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We propose a modular framework for methane emission event detection, localization, and quantification on oil and gas production sites that uses concentration
and wind data collected by point-in-space continuous monitoring systems. The framework uses a gradient-based spike detection algorithm to estimate emission Dr. Dorit Hammerling
start and end times (event detection) and pattern matches simulated and observed concentrations to estimate emission source location (localization) and rate Associate Professor
(quantification). The framework was evaluated on a month of non-blinded, single-source controlled releases from METEC. Potential uses for the proposed Applied Mathematics and Statistics
framework include near real time alerting for rapid emission mitigation and emission quantification for data-driven inventory estimation on production sites. Colorado School of Mines
1. Background 4. Framework performance on 5. Future work: multisource emissions
* Oil and gas sites are a promising avenue for methane emission single-sgu rce controlled releases  Bayesian hierarchical model in development to estimate
reduction, as leaks can be mitigated if detected quickly. multisource emissions.
* Continuous monitoring systems (CMS) measure methane Event detection and localization accuracy » Advantages of Bayesian modeling framework:
concentrations in near real time, and hence can provide rapid ast  East West o
alerts to operators when an emission is detected. SIS SSRHIEIOn ‘teinend. _ Nelienc Overall 1. Small emission rate |
Correctly Identified 23/23 10/10 20/20 85/85 . A1
. . . e : ] : " estimates shrunk to ’
* An analytical framework is required to translate raw CMS SestaenesrorEiscion 0 B S0 100% . .
. . . e . identically zero. (0,
concentration observations into emission start and end time Rate Estimate 20/23 345  10/10 18/20 79/85 . .
: : . L Available 96% 100% 90% 93% Makes alerting easier.
estimates (event detection), source estimates (localization), and ©
I 111 I Location Estimat 20/23 15/15 9/10 16/20 76/85
rate estimates (quantification). ocation Estimate o il e o 2. !nc!ude c.)perz.:\tor
insight via priors.
Location Estimate 20/23 4/15 6/10 14/20 70/85 .
2. DLQ framework Completely Correct 87% | 60% 70% 82% Of ten We/l knOWf) If a
Step 1. Background removal and event detection a0 a0 a0 a0 s s 7o om0 90 100 particular source will
: : P be emitting based on
Remove background from the raw concentration data and identify time Percent of METEC Emission Events , N ‘
periods during which we think emissions are occurring using a gradient- Quantification accurac var/;).uts operating
based spike detection algorithm. y conaitions.
—_— 11 - False positive & false negative Truth: 0.76 e
. . — — Factorof2 -—- No rate estimate = East Wellhead West Separator ® Tank satacamas B o ot
Step 2' SImUIatlon --=- Factorof3 —— Best fit ¢ East Separator v West Wellhead * False Positive Post 078 o Post 074_
Use the Gaussian puff atmospheric dispersion model to simulate o | 1.0 - Example output B B |
concentrations at eash;ensbor Iocz:jtlon fél\:jen different potential for two source : 8- : 5
emission sources and the observed wind data. 0.8 - . . C g -
= 87 emission event: - - * | B 1
Step 3. Localization :2 06 W 52 D& o8 G5 12 i 02 04 08 o
: : : L 6- - ctrih istributi
Compare the simulated concentrations to the actual concentration S Distribution of east [)I:;tr'bd”t'on of west
" " to identifv th  likel E separator rate estimates wellhead rate estimates
observations to identify the most likely source. 2 . 04
oo . LIEJ Truth: 0 Truth:O Tr.uth:o
Step 4. Quantlflcatlon E _ Posterior mean: 0 . Posterior mean: 0.04 - Posterior mean: 0
Scale the simulated concentrations from the most likely source é 271 e e - o e
identified in the previous step to optimally match the actual B Pt oy within factor o/ 2 g s % : 7
: : : . : 0 0.0 - £ 8. £ 8- £ 8-
observations, which provides an emission rate estimate.  — e R —— o 0= i ol = S
! l I l l l | | | | T | . o I o
0 2 4 6 8 10 0.0 0.2 0.4 0.6 0.8 1.0 ! ‘ ! ! ' | ' ‘ ' | ' ‘ ‘ ' ' ' ‘
[ o o -1.0 -0.8 -0.6 04 -0.2 0.0 000 005 010 0.15 020 0.25 0.30 000 002 004 006 008 0.10
3. EXperl mental data METEC Emission Rate [kg/hr] METEC Emission Rate [kg/hr] Distribution of tank rate Distribution of Distribution of east
P e T T —— Contains 50% of estimates ---- Contains 90% of estimates —— Average percent difference estimates rate estimates wellhead rate estimates
ERAREE A e \We evaluate the ol 5 [F & @ (e 2
framework on 85 o~ True Rate | | True Rate References
Single'SOurce ; <1 kg/hr > 1 kg/hr
East = William S. Daniels, et al. (2024). Detection, localization, and guantification of single-

= & controlled releases at
the Methane
Emissions Technology

source methane emissions on oil and gas production sites using point-in-space
continuous monitoring systems. Elementa: Science of the Anthropocene. DOI.
10.1525/elementa.2023.00110

Number of Emission Events
8
1

Evaluation Center o | I _ | : Meng Jia, et al. (2024). Comparison of the Gaussian plume and puff atmospheric
(METEC) 100%  50% 0% B0 100%  150%  200%  250% 100%  -50% 0%  50%  100%  150%  200%  250% dispersion models for methane modeling on oil and gas sites. Nature Computational
Percent Difference Percent Difference Science, in prep. DOI: 10.26434/chemrxiv-2023-hc95q-v2

23 | The University of Texas at Austin

Colorado State University Cockrell School of Engineering




