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. Methane Mitigation Technologles Division Overview

Methane Emissions Mitigation

Advanced materials, data management tools, inspection and repair
technologies, and dynamic compressor R&D for eliminating fugitive
methane emissions across the natural gas value chain

Methane Emissions Quantification

Direct and remote measurement sensor technologies and
collection of data, research, and analytics that quantify methane
emissions from point sources along the upstream and midstream

portion of the natural gas value chain

METHANE
MITIGATION
TECHNOLOGIES

Decarbonization of Natural Gas Resources

Technologies for carbon-neutral hydrogen production, safe and
efficient transportation, and geologic storage technologies
supported by analytical tools and models

Administration Goals:

50% emissions reduction by 2030
100% clean electricity by 2035
Net-zero carbon emissions by 2050

Undocumented Orphaned Wells Research

Developing tools, technologies, and processes to efficiently identify
and characterize undocumented orphaned wells in order to
prioritize them for plugging and abandonment.
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. Bi-Partisan Infrastructure Legislation

Relevant Appropriations Language

Section H2 (a, b) IOGCC 2021 estimate of undocumented
Conduct research and development activities in cooperation with orphaned wells is between 310,000
the Interstate Oil and Gas Compact Commission to assist the
Federal land management agencies, States, and Indian Tribes in-- and 8001000'
(A) identifying and characterizing undocumented orphaned
wells; and

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

Program Budget

DOE’s Undocumented Orphaned Well Program will be executed
over 5 years with $30M in appropriated budget.

FY2023 Appropriations

Up to $10 million to be spend on identification and characterization
of undocumented orphaned wells.
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.There's no silver bullet for finding these wells: We have to
screen and quantify their emissions to prioritize plugging

e Various methods could be used to locate wells

o magnetic survey, aerial or satellite photography, LiDAR,
methane measurements, historical records

2385 fr
.

* No method works in all cases

|

o Magnetics fail when the well casing is removed (~15,000 N

wells had casings salvaged during WW?2 for the metal) and
is challenging in steep terrain or tall vegetation

o Methane measurements fail when the well is not emitting
(emissions are highly transient) and are not cost-effective

o Aerial/satellite photos could be obstructed by vegetation or
construction

Aeromag points
Aerial Photo Wells
USGS Database

USGS Topo Wells

LIDAR Wells
- LI Project Area 1
Hayrnaks
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. DOE Undocumented Orphaned Wells Program Priorities

1. Methane Detection and Quantification

2. Well Identification

3. Sensor Fusion and Data Integration with Machine _
eoming (o N

4. Well Characterization % Technology for

5. Integration and Best Practices /& | Assessment of

6. Data Management CATALOG \IT\?eslil:sc.m B GRS

7. Records Data Extraction Characterize |

8. Wells Database

9.  Field Teams catalog.energy.gov

10. Well Finder App
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|l Lawrence Livermore N @ National

—d National Laboratory TL SR Laboratories

Fossil Energy and

Carbon Management



lll Methane Detection and Quantification Purpose

* Provide DOI with accurate, cost-effective methane measurement methods that can be
used to report well emission reduction values back to congress as required by the BIL
language. (Asked by White house and DOI to develop a rig-hand friendly method.)

e Accurate, cost-effective methane measurement method.

o Most wells are low emitters; the huge number of emitting wells adds to significant
emissions.

o Flow rate is difficult to measurement to make without complex equipment.
Concentration is a much simpler measurement to make.

o The low level of emissions from individual wells are a challenge for satellites thus
require new technologies such as UAVs.

Understand methane emission distributions and uncertainties from orphan well

populations.
Understand the temporal component of well emissions and the related uncertainty.
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Key Learnings

o Gaussian plume method is viable and our ongoing
validation supports its use as a reportable methane
measurement method.

o Gaussian plume method simplifies DOl methodology as it
can be used for multiple well types.

o The natural system temporal variability of methane emission
rates from wells is within an order of magnitude relative to
any single point measurement value.

Fossil Energy and

u.s.
/ NERGY Carbon Management



Few wells dominate the net emissions and there are many wells:
Need rapid screening methods followed by targeted quantification

S ]
-  Need methods to rapidly sort major emitters from the
rest of the population.
LN * Target cost effective methods to measure the long-low
™~ tail.
o * Collaborate with others to improve emissions
a distribution curve.
=
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Observations focused on big O&G leaks: Small OW leaks
are hard to measure but there are many of them
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Collins et al., 2021

Orphan wells demand much higher sensitivity CH, techniques than what satellite or UAVs currently deliver. In situ
sensors near the OW source are needed, but we do not know the UOW locations so other location methods are
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Outline

* Gaussian Plume Measurement Methodology (Dubey)
» Gaussian Plume Model Validation (Sebastien and Dubey)
» Temporal Measurements (Natalie)

» Future Work (Natalie)
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Cost-effective estimation of methane emission rates from
. undocumented orphan wells

* The state-of-the-art uses flux chambers (S20K) to measure
the emissions rate. It costs $2500+ per well (travel & time), is
labor intensive, unsafe for mid-high leaks, and cumbersome.

o Measuring CH, emission rates before and after plugging
and abandonment is a top priority for the White House —
“How much methane did we keep out of the atmosphere?” §

* We need to drive this cost down dramatically to efficiently
use DOI’s $4.7B budget

* White house asked CATALOG to develop a screening
methodology to estimate flow rate from low-cost CH,
concentration measurements: defensible, simple procedure Q
and cost effective

Flux Chamber

_Cv,
S Cpt

e
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.Developing Plume Model Data Collection & Analysis Protocols

Equipment

*PPM-level sensitivity, calibrated & compact CH, sensor (solid-state MOS or spectroscopic)

eHandheld anemometer (vane, thermal, sonic or wind-sock) measures wind speed/direction

eTape to measure distance oy
Protocol

eLocate orphan well source and determine wind direction well CHa CHa

eEnsure winds are stable or create them by use a fan upwind of the well Wind Speed Plane View
*Measure CH, downwind at > 2 points downwind near the source (<1 m) & Direction/

eCan sample over minutes with a single sensor during stable winds
eRecord wind speed, distance downwind, and CH4 concentrations

ePark service is using 2-point (source, 0.3 m) measurements for screening
Point Source

*DOE is developing a calibrated CH, increase to flux conversion method
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Cost-effective CH, emission rate estimation from UOW using
concentration, wind speed, and gaussian plume model

* |nnovations: Combine Gaussian plume mOde|S, 200Avg. Methane Concentration to Flow Rate by Wind Speed

inverse analysis and uncertainty quantification to //é
. . . 17.5 1 EPA 17g/hr
develop a relationship between concentration

and flow rate as a function of wind speed
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* Provides a cost-effective way to screen wells and
filter out low emitters
o High emitters can still be measured with a flux
tower, if desired

e Qur approach is being validated by CATALOG and f— e ——
DOI and initial results are promising MR camtonpem

Flow Rate g/hr
|—I
o
o

|11

Required Measurement 1g/hr
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.Well Head Types (point sources): Difficulty of CH, monitoring

Type 1 Type 2 Type 3 Type 4

Easy Access Legacy Infrastructure Legacy Infrastructure Impractical
Chamber Hi Flow Ambient CH4 (tower/UAV) Underwater, Frozen
Hi Flow Ambient CH4 Remote Imager Unsafe, High H,S
Ambient CH4 Remote Imager

Classification of well head leaks by DOI to guide operators and help facilitate screening and plugging
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100 g/h

30g/h
<DOW>

12 g/h
<CoOw>

LOD-HFS 4g/h

1g/h

Well Classification for Prioritization

# wells
OW Super Emitters (Few)

Medium (More)

Low (Most)

—

“

<-
<

Most of the orphaned wells >

% contribution to total emissions

. Category
C

Category
B

S—

. Category
A

Sorokin, Dubey et al 2023

Broad classification reduces precision, time and costs of leak quantification for screening to prioritize plugging
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. Lab Control Release
Experiments

Setup:
- Picarro gas analyzer (model G2301)

- 5% methane (in N,) delivered via mass flow
controller

- Gill 3D sonic anemometer (model R3-50)

Working towards development of "FAST"
method = Forced Advection Sampling

Technique, using a fan to generate plume with®
known wind speed

Mohit Dubey, Biraud 2023 (in prep.)
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ll Lab Control Release Experiments: No Fan

CH4 dry vs Flow _SampFlow
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Left: linear fit of increasing downwind concentrations (at 1m) at low leak rates

Right: time averages of transects at 1m downwind, exhibiting Gaussian profile
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CH4 _dry vs Flow_SampFlow

— y=073x+189 RZ=091

CH4 _dry (ppm]
Mormalized Count

Leak Rate (g/h}
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Lab Control Release Experiments:
with Fan

Setup:

* Fan is placed 1m upwind of point source,
e Gas analyzer inlet is placed 1m downwind of point source.

=> Based on measured concentrations (5-minute average)
and known Fan speed, a leak rate can quickly be estimated.
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. Field Control Release Experiments: Permian and San Juan OW
e Permian basin: Hobbs, NM

e HL2 #3: 32.68855N, -104.05294E ,, T
. : fCas+ v f
e Estimated flow rate from WellDone 147 g ome oil _f_--:_.f'_--T_ > o
(CH,)/hr, composition 60% CH, (m/m), . S e Basirt .‘l il
production depth 3150 ft A *l S|
e HL2 #1:32.69244N, -104.05294E h' Fh. Dome —
: Xy " Basi + oil,
e Small leak, no documentation 2—;, i F‘ asin (gas + oil)
e Foster 1S: 32.69125N, -103.07491E » L
e Estimated flow rate 4000 g/hr, composition A | = -
60% CH, (m/m), production depth 3700 ft 1, 0 P | o
e San Juan basin: Farmington, NM ' B \ i]
e Visited four wells, one was confirmed small leak R Acive ol mine\ @ Oil/gas basin
. @ CO7 production | @ Coal field
e NE Hogback #5 Unit C: 36.820362N, -108.517998E

Otero Mesa (gas)

e Production depth 1537 ft

Learn methods plug operators use to measure leaks assess time, costs. 7 leak stats: 1 very-high, 1 high, 2 low, 3 none
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.Cost-effective estimation of methane emission rates from
undocumented orphan wells o e

~

* Orphan well gas concentration and composition
(ppm) measurements from orphan wells to
prioritize plugging in Hillman Park, PA, Hobbs,
NM, and San Juan NM

* Observed Welldone’s direct (Vent-buster)
protocols in Hobbs, NM

e Plume concentration to emission rate method
tested and evaluated at Hobbs, NM

* Picarro G4301 & RMLD to detect leaks.
* Deployed FLIR used to find leakage point.

e Xplorobot LIDAR & SEMTEC HI-FLOW?2 to quantify
CH, leak rate at the well head.

* Leak rates range between 0 and 4000 g/hr

Hillman Park, PA
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. Hobbs, NM Experimental Setup and Plume Strategy

Plume

Sample Loc 4: NMT,Aeris Pico CH4/C2H6 centerline

Pollutant
concentrati
profiles

.‘Q -"
Y oRY

“ r N 42 4 N-E
a" ! s
. "' ¥ :
Samplelloct3 LB Picarrof™ =% a2 . .
nplellock24 VAN WAErisiUitra CHAIE2k6/C3H8Y =8
E

.;'"\_ - ..‘ 4 A
lSample._L_@%a_gE_AN_L AerisiB

H. = Actual stack height
= Effective stack height

S = ﬁullutant release heigl
=H_+ Ah

Ah = plume rise

Steady, stable and high winds were used to measure CH, concentrations at 4 locations downwind of a very leaky
orphan well and collect data to develop and evaluate a plume model to infer emission rates
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Well Flow Rate, Wind Direction, and A CH4 - 1 Minute Resample - Foster 1.1 April 19th 2023

94 direct — —— Vent Flow
Data :..| Bsagcclaben, 60% CH, 77 =5.5 Ke/hr -
Flow-rate & ::
Ventbuster 2 __ |
= 270 A —— Wind Direction
=
é 260 |
Direction 240 N & ,., |
Speed (6-7 m/s) S 2a0 ]
8
3 230
?E. 220
—— 75m
07T — 15m
—— 225m
— 47m
40 -
CH,
7.5m £ 39
15 m -z:' 7m ( 10 b pm| valve clospd
22.5m = 20 4
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o \ | ~ ' . 15 i (10]p
LA }A AN\AJA ‘
FO//GnSbee 2023 11:30 12:'00 12:30 ]_3:'00 13:30 l4:|00

Local Time - April 19th, 2023
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. Gaussian Model Emission Inference from downwind CH, concentrations

A CHa vs Distance from Foster 1.1 April 19th 2023
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The blue is a gaussian model fit with uncertainties in observed wind speeds right is an empirical fit with no
atmospheric constraint. We estimated leaks from CH, concentration measurements to better than a factor of 2.
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. UAV capability to monitor/locate leaky OW in excess of 100m

=
=

20230419-Flight0

/ o
%!%% - 0.2 LIj

ol
JT\ PYRC
Lo

Dooley 2023

Our drone observed CH, excess 100 m away and directly measured the surface casing leak to be 300-500
gm/h in agreement with our ground observations (pre-valve open). UAVs can be used to find UOWs.
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. Temporal Variability (<day) in OW Emissions:
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Riddick JGGC 2020
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80,000

— i\ Bubbling events
—pB A sudden step-up in emission
—C: Suddendrop in emission
D: A short-temn exponential decrease in emission
—E: Longer term decrease in emission
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Evidence for short-term (<day) variations in DOW CH, emissions of various types. Use solid state MQ4 ($10) sensor
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. Long term Temporal Varlablllty of Winter CH, Emissions

4.0

N w w
) =) 5

CH4 Emission Rate (g/hr)
o

—— CH4 Emission Rate (g/hr)

Hillman State Park Well #36

1.30 g/hr (70% RSD)

1.5
1.0
o
0.0
10-4-2022  11-5-2022 11-28-2022 12-12-2022 12-26-2022  1-8-2023  1-22-2023
23:10:00  19:09:00  18:10:00  18:10:00 6:09:00 6:09:00 0:10:00
Time Stamp (mm:dd:yyyy hh:mm:ss)
70
o —= CH4 Emission Rate (g/hr)
North Strabane Township Park Well #1
60
£ 8.92 g/hr (104% RSD)
(®)]
g
g 40
c
o
‘@ 30
Ro]
S
W 2o “
<
T
O
0

U.S. DEPARTM

ENERGY

10-7-2022 10-29-2022 11-23-2022 12-9-2022 12-20-2022 1-1-2023 1-12-2023 1-25-2023
5:45:00 18:32:00  16:47:00 4:51:00 16:52:00  10:39:00  10:45:00  10:46:00

Time Stamp (mm:dd:yyyy hh:mm:ss)

CH4 Emission Rate (g/hr)

— cHaemission Rate () Hillman State Park Well #47
17.5
[v)
- 6.98 g/hr (61% RSD)
12.5
10.0 ﬂ
I

7.5
5.0
2.5
0.0

10-7-2022 11-13-2022 12-4-2022 12-21-2022 1-5-2023 1-19-2023

4:05:00 14:14:00 13:14:00 1:46:00 19:20:00 19:02:00

Time Stamp (mm:dd:yyyy hh:mm:ss)
70|  North Strabane Township Park Wel'$2ssn Rate (/)

60 D% RSD)
S~
(=)
~ 50
g
©
o 40
C
o
8 30
£
W20
<
I
© 10

0

10-7-2022 11-3-2022 11-26-2022 12-17-2022 12-31-2022 1-12-2023 1-26-2023

4:18:00 15:45:00 20:27:00 15:21:00 9:20:00 15:20:00 3:21:00

Time Stamp (mm:dd:yyyy hh:mm:ss)

Long-term CH, winter emission variability (RSD) is lower than a factor of 1.5
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. Short-term Temporal Variability of Winter CH, Emissions
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Short-term CH, emission variability (RSD) is below a factor of 2 except for Hillman #36

S. DEPARTMENT OF Fossil Energy and

NERGY Carbon Management



. Locating UOWs using DOW patterns and Al

An Al algorithm:

USGS historical topographic Oil and gas wells are L oer .
L. . ) o e identifies wells in maps
maps contain information identified e compares locations with doc. wells
about the past by black circles e tags UOW candidates
v XNT R L
)] '9\% Wy
BAB71 =\
P S o \\Q\\‘\
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™ e el
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Ciulla et al., 2023 (in prep.)
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. Can we use multiple noisy signals to find wells?

 Machine Learning models have shown impressive
results in fusing data from different sources (e.g., text
and images).

« Qur approach suggests that having two data sources
(compared to just a methane sensor) increases the
accuracy of the model by a wide margin. Next steps:
Advancing towards NETL data from Hillman State
Park and tests in Four Corners NM

* Initial ML model shows accurate prediction of well

| | location based on environmental data, which can be
‘Transformer Model used for undocumented well locating and identification
Probabﬂ- Ma True Well Locations ML Prediction Error

True Predicted Difference
0 s = s & @ o 1.0

50 50 50 - 0.5

100 - 100 -

0.0

150 150 0
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200 § 200 4

250 250

0 100 200 0 100 200 0 100 200 l
3
{ |
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Key Learnings

o Gaussian plume method is viable and ongoing validation

supports its use as a reportable methane measurement
method.

o Gaussian plume method simplifies DOl methodology as it
can be used for multiple well types.

o The natural system temporal variability of methane emission
rates from wells is within an order of magnitude relative to
any single point measurement value.

Fossil Energy and
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. Questions

* What methods is IOGCC and states using to estimate CH, emissions?
« Can you help us cover more basins?

« Can we help with Undoc. to Doc. OW protocols for tracking?

* How best to provide states assistance?

« What is the quantification target cost model for OW plugging?

 How can we help demonstrate the value of plugging?

Fossil Energy and

Carbon Management



. Contacts

Timothy Reinhardt

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

Timothy.reinhardt@hg.doe.gov

202-287-1351 (office)

202-279-1794 (mobile)

Andrew Govert

Program Manager, Undocumented Orphaned Well Program
Office of Fossil Energy and Carbon Management| Office of
Resource Sustainability

andrew.govert@hg.doe.gov

240-753-3911
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