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Methane intensity is defined as methane gas emitted to the atmosphere per oil and gas product 16 

throughput at various steps in the supply chain. It is the standard metric used by industry 17 

stakeholders to assess methane emissions performance. Many studies have assessed the 18 

capabilities of methane emission measurement systems, but no studies have quantified the effect 19 

on methane intensity of oil and gas operator access to methane emissions data. In this study, 20 

methane emissions were measured with (“data-on”) and without (“data-off”) operator access to 21 

real-time methane emissions data and fugitive emission alerts. Across two U.S. producing basins, 22 

46 well sites and production facilities were monitored. Basin 1 was monitored in data-on mode 23 

for the full 10-month duration of the study. In basin 2, operators had access to real-time data and 24 

alerts for 7.5 months, followed by ~1.5 months of data-off. During the data-on period, emissions 25 

decreased over time in both basins. However, following the pivot to data-off in basin 2, the trend 26 

reversed, with an implied methane intensity increase of >60%. Well sites emitted 27 
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disproportionately more than facilities. These tests suggest that operator access to continuous 28 

methane monitoring data at oil and gas production sites correlates with reduced methane 29 

emissions. 30 

 31 

1. INTRODUCTION 32 

Methane is a potent greenhouse gas with a global warming potential over 80 times that of carbon 33 

dioxide over a 20-year horizon, making mitigation of emissions a top priority for near-term 34 

climate action.1 Methane emissions can occur during the production, processing, transport and 35 

distribution of oil and gas products due to process malfunctions, unoptimized system designs, 36 

and fugitive emissions.2,3 While many studies have tested the efficacy of traditional and 37 

advanced methane emissions detection and monitoring solutions,4–6 no study has yet tested the 38 

impact on industrial methane emissions of the operator having access to monitoring data. 39 

Monitoring systems do not, themselves, repair and mitigate emissions; oil and gas operators do. 40 

It is therefore important to test the impact on methane emissions of operator access to methane 41 

emissions data.  42 

This study reports on the impact of operator access to emissions data, as directly measured in 43 

two phases: first, during a period of 7.5 months when the oil and gas operator had full access to 44 

data and alerts, and second, during a period of 1.5 months when the oil and gas operator was 45 

blinded to all emissions data and alerts. A control study was performed with 10 months of full 46 

data access in another basin. In this single-blind test format, the impact on overall methane 47 

emissions of operations access to real-time continuous emissions measurement and monitoring 48 

(CEMM) data was tested for the first time.  49 
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2. EXPERIMENTAL METHODS 50 

2.1 LongPath Continuous Emissions Measurement and Monitoring 51 

The LongPath Laser Emissions Sensing Network is designed to both quantify methane mass 52 

emission rates and continuously track abnormal or fugitive releases from industrial facilities, 53 

including oil and gas production, transmission, and distribution infrastructure.7 To operate, the 54 

system requires collaboration from site operators for the installation of a laser transceiver and a 55 

set of low-cost retroreflective mirrors positioned around the infrastructure. A single LongPath 56 

node, consisting of one laser transceiver, can monitor multiple sites such as production or 57 

processing facilities, well pads, or compressor stations using two or more reflectors. By 58 

combining on-site meteorological measurements from an anemometer with atmospheric 59 

inversion models, the network autonomously identifies methane emission events, estimates their 60 

rates, and pinpoints their sources. Real-time automated alerting algorithms then notify operators 61 

of unusual or high emissions. 62 

Methane concentrations in the atmosphere are determined using long-path laser absorption 63 

spectroscopy, where the laser light absorption at wavelengths corresponding to methane’s 64 

quantum transitions is measured and translated into a path-integrated methane concentration.8,9 65 

The concentration observed by a downwind sensor, denoted CH4 ATMOS, reflects contributions 66 

from the ambient background methane (CH4 BG) as well as methane released from the site itself, 67 

including fugitive emissions (xFUG) and other non-fugitive, non-target emissions sources (xNTE). 68 

In Equation 1, A links emission sources to measured changes in atmospheric methane 69 

concentrations, ΔCH4.  70 

CH4 ATMOS = A(xNTE + xFUG) + CH4 BG = ΔCH4 + CH4 BG   (Eqn. 1) 71 
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The LongPath method measures CH4 ATMOS and background (CH4 BG) and solves for total 72 

emissions (ΔCH4) directly.8,10,11 73 

2.2 Operational Oil and Gas Sites 74 

The tests were performed in two U.S. oil and gas producing basin. In Basin 1, 7 production 75 

facilities and 1 well site were monitored with one laser system (Basin1-Node1) and 1 production 76 

facility and 1 processing plant were monitored by another laser system (Basin1-Node 2). In 77 

Basin 2, 41 well sites and production facilities were monitored with three LongPath lasers for 9 78 

months. Several LongPath lasers (nodes) measured the same site as another LongPath laser 79 

(node). Basin2-Node1 monitored 4 production facilities and 6 well sites, Basin2-Node2 80 

monitored 5 production facilities and 8 well sites, and Basin2-Node3 monitored 10 production 81 

facilities and 8 well sites. Production facility or facility is used to refer to an oil and/or gas 82 

production facility with one or more storage vessels and equipment to gather crude oil, 83 

condensate, produced water, or intermediate hydrocarbon liquid from one or more offsite natural 84 

gas or oil production wells. Well site is used to refer to wellhead only sites and well sites with 85 

one or more pieces of production equipment, including reciprocating or centrifugal compressors 86 

or storage vessels.   87 

2.3 Evaluation of the Effects of Operations Access to Continuous Monitoring Data 88 

Some stakeholders assume that long-term, ongoing emissions monitoring may not be necessary 89 

for maintaining a low emissions profile, reasoning that once all leaks have been caught and fixed 90 

once, emission rates will remain low in perpetuity. It is also unclear whether operator access 91 

methane emissions data results in extra emissions mitigation or improvements to operational 92 

efficiencies for emissions reduction, beyond what is achieved with standard site visits and/or 93 
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equipment telemetry alone. To shed light on these questions, emissions were measured for two 94 

sustained periods in which the operator had 1) full access and 2) no access to real-time data and 95 

emission event alerts. In total, roughly 469 site-months of measurement and monitoring data 96 

were collected across active oil and gas operations sites in the two basins. During all testing in 97 

Basin 1 and the first 7.5 months of testing in Basin 2, all data were provided to the operator in 98 

real time via the LongPath dashboard and API, and email alert and text message alerts were sent 99 

directly to operations personnel for all abnormal and fugitive emission events. This mode of data 100 

collection was designated “data-on” mode. In the final 1.5 months of monitoring in Basin 2, 101 

operator access to all alerts and data from the LongPath system was removed, amounting to 102 

roughly 63 total site-months of emissions collection in “data-off” mode. After the turnoff date, 103 

LongPath continued to collect emissions information about all sites with no change, but the 104 

operator ceased receiving any information about emissions from LongPath, including alerts for 105 

fugitive events. Evaluation of operator access to data was not protected from the Hawthorne 106 

effect, meaning the awareness of LongPath emissions observation by the operating teams could 107 

have affected operator activities or actions in the field.  108 

3. RESULTS AND DISCUSSION 109 

3.1 Impact of Monitoring and Data Availability on Emission Rates and Trends 110 

For both basins, trends in emissions were assessed using daily, weekly and monthly averages. 111 

LongPath systems typically employ higher-frequency scanning during emission events, meaning 112 

data are collected more often during periods of higher emission rates. Emission events almost 113 

always span at least one day, given system time-to-alert plus operator time-to-repair. To remove 114 

potential effects of higher-frequency sampling during high-rate events, the raw emissions data 115 
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were first averaged for each site and day, then aggregated to weekly and monthly averages per 116 

site and across sites.  117 

Through the course of monitoring and measurement in both basins, emissions tended to decrease 118 

over the course of monitoring with data-on (operations access to real-time data and alerting), 119 

suggesting a relationship between access to emissions data and long-term decreases in emission 120 

rates. In Basin 1, the trend in the average daily emission rate across all sites was modestly 121 

downward at -0.10 kg hr-1 per month, with a standard error of 0.05. The trend was statistically 122 

significant (p < 0.05) but explained only a small portion of the variance (R² = 0.02). The daily 123 

mean emission rate per site in Basin 1 was 4.87 ± 2.20 kg hr-1, meaning the observed trend could 124 

indicate a 25% reduction in emissions over a 12-month period with the addition of monitoring 125 

data. 126 

As the operator continued to add sites to the monitoring network, the site count initially 127 

increased (see Supporting Information). To eliminate the possibility of trends resulting from the 128 

addition of sites through the monitoring period, stack summed mean emission rates were 129 

calculated for sites with uninterrupted data for every month of the monitoring period (7 sites for 130 

all 10 months in Basin 1; 35 sites for all 9 months in Basin 2) and every week of the monitoring 131 

period (4 sites for all 40 weeks in Basin 1; 8 sites for all 40 weeks in Basin 2) (Figure 1). 132 
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 133 

Figure 1. Top panel: Basin 1 mean emissions per site on a log scale for each day (thin teal line), 134 
week (circles and medium-width dark teal line) and month (triangles and thick, dark teal line) 135 
across all sites, with orange dotted line showing the trend of the daily data. Middle panel: Basin 136 
1 stacked mean monthly emission rates per site for the 7 sites that had monitoring for all 10 full 137 
months of measurement. Bottom panel: Basin 1 stacked mean weekly emission rates per site for 138 
the 4 sites that had monitoring for all 40 weeks of measurement. Each color in panels 2 and 3 139 
indicates the contribution from each site.  140 

In Basin 2, the weekly and monthly trends before data were turned to data-off mode for the 141 

operator also showed reductions associated with the introduction of CEMM data to operations 142 

teams. The trend in the daily average emissions per site showed a decline of –0.30 kg hr-1 per 143 

month with a standard error of 0.15, and a low but significant coefficient of determination (R² = 144 
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0.02, p < 0.05). The daily mean emission rate per site in Basin 2 was 4.02 ± 4.09 kg hr-1, 145 

indicating a possible 90% annual reduction in emissions with operator access to data, although 146 

emissions are likely to asymptote to a lower but consistent xNTE with continuous monitoring over 147 

time.  148 

Operations access to all data and fugitive emission alerts in Basin 2 was turned “off” for the 149 

operator on Friday, October 18th, 2024. Once the data was turned off for the operator, an increase 150 

in emissions was observed. The trend in emissions rates per site reversed to +0.47 kg hr-1 per 151 

month, with a standard error of 0.70 (R² = 0.01, p = 0.5). Overall, the average emission rate 152 

before the data was turned off was 3.43 ± 3.85 kg hr-1, and after data was turned off for 153 

operations, it increased to 5.60 ± 4.30 kg hr-1. The implied methane intensity of the increased 154 

emissions across the measured oil and gas production sites was a >60% increase when operator 155 

access to methane emissions data and fugitive emission alerts was removed. 156 
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 157 

Figure 2. Top panel: Basin 2 mean emissions per site on a log scale for each day (thin teal line), 158 
week (circles and medium-width dark teal line) and month (triangles and thick, dark teal line) 159 
across all sites, with data-on and data off-trends shown as dotted orange lines. Middle panel: 160 
Basin 2 stacked mean monthly emission rates per site for the 35 sites that had monitoring for all 161 
9 full months of measurement. Bottom panel: Basin 2 stacked mean weekly emission rates per 162 
site for the 8 sites that had monitoring for all 40 weeks of measurement. Each color in panels 2 163 
and 3 indicates the contribution from each site. The vertical dotted black line in each panel 164 
shows the data turn-off date of October 18, 2024. 165 

The transition from the “data-on” to the “data-off” period, when the operator no longer received 166 

data or alerts, occurred on October 18, 2024. This transition was clearly associated with an 167 

increase in overall site-average emission rates, as well as stacked mean emission rates across 168 

sites. The finding that emission rates increased after the emissions and alerting information that 169 
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had formerly been made available to the operations were removed suggests that ongoing, real-170 

time emissions data was strongly associated with lower-emissions operations.  171 

During the data-on period, Basin 2 emissions events during the pilot period were frequently 172 

attributed (by the operator) to slop tank emissions. The slop tanks were only located on well sites 173 

in the pilot study. The well sites also had compression. Compared to the production facilities in 174 

the study, these smaller well sites contributed disproportionately to overall emissions, both 175 

before the data turn-off period and after the data turn-off period (Figure 3).  176 

 177 

Figure 3. For Basin 2, panel a) box and whisker plots on log scale showing distribution of daily 178 
average emission rates for all sites, well sites and production facilities; and panel b) ridge plots 179 
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showing the distribution of daily average emissions by site. For all panels, data-on (yellow) and 180 
data-off (blue) means are shown with diamond (data-on) and triangle (data-off) symbols. 181 

During emissions monitoring planning, well pads can be overlooked in favor of a stronger focus 182 

on higher throughput centralized production facilities, particularly given well pads may have 183 

near-daily visits from pumpers. The data from this study shows that, contrary to common 184 

expectation, well sites are equally or more so in need of fugitive emissions monitoring, even with 185 

frequent pumper visits to those sites. Overall, these findings provide strong evidence that 186 

quantified, high-frequency CEMM data for oil and gas operations can support important 187 

feedback to operations and sustained emissions reductions – reductions that may be reversed 188 

immediately upon cessation of the monitoring program.  189 

3.2 Impact of Monitoring and Data Availability on Emission Event Frequency 190 

The impact of data access on emission events is examined via the frequency and character of 191 

operational emission event alerts sent through the CEMM data feeds. Operational emission event 192 

alerts were based on the standard LongPath alert criteria of persistent (low intermittency) 193 

emissions above a given site’s optimized alert threshold. We limited the analysis to mid-May 194 

onward, to remove any impact of initial spin up of sites and alert thresholds. There were 9 alerts 195 

per month on average in the data-on period and 31 alerts per month in the data-off period. Put 196 

another way, nearly half (46%) of all alerts occurred during the data-off period, despite that 197 

period representing less than 23% of the total site-months of measurement. Importantly, the 198 

frequency of emission events at any site in the network nearly tripled at the onset of the data-off 199 

period; the average time between new emission events (at any site) decreased from 82 hours in 200 

the data-on period to only 28 hours in the data-off period.  201 
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Interestingly, the decrease in average time between emission events appeared to be driven in part 202 

by sites with “repeat offender” emission events. Among all sites with more than one emission 203 

event during the monitoring period, the average time between repeat events decreased by 16% 204 

(from 40 days to 34 days) from the data-on period to the data off period. Most important, 205 

however, was the finding that the probability of recurrence of an emission event at the same site 206 

within 7 days or less was much higher during the data-off period. During the data-on period, only 207 

8% of recurred emission events happened within 7 days of a previous emission event at the same 208 

site, whereas during the data-off period that rate was 39%. This finding, that emission events 209 

were roughly 5 times more likely to recur without operator access to data and alerts, suggests a 210 

strong dependence of fugitive emission recurrence on access to monitoring data as well as a 211 

possible root cause that is intermittent in nature, such that failure to identify the root cause will 212 

result in recurrence.  213 

 214 
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Figure 4. Time between operational emission event alerts, indicative of potential fugitive or other 215 
unplanned emissions, in the data-on (yellow) and data-off (blue) modes. Left-hand panel shows 216 
days between alerts at any sites in the monitoring network, and right-hand panel shows days 217 
between alerts at the same site. X symbols show the mean values. 218 

The availability of CEMM data was associated with lower emissions overall, and without 219 

CEMM data, more emission events occurred overall, possibly due to systematic or repeat process 220 

failures or malfunctions that otherwise would have been caught with the CEMM system had 221 

alarms been activated. This data furthermore suggests that the use of advanced methane 222 

monitoring technologies cannot be effective simply as a one-time or periodic “clean-up” of 223 

emissions. Overall, the finding that the first 7.5 months of monitoring were followed by 1.5 224 

months of the worst emissions performance of the entire test period suggests that ongoing 225 

monitoring may be strongly associated with sustained low emissions. 226 

3.3 Effects of Seasonality on Emission Rate 227 

Varon et al. (in review) show a link between seasonality of methane emissions and monthly 228 

average surface temperatures in Midland, Texas, representative of the Permian Basin.12 Past 229 

work by the same lead author found that gas price, new well development, flaring and production 230 

fail to explain seasonal variation in emissions.13 The authors’ more recent study suggests that 231 

separator temperatures may predict tank flashing, such that lower temperatures correlate with 232 

higher emissions. We therefore investigated whether surface temperature through the course of 233 

the measurement period was associated with emission rate changes. 234 

The Basin 1 dataset contained 2 full quarters of data: the first (JFM) and fourth (OND). 235 

Consistent with Varon et al. (in review), the highest average emission rates occurred in JFM and 236 

OND, although they were also the only two quarters with three full months of data. However, in 237 

Basin 1, only a small negative correlation was found between daily average emission rate and the 238 
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average daily temperature from the nearest Automated Surface Observing Station (ASOS) (R2 = 239 

-0.12, p = 0.04), indicating only a weak predictive power of temperature for emissions, despite a 240 

large range of monthly average temperatures of 26 C.  241 

The Basin 2 dataset spanned the second (AMJ), third (JAS) and fourth (OND) quarters of one 242 

year. Consistent with Varon et al. (in review), the minimum monthly, weekly and daily emission 243 

rates were in JAS.12 The highest monthly emission rate was in OND, and the first and second 244 

highest weekly and daily emission rates were in AMJ and OND. Weather station data from the 245 

ASOS nearest to the Basin 2 asset showed average daily temperature of 23.9 ± 5.0 C before data 246 

turnoff and 10.4 ± 5.8 C after data turnoff. Using the tank flashing emission ratio estimates for 247 

liquid hydrocarbon and water storage tanks for separator temperatures from Varon et al. (and 248 

Cardoso-Saldaña et al.), the emissions from each tank type could have increased by 20% and 249 

50%, respectively, from the data-on to the data-off period (due to a predicted increase in 250 

normalized methane emissions from roughly 0.70 and 0.60 for hydrocarbon and water tanks, 251 

respectively, in the data-on period to roughly 0.84 and 0.90, respectively, for hydrocarbon and 252 

water tanks in the data-off period due to separator temperature).12,14 A small but statistically 253 

significant relationship was found between higher temperatures and lower emissions (R2 = -0.31, 254 

p >0.01); interestingly, the percent of the data that could be explained by temperature (~31%) 255 

was consistent with previous findings that liquid storage tank emissions account for roughly 1/3 256 

of total emissions detected in aerial surveys.15,16. Therefore, it is possible that some, but not all, 257 

of the 63% increase in emissions from the data-on to the data-off period was explainable by 258 

separator temperatures.  259 

The residuals from a linear regression fit of the daily emission rate data to the temperature data 260 

showed that emission rates still showed higher tendency for larger, higher-rate events in the data-261 
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off period than the data-on period even after correcting for temperature (Figure 5). This suggests 262 

that, even regressing for a 100% causation of temperature effects on temporal trends in emissions 263 

(which, as described above, is unrealistic), a substantial data-on to data-off effect on emissions 264 

persists. 265 

 266 

Figure 5. Residuals from a linear regression of daily emission rate to daily average temperature 267 
(right-hand panel) with distributions of residuals shown in data-on mode (yellow) and data off 268 
mode (blue) on the left-hand pane. The data turn-off date is shown with a vertical dotted line in 269 
the right-hand panel. 270 

4.0 Conclusions  271 

This work contributes to the growing body of evidence that measurement and monitoring of 272 

emissions at a high frequency and with widespread asset coverage is critical to driving and 273 

proving emissions reductions and mitigation success.3 This work builds on past studies by 274 

showing the impact on actual measured emissions of providing oil and gas operators with real-275 

time information about emission rates and emission events (e.g., fugitive emission alerts).  276 

Supporting Information. The following information is available free of charge: Supporting 277 

Information (PDF), including trend analysis and site counts across operational data collection. 278 
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1. Weekly and Monthly Trends in Emissions in Basin 1, with Site Counts 374 

The trends in emission rates are calculated using data from all measured sites and at the mid-375 

point of each week or month. The monthly and weekly average data are plotted at the start of the 376 

week or month. 377 

 378 

Figure S1. Monthly (filled teal step-wise line) and weekly (filled orange line) average emission 379 

rates across all monitored sites. The solid teal and orange lines show trends fitted to the data. 380 

Basin 1 

Basin 2 
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Panel a) shows Basin 1. Panel b) shows Basin 2 and a vertical line marks the time before and 381 

after data-off. The number of sites reporting data each week is shown on the right-hand axis with 382 

a black line and black circular markers. The linear trends are plotted at the mid-point of the week 383 

and month and are forced to visually align with the data turnoff date, whereas the monthly step-384 

wise line and weekly filled line are plotted at the beginning of the month to clearly show visually 385 

what month the data represent; that is why the fits do not overlap the data.  386 

 387 


