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1. Project Overview 

Natural Gas (NG) contains between 70 to 90% of methane (CH4); CH4 is one of the major greenhouse 
gases (GHG) alongside CO2. Although it has a shorter lifespan (approximately 12 years) in the 
atmosphere than CO2 (hundreds of years), it has a greater global warming potential (GWP: between 
28 to 30 over 100 years) than CO2 [1], [2]. Methane emissions from US oil and gas (O & G) operations 
are more than 6 million tons annually [3]. Federal and state regulations require O & G operators to 
conduct regular Leak Detection and Repair (LDAR) to mitigate emissions from the industry. Methods 
in the LDAR program can be expensive to scale up over many facilities. Continuous Monitoring (CM) 
solutions may be an alternative and cheaper approach to traditional methods. However, to be used 
in place of traditional methods, it should demonstrate equivalence before approval. In collaboration 
with regulators, environmental agencies, and more than 70 O & G operators, the ADED project has 
developed controlled testing protocols to assess the performance of survey and CM solutions [4], 
[5]. The objectives of the ADED project include: 1. Developing, testing, and improving testing 
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protocols at a controlled facility; 2. Implement protocols at field trials, and 3. Ensure that solution 
testing is rigorous, aƯordable, repeatable, and adaptable to conditions in the field. 

2. Research Progress 

My work has been focused on implementing controlled testing protocols to assess the performance 
metrics for CM solutions. The first protocol was developed in 2020 and has been implemented thrice 
since 2022 for CM solutions. The protocol tested 11, 10, and 13 CM solutions in 2022, 2023, and 
2024, respectively [6], [7], [8]. My research has recently focused on the third implementation, where 
I assessed the performance of 10-point sensor networks (PSNs) and three scanning/imaging 
solutions. Out of the 13 solutions, four were retested relative to Ilonze et al., [7] and 3 retested relative 
to Bell et al., [6]. Retesting of solutions enables year-to-year inter-solution comparison. Continuous 
testing also enables intra-solution comparison. 

Testing was single-blind and involved testing a CM solution comprising a CH4 or a NG sensor, the 
deployment mode, and the analytics involved in interpreting emissions data. Single-blind testing 
means that the test center is aware (but the solution provider is not) of emission information such as 
the gas release rate, the release's location, and the release's duration. Testing was conducted 24 hrs 
a day and up to 7 days a week to capture a wide range of weather conditions. The release rates ranged 
from 0.08 to 6.75 kg CH4 hr-1. Some metrics assessed include the probability of detection (POD), 
localization accuracy and precision, quantification accuracy, detection time, and operation 
downtime. 

Results of the four retested solutions relative to Ilonze et al., [7] are shown below with anonymized 
IDs used to identify each of the solutions. A preprint of the third implementation can be found in 
Cheptonui et al., [8]. For the POD curves, since the results of a multivariate logistic regression model 
showed that the emission rate has a statistically significant impact on the probability of 12 solutions 
detecting emissions, I present the POD as a function of the emission rate. Results of the eƯects of 
other tested variables can be found in the SI of the paper [8]. 

2.1. Results 
2.1.1. Probability of Detection, False Positive, and False Negative rates 

Generally, results show that 6 out of the 13 solutions had DL90s within the range of tested release 
rates. The DL90 is the emission rate at which a solution detected emissions 90% of the time. All the 
13 solutions had FP rates less than 50%, and FN rates ranging from 8 to 93%. All scanning/imaging 
solutions had the highest FN rates, greater than 80%. All six solutions balanced method sensitivity 
and low FP and FN rates, as in Ilonze et al., [7]. The remaining seven solutions had DL90s outside the 
tested release rates range and high FP and FN rates (Figure 1). 



Figure 1. The left panel (with four plots) illustrates the POD curves for the four retested solutions 
relative to Ilonze et al. In contrast, the right panel illustrates the FP against FN rates for all the tested 
solutions in 2024 and the corresponding rates for retested solutions. Solutions whose DL90 could 
not be estimated are labeled as NA. 

2.1.2. Localization precision and accuracy 

The localization precision is identified for each TP detection at the equipment unit level. In contrast, 
the localization accuracy is calculated for the equipment unit level as the number of TP detections 
divided by the reported number of detections. Results show that scanning/imaging solutions have 
higher localization precision (> 50%: Figure 2) and accuracies (> 40%) compared to PSNs. This means 
scanning/imaging solutions better pinpoint the emissions source than PSNs. For the PSNs, four out 
of 10 solutions had ≥ 50% localization precision and > 40% localization accuracy. 

All the 13 solutions had FP rates 
less than 50%, and FN rates 
ranging from 8 to 93%. All 
scanning/imaging solutions had 
the highest FN rate greater than 
80%.  



 

Figure 2. Localization precision to the equipment unit, group, and facility levels for the 13 tested 
solutions. The figure also shows the localization precision for the four retested solutions relative to 
Ilonze et al. 

2.1.3. Quantification accuracy 

Solutions optionally reported the source emission rate; 11 reported the emission rate in Cheptonui 
et al. Therefore, the quantification accuracy was assessed for these solutions. Results in Figure 3 
show the percentage of single estimates within a factor of 3 for the three retested solutions (1 out of 
the four retested solutions did not report the emission rate in Cheptonui et al.).  Generally, 31 to 92% 
of single estimates for 3 of the 11 solutions were within a factor of 3. Eight of the 11 solutions had 
over 50% of single estimates within a factor of 3 (Figure 3). 



 

Figure 3. Reported versus the actual emission rate for the three retested solutions, the green points 
illustrate the data from Ilonze et al. In contrast, the blue points illustrate the data from Cheptonui et 
al. 

2.1.4. Operation downtime and Detection time 

The operation downtime for 12 of the 13 solutions was ≤ 6.4%. Although the US EPA stipulates a 
maximum operation downtime of <10% on a 12-month rolling average for CM solutions, results show 
that CM solutions can operate for more than 3 months without malfunctioning. As for the detection 
time, the mean detection time for all the solutions ranged from 5.1 hrs to 5 days (Figure 4). The wide 
variation in the mean detection time is attributed to the manual evaluation of the detection reports 
before submission and the failure of the automated reporting system. 



 

Figure 4. The mean detection time for the 13 solutions tested in Cheptonui et al. and the four retested 
solutions tested relative to Ilonze et al. 

2.2. Revised controlled testing protocol 

Results of the subsequent protocol implementation highlight the importance of continuously and 
rigorously testing the solutions to understand better how the solutions could perform in the field. 
Since diƯerent solutions perform well based on various metrics, they could be tailored to desired 
functionalities or applicability. Finally, the field testing of solutions was done in a study by Day et al., 
[9] show that there is a need for future testing to include baseline emissions during controlled release 
testing. This would better inform on EPA’s detection threshold of 0.4 kg CH4 hr-1 (of a facility’s fugitive 
emission) above baseline emissions for CM solutions. Since the three implementations of the 
protocol did not account for baseline emissions, the controlled testing protocol was updated to 
include both fugitive and baseline emissions during testing (Figure 5). 



 

Figure 5. The top plot shows a sample of controlled releases from the old controlled testing protocol, 
while the bottom plot shows a sample of controlled releases from the second/revised protocol. 

Additionally, the controlled testing of the revised protocol will include a wide range of emission rates. 
Some of the revisions to the protocol include: 1. Establishing baseline emissions before testing, 2. 
Overlaying fugitive emissions on top of baseline emissions (Figure 5), 3. Overlapping emission 
sources within the same duration, 4. There could be a break or not between controlled releases, and 
5. Emissions may or may not be steady during testing. Performance metrics, including the probability 
of detection (Figure 1) and quantification accuracy (Figure 3), will be assessed in the revised protocol. 

3. Research plans 
 Compile the preliminary performance metrics results for CM solutions tested using the 

revised protocol. 
 Design experiments for the first implementation of the revised protocol 
 Design experiments for testing laser-based survey solutions as an alternative work practice 
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