to another. Nevertheless, the project developer must provide a description of the
following, alongside supporting documentation, for each well under the project:

8 For more information, please refer to the Inflation Reduction Act, Financial Assistance from the Methane Emissions
Reduction Program. Available at: https://www.epa.gov/inflation-reduction-act/financial-assistance-methane-
emissions-reduction-program

9 Railroad Commission of Texas.
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1. The operative mineral lease and relevant amendments, assignments, extensions,
pooling or unitization agreements, and other instruments governing the operator's rights
and obligations with specific identification of:

a. The habendum clause'® and any conditions governing continuation of the lease.

b. Any cessation-of-production or savings provision, along with a description of
whether plugging triggers that provision and whether a cure or continuation
period applies.

c. Minimum-production, minimum-royalty, shut-in, continuous-development, and
similar provisions.

d. Cessation or abandonment notice or mineral-owner consent requirements.

2. Compliance with any applicable notice or consent requirement, including documentation
of such.

3. An evaluation of any applicable implied-covenant or prudent-operator obligations where
the lease does not fully address voluntary cessation.

4. The operator's basis for early decommissioning, including economic, operational,
environmental, and regulatory considerations where relevant.

Additionally, project developers must provide a completed and signed Well Plugging Indemnity
Form for each project well. The form must be signed by the well operator, who, by signing the
form:

= Represents that they hold the right to plug project well under all applicable leases,
operating agreements, unit agreements and other instruments, and that every consent
required for the plugging has been obtained or has been deemed given under the terms
of the applicable agreement; and

= Indemnifies, defends, and holds harmless the project developer (if an entity other than
the well operator), the Climate Action Reserve, and the verification body against any
claim, loss, or expense brought by any working interest owner, mineral owner, royalty
owner, overriding royalty owner, or other interest holder and arising from the plugging of
a project well or from the cessation of production.

10 Provision indicating conditions under which a lease continues beyond its primary term
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5 Quantifying GHG Emission Reductions

Refer to Appendix D for default values used for quantifying GHG emission reductions.

5.1 Quantifying Baseline Emissions

5.1.1 Methane Loss Rate

Projects are to use the applicable methane loss rate (L) in Equation 5.3 according to the
default values specified in Table D.1.

The methane loss rate (Lw) is the share of a site’s gross gas production — the gas stream and
unsold associated gas — that escapes to the atmosphere at the well site, integrating leaks,
designed venting from pneumatic devices and tanks, and episodic releases. For more
information on the methane loss rate, refer to Appendix C.

Project developers must use the default value from Table D.1 based on the project location to
quantify the baseline methane emissions for the reporting period in Equation 5.3 of the Protocol.

5.1.2 Gas Composition

In instances where the use of a default gas composition value for fcuy is approved by the
Reserve, the applicable composition rate identified in Table D.2 is to be used in Equation 5.3.
The site-specific methane mole fraction, fcys, Of the well’'s produced gas is determined by
laboratory gas chromatography according to Section 6.2 of the protocol. The composition is
established prior to the project start date and fixed for the duration of the project.

Project developers may use default fcqs provided in Table D.2, subject to Reserve prior
approval, to quantify baseline methane emissions for the reporting period in Equation 5.3 of the
Protocol. Projects located in a basin that is not listed in Table D.2 must conduct the site-specific
analysis.

5.1.3 Reservoir Communication Deduction

The limited economic reserves (LQu,:) represents the quantity of economic reserves of gas and
oil associated with the project well(s) for each reporting period, as reported by the PPEF. Wells
that were decommissioned and plugged at production levels greater than 15 BOE/day but less

than or equal to 75 BOE/day must exclude the quantity of economic reserves produced at rates
above 15 BOE/day in Equation 5.4.

5.2 Quantifying Project Emissions

In the U.S., the typical range of emissions for P&A is roughly 10 to 45 tCOze per well; however,
to account for the variation between wells, the protocol uses a default emission factor of 50
tCOze per well to conservatively estimate the emissions associated with plugging operations.
The default value is set above the upper end of documented component estimates for a single
plugging operation based on the following:

i.  Workover rig and pump truck fuel consumption — A typical plugging job of two to ten
days is several hundred to approximately 1,500 gallons of diesel, or roughly 3 to 15
tCOze at the EIA emission coefficient of 10.19 kg CO2e per gallon;

i. Cement embodied intensity — Manufacturing results in approximately 0.9 tCO.e per
tonne, and typical plugging jobs place 5 to 30 tonnes of cement, or roughly 5 to 27
tCO.e; and
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ii.  Equipment mobilization and material trucking - Contributes on the order of 1 to 3 tCO.e.

Alternatively, projects may use site-specific documentation based on fuel, cement, and
transportation records. The embodied emissions of the cement plug are the cradle-to-gate
emissions as a result of producing one tonne of cement and shall be determined by applying the
emission intensity of the cement (in terms of kgCOze per tonne of cement) based on the
Environmental Product Declaration (EPD) for the cement used. Projects should use the EPD
from the manufacturer,'" if available. However, in instances where the site-specific EPD is
unavailable, then the project may utilize the industry average EPD.?

5.3 Market Leakage

The estimate for the net market replacement share (RS) is derived from oil market supply and
demand elasticities." The protocol applied the same formula to published U.S. natural gas
elasticities and yielded a comparable or lower market replacement.’ Thus, a net market
replacement share rate of 57% is conservatively applied to both oil and gas.

The measured national all-site average loss rate of 2.3% is used for the effective associated-
gas methane intensity of the replacement supply (ry).'® Marginal replacement gas supply is
predominantly high-volume unconventional production with measured loss rates well below this
average (Prest 2026 estimates approximately 1.7%); application of the national all-site average
in Error! Reference source not found. rather than the marginal replacement estimate further
contributes conservatively to the market leakage estimate.

The effective methane intensity of replacement oil supply (r,) concentrated in high gas-oil-ratio
plays'®is set at 9.1%.

6 Project Monitoring

6.3 Documenting Plugging and Abandonment Processes

The EPA has established comprehensive guidelines for well plugging, emphasizing the use of
durable materials like cement to create effective seals, and mandate pressure testing to ensure
the integrity of the plug to prevent fluid migration. The Bureau of Land Management'’
establishes minimum requirements for onshore oil and gas wells on federal and Native
American Lands, and state agencies oversee the requirements for wells on private land,
including regulating the specific materials and methods used to plug wells. Some states, (e.g.,
Texas) may also have a list of approved providers. Additionally, these requirements include
post-plugging leak verification to ensure that the well is sufficiently plugged to prevent methane
leaks.

1 Per governing standards, EPDs are only valid for up to five years

2 The American Cement Association (ACA) publishes industry average EPDs for portland cement, portland
limestone cement, blended cements, and masonry cement

13 Equation 5 of Prest est al, 2024.

4 Supply and demand elasticities of Prest 2026 imply approximately 52%; the elasticity estimates of Hausman and
Kellogg 2015 imply a share in a similar range

15 Alvarez et al. 2018; Sherwin et al. 2024

16 Prest, 2026

743 CFR 3160
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7 Reporting Parameters

7.1 Project Documentation

In addition to the documents listed in the Protocol, the following document must be submitted to
the Reserve during the initial verification:

» Marginal Well Indemnity Form(s)
8 Verification Guidance

8.1 Verifying Project Eligibility
In addition to the requirements in Table 8.1 of the protocol, the table below outlines the eligibility
criteria for projects in the U.S. This table does not present all criteria for determining eligibility

comprehensively; verification bodies must also look to Section 3 and the verification items list in
Table 8.2.

Table 8.1. Summary of Eligibility Criteria for a Marginal Oil and Gas Wells Project

Frequency of
Rule Application
Project developer has satisfactorily described all conditions | Once during initial

Eligibility Rule Eligibility Criteria

Mineral Rights relevant to potentially burdening the mineral estate(s) and verification of
9 has provided a signed Marginal Well Indemnity Form for each crediting
each project well. period
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9 Glossary of Terms

Marginal Well This protocol uses the Department of Energy definition:
vertically drilled or slightly deviated oil or natural gas wells
with a known owner/operator that produced less than or
equal to 15 barrels of oil equivalent per day and/or 90
thousand cubic feet of natural gas per day over the prior 12-
month period. Production is assessed 12 months prior to the
project start date.

10
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Appendix A Summary of Performance Standard
Development

The purpose of a performance standard is to establish a threshold that is significantly better
than average GHG production for a specific activity, which, if met or exceeded by a project
developer, satisfies the criterion of “additionality.”

A.1 Developing a Performance Standard Test

To inform the Performance Standard Test, the Reserve typically undertakes an assessment of
prevailing practice in the specific industry and jurisdiction in question, which includes assessing
drivers of adoption for a given practice or technology, as well as what the barriers to adoption
might be. The Reserve seeks to develop a performance standard that represents a practice or
technology that goes beyond what is common practice in the industry today. The Reserve
contracted Netherland, Sewell & Associates, Inc. (NSAI) to provide a summary of business as
usual actions and uptake of well plugging in the oil and gas industry, which aided the
development of this analysis.

The purpose of the performance standard in this protocol is to establish a practice threshold
applicable to all projects. Projects that meet or exceed this technology-based performance
threshold are eligible under this protocol, having demonstrated that they go beyond common
practice and are therefore “additional.”

A.2 Marginal Wells and the Oil and Gas Industry in the United States

As of 2023, the United States was estimated to have over 2.1 million unplugged oil and natural
gas wells."® Of these, over 918,000 were actively producing, and over 700,000 produced less
than 15 barrels of oil equivalent (BOE) per day'® (see Error! Reference source not found.).
Wells producing less than 15 BOE are considered “marginal,” as defined by the U.S.
Department of Energy, because the cost to operate them may be similar in magnitude to the
revenues received from selling the oil and gas produced from them, making these wells only
marginally profitable for operators.?° Of the approximately 700,000 marginal wells in 2023,
almost half produced 1 BOE per day or less.?" Yet despite comprising the vast majority of wells
that are actively producing, marginal wells contribute only 6% of the oil and gas produced
domestically.?? Ten states account for over 80% of both the total unplugged well count and the
total documented orphaned well count (i.e., those not used for an authorized purpose and for
which no operator can be located or the operator of which is unable to plug the well, remediate

8 U.S. Environmental Protection Agency. (2023). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-
2021.

19 U.S. Energy Information Administration. (2025). The Distribution of U.S. Oil and Natural Gas Wells by Production
Rate with Data Through 2024.

20 GSI Environmental. (2022). Quantification of Methane Emissions from Marginal (Low Production Rate) Oil and
Natural Gas Wells, Final Project Report.

21 U.S. Energy Information Administration. (2025).

22 Omara, M., Zavala-Araiza, D., Lyon, D. R., Hmiel, B., Roberts, K. A., & Hamburg, S. P. (2022). Methane emissions
from US low production oil and natural gas well sites. Nature Communications, 13(1), 2085.
https://doi.org/10.1038/s41467-022-29709-3

11
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and reclaim the well site).?® Those states include Texas, Oklahoma, Kansas, Pennsylvania,
Ohio, California, West Virginia, New Mexico, Louisiana, and Colorado.?425

Well counts

62,000
20,000
8,000
3,000
917
484
359

No data

Figure A.1. Distribution of marginal wells in the United States in 202326

A.3 Emission Profiles of Plugged and Unplugged Wells

While marginal oil and gas wells contribute 6% of the domestic production, they are a significant
contributor to the sector’s emissions. In 2021, marginal wells accounted for 60% of methane
emissions from natural gas production and 40% of methane emissions from oil production.?’
Additional estimates attribute 50% or more of total well site methane emissions to marginal
wells.2829

23 Department of the Interior (2024). Orphaned wells program annual report to congress. Available at:
https://www.doi.gov/sites/default/files/documents/2024-11/fy-2024-owpo-annual-congressional-reportfinal-
publishing.pdf

24 Enverus DrillingInfo, accessed 2025

25 |Interstate Oil and Gas Compact Commission. (2024). Idle and Orphan Oil and Gas Wells: State and Provincial
Regulatory Strategies, Supplemental Information on Orphan Well Plugging and Site Restoration.

26 RMI analysis using Enverus data. Available at: https://rmi.org/marginal-wells-101-what-are-they-where-are-they-
and-why-do-we-need-to-assess-them/

27 GSI Environmental Inc. (April 2022). Quantification of methane emissions from marginal (low production rate) oil
and natural gas wells. [US DOE NETL Award Number DE-FE0031702]. U.S. Department of Energy, National Energy
Technology Laboratory.

28 Omara et al. 2022

29 Williams, J. P., Omara, M., Himmelberger, A., Zavala-Araiza, D., MacKay, K., Benmergui, J., ... & Gautam, R.
(2025). Small emission sources in aggregate disproportionately account for a large majority of total methane
emissions from the US oil and gas sector. Atmospheric Chemistry and Physics, 25(3), 1513-1532.

12
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In contrast, studies show that oil and gas wells that have been plugged emit less methane into
the atmosphere than wells that are idle or actively producing by several orders of magnitude.3*?!
Overall, only about 1% of plugged wells emit detectable levels of methane when calibrated
against background environmental levels. Emission levels for unplugged wells vary
substantially, with many wells having no detectable emissions and others emitting over 1
kilogram of methane per hour; however, active wells tend to directly emit the greatest amount of
methane.

Part of the explanation for the observed higher rates of emissions from active well sites is the
presence of supplemental production equipment, such as separators and tanks, that can
provide additional leakage pathways for methane to escape as produced fluids flow through or
into them.32

A.4 Plugging of Marginally Producing Oil and Gas Wells

As oil and gas wells age, they decline in production and leak methane. Older wells also require
higher GHG emission techniques for recovering their remaining oil and gas.3® Eventually, wells
cease to be profitable for their initial operators and are frequently sold to smaller operators who
have lower costs and can thus keep the wells productive for a longer period.

While most regulatory agencies mandate that oil and gas wells be plugged and remediated
when their productivity reaches low or negligible levels,3* oil and gas well owners and operators
are not incentivized to plug a well that remains marginally profitable. In contrast, the median
cost of plugging and abandoning a well was about $63,000 per well in 2024,% and a single
operator typically owns hundreds or thousands of wells.3® Thus, given the choice between
profitability (albeit marginal) and the financial burden associated with P&A, common practice is
for operators to continue to extract hydrocarbons while it remains economically viable to do so.
This is underscored by the fact that thousands of wells remain actively producing for decades
despite no longer producing more than 1 BOE per day (Figure A.2.). As such, the plugging of
marginal wells is considered additional under the protocol since, absent the potential revenue
from carbon credits, well operators have no incentive to plug and abandon a well while it
remains marginally productive.

30 Fischer, Marc L., Eric D. Lebel, Robert B. Jackson. (2020). Quantifying Methane from California’s Plugged and
Abandoned Oil and Gas Wells. California Energy Commission. Publication Number: CEC-500-2020-052.

31 Townsend-Small, A., T. W. Ferrara, D. R., Lyon, A.E. Fries, B.K. Lamb. (2016). Emissions of coalbed and natural
gas methane from abandoned oil and gas wells in the United States. Geophysical Research Letters, 43(5).
https://doi.org/10.1002/2015GL067623

32 GSI Environmental Inc. (April 2022).

33 Part 210 — Form and Content of and Requirements for Financial Statements, Securities Act of 1933, Securities
Exchange Act of 1934, Investment Company Act of 1940, Investment Advisers Act of 1940, and Energy Policy and
Conservation Act of 1975 - Regulation S-X, 2023, https://www.ecfr.gov/current/titie-17/chapter-Il/part-210

34 Per the U.S. Department of Labor, Occupational Safety and Hazards Agency

35 Interstate Oil & Gas Compact Commission (2024). “Idle and Orphan QOil and Gas Wells: State and Provincial
Regulatory Strategies.” Available at:
https://oklahoma.gov/content/dam/ok/en/iogcc/documents/publications/Orphan%20Wells%20Revised.pdf

36 Environmental Defense Fund, “By the numbers: Marginal oil and gas wells.” Available at:
https://www.edf.org/sites/default/files/documents/MarginalWellFactsheet2021_0.pdf
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Wells by Age

[l submarginal (>0 - 1 BOE/day) [l Marginal (1 - 15 BOE/day) Nonmarginal (15+ BOE/day)

0- 4 years 5-9 years 10 - 14 years 15-19 years 20+ years

Figure A.2. Active marginal wells by age in the United States in 2023%

Although states are beginning to implement laws and regulations that require idle wells to be
P&A or to pay substantial fees for idle wells, similar actions have not been taken to address
marginal wells. However, federal and state authorities have taken greater interest in addressing
orphaned and marginal wells in recent years, allocating funding to address them. In particular,
the 2022 Inflation Reduction Act (IRA) allocated $1.36 billion to activities intended to measure
and reduce methane emissions in the oil and gas sector, including $350 million in state grants to
mitigate methane emissions from marginal conventional wells.*® To date, California, Colorado,
lllinois, Kentucky, Louisiana, Michigan, New Mexico, New York, Ohio, Pennsylvania, Texas,
Utah, Virginia, and West Virginia are all operating financial assistance programs under IRA
funding to reduce emissions from marginal wells. Since such funding does provide a significant
financial incentive that defrays or eliminates an operator’s financial burden for plugging and
abandoning wells, wells for which such funding has been received to implement P&A are not
additional under the protocol. Furthermore, wells that are in a state with P&A financial
assistance programs and are owned by operators receiving funding from such programs are
also not considered additional.

37 RMI analysis using Enverus data. Well age was calculated from a well’s spud date, though spud date data was
unavailable for 10% of active wells in the US. Available at: https://rmi.org/marginal-wells-101-what-are-they-where-
are-they-and-why-do-we-need-to-assess-them/

38 See https://www.epa.gov/inflation-reduction-act/financial-assistance-methane-emissions-reduction-program
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Appendix B Development of Economic Limit

Many wells are not plugged and eventually become orphan wells when the operator of record
becomes insolvent or otherwise ceases operations. Based on Enverus data, wells that are
plugged typically do so when they reach the regulatory burden in their respective jurisdictions. In
the United States, regulators generally permit a well to continue production until it has depleted
its economic reserves. Following this, most regulators allow wells to remain idle for an extended
period before mandating Plug and Abandonment (P&A).

Although less common, there are instances where operators choose to plug wells when they
cease to be economically viable, which is the earliest point at which operators generally
consider plugging wells, as observed by Enverus data. To conservatively estimate the baseline
emissions, the protocol assumes that the well will continue to produce and extract all economic
reserves. The “economic limit” is the point at which the production rate equals the maximum
cumulative net cash flow, meaning, continued production is no longer economically viable. This
assumption establishes a baseline emissions scenario that represents a business-as-usual
case, thereby minimizing the risk of over-crediting.

The economic limit establishes that continued extraction and production from the well remains
economically viable as of the project start date and for the duration of the project’s crediting
period. The economic limit is defined as the date on which the production rate reaches the
maximum cumulative net operating cash flow. The protocol utilizes the PRMS and Application
Guidelines to the PRMS as a basis for establishing the economic limit.

To determine the economic limit, the following information is required:
1. Estimated P1 reserves as of the start date (economic reserves)
2. Estimated revenue from the reserves
3. Historic operating costs

The estimated revenue from the economic reserves (as defined by the PPEF) represents the
business as usual scenario if the well continued to extract and sell hydrocarbons until all
economic reserves are depleted. To estimate the potential revenue, the protocol must define the
future price of oil and natural gas. It is standard business practice in the oil and gas industry to
use the spot pricing (e.g., WTI Crude Qil, Brent Crude Oil, NYMEX) held constant for the
duration of the assessment; however, commodity pricing is constantly in flux. To ensure the
protocol does not overestimate the project’s economic life, and thus, crediting period and
associated emission reductions, the protocol takes an alternative approach.

Prices for oil are responsive to world markets and events, while natural gas prices are
responsive to regional conditions. For instance, oil prices may increase as a result of conflict,
such as policy disputes or wars. Natural gas prices typically fluctuate based on seasonal
demand, domestic production, rate of imports, and rate of exports.

Prices fluctuations highlighting the need for a dynamic price estimate model for marginal wells
with an economic life often exceeding a decade or more. This protocol utilizes the U.S. Energy
Information Agency (EIA) Annual Energy Outlook®® (AEO) report to estimate the cost per barrel
of the hydrocarbon for the project’s economic life. The annual report evaluates long-term energy
trends in the United States, including consumption and supply trends. While the US EIA does

39 EIA Annual Energy Outlook is released every spring and forecast prices through 2050. Following the report
released in 2025, low and high prices are no longer reported. Most recent report is available here:
https://www.eia.gov/outlooks/aeo/
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release monthly Short-Term Energy Outlook reports, the AEO is better suited for long term
forecasting for the purposes of this protocol.

The AEO models a reference case, as well as high and low scenarios for oil and gas prices,
supply, economic growth, and alternative fuels. The reference case assesses energy markets
under current regulatory conditions and technical growth assumptions. The AEO2026 and future
forecasts no longer include low and high price modeling, as a result, the protocol requires use of
the reference case price. Table B.1 below summarizes the AEO2025 forecasts for the low,
reference, and high cases for 2050 values.*°

Table B.1. Annual Energy Outlook 2025 Modeled Cases

Modeled Case Low Reference High
Oil and Gas Prices? $47/barrel $91/barrel $155/barrel

Oil and Gas Supply® -50% N/A +50%

Economic Growth® 1.2% 1.8% 2.1%

aPrices are based on forecasted Brent spot prices.

b Supply values are in reference to percent change from the reference case, reflecting rate of onshore recovery,
undiscovered resources in Alaska and offshore, and technological improvements.

¢ Economic growth cases refer to the compound annual growth rate for US GDP

The most recent AEO report available at the time of the evaluation must be used to determine
the future price of the economic reserves. When forecasting revenue from the economic
reserves, the evaluation must be conducted on a year-by-year basis, such that the expected
production in a given year is multiplied by the AEO forecasted price for that year. If the
economic life exceeds the AEO forecasted prices, then the latest price available should remain
constant up until the project reaches its economic limit date. Project developers must use the
reference case price model for the Henry Hub natural gas spot price (specified year dollars per
MMBtu) or the West Texas Intermediate spot crude oil prices (specified year dollars per barrel).

To determine operating costs, the project must the previous 12 months of lease operating cost
statements from the operator, at a minimum, from the project start date or when the well ceased
production prior to plugging the well. The PPEF must confirm that the project well is typical for
the field and that the average costs from the lease operating statement are representative. Well-
level cost details are acceptable for atypical wells in a field.

40 For more information on the key assumptions for each models, please refer to the EIA website. Available at:
https://www.eia.gov/outlooks/aeo/assumptions/
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Appendix C Methane Loss Rate
C.1 What the Loss Rate Measures

The methane loss rate is total site methane divided by gross gas production, measured from the
atmosphere. It integrates every release mechanism at once: fugitive leaks from aging wellhead
and casing equipment, designed venting from gas-driven pneumatic controllers, storage tank
flashing, working and breathing losses, dump valve failures, and episodic events such as liquids
unloading.

The rates in the protocol use existing measurement literature. Over twelve years, more than
nine independent research teams have quantified oil and gas well site methane using three
separate technologies: truck-based downwind measurement, aircraft mass balance, and
imaging spectrometry from aircraft and satellite. Underlying datasets of the central synthesis are
public, including individual site measurements and the study region boundary files.

The protocol uses the class synthesis from Omara et al (2022),*' which aggregates 240 ground-
measured low-production sites from nine campaigns across eight states, corroborated against
roughly 100,000 additional sites observed by aerial survey. The largest campaign in the wider
corpus*? comprises approximately one million aerial site measurements across six regions
covering 52% of onshore production. The Appalachian Methane Initiative surveyed several
thousand conventional well sites in a single year, in repeated rounds, using three independent
measurement contractors.*® The synthesis indicates that low-production well sites release
methane at rates an order of magnitude above inventory-based accounting, concentrated in a
heavy-tailed distribution.

Each rate below is credited at the lower bound of the published confidence interval, the rule for
populations covered to date by a single qualifying study (see the corroboration rule, B.4, for
replicated populations). Assignment follows the hierarchy of Section 7.2.2: basin and class
evidence first, then measured study region, then the measured national remainder. Well
locations are tested against the study region boundaries using the shapefiles published with
Omara et al. (2022).

Table C.1. Methane Loss Rates

95%
Evidence Tier Population Ce_n el Confidence B ID O
Estimate Rate (Lw)
Interval

Basin and Appalachian conventional 18.3% (AMI); 26% 16-40% o

; 16%
class wells (Omara Region 1) (Omara)
Study region Region 1: Appalachian 26% 16-40% 16%
Study region Region 2: Anadarko 7% 5-10% 5%

41 Omara, M., Zavala-Araiza, D., Lyon, D.R., Hmiel, B., Roberts, K.A., Hamburg, S.P. (2022). Methane emissions
from US low production oil and natural gas well sites. Nature Communications, 13, 2085.

42 Sherwin, E.D., et al. (2024). US oil and gas system emissions from nearly one million aerial site measurements.
Nature, 627, 328-334.

43 Appalachian Methane Initiative (2026). Multi-year basin measurement campaign: production-normalized methane
loss rates for conventional and unconventional wells. Communicated via Environmental Defense Fund, May 2026.
Peer-reviewed publication status is to be confirmed at validation of the first project applying the rate.

17



Jurisdiction Module: United States Draft Version 1.0, September 2026

. Region 3: Colorado- o 0o o
Study region Wyoming-Utah 7% 5-9% 5%
Study region Region 4: Permian 16% 12-22% 12%
Study region Region 5: Barnett 16% 12-23% 12%
Natlo_nal All other US low- 9% 7-13% 7%
remainder production sites

Sources: Omara et al. (2022), Supplementary Table 7 and study region shapefiles; Appalachian Methane Initiative
multi-year campaign (2026), whose 18.3% conventional-well rate falls within the Omara Region 1 confidence interval
and is corroborated by Omara et al. (2016), Riddick et al. (2019) and Deighton et al. (2020). Nevertheless, the basin-
and-class rate applied is 16%reflecting the lower regional bound instead.

Production-size cross-check (disclosure, not crediting). Omara et al. (2022, Supplementary
Table 6) resolve the national class by production size: sites producing 2 BOE per day or less
lose 24% of production (Cl 17-47%); 2 to 5.4 BOE per day, 20% (11-27%); 5.4 to 9.7 BOE per
day, 10% (6-13%); 9.7 to 15 BOE per day, 6% (3-8%). Mean absolute site emissions are
roughly flat across these cohorts (0.4 to 1.7 kg per hour per site), which is the physical signature
of equipment-driven rather than throughput-driven emissions. Because no published study
resolves region by size, the size cohorts are a required disclosure against each project’s well list
rather than a crediting basis where regional or basin-class evidence applies. Where a well’s
size-cohort lower bound is below its assigned regional rate, the Project Summary Document
must present both figures; the verifier confirms the disclosure, not a substitution. In national-
remainder territory the cohort bound is more than a disclosure: per Section Error! Reference
source not found., remainder wells credit at the lesser of the remainder bound and their cohort
bound.

C.2 Justification for Approach

Three properties make this an appropriate for estimating methane loss rates for project wells.
First, it is exogenous, such that the rate is a property of a measured well population published
by independent researchers. Thus, the risk of over-crediting as a result of project developer
manipulation is nonexistent. Additionally, methane leaks are variable over time, making site-
specific emission measurement and forecasting future leak behavior from a snapshot less
reflective of the overall emissions profile. Second, it takes into account a large sample size from
multiple sources. Marginal well emissions are dominated by a small share of high-emitting sites
(the top 5% of sites account for roughly 46% of class emissions**) and by episodic releases that
cannot be captured through scheduled visits. The qualifying campaigns sampled thousands of
sites at effectively random moments across years, basins, and independent teams — a sampling
design that captures skewed, episodic emissions in correct proportion, and it exists at a scale
no individual project could reproduce. Third, it pairs naturally with the reserves foundation of this
protocol. The reserve forecast establishes how much gas would have moved through the site
and for how long, and the loss rate establishes what share of it the site releases.

The default values are derived from direct atmospheric measurements of the source category
being credited, published with confidence intervals, replicated by independent teams and
technologies, and applied at the lower bound of the published range rather than the central
estimate.

44 Supplementary Table 5, Omara et al. 2022
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C.3 Update Procedure

The Reserve will revise the methane loss rate periodically to reflect qualifying new evidence as
it is published: a new basin-and-well class study may add a rate specific to a basin/well class
combination; a new regional study may add or revise a regional rate; and revisions to the
national remainder update the “All other” category.

A study qualifies to set or revise a default rate only if it meets all of the following:

] Measurement basis: direct site-level, downwind, tower, or aerial quantification of whole-
site emissions. Inventory-derived, component-count, or self-reported figures never
qualify, in any tier, in either direction.

" Published methods: peer-reviewed publication, or a multi-operator campaign with
publicly documented methods whose coverage represents a substantial share of the
relevant population (for basin-and-class rates, operators representing a majority or near-
majority of the class’s production in the basin).

" Population resolution: results resolved to the population to which the rate will apply, with
the sampled population documented.

] Reported uncertainty: a confidence interval or equivalent distributional statement,
enabling bound-crediting.

. Recency: field measurements within 10 years of the table version date.

When default values are revised, the following rules apply:

1. A project applies the table version in force at its initial registration for its entire crediting
period. Table revisions are never retroactive, never trigger re-crediting or clawback, and
never apply to issued credits in either direction. However, the table version in effect at
the time of crediting period renewal is applied for the second crediting period.

2. A population covered by a single qualifying study is credited at the lower bound of that
study’s published confidence interval. Where two or more independent qualifying studies
cover the same population and each central estimate falls within the other’s confidence
interval, the rate to be applied under the protocol is the lesser of the central estimates. A
single study’s lower bound protects against that study being wrong, and independent
replication is the stronger form of the same protection, so requiring the bound on top of
replication would charge twice for one uncertainty. Where independent studies disagree
beyond their confidence intervals, the lowest applicable rate bound applies.

3. Downward revisions (evidence that a population loses less) take effect for new projects
at the next table version. Upward revisions (evidence of higher loss) also apply only to
new projects; existing projects never benefit retroactively.

4. Default values are used as given. The project developer or any other party may propose
revisions with supporting evidence but may not use the proposed value until formally
adopted by the Reserve.

5. Each table version will be published with its effective date, the qualifying studies relied
upon, and a change log against the prior version.

The same procedure governs the leakage parameters of Section 5.3 (RS, rg, ro), including
adoption of a published gas-specific replacement share when one becomes available in the
peer-reviewed literature.
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Appendix D Default Value Tables

Table D.1. Methane Loss Rate

Region Methane Loss Rate (Lw)
Appalachian 16%
Anadarko 5%
Colorado-Wyoming-Utah 5%
Permian 12%
Barnett 12%
All others 7%

Values represent the lower bound of the published confidence interval.
Sources: Omara et al. (2022), Supplementary Table 7 and study region shapefiles

Table D.2. Default Methane Fraction, by Basin

Basin Default methane fraction (fcha4)
Appalachian 79.7%
Arkla 89.2%
Anadarko 79.7%
East Texas 84.5%
San Juan 94.2%
Uinta 82.8%
Denver-Julesburg 71.4%
Permian 71.4%
Gulf Coast 77.4%
Williston (Bakken) 55.8%
San Joaquin 49.5%

Values provided are the lower bound of the 95% confidence interval

Source: Table 2, Burdeau et al 2025

Table D.3. Methane loss rate at a new well

Region Methane Loss Rate (Lnew)
Appalachian 0.27%

Anadarko 1.14%

Permian 2.4%

Barnett 1.6%
Colorado-Wyoming-Utah | 1.3%

All others 1.6%
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Values above represent a basin-wide rate from aerial campaigns that average existing legacy wells, providing a
conservative methane loss rate.
Source: 2023 MethaneAir

Table D.4. Project Emissions and Market Leakage Default Values

Protocol Equation | Variable Value and Units
Equation 5.5 Plugging operations emission factor (EFpug) | 50 tCO2e/well
Equation 5.7 Net market replacement share (RS) 57%
Equation 5.7 Well-site methane loss rate of replacement | 2.3%

gas supply (rg)
Equation 5.7 Effective associated-gas methane intensity | 9.1%

of replacement oil supply (ro)
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