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Traditional (prescribed) LDAR program

Survey required every N months:
* Operator + OGl camera Typically requires a defined detection method

e Saw emissions with camera
(detection)

* ldentified a leaking tubing
connector at this location
(diagnosis)

Dispatch repair team:
1)  Within N days
) Found tag
) Re-detected the leak
)

Stopped leak by replacing
damaged fitting

5) Verified fix
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Conceptual ‘Next-generation’ LDAR program

Continuous monitor at site sends alert
or dashboard says ...
... Using data from the last N minutes ...
There is a “high” T probability
of an emissions > 107 SCFH (200 g/h)
in this 2x2x2 m cube

Operator dispatches a response:

1) Arrived N hours after alert™ L .

2)  Used OGI to identify leak at this location | i .f?:-.,-.,-;____._____;__'_____.._--—--‘.:..:"..._.." -9
..and possibly others |[esmssumiis - ‘

3) Tagged & dispatched repair as in Sl _ i gk S oy |
traditional program T A solution may have many settings for thresholds, sensitivity, operating times ...
* Dispatch urgency often depends on the emission rate estimated by the solution

&
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Think: Solutions not technologies or sensors ...

* Controlled & field testing should:

» Utilize defined, replicable single-blind protocols

* Test a solution as it would be deployed
-
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Sensors Deployment Analytics

# of sensors / Locations / passes Software revision
revision / / speed / height / / comms from
power, etc. # of personnel ... site & to operator
 Test results should clearly state what/how/how many were deployed ... results
are only as valid as the test was representative
&
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Quick Overview of System Types

+ Included in ADED

0 Separate protocol & testing effort in parallel

with ADED

A

‘+ “Continuous” Monitors

Stationary, installed on site, semi-
autonomous, no operator

+ Facility

Pipelines
(emerging area)

Regional Sensing
(towers, satellites)
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All Solutions

Detect emissions, identify approximate leak
locations, possibly quantify

Survey Solutions
Mobile, deployed periodically, with
operator, detect, quantify, localize

Facility

Component Inspection
Current requlatory approach

Remote Sensing
Satellites

Pipelines
(walking or driving)

Screening Solutions
Mobile, deployed periodically, identify
possible emissions without localization or
guantification

Similar tech subsets as survey solutions

Wide range of mobility options — foot, robots,
drones, aircraft ...

Currently not sensitive enough for facility-scale
measurement ... focused on ‘ultra’ emitters or
regional emission estimates
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Advancing Development of Emissions Detection (ADED)

Accelerating natural gas leak detection and quantification solutions through transparent and rigorous scientific validation.

LDAQ Solutions

[ Survey Methods ]
i — [ Continuous Monitoring ]
7 |
= Controlled Testing (METEC) \ / Field Testing (Pilot Sites)
i Protocol Protocol
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Objectives

1. Develop and test protocols for controlled testing that reliably assess natural gas leak detection and
guantification (LDAQ) solutions under a range of representative field conditions at a controlled test
facility;

2. Develop protocols for LDAQ solution field trials and conduct a comprehensive, multi-solution, field
trial including a range of facility types;

3. Advance the state of LDAQ solution testing to be scientifically rigorous, affordable, repeatable, and
adaptable to field conditions, and make this knowledge generally available to all stakeholders;

4. Propose test standards from the results of Objectives 1-3 that can be adopted and adapted by (a)
state and federal regulatory agencies for regulatory approval of LDAQ solutions, and by (b)
operators for internal emissions-mitigation efforts.

5. Develop international consensus for test center qualification to carry out protocol tests.

&
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Protocol Objectives

For the two classes (continuous and survey solutions)

* Evaluate key performance parameters of leak detection methods required to
populate PtE models.

» Test sensitivity of the solution as deployed, not sensitivity of the instrument
alone.

* Develop protocols such that many unique solutions can test under each
individual protocol, enabling comparable results broadly understood by
stakeholder community.

* Reproducible experimental methodology allow comparison of newly tested
solutions with previously tested solutions

&
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Leak Detection & Q

* Consensus protocols written by
CSU and reviewed by a protocol
development committee

e 75+ members

e 450+ comments across both
protocols

* Implemented and currently being
used for testing

e Currently being revised in
collaboration with Total Energies,

EPA, O&G Operators, and
Solution Developers.
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uantification Protocols

Continuous Monitoring Protocol @ ENERGY INSTITUTE
Daniel Zimmerle, 970-581-9945, dan.zimmerle@colostate.edu COLORADD STATE UNIVERSITY

METEC Controlled Test Protocol:

Continuous Monitoring Emission Detection And Quantification

Revision 1.0

September 22, 2020

1 Purpose:

This testing will assess the performance of continuous monitoring (CM) systems which perform leak
detection and quantification (LDAQ) under Single-Blind controlled release testing over a range of
environmental conditions and emission rates. Testing will evaluate system-level performance measures
including Probability of Detection and Detection Time. Additional metrics including accuracy and
precision of localization and quantification estimates will be evaluated if applicable. Due to the

yeriod, typically

Survey Protocol @ ENERGY INSTITUTE ) ]
Daniel Zimmerle, 970-581-9945, dan.zimmerle@colostate edu COLORADO STATE UNIVERSITY 1ental Design Point to

Clay Bell, clay.bell@colostate.edu

Jss a wide range of

METEC Controlled Test Protocol:

Survey Emission Detection And Quantification

Revision 1.0
April 26, 2022

1 Purpose:

This testing will assess the performance of survey methods which perform leak detection and
quantification (LDAQ) under single-blind controlled release testing over a range of environmental
conditions and emission rates. Testing will evaluate system-level performance measures including
Probability of Detection and Detection Time. Additional metrics including accuracy and precision of
localization and quantification estimates will be evaluated if applicable.
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Protocol report metric: probability of detection
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testing (survey and continuous monitors) o TEA

Continuous Monitor Program

~ ¢ Conducted annually since 2021

=+ 12-14 weeks, 500+ emission experiments, 8 kg/hr
» 35+ solutions tested

Survey Evaluation
~__+ Conducted on an adhoc basis

* 1 week, 80+ emission points, 0-5 kg/hr
= « 10+ solutions tested

Performer reports generated at the end of the program
to evaluate solution performance.
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Detection

* Will solution reliably detection
an emission?
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Solution A (Point sensor network)

Solution B (Scanning/imaging)

1.0 1.0
. \I\‘I“\‘.\l‘\‘l\l\.‘
0.8 IIIIIIIIIIII“I 0.8 |
®
o
0.6 -

'23 curve fits for various nPoint/bin of A '23 curve fits for various nPoint/bin

04 @ '23 Data; nPoints/bin: 48 [48, 49] 0.4 7 ® 23 Data; nPoints/bin: 41 [41, 42]
= '23 curve fit: 0.476*x%071: R2:0.29 m— '23 curve fit: 0.502*x%341; R2:0.81
- 90% DL ('23) = NA - 90% DL ('23): 5.6 [4.4, 7.3] (kg CHa/h)
._'_"0.2 x4 '22 curve fits for various nPoint/bin 02 Mo | '22 curve fits for various nPoint/bin
c @ '22 Data; nPoints/bin: 44 [44, 45] @ '22 Data; nPoints/bin: 44 [44, 45]
8 — '22 curve fit: 0.718*x0092; R2:0.53 — '22 curve fit: 0.423*x%181:R2:0.40
8 - 90% DL ('22): 11.7 [4.6, NA] (kg CHy4/h) - 90% DL ('22): 64.4 [17.3, NA] (kg CHa/h)
JCI-'JO'O T T T T T T r 0.0+ T T T T T —T T
=) 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
qa Solution D (Point sensor network) Solution F (Point sensor network)
1.0
= o e arreY
3 -
m8_0.8 1e ®
[ ]
& @
0.6
(]
------ '23 curve fits for various nPoint/bin -=+=++ '23 curve fits for various nPoint/bin
0.4 @ '23 Data; nPoints/bin: 48 [48, 49] 0.4 @ '23 Data; nPoints/bin: 38 [38, 39]
= '23 curve fit: 0.698 *x0-195: R2:0.75 = '23 curve fit: 0.735*x0112: R2.0.74
- 90% DL ('23): 3.7 [2.9,5.01 (kg CHa/h) || §F |- 90% DL ('23): 6.1 [3.7, 15.2] (kg CHa/h)
o224 | '22 curve fits for various nPoint/bin o224 | '22 curve fits for various nPoint/bin
@® '22 Data; nPoints/bin: 47 [47, 48] @® '22 Data; nPoints/bin: 38 [38, 39]
22 curve fit: 0.634* x%202; R2:0.76 m— 22 curve fit; 0.740* x°147, R2:0.76
- 90% DL ('22): 5.7 [3.7, 12.2] (kg CHa/0) || |} | 90% DL ('22): 3.8 [2.6, 8.2] (kg CHa/h)
0.0 T T T — T — r 0.0+ T T T — T - T
0 1 2 3 3 4 5 6 7

> Release rate (kg CHa/h
&

ENERGY INSTITUTE

COLORADO STATE UNIVERSITY



Quantification
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Quantification error (%) Quantification error (%) Quantification error (%)

Quantification error (%)
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Objective 1 & 3: Controlled Testing

VIRONMENTAL
1. Initial Protocol Development: 2020-2021 Egﬂﬂllﬂﬂl;lmﬂlmu

Heoeo
pubs.acs.org/est
2_ ContrO”ed testing at M ETEC 2021 to prese nt gferformqnce of Continuous Emission Monitoring Solutions under a
ingle-Blind Controlled Testing Protocol
1. 35+ Continuous Solutions tested (Some dup“cates) Clay Bell, Chiemezie llonze, Aidan Duggan, and Daniel Zimmerle®
Cite This: Environ. Sci. Technol. 2023, 57, 5794-5805 I:I Read Online
2. 10 survey solutions tested
ACCESS | [l Metrics & More | Article Recommendations ‘ Q Supporting Information
3. Analysis: 2021 to present i e R o S MG e

1.  One publication, one in preprint How To Submit Browse About News
2. Survey manuscript in draft

4. Protocol Revision: present Earth, Space, and Environmental Chemistry

stimates between —97% and +2077%, and 4 solutions”
—40% to +93%, with two solutions within +20%, and
in performance between CM solutions, coupled with
htes that the performance of individual CM solutions
pitigation programs or regulatory reporting.
Vication, source attribution, natural gas

Assessing the progress of the performance of continuous
monitoring solutions under single-blind controlled testing
protocol

08 February 2024, Version 2

Working Paper

Chiemezie llonze ', Ethan Emerson, Aidan Duggan, Daniel Zimmerle Show author details v

e This content is a preprint and has not undergone peer review at the time of posting.
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Objective 3: Field Trials

* Onsite field testing on
operational sites with solutions
deployed by operators and
Sensor companies

* Challenge testing using a portable

release rig from representative
locations and rates around the

facility

* 11 total sites, 7 production and 4
midstream facilities

* Upper Green, Marecellus, and
Permian Basins
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Probability of Detection

Probability of Detection
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Not all gloom

* Testing probability of
detection:
* Simple classification approach
* v? test
* Yes = a statistical relationship
cannot be ruled out

* No =2 results are
indistinguishable from random

* Results show there might be
some sighal, some of the time

* Points to need for improved
algorithms (and/or sensors)

Possibly Observed Detection

Facility Type | D | E | F | G
Facility 1 | Production | No | No | Yes | No
Facility 2 | Production Yes
Facility 3 | Production No
Facility 4 | Production No
Facility 5 | Production Yes
Facility 6 | Compressor Yes Yes
Facility 7 (Gas plant Yes
Facility 8 | Compressor Yes No
Facility 9 | Compressor | No No
Facility 10 | Production | Yes No
Facility 11 | Production | No No

&
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Protocol Revision

* Field performance does not align
with METEC controlled testing

» “Detection” in field conditions is vastly
simplified from controlled testing

* Why?

* Methods struggled with complexity at
METEC — intentionally simplified
testing — field conditions are
(intentionally) more complex

» Field facilities are larger than METEC

* Complexity is borne out in field ...
controlled testing needs to ‘step up’

Expand this
region

ADED Protocols

Actual
Implementation

Objective

Primary driver of the test program and leak detection and
guantification solutions Objectives are driven by Operators
and Regulators

&
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Protocol Revision

Currently being revised in
collaboration with Total Energies
and EPA

Strong Stakeholder Engagement
e 75+ members
Operators
Solution Developers
Academic Organizations
NGOs
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Continuous Monitoring Protocol @ ENERGY INSTITUTE
Daniel Zimmerle, 970-581-9945, dan.zimmerle@colostate.edu COLORADD STATE UNIVERSITY

METEC Controlled Test Protocol:

Continuous Monitoring Emission Detection And Quantification

Revision 1.0

September 22, 2020

1 Purpose:

This testing will assess the performance of continuous monitoring (CM) systems which perform leak
detection and quantification (LDAQ) under Single-Blind controlled release testing over a range of
environmental conditions and emission rates. Testing will evaluate system-level performance measures
including Probability of Detection and Detection Time. Additional metrics including accuracy and
precision of localization and quantification estimates will be evaluated if applicable. Due to the

reriod, typicall
Survey Protocol @ ENERGY INSTITUTE »typiealy
Daniel Zimmerle, 970-581-9945, dan.zimmerle@colostate edu COLORADO STATE UNIVERSITY 1ental Design Point to
Clay Bell, clay.bell@colostate.edu ss a wide range of

METEC Controlled Test Protocol:

Survey Emission Detection And Quantification
Revision 1.0

April 26, 2022

1 Purpose:

This testing will assess the performance of survey methods which perform leak detection and
quantification (LDAQ) under single-blind controlled release testing over a range of environmental
conditions and emission rates. Testing will evaluate system-level performance measures including
Probability of Detection and Detection Time. Additional metrics including accuracy and precision of

localization and quantification estimates will be evaluated if applicable.
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Objective 5: ADED International

Objectives:
Controlled Test 7

Protocols J l

gu—

 Establish internationally
recognized test protocols

* Establish a program to

Controlled Testing , ,
test the test center

METEC
Do test centers show Controlled Testing
the same performance ™9 TADI
when evaluating
different protocols? *

Controlled Testing

Others TotalEnergies

)
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Thank You -
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Contact

/ﬁ\ Ethan Emerson, Research Scientist, Energy Institute
ethan.emerson@colostate.edu | (970) 491-5159

9 @csUenergy

f www.facebook.com/csuenergyinstutute
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