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August 31, 2026 

Re: Discussion Draft Performance Standards for Continuously Operating Emissions 
Detection Systems Required by California Senate Bill 1137 for Upstream Oil and Gas 
Production Facilities in Health Protection Zones. Draft document prepared by staff of the 
Monitoring and Laboratory Division, California Air Resources Board (CARB). 

To The California Air Resources Board: 

Thank you for the opportunity to comment on the draft performance standards intended to 
implement the provisions of Public Resources Code section 3283(a).  

LongPath Technologies, Inc. ("LongPath") is an open-path emissions detection system (EDS) 
with millions of site-hours of methane concentration and emissions rate monitoring at oil 
and gas production facilities in the U.S., including California. 

We recommend three simplifications to the rule:  

1) That the proposed standards set the Alert Threshold(s) equal to the REL concentration 
at the sensor location. 

2) That the Alert Threshold(s) be defined as “above baseline” if methane is used as a 
surrogate detection target, since methane is a non-toxic gas with a non-zero (~2 ppm) 
baseline concentration in Earth’s atmosphere.1 

3) That siting require one sensor between 90% of plumes from each source that has a 
sensitive receptor downwind, based on representative historical meteorology. 

These recommendations would simplify LDRPs, ease the modeling and computational 
burdens for the industry, and, most importantly, drastically improve the likelihood that the 
required monitoring systems rapidly and accurately anticipate pollutant impacts on 
surrounding communities.  

These recommendations are described in further detail below, with suggested edits to the 
draft performance standards shown in-line. 

Sincerely, 

Caroline Alden, PhD 

Co-Founder & Chief Scientist, LongPath Technologies, Inc.  

 
1  Carbon Cycle Greenhouse Gases - NOAA Global Monitoring Laboratory: https://gml.noaa.gov/ccgg/  
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Discussion of recommended changes to 93502(a) 

1. Regarding the need for a concentration-based standard, not a leak rate standard: 

Public Resources Code section 3283(a) requires that EDS continuously provide for rapid 
detection of target chemical constituents in the atmosphere to alert surrounding 
communities of air quality impacts. The draft proposed standards require that AERMOD be 
used for air dispersion modeling. AERMOD is based on the Gaussian plume model, which 
defines the normalized influence of a leak in a point in space, in units of concentration 
enhancement per leak rate, on a receptor location or locations.  

For example, the ground-level concentration downwind of a continuous point source is: 

, 

Where Q is leak rate, u is wind speed, H is release height, x is downwind distance, y is 
crosswind offset, and dispersion σy and σz depends on downwind distance, x. 

Atmospheric concentrations of toxic air contaminants therefore depend on: leak rate, wind 
speed, wind direction (via y), and atmospheric stability (dispersion). Wind speed and 
atmospheric stability are not constant through time. Neither are leaks from oil and gas 
infrastructure. It is not practical to assume that a constant REL-level leak rate would 
produce a constant atmospheric concentration of toxic air contaminants in surrounding 
communities. Further, multiple leaks may contribute air toxics at different and varying rates. 

Alerting on atmospheric concentration is therefore the most reliable way to predict toxic air 
contaminant impacts on surrounding communities. 

2. Regarding the need for an above-baseline definition for use of methane as a surrogate 
detection target: 

CARB’s draft technical support document states: “CARB staff recommends a requirement 
that EDS that detect leak plumes downwind of a source establish baseline conditions for 
the detection target”.2 We interpret this to mean that the Alert Threshold(s) is defined as 
“above baseline” for detection surrogates like methane, which have non-zero ambient 
concentrations and are non-toxic to humans.  

 
2 CARB. 2026. Draft: Evaluation of Potential Performance Standards for Continuously Operating Emissions 
Detection Systems for Upstream Oil and Gas Production Sites in California. Draft technical support 
document prepared by staff of the Monitoring and Laboratory Division, California Air Resources Board 
(CARB). January 7, 2026. 
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The atmosphere contains ~2 parts per million (ppm) of methane gas as a “baseline”, and 
that baseline is variable due to atmospheric dynamics and dynamic biogeochemical 
processes at the source level (enteric fermentation, rice cultivation, wetlands and 
peatlands, manure management, etc.). 

At sites as diverse as the Mount Wilson Observatory in the Los Angeles Basin and Niwot 
Ridge, Colorado, which samples pristine air from the top of the Rocky Mountains on the 
Continental Divide, both day-to-day and seasonal variability in atmospheric methane 
concentrations occur due to changing source dynamics and source regions.  

 

To prevent false alarms due to natural variability, we suggest the rule allow for the direct 
measurement of baseline methane concentrations in real-time. Specifically, we 
recommend a set of equations that resolve what is coming from the facility, rather than what 
may be coming from other, non-toxic sources of methane. For example, if the REL Alert 
Threshold equaled 8 ppm, and an atmospheric measurement equaled 8 ppm, but the 
atmospheric baseline were measured to be 2 ppm, then the alert wouldn’t go off until the 
atmospheric measurement equaled 10 ppm.  

Suggested changes to 93502(a) 

1. To address the need for a concentration-based standard: 

§ 93502(a)(34) “Sensitivity” means the ability of an EDS to measuredetect the presence of 
leaks at the REL concentration-level leak rates of the production equipment monitored by 
the EDS. 

2. To address the need for an above-baseline definition for use of methane as a surrogate 
detection target: 
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§ 93502(a)(X) “Measured Surrogate Concentration”, y, means the concentration of the 
surrogate gas, methane, measured in the atmosphere by a sensor.  

§ 93502(a)(X) “Measured Surrogate Baseline Concentration”, ybaseline, means the baseline 
concentration of the surrogate gas, as measured by a sensor in the atmosphere upwind of 
the monitored production equipment. 

§ 93502(a)(X) “Measured Surrogate Signal Concentration”, y’, means the change in the 
atmospheric concentration of the surrogate gas, methane, due to activities or leaks at the 
monitored production equipment. The Measured Surrogate Signal Concentration is 
calculated as the Measured Surrogate Concentration, y, less the Measured Surrogate 
Baseline Concentration, ybaseline: y' = y - ybaseline 

§ 93502(a)(X) “Alert Threshold Surrogate Concentration”, y’alert, is the REL concentration of 
the surrogate gas. An alarm is triggered if: y' ≥ y’alert 

 

Discussion of recommended changes to 93504(d) 

We comment on the need for flexibility in determining how EDS precision may be 
demonstrated on an ongoing basis in the field. 

Suggested changes to 93504(d) 

93504(d)(3)(C) EDS equipped with an automated built-in functional verification feature 
(e.g., optical reference cell, optical filter, spectroscopic fit checks, EDS intercomparison) 
that provides a traceable and logged response check equivalent to a manual performance 
verification test may be exempt from manual quarterly performance verification testing, 
provided the automated verification is conducted at least quarterly and manufacturer-
documented equivalency is maintained. 

 

Discussion of recommended changes to 93504(e) 

1. Regarding the use of dispersion modeling to determine REL-level leak rates: 

As demonstrated above, a static leak rate subjected to variable wind speed, wind direction, 
and atmospheric stability would result in a non-static downwind concentration of toxic air 
contaminants. Therefore, monitoring for detection of REL-level leak rates does not 
necessarily protect surrounding communities. 

However, initial modeling of REL-level leaks can effectively allow operators to determine 
whether a source has the capacity to emit enough gas to impact surrounding communities 
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(§ 93504(e)(2)(A) If production equipment monitored by the EDS has the potential to leak at 
the REL level leak rate(s)…). 

We therefore recommend that atmospheric dispersion modeling be used for initial 
assessment of the potential for a source to affect a sensitive receptor, using representative 
meteorological data.  

Importantly, this change would obviate the need for expensive dispersion modeling unless 
an operator wished to seek exemptions for low-producing sites.  

2. Regarding the need for greater objectivity in siting requirements: 

Plume concentration is highest at the plume centerline (downwind direction) but is non-zero 
outside of the plume centerline. A sensor sited toward one bearing (as the draft allows for 
individual wells: “positioned predominantly downwind under prevailing wind conditions,” 
§93504(e)(2)(C)) only reliably registers a leak when the wind blows within some tolerance 
angle of that bearing. Furthermore, wind carries plumes of toxic air contaminants to 
sensitive receptors under other conditions outside of what may be defined as “prevailing”. 

We suggest that EDS siting be designed for detection of plumes that affect sensitive 
receptors under historical meteorological data that is representative of the area or region. 

3. Regarding quantifiably resolving Alert Threshold(s) from temporal variation in the 
baseline concentration of the detection target: 

We refer to clarifying definitions introduced above. We interpret the draft rule to mean that 
the Measured Surrogate Signal Concentration, y’, would be ascertained by comparing the 
Measured Surrogate Concentration, y, minus the Measured Surrogate Baseline 
Concentration, ybaseline. The Measured Surrogate Signal Concentration, y’, would then be 
comparable directly to the Alert Threshold Concentration, y’alert (the REL concentration). In 
this way, measured concentrations and alert thresholds would be quantifiably resolvable 
from measured temporal variation in the baseline (background) concentration of the 
detection target molecule. 

Suggested changes to 93504(e) 

§ 93504(e) The EDS shall be capable of detecting leaksmeasuring atmospheric trace gas 
concentration(s) with sufficient sensitivity and timeliness to identify leaks before 
concentrations of the toxic of highest concern exceed the acute REL at any sensitive 
receptor located within the health protection zone. The performance standard shall be met 
by measuring the toxic of highest concern directly, or by measuring methane as a surrogate 
detection target pursuant to paragraph 93504(b).  
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(1) If methane is used as a surrogate detection target pursuant to paragraph 93504(b) 
and variable baseline conditions are to be measured directly: 

 (A) The EDS shall measure, as applicable: 

1. The Measured Surrogate Concentration, y, the concentration of methane 
in the atmosphere.  

2. The Measured Surrogate Baseline Concentration, ybaseline, the 
concentration of methane measured upwind of, or otherwise in a location 
not affected by, the monitored production equipment. 

 (B) The EDS shall calculate, as applicable: 

1. The Measured Surrogate Signal Concentration, y’, as the change in the 
atmospheric concentration of methane due to activities or leaks at the 
monitored production equipment, using Equation 3: 

      y' = y - ybaseline      [3]  

(21) REL-level leak rates for the production equipment monitored by the EDS shall be 
calculated using air dispersion modeling results pursuant to paragraph 93504(h) using 
representative meteorological data. REL-level leak rates shall be calculated as the 
minimum emission rate required to result in a REL concentration at any sensitive 
receptor.  

(32) The EDS shall be sited to meet the following objectives, as applicable: 

(A) If production equipment monitored by the EDS has the potential to leak at the 
REL level leak rate(s) calculated pursuant to subparagraph 93504(e)(23):  
1. For EDS that scan or image leaks (e.g., fixed OGI cameras, fixed LiDAR 

cameras), the EDS shall scan or image all production equipment monitored 
by the EDS and report measurements at a minimum frequency of one (1) 
hour. 

2. For EDS that detect leak plumes downwind of a source (e.g., point sensor 
network EDS, open-path EDS), no less than one (1)the EDS shall be sited 
between each source and sensitive receptor for 90% of downwind 
conditions, modeled with representative meteorological data. to achieve 
detection on an hourly basis of at least 90 percent of leaks that exceed the 
REL-level leak rate(s) from the production equipment monitored by the EDS 
that are transported in the direction of sensitive receptors within the health 
protection zone. 
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(B) If production equipment monitored by the EDS does not have the potential to 
leak at the REL-level leak rate(s) calculated pursuant to subparagraph 
93504(e)(23), or for monitoring of an individual well: 
1. The EDS shall have sufficient sensors to measure upwind and downwind 

concentrations of the detection target throughout the facility, with at least 
one (1) sensor located in thea predominant upwind location direction that 
comprises the highest fraction of representative meteorological conditions 
and at least one (1) sensor located downwind, based on the highest fraction 
of conditions observed in representative meteorological data.  a 
predominant downwind location.  

(C) One sensor may cover multiple sources, provided siting meets the above 
requirements.For monitoring an individual well, EDS siting may include at minimum 
one (1) sensor located within 10 meters of the well, positioned predominantly 
downwind under prevailing wind conditions, with no obstructions to airflow between 
the sensor and the well. 

 

93504(e)(3) The EDS shall include alert threshold(s) that meet the following minimum 
requirements: 

(A) Alert threshold(s) shall be defined in terms of measured concentration. 
(B) Alert threshold value(s) shall be set using one of the following options: 

1. Set alert threshold(s) to achieve detection of leaks exceeding REL If methane 
is used as a surrogate detection target, the ratios of methane to toxic of 
highest concern identified pursuant to paragraph 93504(b) shall be used to 
calculate alert threshold(s) based on methane concentrations, and alert 
threshold(s) shall be set at the REL concentration. -level leak rates from 
production equipment monitored by the EDS. 

2. Set alert threshold(s) at the acute REL of the toxic of highest concern. 

(C) Alert threshold averaging time shall be one (1) hour or less. 

(D) The EDS shall account for uncertainty in measured values in determining if an 
alert threshold has been exceeded. 

(E) If methane is used as a surrogate detection target:,  

1. Tthe ratios of methane to toxic of highest concern identified pursuant to 
paragraph 93504(b) shall be used to calculate the Alert Threshold Surrogate 
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Concentration, y’alert, which is the REL concentration. alert threshold(s) 
based on methane concentrations 

2. An alarm is triggered when y’ exceeds y’alert, using Equation 4: 

     y' ≥ y’alert     [4] 

(F) Alert thresholds shall be quantifiably resolved from temporal variation in the 
baseline concentration of the detection target. 

 

Discussion of recommended changes to 93504(g) 

The Baseline Detection Target Concentration used in assessment of alarm versus non-
alarm state should optionally be based on real-time data collection and dynamically 
assessed during each hour of continuous monitoring. This is because ambient methane 
concentrations vary rapidly in the atmosphere due to changing source dynamics, changing 
sources advected into the observation area (e.g., synoptic scale weather patterns), and 
stochastic and turbulent flow in the atmospheric boundary layer. 

Suggested changes to 93504(g) 

93504(g) Baseline conditions shall be established for EDS that detect leak plumes 
downwind of a source (e.g., point sensor network EDS, open-path EDS). The EDS shall 
remain capable of detecting and reporting leaks during the period in which baseline 
conditions are being established. The process to establish baseline conditions shall meet 
the following minimum requirements:  

(1) The EDS shall collect 12 months of valid hourly measurements before 
establishing baseline detection target concentration(s).  

(A) Measurements shall be representative of normal operating conditions of 
the production equipment monitored by the EDS. Periods when maintenance 
activities, malfunctions, or leaks occur from production equipment 
monitored by the EDS shall be excluded from baseline conditions.  

(B) Days with incomplete data five (5) or more hours of missing measurement 
values) shall be excluded from baseline conditions.  

(12) An interim baseline value shall be calculated for each time-resolved 
measurement collected pursuant to 93504(c). each calendar month and include all 
valid hourly measurements collected to date, until baseline detection target 
concentrations have been established pursuant to subparagraph 93504(g)(1).  
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(23) Measurements shall be made using the same averaging time as used for the 
EDS alert threshold(s) calculated pursuant to paragraph 93504(e).  

(34) Baseline detection target concentration(s) shall be calculated as the arithmetic 
mean of baseline measurements made pursuant to subparagraph 93504(g)(1).  

(45) The methodology used to establish baseline detection target concentration(s) 
shall be documented in the LDRP.  

 

Discussion of recommended changes to 93504(h)  

The use of a single downwind direction could reduce protections for nearby communities 
under meteorological conditions that are not predominant.  

We recommend that modeling and siting be simplified such that, based on representative 
meteorological data (historical weather and wind patterns), an EDS must be sited between 
each source and sensitive receptor.  

We comment that use of AERMOD not be explicitly required, but that any calculations used 
for siting should rely on AERMOD formulations and definitions. Full use of AERMOD may not 
be necessary for establishing mathematically defensible siting criteria and its use or non-
use should be left to submitted LDRPs. 

We recommend that representative meteorological data be used to determine the locations 
of sensors to ensure that plumes from sources will be intercepted prior to reaching sensitive 
receptors under 90% of meteorological conditions expected for the region. 

Suggested changes to 93504(h) 

(h) Any air dispersion modeling of potential leaks from production equipment monitored by 
the EDS to identify REL-level leak rates and to inform siting of EDS downwind of sources 
based on representative meteorological data shall conform to the air dispersion modeling 
guidance provided in the OEHHA Air Toxics Hot Spots Program Guidance Manual, which is 
defined in paragraph 93502(a) of this subchapter.  

(1) Formulations and definitions consistent with AERMOD shall be used for any air 
dispersion modeling or siting calculations.  

(2) If methane is used as a surrogate detection target, the ratios of methane to toxic 
of highest concern identified pursuant to paragraph 93504(b) shall be used to 
determine the REL methane concentration at each sensitive receptor and the 
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corresponding REL-level leak rate for each source location that would result in that 
concentration enhancement.  

(3) The air dispersion modeling shall account for the location, as identified in 
paragraph 93504(m), of all production equipment monitored by the EDS.  

(4) The air dispersion modeling shall be used to demonstrate that for 90% of 
meteorological conditions under which a sensitive receptor is downwind of a 
source, based on representative meteorological data, at least one (1) EDS is located 
between the source and the sensitive receptor. 

(54) Air dispersion modeling inputs, methods, and results shall be documented in 
the LDRP, including at minimum the following information:  

(A) Input parameters, including production equipment locations, receptor 
grid configuration, source parameters and locations, meteorological data, 
and terrain data.  

(B) Modeling methods, description of all modeling steps, and software 
version(s).  

(C) Modeling results, including a table of REL-level leak rate(s), 
demonstration that at least one (1) EDS is sited between each source and 
each sensitive receptor for 90% of representative meteorological 
conditionsisopleth maps, and a sensitivity analysis of source parameters.  

 

Discussion of recommended changes to 93504(i) 

The number of meteorological parameters and the granularity at which measurements of 
those parameters are required create unnecessary burden for operators and EDS vendors. 
Wind speed and direction are important parameters to measure locally to understand toxic 
air contaminant (TAC) transport. Other parameters are not necessary for this purpose, such 
as temperature, pressure, and relative humidity. Sufficient data representativeness for 
these parameters can instead be acquired from nearby regional meteorological stations and 
extrapolated spatially or from climate reanalysis data to reduce burden. 

We recommend that EDSs shall include at least one (1) anemometer to measure wind speed 
and direction representative of the facilities or areas covered by the EDS, as spatial coverage 
can vary by EDS type. We also recommend that flexibility in the rules be given to allow EDS 
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to use temperature, pressure, and relative humidity data acquired from nearby regional 
meteorological stations or other climate data sources.  

Mandating that the EPA guidelines for meteorological sensor quality, siting, and quality 
assurance are followed is overly prescriptive. EDS vendors use different instruments and 
deploy them differently to measure meteorological parameters, mainly wind speed and 
direction. Controlled release test results that have been peer-reviewed encode vendor-
specific approaches to wind measurement. The EPA guidelines are also outdated in the 
context of modern instruments such as ultrasonic anemometers that have no moving parts 
and require no calibration. 

Given our comment on requiring local wind speed and direction measurement only, we 
therefore recommend that flexibility be given on anemometer siting, where best practices 
specific to each vendor should be followed, rather than a prescriptive single standard. We 
also recommend that anemometer calibration, if required, follow manufacturer 
specifications, and records of those calibrations maintained. Last, we recommend that 
remote quality assurance checks for anemometers be allowed and records of those checks 
maintained. This addresses the outdated EPA guidelines and accounts for cellular-enabled 
EDS that transmit data to remote servers.  

Operators should be required to document in their LDRPs the data source(s) for temperature, 
pressure, and relative humidity measurements, the number and type of anemometer(s) that 
will be used for an EDS, their locations, calibration requirements and schedule (if required), 
and what, how, and how often quality assurance checks will be performed on the 
anemometer(s). 

Suggested changes to 93504(i) 

93504(i) The EDS shall include a meteorological monitoring system that shall have sufficient 
sensors to continuously measure wind speed and direction representative of meteorological 
conditions at the facility or area covered by the EDS, including ambient temperature, ambient 
pressure, relative humidity, wind speed, and wind direction, with the ability to continuously 
record measurements at a measurement resolution of one (1) minute or less. Other 
meteorological parameters such as temperature, pressure, and relative humidity shall be 
acquired from regional meteorological stations or other climate data sources at a resolution of 
(1) hour or less if they are not measured by the EDS. 

(1) The number and type of anemometers and how they are sited Meteorological sensor 
quality, siting, and quality assurance shall, to the extent site-specific conditions allow, 
follow EDS vendor specific approaches that have been established through controlled 
release tests. adhere to the specifications and guidelines that are specified in the U.S. 
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EPA Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IV: 
Meteorological Measurements (March 24, 2008), which is incorporated herein by 
reference.  

(2) If anemometers require calibration (i.e., they have moving parts), manufacturer 
guidelines and scheduling shall be followed, and records of calibrations maintained. 

(3) Quality assurance checks for anemometers (e.g., instruments have power, are 
recording data, internal compass is oriented to true north) shall be performed remotely 
or physically in the field if remote checks are not feasible, with records of the quality 
assurance checks maintained. 

(4) (2) The EDS meteorological monitoring system shall have the ability to store at least 
five (5) years of continuous wind speed and direction instrument data at a data resolution 
of one (1) hour or less. 

(5) The data source for meteorological measurements other than wind speed and 
direction shall be documented in the LDRP. 

Discussion of recommended changes to 93504(j) 

If the EDS are collecting data on a 1-hourly-averaged basis, then it would risk inconsistency 
to require notification in time intervals less than one hour.  

Suggested changes to 93504(j) 

93504(j)(1) The EDS shall be programmed to automatically trigger the alarm system and 
generate and send a notification to the operator as soon as technically feasible, but no later 
than 15 minutes after the detection target identified in the approved LDRP is found to have 
exceededs an alert threshold determined pursuant to paragraph 93504(e) and identified in 
the approved LDRP.  

 

Discussion of recommended changes to 93504(m) 

Contractors not familiar with EDS that visit oil and gas facilities to perform workovers or 
other maintenance may move EDS, reducing their effectiveness in measuring and alerting 
to RELs of toxic air contaminants or methane if used as a surrogate, and creating a risk for 
sensitive receptors downwind. 

We therefore recommend that ongoing checks be required as part of broader quality 
assurance measures to confirm that EDS remain sited as documented in LDRPs. If EDS 
require repositioning, LDRPs should be updated, and if a sensitive receptor is located 
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downwind of a source, a demonstration should be made showing that at least one (1) EDS 
remain located between the source and the receptor for 90% of meteorological conditions. 

93504(m)(8)(I) Quality assurance procedures, including:  

1. What quality assurance checks will be made and their timing to confirm EDS 
remain sited in their original locations. 

21. Data quality indicators for the EDS, including the meteorological monitoring 
system. 

32. When and what quality assurance checks are made to the data, including raw 
data, processed data, and output data. 

43. Procedures for tracking data quality indicators and corrective actions for 
inclusion in annual reporting pursuant to subparagraph 93504(m)(8)(K). 

54. Performance audit validation template for use in independent performance 
audits pursuant to paragraph 93504(n). 

 

Additional comments Re: Evaluation of Potential Performance Standards for 
Continuous Emissions Monitoring Systems for Upstream Oil and Gas Production Sites 
in California Draft: January 7, 2026 

Comment 1: 

On pages 12-13, the following statement is made: 

The quickest detecting scanning or imaging EDS detected leaks more quickly than the 
quickest point sensor network EDS, but high performing point sensor network EDS have 
detected a greater proportion of smaller leaks than other EDS types. No open-path EDS have 
yet participated in published ADED protocol testing, although they have conducted ad-hoc 
testing at METEC.  

It is incorrect that no open-path EDS have yet participated in published ADED protocol 
testing. The LongPath Technologies, Inc. open-path EDS has participated in the published 
ADED 2.0 protocol testing, administered by TotalEnergies at the TotalEnergies Anomalies 
Detection Initiative test center in June of 2025. The results were published in MDPI 
Atmosphere in December, 2025 (Atmosphere 2025, 16(12), 1409; Validation Testing of 
Continuous Laser Methane Monitoring at Operational Oil and Gas Production Facilities). We 
have appended the full text of that publication to this comment. 
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Comment 2: 

On page 13, Table 2 states “No Data” for the column of “Open-Path EDS”. The LongPath 
open-path EDS has published results from the ADED 2.0 protocol administered by the 
TotalEnergies Anomalies Detection Initiative in June of 2025. Below are the results from that 
testing.  

• 90% POD threshold in kg/h 
o LongPath Open-Path EDS had zero false negative results. The lowest emission 

rate tested and detected by LongPath was 0.396 kg/h 
• Percent of rate estimates within a factor of 2 (%) 

o 83% of Rate Estimates were within a factor of 2 
• Mean Detection Time (h) 

o <1 minute 
• False Negative Rate (%) 

o 0% 
• Percent of Leaks Located to Equipment Level (%) 

o 100% of leaks were attributed to the correct TADI zone (north versus south) 

Comment 3: 

On page 13, the following statement is made: 

It is important to note that LDAQ EDS performance in active oil and gas production field 
settings tends to be worse than in controlled test environments like at the METEC test facility, 
as indicated by initial field-based controlled release studies (Day et al., 2024). As of the time 
of this document’s writing, there is no publicly available dataset that combines EDS outputs 
with known emission rates from operating oil and gas production facilities. However, this is 
an area of active research. 

We refer CARB to the following publication, which is also appended to our comment: 
Atmosphere 2025, 16(12), 1409; Validation Testing of Continuous Laser Methane Monitoring 
at Operational Oil and Gas Production Facilities 
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Article

Validation Testing of Continuous Laser Methane Monitoring at
Operational Oil and Gas Production Facilities
Caroline B. Alden 1,*,† , Doug Chipponeri 1,†, David Youngquist 1, Brad Krough 1, Amanda Makowiecki 1,
David Wilson 1 and Gregory B. Rieker 1,2,†

1 LongPath Technologies, Inc., Boulder, CO 80301, USA
2 Paul M. Rady Mechanical Engineering Department, University of Colorado, Boulder, Boulder, CO 80309, USA
* Correspondence: caroline.alden@longpathtech.com
† These authors contributed equally to this work.

Abstract

Methane emissions at oil and gas facilities can be measured in real time with continuous
monitoring systems that alert operators of upset conditions, including fugitive emissions.
We report on extensive operator field testing of a continuous laser monitoring system in
~year-long deployments at 46 oil and gas sites in two U.S. basins. The operator assessed
periods of non-alerts with daily optical gas imaging sweeps to confirm emission status.
Detection precision was 98% and false positive and negative rates were 3%. Quantification
of challenge-controlled release tests at active oil and gas sites yielded a measured versus
true emissions curve with slope = 1.2, R2 = 0.90. Repeatability test measurements of four
production facilities with two different laser systems showed 33.9% average quantification
agreement. Separate third-party blind controlled release testing at two state-of-the-art test
facilities yielded 100% true positive rate (0 false negatives). Combining the third-party
blind tests with field tests, emission rate quantification uncertainty was +/−41% across five
orders of magnitude. These varied evaluation approaches validate the measurement system
and operator integration of data for measurement and monitoring of upstream oil and
gas emissions and demonstrate a test regime for vetting of monitoring and measurement
technologies in active oil and gas operations.

Keywords: greenhouse gas; measurement; blind test; natural gas; mitigation; ADED 2.0;
OGMP 2.0; LDAR; leak detection and repair

1. Introduction
Methane is a potent greenhouse gas with a high global warming potential in the

atmosphere [1]. In the oil and gas sector—one of the largest anthropogenic sources of
methane—emissions are highly variable, both spatially and temporally, often driven by
intermittent events that may be poorly captured by traditional survey-based approaches [2,3].
Mitigation of methane emissions from oil and gas also offers the co-benefit of reducing
other gases that can be hazardous to human health [4]. As corporate, regulatory, investor,
and public commitments to emissions reduction continue to grow, operators seek methods
to quantify and reduce emissions with better accuracy and transparency. Continuous
emissions measurement and monitoring (CEMM) technologies offer an alternative to
conventional methods by providing high-resolution, near-real-time data that can reveal
emission patterns, detect anomalies, and verify reductions. These systems are particularly
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well-suited to capturing emissions that can evade detection during periodic inspections
but may contribute disproportionately to total emissions [3,5].

Methane measurement and monitoring systems must meet the needs of a diverse set
of stakeholders: operators require tools that enable efficient mitigation and operational
decision-making; regulators demand defensible data that supports compliance and en-
forcement; investors seek credible metrics for emissions intensity and reporting; and the
public expects transparent, verifiable reductions in climate-relevant emissions. Several
technologies, including those demonstrated here, have already been approved by the Envi-
ronmental Protection Agency (EPA) for use in screening for fugitive emissions on oil and
gas sites [6]. However, operators often have additional criteria for adoption, including
strict requirements for minimal false positive alerts. It is therefore important to test the
accuracy and credibility of CEMM data not only at controlled test centers but also in active
oil and gas operations. This study goes beyond typical blind testing at a single test facility,
expanding on the validation of the system by testing under multiple different test proto-
cols and frameworks, and across a wide variety of site and test site types. All tests were
designed and administered by independent third parties, with results reported here having
been compiled and delivered to the authors by the third parties.

This study reports primarily on extensive field tests of the LongPath Laser Emissions
Sensing Network [7] in operational oil and gas settings. Secondarily, this study reports on
test center validation. Whereas controlled releases at test facilities following standardized
protocols and programs have controlled baseline emissions, these test sites are typically
highly simplistic simulacrums of true oil and gas operations. By contrast, challenge releases
and other validation tests at facilities that are actively producing, processing, and trans-
porting oil and gas are “performed on top of a facility’s normal operational emissions” [8].

Operational testing took place across 46 upstream and midstream oil and gas facilities
and well sites in two U.S. basins over the course of one year. The testing took place across a
diversity of upstream oil and gas operations across different regions, including different
vintages of equipment and site designs. Operator testing of the LongPath system was
designed and executed by the operator with the goal of assessing the following system
capabilities: emissions detection and monitoring for leak detection and repair via true
positive, false positive, true negative, and false negative results; emissions detection and
monitoring of elevated equipment leak sources that can challenge some ground-based
systems; quantification accuracy of fugitive emissions sources; quantification accuracy of
blind controlled release emissions sources on active oil and gas production facilities or
challenge test environments; quantification accuracy vis a vis independent measurements
of the same site; and overall emissions reductions attributable to monitoring, including
through the impact of operations teams access to real-time methane emissions data. The
technology was additionally subjected to two different third-party test center protocols,
designed and administered by the Colorado State University, the Methane Emission Tech-
nology Evaluation Center (METEC), TotalEnergies Anomalies Detection Initiatives (TADI),
and Stanford University. These protocols assessed detection and quantification accuracy in
controlled settings.

2. Materials and Methods
2.1. LongPath Continuous Emissions Measurement and Monitoring

The LongPath Laser Emissions Sensing Network (LongPath Technologies, Inc., Boul-
der, CO, USA) measures (quantifies the mass emission rate of) and monitors (alerts on
abnormal and fugitive emissions of) methane emitted from industrial infrastructure, such
as oil and gas production, transmission and distribution sites, and equipment.



Atmosphere 2025, 16, 1409 3 of 20

The method requires operator cooperation for the installation of a laser transceiver
and retroreflective mirrors (“reflectors”) near their oil and gas infrastructure to measure
atmospheric methane concentrations. One LongPath laser node has one laser transceiver
and can monitor one or more production or processing facilities, well sites, compressor
stations, or other similar sites using two or more inexpensive reflectors. Local collection
of atmospheric meteorological parameters using an anemometer and atmospheric inver-
sion modeling allows the system to autonomously determine the presence, rate(s), and
location(s) of methane emissions from oil and gas infrastructure. Automated alerting
algorithms notify operators of problematic or unusual methane emissions in real-time.

Atmospheric concentrations are measured using long-range open-path laser spec-
troscopy, in which the absorption of the laser light at wavelengths resonant with quantum
transitions of methane is recorded and converted into an integrated methane concentration
along the beam path [9,10]. The atmospheric concentration of methane gas measured at
a sensor downwind of a site, CH4 ATMOS, is influenced by background methane concen-
trations, CH4 BG, and methane emissions occurring on the site, including both fugitive
emissions, xFUG, and non-target (non-fugitive) emissions, xNTE. In Equation (1), A is a function
linking emission sources, x, to changes in atmospheric methane concentrations, ∆CH4:

CH4ATMOS = A(xNTE + xFUG) + CH4BG = ∆CH4 + CH4BG (1)

The LongPath method measures CH4 ATMOS and background (CH4 BG) and solves for
total emissions (∆CH4) directly [9,11,12].

2.2. Operational Oil and Gas Sites and Validation Test Locations

The operational oil and gas site validation test data were collected with 5 LongPath
laser nodes deployed in two different United States oil and natural gas producing basins.
Table 1 describes the density and type of sites measured and monitored by each of the
nodes. The locations of sites and any designations that relate to the oil and gas owners and
operators (hereafter, “operator”) that participated in the study were anonymized by using
basin numbers, LongPath laser node names, and facility numbers when referring to sites
and results. In this study, production facility or facility is used to refer to an oil and/or
gas production facility with one or more storage vessels and equipment to gather crude
oil, condensate, produced water, or intermediate hydrocarbon liquid from one or more
offsite natural gas or oil production wells. Well site is used to refer to wellhead only sites
and, additionally, well sites that may include one or more pieces of production equipment,
including reciprocating or centrifugal compressors or storage vessels but are not used
for centralized production or gathering. In this study, all well sites included additional
production equipment; no sites were wellhead only. Figure 1 shows an example sensor
layout on a site.

Table 1. LongPath laser nodes and study sites. In Basin 2, there were 5 sites that were monitored by
two nodes. Of the 36 unique sites monitored in Basin 2, 19 were well sites and 17 were production
facilities. In Basin 1, 8 production facilities, 1 well site, and 1 processing plant were monitored.

LongPath Laser Node Number of Sites Site Types Duration of Testing

Basin1-Node1 8 7 Production Facilities and 1 Well Site 10 months
Basin1-Node2 2 1 Production Facility and 1 Processing Plant 10 months
Basin2-Node1 10 4 Production Facilities and 6 Well Sites 9 months
Basin2-Node2 13 5 Production Facilities and 8 Well Sites 9 months
Basin2-Node3 18 10 Production Facilities and 8 Well Sites 9 months
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Figure 1. Example site layout for facility Basin1-Node1-Facility2, with teal polygon showing the area
of the site and textured background showing non-leased land. The orange lines bounding the site
equipment (shown with yellow polygons) show the sensor geometry and are 1–6 m above ground
level. The orange arrow shows the direction of the node Basin1-Node1 location of the spectrometer.

Throughout the full 10-month monitoring period in Basin 1 and the initial 7.5 months
in Basin 2, operators received continuous access to data through the LongPath dashboard
and API, with abnormal and fugitive emission events also triggering automated email and
text alerts to operations staff. During the final 1.5 months of observation in Basin 2, this
access was discontinued, creating approximately 63 site-months of monitoring conducted
in a “data-off” configuration. After this cutoff, LongPath continued to measure and record
emissions at all sites without interruption, but operators no longer received data streams or
alerts regarding emission activity, including those related to fugitive releases. The results of
this test, which assesses the correlation between emissions reduction and operator access
to data, can be found in a companion paper [13].

The test center single-blind controlled release validation testing was performed over
the course of approximately one month at the Stanford Large Release Facility (“Stanford”)
in Arizona and over the course of approximately one week at the TotalEnergies Anomalies
Detection Initiatives (TADI) test facility in France.

2.3. Leak Detection Classification Schema

An important application of emissions monitoring data is for leak detection and repair
(LDAR). LDAR programs that use continuous measurement and monitoring solutions
send alerts to operators when specific characteristics of the collected data suggest that a
fugitive emission source (i.e., leak) or other upset conditions may be causing abnormal or
unintended emissions. The alert tells the operator that emissions mitigation actions may
be necessary. Validation testing of the LongPath system was performed to measure the
precision and accuracy of LongPath alerts for abnormal emissions [14,15]. Standard true
and false positive and negative nomenclature were used to characterize LongPath data and
alerts, for example, as shown in Table 2.

Table 2. Classification of alert or non-alert results for validation testing.

Result Classification Alert Status Emissions Status

True Positive Alert Sent Emissions Abnormal
True Negative No Alert Sent Emissions Normal
False Positive Alert Sent Emissions Normal

False Negative No Alert Sent Emissions Abnormal
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These characterizations of alerting efficacy were further consolidated into descriptions
of accuracy and precision (Table 3) [14,15].

Table 3. True positive, true negative, false positive, and false negative analysis [14,15].

Result Label Formulation (%) Description

True Negative Rate
(Non-Emission Accuracy)

TN
TN+FP × 100

The percentage of correctly identified
operator-confirmed non-emission periods.

Precision
(Emission Identification Reliability)

TP
TP+FP × 100

The percentage of reported emissions that were
correctly identified according to operator

confirmation, or the reliability of the system in
reporting emission detection.

Accuracy TP+TN
TP+TN+FP+FN × 100

The percentage of system reports that agree with
the operator-confirmed state of emissions.

Non-Emission
Identification Reliability

TN
TN+FN × 100

The percentage of reported periods correctly
identified as non-emission according

to operator confirmation.

False Positive Rate FP
FP+TN × 100

The percentage of emission events with operator
confirmation of no abnormal emissions.

False Negative Rate FN
FN+TP × 100

The percentage of emission events that were not
reported but were confirmed by the operator.

Three forms of detection validation testing of the LongPath system were undertaken:
verification of operational emission status, challenge testing of controlled releases at opera-
tional oil and gas facilities, and controlled release testing at third-party test facilities.

2.4. Validation Testing: Operational Emissions Verification

The operator subjected the LongPath data to single-blind assessment of the “true”
nature of emissions in active oil and gas operations, as assessed by other means. The
operator developed and implemented blinded assessments of both alert (emission events)
and non-alert periods. Specifically, true positive and false positive results were assessed
based on the operator’s investigation follow-ups in response to receipt of a LongPath alert.
True positive results were confirmed by aligning one or more independent data point
indicating abnormal emissions, for example, from optical gas imaging (OGI), physical
identification of abnormal conditions (e.g., open thief hatch, unseated seal), or correlation
with SCADA data. False positives were assigned when no such correlating independent
data were identified. To assess false negative and true negative results, the operator
performed frequent OGI inspections of all sites. In Basin 1, the operator performed daily
OGI inspections of every monitored site for a period of three months—from November 2023
to February 2024. Leak or other upset conditions discovered by other means were also
recorded for assessment of true positive or false negative results. For example, a high-
pressure alarm from a tank sensor was recorded by the operator as a fugitive emission and
logged as a false negative event, as there was not a coincident LongPath alarm.

2.5. Validation Testing: Operational Controlled Release Challenge Testing

The operator performed in-field challenge release testing of controlled releases at
active oil and gas facilities in both Basin 1 and Basin 2. Challenge release test conditions
are those in which baseline emissions (xNTE) from the sites are present and not directly
known by either the operator or the technology solution. For all tests, all siting, duration,
location, and rate constraints were established and administered by the operator. The
operator metered the controlled release flow rate using a regulator and flow meter at a
single simulated source location. The meter was specific for methane and had a glass tube
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and ceramic ball and was monitored for icing. The operator did not estimate uncertainty in
the controlled flow rates.

The operator test design was intended to simulate a “multiple release test”, in which
emissions due to normal operating conditions at the site (e.g., incomplete combustion
from flares, compressor exhaust, and emissions from pneumatic devices) were present in
addition to an added, single controlled release simulating a fugitive source.

The operator administering the controlled releases in Basin 1 chose to run multiple
shorter (2 h) tests at each location so that each source location could be tested at different
times of day (see Supplementary Materials). An additional single longer-duration test was
chosen by the operator to see whether quantification accuracy changed with test duration.
The operator administering the controlled releases in Basin 2 similarly chose to run multiple
shorter-duration (1–2 h) tests to maximize the number of locations and rates that could be
tested at different times of day.

The operator in Basin 1 aimed to meter the controlled releases at rates that would be
comparable to the EPA periodic screening detection limits of 10 kg/hr and 15 kg/hr [16].
The operator administering the controlled releases in Basin 2 aimed to meter the controlled
releases at rates that would be comparable to the EPA periodic screening detection limits of
5 kg/hr, 10 kg/hr, and 15 kg/hr [16].

Basin 1 challenge release testing took place on two sites: Basin1-Node1-Facility5
and Basin1-Node1-Facility2. Basin1-Node1-Facility5 was a production facility with tanks,
separators, wells, and other production and processing equipment. At site Basin1-Node1-
Facility5, controlled releases were tested at three different locations: Location 1 was a
ground-level release near but not at the location of the meter run; Location 2 was a ground-
level release near but not at the location of a wellhead; and Location 3 was on a set of stairs
leading to a tank battery, 2 m above ground level. Each location at Basin1-Node1-Facility5
was tested at least twice over the course of two days. Each individual release period
lasted for approximately 2 h and at an estimated controlled release rate of 15 kg hr−1.
Basin1-Node1-Facility2 was a production facility with tanks, separators, wells, and other
equipment. At Basin1-Node1-Facility2, the controlled release Location 4 was in the center of
the pad, near the separators, 3 m above ground level. At Location 4, a single longer-duration
(11 h) release was run at an estimated controlled release rate of 10 kg hr−1.

The Basin 2 challenge release testing was targeted specifically at LongPath detection
of leaks from taller equipment types. Oil and gas facilities can have a wide range of
equipment heights, which can pose a challenge for ground-based emissions monitoring
and measurement solutions. In the upstream segment, tanks and flares can be relatively
high above the ground compared with other equipment types. To assess the LongPath
system’s leak detection accuracy on elevated equipment types, the operator designed and
performed a series of blind tests at differing heights above ground level.

The Basin2 test pad was a relatively large, centralized tank battery. The operator placed
a gas line in three different locations on the site: Location 5 was 6 m above the ground at
the top of a stairway up to a tank battery; Location 6 was 1.5 m above the ground near the
same battery; and Location 7 was 7.6 m above the ground, midway across a walkway at
the top of the tanks. Blind tests were performed across three days. Thirteen individual
tests were performed at rates of 4.4 kg hr−1 (1), 5 kg hr−1 (1), 8.3 kg hr−1 (1), 10 kg hr−1 (3),
and 13.8 kg hr−1 (7), with 6 tests at location 5, 2 tests at location 6, and 5 tests at location 7.
Each location was monitored by two nodes. This allowed for an effective doubling in
the duration of test data collected, without doubling of operator personnel time or gas
lost to the atmosphere. All data collected in all experiments described in this study were
processed on independent edge computing devices with no data or information sharing
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between nodes. Each test was 1–2 h in duration. Test locations, times, durations, and rates
are found in the Supplemental Materials.

2.6. Validation Testing: Third-Party Controlled Release Testing

The third method of validation testing of the LongPath system was single-blind
controlled release testing at two controlled release test facilities and under two protocols:
the Advancing Development of Emissions Detection (ADED) 2.0 protocol and the Stanford
large release test protocol [14,17]. A probability of detection (POD) curve was created
using data collected under these protocols combined with data at lower emission rates
from previous testing at the Methane Emissions Technology Evaluation Center [11,18].
The probability of detection curve was calculated using TP and FN detections and the
independent variable of emission rate. Curve fitting was performed using a logistic function
with an asymptote at 100% detection, with bootstrapping to calculate confidence intervals.
For Stanford tests, the TP and FN confusion matrix was populated by evaluating the
intersection of Stanford-defined emission events with LongPath-reported emission events
(answering the question: “When there is a release of gas onsite, is the continuous monitoring
solution effectively identifying the emission?”) [14]. A classification of TP and FP was
assigned via the methodology of Chen et al. (2024), using ≥10% overlap of Stanford-defined
positive events with LongPath-defined positive events and >90% overlap of Stanford-
defined positive events with LongPath-defined negative events, respectively [14]. All
Stanford events were down-selected to events with a minimum duration of 15 min to align
with the reporting frequency detailed in Section 3.4. The data collected at TADI under
the ADED 2.0 protocol were included in the confusion matrix following the sample-based
metrics defined for filtered and paired detections as described in the protocol [17].

2.7. Quantification of Site-Wide Emissions, Fugitive Emissions, and Controlled Releases

Accurate quantification of emission rates is important for long-term study of the
efficacy of mitigation strategies, accurate inventory reporting, and prioritization of repairs
and equipment replacement. This is particularly true for fugitive emissions sources, so that
operators can identify the effects of other mitigation strategies on the frequency, duration,
and rate of unplanned emissions. The emission rate for a fugitive emission source is
characterized in this context as emissions (xFUG) that exceed the baseline emission rates
(xNTE) for the site for unintended or otherwise non-process reasons (Equation (1)).

The LongPath system’s quantification accuracy was validated using four independent
methods. First, when possible, the operator compared the LongPath-reported emission rate
for fugitive emission alerts to quantitative OGI (Q-OGI). Although Q-OGI does not have
a demonstrated consistency in quantification, it was nonetheless a secondary method of
assessment [19], and while Q-OGI is source level, the quantification of site-level emissions
by LongPath required removal of baseline rates to obtain fugitive emission rates. Second,
the challenge testing of controlled releases of methane at active oil and gas sites with
non-zero xNTE offered an important opportunity for quantification verification. Third,
emissions quantification of controlled releases at third-party test facilities was assessed.
And finally, emission rate quantification agreement between two independent LongPath
systems measuring the same site was assessed.

Accurate site-wide emissions quantification is increasingly important for measurement
informed inventories and protocols that require top-down emissions estimates to be recon-
ciled with other scales of measurement, for example, the Oil and Gas Methane Partnership
(OGMP) 2.0 [20]. While third-party controlled release testing is the gold standard for con-
trolled site-wide emissions testing, the comparison of rates measured by independent laser
systems measuring the same site also provided a unique means to test the site-wide quan-
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tification capabilities of the LongPath system. In Basin 2, 5 different sites were measured
and monitored by more than one node for 9 months. One site, Basin2-Node1-Facility8,
was installed specifically for the purposes of forcing a failure of the system by having one
of the measurement laser beams for the site pass directly over the compressor exhaust
of a different site. Excluding the site with forced failure limitation testing, 4 sites offered
comparison of quantification information (Table 4).

Table 4. Production facilities that were measured by separate laser nodes for assessment of emissions
quantification precision, with site name, distance of site to measuring node, and notes on tests that
were performed.

Facility Node 1 Node 2 Node 3 Test Nodes

Facility 2 Basin2-Node1-Facility2 --- Basin2-Node3-Facility2 • Quantification Comparison
• Blind challenge testing of tall emission sources940 m 1200 m

Facility 3 --- Basin2-Node2-Facility3 Basin2-Node3-Facility3 • Quantification Comparison1926 m 1439 m

Facility 9 --- Basin2-Node2-Facility9 Basin2-Node3-Facility9 • Quantification Comparison1857 m 2603 m

Facility 10 --- Basin2-Node2-Facility10 Basin2-Node3-Facility10 • Quantification Comparison1848 m 2411 m

The emissions distributions from both datasets for the 4 sites were compared for
verification of site-wide quantification precision.

3. Results
3.1. Detection and Quantification Validation: Operational Emissions

Across all sites and all months of monitoring, a total of 197 emission events were
recorded, either by the LongPath system, the operator, or both. These included 116 events
alerted through LongPath’s automated alerting protocols, 37 blind testing events, 17 events
found by other means, and 27 OGI inspections.

Overall, the LongPath system’s emission identification reliability (precision) was
98%, meaning nearly all LongPath alerts were confirmed as true positive by the operator.
Figure 2 shows results of emissions that generated alerts as well as periods when abnormal
emissions were noted but alerts were not necessarily generated because persistency and/or
rate were below the operator-set alert thresholds. True negative rates were measured
directly by the operator in single-blind fashion by deploying random OGI checks during
non-alert periods; LongPath was blind to the number, timing, and location of OGI visits.

Figure 2. True positive rate, true negative rate, precision, accuracy, non-emission identification
reliability, false positive rate, and false negative rate are shown, as defined in Table 3.



Atmosphere 2025, 16, 1409 9 of 20

The differences in accuracy and reliability rates considering alerts only and alerts
plus abnormal emissions are important because alerting thresholds and criteria are chal-
lenging to set and somewhat separate from the ability of the system to detect abnormal
emissions. There were 17 possible fugitive emissions found by other means by the operator.
These emissions were not measured by Q-OGI or quantified by other means, so it was
not known whether they were above or below the LongPath alert thresholds. Of these,
16 were evident in the LongPath data but an alert had not yet been sent because the alert
criteria required higher persistency, duration, and/or rate. Only one operator-reported
event was not evident in the LongPath data at all, but that event was not confirmed with
OGI and was logged by the operator based on an intermittent spike in tank pressure
alone. One false positive was triggered but it was due to deliberate experimentation
with the LongPath system siting by the operator, and the system behaved as expected
(see Supplementary Materials).

An important part of fugitive emissions monitoring with site-level quantification
methods is to ensure the lack of small fugitive emissions in the XNTE or baseline profile.
During the Basin 1 tests, a clean OGI sweep was not initially performed by the operator on
any sites prior to the initiation of LongPath monitoring. Additionally, during the initial
phase of monitoring, alert thresholds were set by the operator to a high rate of >50 kg hr−1

to preclude operator alert fatigue during the initial integration phase. Consequently, four
small fugitive emissions, all <30 kg hr−1, were seen in a subsequent OGI inspection that
was performed on all sites to verify baseline rates. Following the autonomous adaptation
of the system to the new emissions baseline rates for each site, five additional fugitive
emissions < 2 kg hr−1 were found by OGI through the remainder of the test period. All
five emission sources were confirmed by Q-OGI to be below the LongPath alert threshold
such that an alert was not triggered. The operator noted that future best practice for the
operator use of site-wide CEMM was to perform an OGI inspection of the entire facility
immediately before, after, or during the baseline collection period for a site to ensure that
emissions designated as xNTE do not inadvertently include undetected fugitive emissions
sources [16].

For two true positive LongPath alerts, the operator used Q-OGI to compare with the
LongPath-reported rates for fugitive emission events. The first emission event was due to a
pneumatic controller malfunction. The LongPath-recorded baseline emission rate during
the week prior to the fugitive emission event was 7.0 kg hr−1. The average emission rate
during the fugitive emission event, which lasted 8 h in duration, was 20.6 kg hr−1. The
difference of 13.6 kg hr−1 was attributed to the fugitive leak, per Equation (1). The same
leak was estimated to be 15.0 kg hr−1 by the Q-OGI assessment, indicating agreement
within 10% of the LongPath and Q-OGI quantified rate. The second emission event was
due to a leaking fuel gas line on a vertical gas scrubber. The LongPath-recorded baseline
emission rate during the week prior to the fugitive event was 14.8 kg hr−1. The average
emission rate during the 12.5 h event was 28.7 kg hr−1, implying a fugitive emission rate of
13.9 kg hr−1. The Q-OGI reading at follow-up was 5.6 kg hr−1, or a roughly 60% difference
from the LongPath rate. Averaging these two comparisons, the overall agreement between
LongPath and Q-OGI quantification of fugitive emission rates was 35%.

The operator further assessed LongPath system’s fugitive emission rate quantification
by comparing before-and-after changes in emission rates following repair of small emissions
below the LongPath alert thresholds that were caught with OGI surveys (see Figure 3). The
daily average across all sites decreased from 6.3 kg hr−1 on the day before the OGI survey
to 2.5 kg hr−1 on the day after the OGI survey, which identified small fugitive emissions at
4 of the 10 sites, although clear reductions were only evident at 2 sites within day-to-day
emissions variability. The daily average across the four sites where emissions were found
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was 8.5 kg hr−1 on the day before the repairs were made and 3.4 kg hr−1 on the day after
the repairs were made (Figure 3).

Figure 3. Daily (thin teal line), weekly (teal line with circles), and monthly (thick teal line with
squares) average emission rate per site, across all sites and all time in Basin 1. Black dotted line
shows the date of an OGI survey that found small fugitive emissions on four sites. Inset shows daily
emission rates for those four sites (symbols) and average rates across those four sites for each day
(red horizontal lines).

3.2. Alert Frequency and Time-to-Alert

In cases of true positive emission events, time-to-alert and time-to-repair were im-
portant metrics for operator assessment of overall emissions reductions. Avoidance of
so-called “alert fatigue” was also noted by the operator as an important gating criterion for
advanced continuous LDAR systems to be used in operational settings.

In Basin 1, across 100 facility-months of monitoring (10 months of continuous monitor-
ing on 10 sites), nine alerts were sent for emission events, for an average of one emission
event per site per year. The LongPath system’s average time-to-alert was 3.4 h and, in all
cases, time-to-alert was < 24 h. The average time-to-respond of the operator was 7.7 h,
resulting in an overall average duration of emission events of 11.1 h. In Basin 2, across
369 facility-months of monitoring, 108 alerts were sent for emission events, for an average
of 3.1 events per site per year. Time-to-alert was 11.1 h on average.

3.3. Detection and Quantification Validation: Challenge Testing

To assess quantification accuracy of controlled releases in a challenge test setting,
the measurement system must be able to measure total site-wide emissions and normal
operating emissions, xNTE, for differentiation of xFUG. For the tall equipment tests in Basin 2,
the baseline emission rate (xNTE) for the test site was 1.2 kg hr−1, as measured by LongPath.
The “fugitive emission rate”, or the rate corresponding to the controlled releases, was
calculated by subtracting xNTE of 1.2 kg hr−1 from the measured total site-wide emission
rates. To assess the impact of the potential dynamic nature of the baseline emission rate,
we calculated the standard deviation of the baseline emission rate for the two days before
testing and the two days following testing and found variability of 1 kg hr−1.

Due to the short duration of testing (2.1 h, on average), a significant number of raw
data readings spanned test start and end times, so a given raw data reading was considered
part of a test result only if >50% of the duration of the raw data reading was within the
test duration window. If two or fewer readings spanned a test window, then all available
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readings were used. As a sensitivity test, the results were reprocessed to also include
data with ≤50% and >0% overlap. For tests with a duration less than 3.5 h, results were
combined for consistency with LongPath’s EPA-approved test methods, which require
3.5 h of data at a minimum for a periodic screening [6]. To achieve this, when the same
sites and locations had tests with the same metered rates, those results were combined
(concatenated) to yield at least 3.5 h of raw data duration [6].

In all test cases, the average and median emission rates matched well with the expected
rates (Figure 4). The overall difference between the controlled release rates and the average
and median emission rates was less than 10%. The sensitivity test showed a change in fit
to the data of 1% for tests greater than 3.5 h in duration and 2% for tests less than 3.5 h in
duration. The slope of a line fit to the true and average reported rates was 1.2 (R2 = 0.9).
For the median of the data, the slope was 1.0 (R2 = 0.83). The variation in the agreement
included all variation due to spatiotemporal variability in the baseline emission rate as well
as uncertainties in the actual flow of gas from the controlled release point.

Figure 4. Box and whisker plots show the upper and lower quartiles as the top and bottom of the
shaded box, and maximum and minimum range excluding outliers as vertical capped lines on the
top and bottom. Individual points are shown, including outliers. The horizontal line in each box
shows the median and the x shows the mean of all data points. Test sites and locations are indicated
by the labels across the bottom axis, with B short for Basin, N short for Node, F short for Facility, and
Location for the controlled emission location. Boxes are grouped and colored by controlled release
test rate, which is also shown with the horizontal gray line (yellow is 4.7 kg hr−1; orange is 10 kg hr−1;
teal is 13.8 kg hr−1; blue is 15 kg hr−1).

The Basin 2 testing targeted tall emission source testing. Location 5 was 6 m above
the ground at the top of a stairway up to a tank battery; Location 6 was 1.5 m above the
ground near the same battery; and Location 7 was 7.6 m above the ground, midway across
a walkway at the top of the tanks.

The goal of the tall emission source challenge tests was to identify whether tall emission
sources were consistently detected by LongPath. The test results were assessed based on
comparison of the LongPath-reported emission rate with the estimated rate from the
metered release.

The blind testing was performed with dual monitoring from separate laser systems
(see Supplementary Materials). This allowed for an effective doubling of the test duration
that could be achieved without doubling personnel time or gas loss to the atmosphere. All
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results were processed at the edge on independent computing devices with no capacity for
data or results sharing.

At location 5, a 6 m tall leak above the tanks, and location 6, a 1.5 m tall leak near
the base of the tanks, increased emission rates were observed in the LongPath data in
100% of blind tests. At location 7, a 7.6 m leak height on the catwalk above the tanks,
80% of tests showed heightened rates. Of the 22 total tests, 20 showed elevated emissions
during controlled testing for a 91% true positive rate and a <10% false negative rate.
When test results were filtered to only include >2 h duration tests, the true positive rate
increased to 95% and the false negative rate decreased to 5%. Full test results are found in
the Supplementary Materials. These tests validate the consistency with which LongPath
CEMM provided the operator with immediate information about emission sources that
were elevated above ground level.

3.4. Detection Validation: Third-Party Test Facility Blind Test Controlled Releases

The blind test protocols for TADI followed ADED 2.0 [17], and the blind test protocols
for Stanford followed the Stanford Large Release Facility protocols, which, at the time
of writing, were in preparation for publication. Both protocols concealed the number or
timing of controlled releases to performers ahead of time.

At TADI, a total of 33 blind tests were administered: 28 tests with a single steady
release (Difficulty A), 3 tests with multiple steady releases (Difficulty B), and 2 tests of
non-methane gases (C4H10 and N2), which the LongPath system correctly identified as
true negative detections for methane. LongPath performed with a 100% true positive rate,
100% true negative rate, 0% false positive rate, and 0% false negative rate. The average test
duration was 57 min, with a minimum duration of 25 min and a maximum duration of 3.2 h.
The average time-to-detect, or start-time accuracy, of the LongPath system was 37 s, and
the LongPath system event duration accuracy was within 3% the true duration on average,
a critical metric for fugitive event reporting. Of the 33 tests with accurate detection, 2 were
not quantified because they were correctly identified as not being releases of methane gas,
and 1 was not quantified because the wind speeds were below 1 m s−1 [6,11].

At Stanford, a total of 216 tests were administered, with an average test duration
of 21 min. The minimum test duration was 1 min, and the maximum test duration was
9.8 h (see Supplementary Materials). Standard LongPath monitoring assesses emissions
over roughly 15 min windows. More than 50% of the Stanford-defined tests were shorter
than 15 min in duration, so the Stanford data were binned in 15 min intervals prior to
comparison with the LongPath data. The LongPath data were submitted to Stanford in this
manner and yielded a 100% true positive rate, calculated using Stanford-defined events as
defined by Chen et al. with a minimum overlap of 25% between Stanford positive events
and LongPath 15 min binned detection windows [14]. At the time of this publication,
the official time windows of defined negative events have not been released; therefore,
official FP and TN rates cannot be defined. Preliminary metrics for these rates can be
found in the Supplementary Materials. A series of sensitivity tests is also found in the
Supplementary Materials.

The probability of detection curve was calculated using all >15 min duration tests from
Stanford, yielding 63 tests ranging in rate from 0.98 to 301.4 kg hr−1, as well as all 31 tests
in the TADI trial ranging in rate from 0.40 kg hr−1 to 104.4 kg hr−1, and all 48 tests in
METEC trials ranging in rate from 0.01 to 0.74 kg hr−1.

We estimated the POD as a function of emission rate using a generalized linear model
with binomial errors and logit link, following standard practice [21]. The only two false
negative results were from the low-rate METEC testing; a 100% detection success rate was
achieved in both Stanford and TADI testing. The dataset therefore had 140 true positive
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cases and only 2 false negative cases (pending Stanford negative time window results),
exhibiting separation of the outcome by emission rate, which is known to yield unstable
or non-existent maximum-likelihood estimates in logistic regression [22]. The maximum
false negative emission rate value was 0.065 kg hr−1. Sensitivity tests demonstrated that
inclusion of true positive values above this rate had no tangible impact on the POD up until
the point of separation. Therefore, following [23], the logistic regression fit was restricted to
the range of data at or below 10× the maximum false negative rate, which included 50 data
points ranging from 0 to 0.65 kg hr−1 [24]. The result of the logistic regression was a 90%
probability of detection level of 0.06 kg hr−1 (Figure 5). As a sensitivity test, the maximum
of the fit range was increased to 1.0 kg hr−1 (53 data points used in the fit) and 10 kg hr−1

(103 data points used in the fit). These sensitivity tests showed that the identical PoD result
was returned.

Figure 5. Probability of detection versus emission rate, fit using logistic regression (thick blue line)
and bootstrapped (light blue lines) to produce 95% confidence interval of the regression (gray shaded
region) and 90% probability of detection limit and 95% confidence interval (vertical red dotted line
and shaded red region). Tests from METEC (green circles), Stanford (orange squares), and TADI
(magenta triangles) were used. Data below 10 kg hr−1 (vertical dotted black line) were used to enable
logistic regression.

3.5. Quantification Validation: Third-Party Blind and Challenge Test Controlled Releases

Quantification accuracy was assessed by combining the following: (1) the challenge test
controlled releases on active oil and gas sites described in Section 3.3, (2) the 30 quantification
results from TADI, (3) the 6 quantification results from Stanford, and (4) the 55 quantification
results from METEC.

The number and rate for all results were as submitted in blind testing with the ex-
ceptions described in the Supplementary Materials. The results in Figure 6, below, are
for test difficulty spanning single, steady emission points (Difficulty A), multiple, steady
emission points (Difficulty B), single or multiple intermittent rates (Difficulty C), and chal-
lenge testing (Difficulty D). In all, 43% of tests were multi-source releases. Ordinary least
squares fitting of all test results yields a slope of 0.9 and an R2 value of 0.92, indicating
agreement between controlled release rates and LongPath provided rates across five orders
of magnitude in emission rate.
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Figure 6. Quantification accuracy of LongPath data (y-axis) compared with controlled release rate
data (x-axis), both on the log scale to adequately display the full range of release rates, at the METEC,
TADI, Stanford, and in challenge testing described in this report.

The Stanford Large Release center testing protocol was to withhold information from
testing solutions about the duration, rate, variability, and intermittency of emissions ahead
of time. Therefore, when LongPath submitted the blind testing results to Stanford, the
six tests where quantification was provided to Stanford had incorrectly assumed steady
state emissions for all of the 2 h periods for which blind data was submitted. When the
results were unblinded by Stanford, it became evident that these test periods in fact showed
a high degree of intermittency (Figure 7). Because emissions from real, operational oil and
gas infrastructure do demonstrate a high degree of rate variability and intermittency, this
test result allowed for an opportunity to test the effects of quantification window duration
on quantification accuracy.

 

Figure 7. Quantification accuracy of LongPath data (solid teal line) compared with controlled release
rate data (orange circles) in the Stanford controlled release testing. Each 2 h test window is shown in
(a–f). The variability in emission rates during the Stanford study exceeded hundreds of kg hr−1 in
some cases. The orange dotted line shows the average of the Stanford raw data in each test window;
the orange and teal lines are the values shown on the scatter plot in Figure 6.
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To assess the effect of quantification duration time on quantification accuracy, the data
were compared again in two different ways. First, the LongPath raw emission rates were
averaged across the same 2 h windows as were submitted in the blind phase and compared
with the average Stanford rates in those same 2 h windows. Second, the LongPath raw
emission rates during those same 2 h windows were compared with the raw Stanford
emission rates, averaged to the same start and stop times as the LongPath data, across the
same 2 h windows (a team-defined event window definition). Without any changes to the
blind submitted quantification using all data in 2 h windows, the slope of an ordinary least
squares fit through the LongPath data (x-axis) and Stanford data (y-axis) and the origin
was 0.70 with an R2 value of 0.97. When the LongPath raw data were averaged across the
same 2 h windows and compared to the averaged Stanford rates, the slope of the fit was
0.78 with an R2 of 0.99. Finally, when the raw LongPath data were treated as team-event
data, and the Stanford raw data were averaged to the same time windows as the LongPath
raw data, the slope of the fit was 0.85 with an R2 value of 0.90 (Figure 8).

Figure 8. Left-hand panel: Quantification accuracy of averaged LongPath raw data (y-axis) and
averaged raw controlled release rate data (x-axis) in the Stanford controlled release testing. Right-
hand panel: Quantification accuracy of LongPath raw data (y-axis) and Stanford raw data averaged
for the team-defined event windows. Uncertainty bars show the full range (min and max) of the raw
data values for each 2 h test window.

These results are not particularly surprising; the LongPath system typically uses raw
rate data in calculation of emission rates (see, for example, the EPA approval of the Long-
Path system, which uses a collection of raw data points collected over time) [6]. Emission
rates from oil and gas may vary rapidly through time, but as the results from Section 3.2
demonstrate, real fugitive emissions due to process failures and malfunctions have dura-
tions of less than a few hours—and the event durations measured in this paper were cut
drastically shorter because LongPath alerted the operator who performed repair. When
the LongPath system was deployed at the Stanford Large Release center, the expectation
was therefore that longer-duration leak tests would take place to more accurately simulate
real-world emissions. However, when the results were unblinded, it became evident that
instead the Stanford center chose to run extremely short-duration tests, likely tailored to
the satellite solutions the test center was originally built to assess.

3.6. Quantification Agreement Between Independent Laser Systems

Four sites had two independent laser systems measuring the same emissions for a
period of 6 months in Basin 2. The systems were entirely decoupled, from laser transceiver
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equipment and location to mirror equipment and locations. To minimize the effects of
sampling bias due to higher frequency of readings in the presence of abnormal emission
rates, the smoothed daily average emission rate values were analyzed. That is, without
daily averaging, raw 15 min data points during high-rate emission events would be dis-
proportionately represented, because the raw data sampling frequency increases when
indications are found of the possibility of fugitive or high-rate emissions.

Box plots of the log of the non-zero average daily emission rates show the agreement
between the same sites measured from different nodes. Interestingly, the distributions are
similar despite the sites having been measured at different times of day and that not all
days contained sufficient data density to produce a statistically representative daily average
emission rate value.

Comparison of the daily average site-wide emission rates between paired measure-
ments of the same site showed that the 25th and 75th quartiles overlap between distributions
and the mean values agree within 1 standard deviation (Table 5). When the datasets were
filtered to only include days when daily values were made for both sites, the Spearman cor-
relation coefficients (chosen because the distributions are non-normal and contain outliers)
were positive and statistically significant in all cases.

Table 5. Statistics of the daily average emission rate data are shown for each site. Pairs of the
same site measured by different nodes are grouped with thick black lines and Spearman correlation
coefficient and p-value are shown, filtered for when both datasets have a daily average emission rate
value. Where applicable, 95% confidence intervals (CI) are included in brackets, calculated using
bootstrapping with replacement.

Basin Facility Node Min
(kg hr−1)

Q1
(kg hr−1)

Median
(kg hr−1) Symmetric Difference Median (%) Q3

(kg hr−1)

Basin 2 Facility 2 Node 1 0 0.1 0.40 [0.00, 3.20] 28.60% 0.7
Node 3 0 0.1 0.30 [0.00, 2.98] 0.8

Basin 2 Facility 3 Node 2 0 0.2 1.40 [0.00, 49.48] 80.90% 2.6
Node 3 0 2 3.30 [0.00, 85.55] 5.4

Basin 2 Facility 9 Node 2 0 0.8 1.80 [0.14, 4.31] 57.10% 2.5
Node 3 0 0.4 1.00 [0.00, 3.00] 1.7

Basin 2 Facility 10 Node 2 1.1 4.8 7.25 [1.84, 17.05] 48.90% 9.4
Node 3 0 2.3 4.40 [0.37, 14.98] 7.2

Basin Facility Node Max
(kg hr−1)

Mean
(kg hr−1)

Symmetric Difference
Mean (%)

Std Dev
(kg hr−1) n Spearman Corr.

Basin 2 Facility 2 Node 1 6.7 0.61 [0.00, 3.20] 1.60% 0.9 160 R = 0.2
(p = 0.01)Node 3 5.2 0.62 [0.00, 2.98] 0.9 157

Basin 2 Facility 3 Node 2 366.3 6.96 [0.00, 49.48] 53.30% 34.9 149 R = 0.6
(p > 0.01)Node 3 440.6 12.02 [0.00, 85.55] 48 146

Basin 2 Facility 9 Node 2 7.4 1.82 [0.14, 4.31] 43.50% 1.2 160 R = 0.5
(p < 0.01)Node 3 3.8 1.17 [0.00, 3.00] 0.9 124

Basin 2 Facility 10 Node 2 28.4 7.70 [1.84, 17.05] 37.30% 4.4 160 R = 0.4
(p < 0.01)Node 3 19.2 5.28 [0.37, 14.98] 3.7 118

3.7. OGMP 2.0 Level 5 Quantification

Greenhouse gas emissions reporting protocols such as OGMP 2.0 require measure-
ment of the total volume site-wide emissions for the reporting period (e.g., year) across
a representative sampling of sites. To assess the precision of the system’s capability to
measure site-wide total volume of emissions through time, the paired measurements of
the same site from different nodes were used. Comparison of the estimates of the total
mass of emitted methane over the course of the 6-month observation period showed that
the 95% confidence intervals (CI) overlapped in all cases (Table 6). Several of the sites
monitored showed strongly skewed distributions (particularly the pairs with Gaussian
distributions in the log plots in Figure 9). Given this characteristic of the emissions profiles
on the monitored sites, and the fact that the samples for different pairs were collected at
different times of day and night, the agreement between paired measurements suggests
that the skewed distribution was adequately characterized by the high-frequency sampling.
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For example, for Basin2-Facility3, the total emissions calculated using the mean were 14%
of the 97.5th CI and the total emissions calculated using the median were 3% and 4% of the
97.5th CI, respectively, from the Node 2 and Node 3 measurements. This finding reveals
a very important characteristic of the observed data and observing system, which was
that, not only do the two independent observing systems calculate nearly the exact same
characteristics of the observed distribution, but also that high frequency and density of
measurements are a strict requirement for obtaining accurate information about OGMP
2.0 Level 5 and other site-wide measurement protocol emissions. A full 12 months of data
would likely have converged to agreement in the total mass of emissions for an annual
reporting period, suggesting that hundreds of samples based on an even higher frequency
of raw data are a requirement for accurate reporting.

Table 6. The total emissions volume over the 6-month interval implied by the mean and median
values is calculated for each site pair. Pairs of the same site measured by different nodes are grouped
with thick black lines. The 95% confidence intervals (CI) shown in brackets are the 2.75th and 97.5th
percentiles of the datasets, calculated 1000 times using bootstrapping with replacement.

Basin Facility Node Total Emissions Based on Mean (t) Total Emissions Based on Median (t)

Basin 2 Facility 2 Node 1 2.36 [0.00, 12.30] 1.54 [0.00, 12.30]
Node 3 2.37 [0.00, 11.44] 1.15 [0.00, 11.44]

Basin 2 Facility 3 Node 2 26.71 [0.00, 190.00] 5.38 [0.00, 190.00]
Node 3 46.14 [0.00, 328.51] 12.67 [0.00, 328.51]

Basin 2 Facility 9 Node 2 6.98 [0.53, 16.56] 6.91 [0.53, 16.56]
Node 3 4.47 [0.00, 11.52] 3.84 [0.00, 11.52]

Basin 2 Facility 10 Node 2 29.58 [7.06, 65.47] 27.84 [7.06, 65.47]
Node 3 20.26 [1.40, 57.53] 16.90 [1.40, 57.53]

Figure 9. Box-and-whisker plots on a log scale showing quartiles and the mean (black diamond),
half violin plots show the distribution, and raw values shown jittered around y-axis for each pair of
sites measured with different nodes. Panel (a) shows Basin2-Facility2 measured by Node1 (top) and
Node 3 (bottom); panel (b) shows Basin2-Facility3 measured by Node 2 (top) and Node 3 (bottom);
panel (c) shows Basin2-Facility9 measured by Node 2 (top) and Node 3 (bottom); and panel (d) shows
Basin2-Facility10 measured by Node 2 (top) and Node 3 (bottom).
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4. Conclusions and Discussion
This work contributes to the growing body of research on the impacts that measure-

ment and monitoring of emissions at a high frequency and with widespread asset coverage
can have on emissions reductions and mitigation success. The results show that operator
integration of emissions data and fugitive emissions alerts can drive rapid LDAR activities
and drastically limit the duration of preventable methane emissions.

In particular, these findings support the value of oil and gas operators following an
LDAR-by-exception program, in which multi-skilled operators and other personnel per-
form LDAR duties when a known emission event is present rather than on a set schedule.
Several states and the EPA have created alternative compliance programs for the use of
continuous monitoring in lieu of scheduled AVO and OGI inspections, under the recogni-
tion that equivalent or greater emissions reductions can be achieved by an as-needed rather
than an on-schedule approach to LDAR.

One can compare, for example, a quarterly (every 90 days) OGI program [16], in which
leaks are repaired in 45 days on average, to a continuous monitoring program, which,
in this study, demonstrated repair in approximately 1 day or less. Assuming the same
sizes and types of leaks are caught with both methods, the duration, and therefore overall
volume of gas emitted to the atmosphere, is reduced by 44/45ths or 97.8% by pivoting
from a quarterly to a continuous LDAR program. That is, the alert and response timings
measured during these tests suggest that the overall volume and duration of emissions
could be reduced by 99.7% over a quarterly OGI program based purely on a time-to-detect
difference in continuous versus quarterly monitoring. Expanding the thought experiment
further, if only 1–3 emission events occur each year, then this program could also enable a
25–75% reduction in personnel time spent driving to sites for LDAR inspections, freeing up
skilled operators for other tasks. That is, 4 LDAR-specific visits per year can be reduced to
1–3 LDAR-specific visits per year [16].

Another interesting finding of this work was the difference in the time-to-alert in
Basin 1 (3.4 h) compared with Basin 2 (11.1 h). The alert modalities considered emission
persistence versus intermittency. Intermittency was notably higher in Basin 2 overall,
which appeared to be strongly correlated with the vintage and “build” of the facilities in
Basin 2. The facilities in Basin 1 tended to be newer and designed more efficiently than
the facilities in Basin 2. Emissions in Basin 1 tended to be low overall, with pronounced
changes in emission rate when a fugitive emission started. By contrast, Basin 2 tended to
have older facilities with less consistent modifications for emissions mitigation. Emissions
in Basin 2 tended to be higher overall and produced higher intermittency in emission rates,
such that emission events would persist for a longer duration until the thresholds for alert
were reached.

The results of this study further underscore that real-world field testing is essential for
validating continuous monitoring technologies and building confidence across the methane
measurement ecosystem. Evaluation of platform agreement and data resolution effects
under a wide variety of operational conditions can inform technology adoption, regulatory
design, and best practices for emissions transparency and accountability. The operators
who designed, administered, and evaluated the operational site blind tests in this study
compiled a highly varied series of testing methods. Future work to collect up the concepts
employed by the operators and formalize a framework could be useful to the community
at large.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/atmos16121409/s1.
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