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B Workshop Agenda

12:00pm Welcome and Overview of DOE FECM Undocumented Well Program

12:15pm Environmental Defense Fund

12:30pm Independent Petroleum Association of America

12:40pm Overview of DOl Documented Well Plugging Program and Data Collection

1:00pm IOGCC and State Representation Across the United States

1:20pm  Technical Session #1: Defining the Need for Undocumented Orphaned Wells RDD&D
1:55pm  Break

2:10pm  Technical Session #2: Undocumented Well Finding Technologies

2:45pm  Technical Session #3: Undocumented Well Characterization Technologies

3:20pm  Technical Session #4:. Outcomes (Framework, Best Practices) Strategy

3:55pm  Closing Remarks

4:00pm  Adjourn

—~ U.S. DEPARTMENT OF Qﬁf;fig‘\i‘:/"‘\;%\; MATIGMNAL [ pj
@ ENERGY * 4 N EIIEEEI s Los Alamos || W Lawrence Livermore

Fossil E nd N8 s TECHNOLOGY
Carbon Management Oil& Gas TL | R0k arorr

I-Ehnmmes NATIONAL LABORATORY NEﬁCII'IEII Lﬂbﬂrﬂtﬂ'r}l’




%% U.S. DEPARTMENT OF

Y/ENERGY

Fossil Energy and
Carbon Management

Undocumented Orphaned Wells Program Overview

Tim Reinhardt
April 5, 2022

Pictures Source: PADEP



. Bipartisan Infrastructure Legislation

Relevant Appropriations Language

Section H2 (a, b)
Conduct research and development activities in cooperation with

the Interstate Oil and Gas Compact Commission to assist the
Federal Land Management Agencies, States, and Indian Tribes in
(A) identifying and characterizing undocumented orphanec

wells; and
(B) mitigating the environmental risks of undocumented

orphaned wells;

L=

J

Program Budget

5h9Qa ! yR2O0dzYSYUSR hNLKIFYSR 2Sff t NPINI
over5 years with $30Mn appropriated budget.

. DEPARTMENT OF Fossil Energy and 4
energy.gov/fe

ENERGY Carbon Management



. Need for Identification and Characterization

Estimated Undocumented Orphaned Wells (2020)

At is estimated that there arbundreds of
thousandsof undocumentedorphaned
wells in the U.S. that need to be locatéed. }
:?gf g
A Total estimated number of undocumented ”gj 6
orphaned wells reported by the states is ; 4
between310,000and800,0002 I I .
No estimate 1,001 - 10,001 - >100,000
A According to a 2015 study cited by the EPA, R 100; | oo 10000
unplugged wells leaked significantly more ‘_‘m erof estimated undocumented orphan wefls
methane than plugged welks. 32 states reporting

1) Management of Abandoned and Orphaned Oil and Gas Wells, The American Association for the Advancement of Science
2) IDLE AND ORPHAN OIL AND GAS WELLS: STATE AND PROVINCIAL REGULATORY STRATEGIES 2021, I06GS;/Depammibeg@@leand-orphanoil-and-gaswells2021

3) Wright, B., Hide and Seek: The Orphan Well Problem in America, Journal of Petroleum Technology, August 2021

U.S. DEPARTMENT OF FOSS” Energy and

NERGY Carbon Management


https://iogcc.ok.gov/idle-and-orphan-oil-and-gas-wells-2021

. Undocumented Orphaned

Well Program Focus

Bipartisan Infrastructure Law Abandoned Well Scope

DOE/FECM ($30M)

Well Finding
|dentification
Characterization

G/ 2y RARAY O22LISNI G A

aFhaaraid GKS CSRSN]
agencies, States, and Indian Tribes in
(A) identifying and characterizing

undocumented2 NLIK | Y SR 41§

(B) mitigating the environmental risks

Federal/States/Tribes
($4.7B)
Well Plugging Programs

Inventorying
Ranking Prioritization

2y gA0K Lh D/Plulging

R v e

WeII Sites
sttae Pipelines
Human Health

of undocumented orphaned wells

Fossil Energy and

ENERGY Carbon Management

Other (see BIL)

energy.gov/fe



. DOE Undocumented Orphaned Well Program Focus

Undocumented Documented
Fed and State
|dentification & Supported P&A
Characterization R&D Example S,
e .

Location i A
/ Ownership (Assessmea

C Well Construction j Plugging
Surface Equipment Surface

[Remote Sensing

Data Analytics

Advanced Senso

& Monitoring
. . Reclamation
Geophysical \ Air Emissions \_ J
KCharactenzann Water impact

Undocumented Welk Refers to a well that is entirely unknown to the agency or a well of which the
agency has some evidence, but which requires further records research or field investigation fpr
verification.

Documented Welk Refers to a well for which the regulatory agency has a drilling report, completipn
report, inspection report, or other record establishing the existence of the well.

.S. DEPARTMENT OF FOSS” Energy and

“ ENERGY Carbon Management energy.gov/fe



. Key Partnerships and Stakeholders

National Laboratories

A Data Analytics/Machine
Learning (critical to disparate
datasets).

A Well characterization
(subsurface and surface).

A Experience with detecting and
characterizing undocumented
wells.

A NLswill be critical in
identifying existing and new
technology pathways.

U.S. DEPARTMENT OF FOSS” Energy and

Sandia || Lawrence Livermore
m Nationzl National
Laboratories ational Laboratory L

|IOGCC (States)

A 1OGC®vill collaborate with
individual State Agencies to
gain critical insight into best
practices and technology
development needs.

A 1O0GCvill develop and
maintain a list of critical points
of contact within theStates
and assist in maintaining
effective communications.

{1} N=[raronaL *
» LﬂS Alamos TECHNOLOGY

LABORATORY INTERSTATE
Oil& Gas

Department of the Interior

A Understanding the technology
needs and estimation of
undocumented orphaned wells.

A Collaborate witHOGCG@o
ensure effective
communications and project
engagement.

A Conduct critical identification
and characterization of
undocumented orphaned wells
on Federal Lands.

Fm U.S. DEPARTMENT OF
@ ENERGY
Fossil Energy and
Carbon Management

NERGY Carbon Management



. Next Steps for Program Development and Implementation

Develop and Refine Program Structure

A Leverage lead National Laboratory (Los Alamos) ﬁ)
to establish team objectives and external > Los Alamos
engagements.

A Align core capabilities of National Laboratory

team to develop preliminary program plan. Sandia 0
pp y program p @ ool /\I :

Laboratories EEIEeaRaaNN:

Implementation

A Engage state regulators to determine critical
RDD&D needs. N= B
A Complete evaluation of existing identification and TLJiasorarory'
characterization technologies. INTERSTATE
||l Lawrence Livermore Oll &GaS

A Establish framework for DAEad workshop. HEBONal LabOItory  deuser seinon

Fossil Energy and

ENERGY Carbon Management



. Questions

Timothy Reinhardt

Director, Division of Emissions Mitigation Technologies
Office of Fossil Energy and Carbon Management | Office of
Resource Sustainability

timothy.reinhardt@hqg.doe.gov

Jared Ciferno

Program Manager, Methane Mitigation Technologies

Office of Fossil Energy and Carbon Management | Office of
Resource Sustainability

|ared.ciferno@hg.doe.gov

. DEPARTMENT OF Fossil Energy and

ENERGY Carbon Management energy.gov/fe
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Documented Orphan Wells in the US
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Documented Orphan Wells
Welis within close proximity to one
another overlay to create denser clusters
Rivers and Lakes A » -y +< Thisis an equal-area projection, showing land areas, like the
¥ e . various states, correctly sized in proportion to each other.
nghways However, directional scale and angle of travel vary

inconsistently throughout the map.

Urban Areas

Kansas well location data is
sections. Data not available

d on USGS
lahoma.

- State Boundaries
Data: Environmental Defense Fund and McGill University; Cartography by Nick Trotter Maps and Alan Bucknam/Notchcode Creative

As of Fall 2021
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Bipartisan
Infrastructure Law;

Legacy Pollution
Remediation &
Reclamation
Program

April 2022




What Is the
Legacy
Pollution

Remediation
& Reclamation
Program?

The Bipartisan Infrastructure Law (I1JA) Includes:

A Orphaned Well Site Plugging, Remediation, & Restoratimn)
A $4.677 billion total (OEPC & BLM)

A AbandonedCoalMine Reclamation (40701)
A $11.3 billion (OSMRE)

A AbandonedHardrockMine Reclamation Section (40704)

A Establishes a program to address physical safety &
contamination at abandonelardrock(non-coal) mines

A Authorizes $3.0 billion (50/50 Fe®thtes&Tribep
A No appropriations provided in BIL
A FY22 budget provides stanp funding (OEPC)

13



What is the
Orphaned

Well Program?

Title VI Methane Reduction Infrastructure, Section 40601
Orphaned Well Site Plugging, Remediation, & Restoration
A $4.677 billion total
A Expires 9/30/2030

1. State and Tribal Grant PrograqfOEPC Lead
A $4.3 billion for State and private lands [91.4%]
A $150 million for work on Tribal lands [3.2%]

2. Federal Program BLM Lead
A BLM, NPS, FWS, BOEM, USFS
A $250 million

14
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prperly osg rpnedwels:

Remove health & safety hazards

Reduce methane & other GHG emissions
Cleanup surface water & groundwater
contamination

Restore habitat

Create jobs, particularly in disproportionately
impacted communities




Definitionsc
Orphaned

Well

A with respect toFederal land or Tribal land | & St f X

1. thatis not used for an authorized purpose, such as
production, injection, or monitoring; and

2. for which no operator can be located,;
3. the operator of which is unabte
a. to plug the well; and
b. to remediate and reclaim the well site; or
c. thatis within the National Petroleum Reserve AK

A with respect toState or private land;

1. has the meaning given the term by the applicable
State; or

2. If that State uses different terminology, has the
meaning given another term used by the State to
describe a well eligible for plugging, remediation, and
reclamation by the State.

16



Definitionsc
Documented,

Undocumented

ATerms ot defined in BIL

AIOGCC definitionsmphasis added)

Documented a well for which the regulatory agency has a
drilling report, completion report, inspection report, or
other recordestablishing the existencef the well.

Undocumented; a well that is entirely unknown to the
agency or a well of which the agency has some
evidence, but whichequires furtherrecords research or
field investigation fowerification.

17



Eligible Uses

of Funds

N =

oA

Plug, remediate, & reclaimorphaned wells

|dentify and characterize undocumentedrphaned wells

Rank orphaned wells based on factors including, public health /

safety, potential environmental harm, & other land use priorities

Make information available onpblic website

Measure and tracki

A emissions ofmethaneand other gases associated with
orphaned wells

A contamination of groundwater or surface water

Remediate soil &estore native species habitathat has been

degraded due to the presence of orphaned wells & associated

pipelines, facilities, infrastructure

Remediate land adjacent to orphaned wells and decommission

or remove associatgupelines, facilities, infrastructure

|dentify and address amlysproportionate burden of adverse

human health or environmental effects of orphaned wells on

disadvantaged communities, including communities of color,

low-income communities, and Tribal & indigenous communities
18




State Grants

Alnitial Grant ($775M)

1. Largescalec up to $25M
A May 13,2022application deadline

2. Smallscalec up to $5M (capacity)

AFormula Grant ($2B)
1. Job losses in O&G industry
2. # documented orphaned wells

3. Cost of plugging, reclamatioatc
A December 31, 2024NOI deadline (26)
A January 31, 2022eligibility published

APerformance Grants ($1.5B)

1. Matching Grants
2. Regulatory Improvements Grants

19



Direct Grant

A5 years to obligate

AOne of two approaches
A Competitive Grant

Tri bal We” A Formula Grant

Options

or

In Lieu of a Grant

ATribe requests that DOI perform well closure
on behalf of the Tribe

20



Federal Program

A Federal Land = USDOI & USDA

1.

2
3.
4.
S

BLM
NPS
USFWS
BOEM
USES

A Technical Working Group
o Matrix, Methane, GW/SW, EJ subgroups

A Shall Prioritize (scoring matrix):

Public health and safety

Potential environmental harm

Other subsurface impacts or land use
priorities

Disproportionate burden (~EJ)

A Slate of FY22 project awaiting funds

21



Annual Report to

Congress

. Updated inventory of wells located on Federal,

Tribal, State & private lands that are
a. orphaned wells (OW)r
b. at risk of becoming OW

. Estimate of the quantities of

a. methane & other gasses emitted from OW
b. emissions reduced as a result of plugging,
remediating, and reclaiming OW

. # jobs created, jobs saved through the plugging,

remediation, & reclamation of OW

. Acreage of habitat restored, with a description of

the purposes for which that land is likely to be used

22



Contacts &

Resources

ADOI Infrastructure Site

www.doi.gov/priorities/investinegamericas
Infrastructure

AState & Tribal Grants Program

Orphanedwells@ios.doi.gov

www.doi.gov/oepc/legacypollution-
remediationand-reclamation

AFederaWell Program

Orphanedwell€blm.gov

www.blm.gov/programs/energiand
minerals/oitand-gas/federalorphanedwell-
program

23


http://www.doi.gov/priorities/investing-americas-infrastructure
mailto:Orphanedwells@ios.doi.gov
mailto:Orphanedwells@blm.gov

a USGS

science for a changing world

DOI Orphaned Well Data Collection and
Integration

Alicia Lindauer
U.S. Geological Survey

UNDOCUMENTED ORPHANED WELLS WORKSHOP
APRIL 5, 2022



Challenges

Alnformation on orphaned wells is
difficult to obtain

ASome information that DOI
needs is not available, requires
new science to develop, and will
change over time

AAdditional information required
under the BIL requires synthesis ISSasrm S =t tin m Seertry
and analySIS Of WeII-SpeCIfIC and Orhaned welln KanwhaCounty WestV|r|n|a|October 20 (West -
PrOgram-|eve| InfOrmathn Virginia Surface Ownersodo Rights Asso

2USGS %



AOrphan well i an unplugged idle oil or gas
well for which the operator is unknown or
Insolvent

A Interstate Oil and Gas Compact Commission
(I0GCC, 2021)

AAbandoned well i an oil or gas well with
no recent production, often implies well
was plugged

A Environmental Protection Agency (2022)

AIOGCC estimates 310,000-800,000
undocumented unplugged orphan wells
In 21 participating states in 2020

2 USGS

Shut In AL*, NE*, NV*
Orphan AK, AR, CA*, CO, IN,
KY, LA, MIl, MS*, NM,
OK, TX, UT
AR, PA, WY
Deserted,

Potentially Deserted @ CA*

Temporarily Abandoned IL

Abandoned AL*, KS, NE*, NV*,
ND, PA, WV

Potential Orphan MS*

Unknown,

Unknown Not Located,

Unknown Located NY*

Orphan Ready,

Orphan Pending OH*

Forfeited TN

*States that use multiple terms to refer to orphaned wells




Many potential sources for basic information

AUSGS-led effort to gather stakeholder input identified
many tools, but no single

AAny effort to draw from these databases will need to:

—“— A Recognize different terminologies and definitions

(Offshore Wells) A Accommodate and interact with the unique data structures
within each system

JESR AA separate USGS-led effort to collect publicly
: available information on orphaned wells illustrates
some of the challenges

RBDMS

‘ States

AFMSS: Automated Fluid Management Support System
AML: Abandoned Minerals Lands

Other

"

TIMS: Technical Information Management System 27
RBDMS:Risk Based Data Management Solutions



AUSGS compiled data from 27
States

AOnly publicly available data
compiled

ATargeted 10 parameters, included
any well in the dataset that has at
least an API# and well location

AA 14-month effort (to date)

2 USGS
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Map of States with wells included in the USGS database

A Currently in quality control phase. Not yet finalized.

A 79,072 documented unplugged orphan wells from 27
states

A 77,647 wells with location coordinates
A Final numbers pending QC work

A Data received from States in 2019-2022



Comparison to existing data

Agency States | Well Well Publicly
count location available

U.S. Geological Survey 27
[dataset under review]

Environmental Defense 28
Fund & McGill University

Interstate Oil and Gas 32
Compact Commission

Bipartisan Infrastructure 26
Law: Notices of Intent to
Apply to DOI for a

formula Grant to Plug

State and Orphan Wells

2 USGS

79,072 77,647

81,283 77,839

92,198 O

128,846 O

Summer
2022

Not
currently

No

No

Documenting orphan wells across the United States | m

Improperly abandoned wells nationwide are leaking methane, air toxics and contaminate

groundwater—now's the time to act

Orphan wells map

IDLE AND ORPHAN OIL AND GAS WELLS:

2. STATE AND PROVINCIAL REGULATORY STRATEGIES
2021
PRESIDENT BIDEN'S
3. BIPARTISAN

INFRASTRUCTURE LAW

TITLE VI—METHANE REDUCTION INFRASTRUCTURE
Sec. 40601. Orphaned well site plugging, remediation, and restoration.

1. Environmental Defense Fund/McGill University, 2021
2. IOGCC, 2021
3. U.S. Congress, 2021



Preliminary data structures for a DOI orphaned wells data system

Well-specific data fields
potentially available from one

New data requirements (fields
not currently or consistently

New synthesis data
requirements (Program-level;

or more existing systems
API well identifier

~14 parameters related to well

type, status, location, and surface
managing entity

2 USGS

available)
Subsurface managing entities

~18 parameters related to pre-
and post-plugging impacts of the
well, including methane
emissions, habitat impacts,
surface and ground water
contamination, community
Impacts)

Costs of plugging and
remediation

not well-specific)
Jobs created

Jobs saved

At-risk wells



New information needs and related science

https://www.nytimes.com/2019/12/13/reader-center/methane-infrared-camera.html Source: USGS Southwest Biological Science Center Source: USGS Wyoming-Montana Water Science Center

A Methane emissions for A Habitats affected / habitat A Surface and ground water
orphaned wells (pre- and post- restored Impacts
plugging) 0 gSSGS/F';Mapgrté‘erSBi?:s . bA Ongoing, multi-year study of
A Newly fundec! U.S('ES e>_<p|oratory and Reclamation Tracking Tool “biirie ton Hﬂ?‘ tidr fﬂoﬁﬁ
p r o | léeatifyingiFugitive ( SDARTT) 0 development in the Plains
Methane Emission Factors in Act han h and Prairie Potholes region
Orphaned Oi | & GoasCt'X@reEe?rc qn fow to
SuCCESS Ily aﬁd%fﬁmently

achieve reclamation success

2 USGS across different ecological sites o


https://www.nytimes.com/2019/12/13/reader-center/methane-infrared-camera.html

ldentitying ‘Fugitive Methane Emission Factors:: ;-
N Orphaned: Oil and Gas Wells |-

AUSGS is working to identify geologic and drilling factors that
contribute to fugitive methane emissions.

AWhy do some orphaned wells emit methane while other; Jo not?

t methane
‘.*‘4

AWhat geologic and/or drilling conditions enable the high
emitters?

ACan we establish a correlation between methane e 1 1s and
geologic factors, drilling history, or petroleum prod 3‘_.: 17
| - &

-’ ‘8 |
o %9 .9 L 2 AL — A po : ' - |-

— ~— o - - s i "1
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Bringing subsurface expertise to the challenge of

estimating emissions

Methane Well Information
Emissions Date, Type, Operator
Corresponding
USGS Assessments
Production History Stratigraphy
PR A I =
f\}a W [ B cﬁl;};i T
‘”‘{ }f ¥ j : O (= 3
| *ﬁu %s, a i
Permeability / Porosity Other Formations
P
[

._>\\ Pressure and _ _
///\\\Q IHS Markit’ Temperature Producing Formation

%, USGS Not to Scale.




Benefits of this work

ARefining fugitive methane emission factors would provide the multi-
agency Orphaned Well Program a geologic context for the
prioritization of orphaned wells on state, tribal, and federal lands

AStates receiving grant money would benefit from a deeper
understanding of emissions factors to help identify the highest
emitting wells

Almproved understanding of fugitive methane sources can inform
policy on methane emissions and implementation of greenhouse gas
management

2 USGS



Connections between DOE and DOI

ADOE focus is on undocumented well
orphaned wells
AOnce undocumented wells are | ocat

may become candidates for DOI support for plugging, remediating
and restoring orphaned wells

Alt would be very useful to DOI if DOE data collection on
undocumented wells included the same data parameters needed for

the DOI data system

2 USGS



Connections between DOE and DOI (2)

AResults from DOI tools (existing and under development) for quantifying
|l mpacts from Aknowno orphaned wel |
detection approaches that DOE may develop

AFor example

A Estimates of methane emissions from abandoned wells could be used with broad-
scale methane detection to identify sources likely to be wells

A Understanding the scale and type of habitat disturbance around abandoned wells
could feed pattern recognition tools for finding undocumented wells based on land
Imaging

A Data on the type and the spatial extent of water contamination associated with known
wells could inform the use of existing or newly sampled water quality data to identify
undocumented sites

2 USGS

S



IDLE AND ORPHAN OIL AND GAS WELLS:

STATE AND PROVINCIAL REGULATORY STRATEGIES Figure 6. Estimated Undocumented Orphan Wells in States (2020)
2021

Je

Number of states

(2]

| I I I

No estimate 1,001 - 10,001 - =1 00,000
| ,[}{Jﬂ 10,000 100,000

Number of estimated undocumented orphan wells

=

32 states reporting

INTERST/

Oll&Gas

OMPACT COMMISSION

ERSTATE

Gas .,

CT COMMISSION

—

https://iogcc.ok.gov/idleand-orphan-oil-and-gaswells-2021



https://iogcc.ok.gov/idle-and-orphan-oil-and-gas-wells-2021
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Definingthe Need for
Undocumented Orphaned Well
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Undocumented Orphaned Wells

U.S.Oiland GasDrilling Startedin 1859¢ PoorRecordkeepindor Decades
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. How Many OrphanedWellsaretherein the U.S.?

OrphanedWellsActivity Level.Documentedss.UndocumentediVells

Number of Documented Orphaned Wells by State
Total: 131,227
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. How Many OrphanedWellsaretherein the U.S.?

OrphanedWellsActivity Level.Documentedss.UndocumentediVells

AIOGOCEstimatesof Undocumented Orphaned Wells:  Between 310,000
and800,000asreportedby the states

AEPA: TheGHGuUsesEnverugDrillingInfoywww.enverus.coifor wellswith
addedestimateof numberof wellsnot includedin Enverusiataset
A TheU.S populationof abandonedvellsis around3.5million (with around2.9million
abandonedilwellsand0.6 million abandonedyaswells).

A Comparinghe counts(i.e. 1.93 million abandonedwellsfrom analysisf historical
recordsandUSG3ata,and 776,000abandonedwellsin the DrillingInfodatabase),
EPAestimatesthat 1.15 million abandonedwellsin the U.S are not capturedin the
DrillingInfabasednethodology

IIDLEANDORPHANDILANDGASNELLSSTATEND PROVINCIREGULATORYRATEGIESR1,10GCMecember2021 https://iogcc.ok.gov/idleand-orphanoil-and-gaswells2021.
2EPA2022.DraftInventoryof U.S.GreenhousésasEmissionsand Sinks:19902020.U.S Environmental Protectio® AgencyEPA30-P-22-001.
https:// www.epa.gov/ghgemissions/drafbhventory-us-greenhousegasemissionsand10sinks1990-2020.

, . 1 NATIONAL
| Lawrence Livermore N
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http://www.enverus.com/
https://iogcc.ok.gov/idle-and-orphan-oil-and-gas-wells-2021
http://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-and10

=stimating GHG Foa print of Orphaned Wells

9 t !InQlasionof AbandonedOiland GasWellsinto the Greenhous&asinventory

Methane Emissiongrom Energy(2020)
TotalMethane: 269.0MMT COZ2Eq

Coal Mining
15%

Natural Gas
Systems

61% _  Stationary

Combustion
3%
Abandoned
Mobile \_Underground Coal
Combustion Mines
0.86% 2%

EPA2022 Draftinventoryof U.SGreenhous&asEmissionandSinks1990-2020.

U.S EnvironmentaProtectior® AgencyEPAI30-P-22-001.
https:// www.epa.gov/ghgemissions/draiitventory-us-greenhousegasemissions

and10sinks1990-2020.
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TheUSEPAeganincludingabandonedvellsasa GHEmissionsourcen
2018(2016GHGI)
Fromthe Inventory:

Theterm "abandonedwells" encompassegarioustypesof wells:

A Wellswith no recentproduction,andnot plugged Common
terms(suchasthoseusedin state databasesimightinclude
iInactive temporarilyabandonedshutin,dormant,andidle.

A Wellswith no recentproductionandno responsibleoperator.
Commontermsmightinclude orphaned,deserted Jongterm
idle,andabandoned

A Wellsthat havebeenpluggedto preventmigrationof gasor

fluids.
The GHGI estimates methane emissons from abandoned wells by multiplying

emissionfactors(massof methaneemitted perwell) by activity levels
(numberof wells)
Significantuncertaintyin both Emissiorf-actorsand Activity Levels

N NATIONAL

BERKELEY LAB

TL TECHNOLOG
| LABORATORY


http://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-

sstimating GHG Foa print of Orphaned Wells

Abandonedwell Methane Emissiorfactors: SampleSizeand DistributionAcrosghe US
Townsend-Small, et al. 2016

6 plugged wells
Townsend-Small, et al. 2016 6 unplugged wells (OH)
10 plugged wells (WY) Kang, et al. 2014
5 plugged wells
j 14 unplugged wells (FA)
Townsend-Small, et al. 2016 P {
87 plugged wells o= - Karg, et al. 2016
2 unplugged wells (UT) 35 plugged wells
53 unplugged wells (FA)*
Townsend-Small, et al. 2016 *only wellsin non-coal
16 plugged wells productionareas
11 unmug@d wells (CQ includedin the EFs

KangM, et al. (2014) Directmeasurement®f methaneemissiongrom abandonedil andgaswellsin Pennsylvanid2rocNatlAcadSciUSAL11(51):18173.8177.
KangM, et al. (2016) Identificationandcharacterizatioof highmethaneemittingabandonedil andgaswells. ProcNatl AcadSciUSA113 (48) 1363613641.
TownsendSmalktal. (2016) Emission®f coalbedandnaturalgasmethanefrom abandoneail and gaswellsinthe UnitedStates. Geophy&esLett
https://doi.org/10.1002/2015GL067623
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https://doi.org/10.1002/2015GL067623

=stimating GHG Foa print of Orphaned Wells

AbandonedwWell Methane EmissiorfFactors: Pluggedvs.Unplugged

Table 2. Methane EFs from Townsend-Small et al. Study

Number of 95% Upper Confidence
Well Category Measured Wells Mean (g/h/well) Limit (g/h/well)
All wells (entire U.S.) 138 1.38 3.17
All wells (eastern U.S.) 12 14.00 32.87
All wells (western U.S.) 126 0.18 0.41
Plugged wells (entire U.S.) 119 0.002 0.005
Unplugged wells (entire U.S.) 19 10.02 22.47
Plugged (eastern U.S.) 6 0 NA 1 =
Unplugged (eastern U.S.) 6 28.01 64.00 Average methane emlsson
Plugged (western U.S.) 113 0.002 0.005
Unplugged (western U.S.) 13 1.71 3.83 rate for unplugged’
Bold indicates value used in the 2018 GHGI. aban d O red Wel I S i n t he
Table 3. Appalachian Basin Methane EFs Developed from Combining Studies . .
Number of Measured U.S1Is 5,000times more
Data Source Wells Mean (g/h/well) 1
Plugged wells
Kang et al. 2016 — All production types, noncoal areas 23 0.45 th an fo r p I u g g e dwel |S
Townsend-Small et al. 2016 — Eastern U.S. 6 0
Combined 29 0.36
Unplugged wells
Kang et al. 2016 — All production types, noncoal areas 36 31 EPA2022.DraftInventoryof U.S GreenhouseéGasEmissiongnd
Townsend-Small et al. 2016 — Eastern U.S. 6 28.01 Sinks:1990-2020.U.S EnvironmentaProtection9 AgencyEPA
Combined 42 30.57

430-P-22-001.https:// www.epa.gov/ghgemissions/draft
inventory-us-greenhousegasemissionsand10sinks19902020.

Bold indicates value used in the 2018 GHGI.
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http://www.epa.gov/ghgemissions/draft-

=stimating GHG Foa print of Orphaned Wells

Abandonedwell Methane EmissiorfFactors: Fattailed DistributionCharacterizedby & { dzBJ¥ NI i S NA £

Hillman State Park, PA Daniel Boone National Forest, KY
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=stimating GHG Foa print of Orphaned Wells

Abandonedwell Methane EmissiorfFactors: Fattailed DistributionCharacterizedby & { dzBJ¥ NI i S NA £

Hillman SatePark, FA: No Daniel Boone National
(il) plugged wells Forest, KY: No plugged wells
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. Major Challenge: HndingUndocumented Orphaned Wells

Aerial MagneticSurveyingdpproachedor FindingundocumentediVells

NI

magnetic
field

Buried steel
well casing

Induced
magnetic

field

Equator ~—— 0 Pole
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. Major Challenge: HndingUndocumented Orphaned Wells

Aerial LIDARSurveyingApproachedor FindingundocumentedNells
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. OrphanedWell PotentialHazards

ImprovedWell CharacterizatiorAidsin StrategizingMitigation Approach

AProximal

AHumanReceptors
A Sray gagd/ oil/ brinein or near
buildings
A Gag/oil/ brinein water supply
A Neargroundwatersupply

A Agriculturalc on landusedfor
cropsor pasture

A Emlogical Receptors

A Distanceto (or in)streams,water
bodies,swampswetlands

A NearEndangered/
threatened/protectedspecies
(plantsandanimals)
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. OrphanedWell PotentialHazards

Proximal, Biological

AlLeaks
A Methane
AH,S
ANORM
AWell Integrity

A Wellhead pressure, leaks
outside surface casing

APhysical Hazards
A Openpits, instability
ACoal/Mininglssues

A Wells within underground
mine
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