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CURRENT PROJECT OVERVIEW 
 

MAIN PROJECTS: R-PLUME (Response Protocol for Underground Methane Emissions) & 
UPSIDE (Upstream Pipeline Safety, Integrity and Detection) 
 
OBJECTIVE: To investigate the potential use of above-ground measurements to infer the sub-
surface leak rate of a gas pipeline. 

 
RPLUME aims at understanding the migration of large underground leaks (leaks with flow 

rate >100 scfh) in varying subsurface, surface and above ground environmental conditions. To 
understand the gas migration, RPLUME advances existing methods and models in characterizing 
underground pipeline gas leaks. This is achieved by, 1.) direct measurement of gas concentrations 
on the surface, in the sub-surface and above-ground in varying environmental conditions; 2.) 
pairing the direct measurements with models; and 3.) linking the measurements with 
environmental conditions to understand the influence of the environmental conditions on the extent 
and speed of gas migration on the surface and in the atmosphere.  

UPSIDE aims at understanding sub-surface gas flow and leak detection on the surface from 
upstream pipelines: flowlines between wells and the gathering lines. This project focuses on leaks 
from pipeline that transport gas with a mixture of varying hydrocarbon content, and acts as a 
simulation of upstream pipeline operation. 



Sub-surface gas leak can be detected on the surface by measuring CH4 concentrations on 
the surface or in the air downwind by use of industry-standard instruments such as a gas rover, an 
RMLD or a DPIR. However, measurements on the surface or in the air downwind cannot be 
accurately used to infer the sub-surface size of a leak. This is because surface and above-ground 
concentrations are dependent on the surface and atmospheric conditions respectively. Therefore, 
to integrate both sub-surface and atmospheric conditions, this project investigated the use of 
above-ground data from an industry-standard instrument (the RMLD) to populate an atmospheric 
dispersion model and a sub-surface leak model (the ESCAPE-1 model, Riddick et al., 2021) to infer 
the sub-surface leak rate of a pipeline. Results show that both the atmospheric dispersion model 
and the sub-surface leak model can be used jointly to infer the size of a sub-surface leak for 
gathering, distribution, and transmission pipelines. 
 
RESEARCH PROGRESS 

Measurements were taken from the rural testbed at CSU’s Methane Emissions Technology 
Evaluation Centre (METEC). Surface measurements (Figure 1) were taken using Bascom Turner’s 
gas rover (Bascom Turner Instruments Inc, https://www.bascomturner.com/gas-rover-i-and-ii), 
while above-ground downwind measurements were taken using Heath’s Remote Methane Leak 
Detector (RMLD; Heath Consultants Inc, https://heathus.com/products/remote-methane-leak-
detector-rmld/, Figure 2). Atmospheric weather conditions such as the wind speed, wind direction 
and air temperature, were incorporated using measurements from a sonic anemometer (R. M. 
Young Co, https://www.youngusa.com/) installed 6 m above ground level.  

The RMLD is an open path tunable diode laser absorption spectrometer which absorbs CH4 
concentrations along a path, between the laser and a reflective surface. Given that the RMLD is 
routinely used by oil and gas companies to screen for and detect leaks but not used to quantify a 
gas leak, it was calibrated alongside a Picarro to validate the measurements (Figures 3 and 6). The 
Picarro G4302 gas analyzer (Picarro Inc, https://www.picarro.com/) is a high precision gas analyzer 
that measures C2H6 and CH4 concentrations in Parts Per Billion(ppb). Picarro’s Cavity Ring-Down 
Spectroscopy (CRDS) technology enables precise measurements up to 20 km path length from a 
source, it operates in two modes, Methane only mode or Methane/Ethane mode. The Picarro 
analyzer has a precision of 3 ppb in 1 second when in the Methane only mode and a precision of 
30 ppb in 1 second when operating in the Methane/Ethane mode, this is compared to the sensitivity 
of the RMLD which has a sensitivity of 10 ppm-m at 30 m (maximum path length). Here, surface 
CH4 measurements from the gas rover were used to validate the results from the ESCAPE-1 model 
while a combination of measurements from the RMLD and weather conditions were used to infer 
the leak rate using the ESCAPE-1 model and an atmospheric dispersion model. 
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Figure 1 Taking surface CH4 measurements at METEC's rural testbed using the handheld gas rover 

 
Figure 2 Taking above-ground downwind measurements using the RMLD and a reflective screen (the white board) placed 

directly opposite the laser 

https://colostate-my.sharepoint.com/:w:/g/personal/kirui_colostate_edu/EddEtNZibcxLjVkZZN_C09MBcF-8kMhrCW04OseqCgAM2g


 
Figure 3 Validating measurements from the RMLD by taking measurements alongside the Picarro G4302 gas scouter 

Results show that the ESCAPE-1 model can use surface emission rate, the wind speed and 
the leak depth as input to predict the sub-surface leak rate of a pipeline. Comparing surface 
measurements from the gas rover with result from the ESCAPE-1 model shows that the model is 
accurate with an R2 of 0.87 for the 5 slpm leak, 0.84 for the 10 slpm and 0.96 for the 20 slpm leak 
rate (Figures 4 and 5). The ESCAPE-1 model can predict the leak rate to within -11 % of the known 
leak rate. Measurements from this project were classified based on the Pasquill Gifford Stability 
classes (PGSC) to PGSC A, B and C. With PGSC A and B, the model gives a good prediction 
within -30 % of the known leak rate. However, the model works poorly in PGSC C and is likely 
to over-predict the leak rate (Figure 7). 
 
 

 
Figure 4 Comparison of surface measurements from the 5 slpm leak rate with results from the ESCAPE-1 model 



 
Figure 5 Comparison of surface measurements from the 10 (11/10, 11/12 & 11/18 measured and modelled) and 20 (12/2 

Measured and Modelled) slpm leak rates with results from the ESCAPE-1 model 

 
Figure 6 Comparison of measurements from the RMLD and the Picarro gas scouter show that the RMLD is not responsive to low 

CH4 concentrations 



 
Figure 7 Sub-surface CH4 leak rate predictions from the ESCAPE-1 model grouped based on the known leak rate and the PGSC 
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