Abstract:

We are developing a new open-path laser absorption sensor for measurement of unspeciated hydrocarbons for oil and gas

production facility fence-line monitoring. Such measurements are necessary to meet regulations, to quantify greenhouse gas

emissions, and to detect volatile organic compounds (VOCs) that may have adverse health effects or act as precursors to ozone — n

formation. Our initial design employs a single path measurement system though future implementations may use multiple paths for O p e n -— P at h H y d r O C ar b O n L aS e r S e n S O r f O r O I I an d G aS ./ EPA
large scale facility monitoring. The sensor uses a compact mid-infrared laser source in the spectral region of ~3.3 um to measure \’

absorption of several hydrocarbon species over open-paths of ~1 km. Spectral simulations show that for typical conditions the .

hydrocarbons cause a transmission reduction of greater than 10% allowing a robust measurement. United States

| | | | . .
The initial prototype system uses a helium-neon (He:Ne) laser at 3.391 um for which signal contributions from methane and non- E nviron mental PrOte ction
methane hydrocarbons are comparable. Closed-cell tests were performed with diluted methane (~150-250 ppm) to validate the aC I I y O n I O r I n g Agency
transmission signals and showed good agreement with expected (calculated) values to within ~10 %. The system employs a
reference leg, with a 2" detector (near the source) to normalize for laser power fluctuations. For improved signal-to-noise,

particularly for small concentrations and transmission changes, we employ phase-sensitive detection with a mechanical chopper
and software based lock-in amplifier. This detection scheme allows measurement of transmission signals with stability <0.5%

(based on coefficient of variation over 60 s). ) _ _ : E N E R G Y
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up to ~25 m (one way) though the design should allow paths in excess of 100 m (one way). For initial field tests, methane was . . . . . . . . .

r:Ieased at known flozv ratesgnear the Ctgenter of the bearg path. Transmission signals in roui]h agreement with expectation (given 1C6 nter fOr Laser Se nSI ng a.n d D I ag n OStI CS y De partm e nt Of M eCh a.n ICaI E ng I nee rl n g CO I O rad O State U n |Ve rSIty, FOrt CO I I I nS CO COlOl'adOState Univel'si ‘ AND DIAG NG’ST[CS

uncertainties in the wind and plume dispersion) were observed. The system should allow detection of leaks (emissions) for mass

flows as low as ~1 g/s of methane (or equivalent optical signal from other species) for the case where the source is ~150 m from the 2 U : S . E nVI ro n m e ntal P rote Ctl O n Ag e n Cy, D u rh am : N C

beam path, for typical atmospheric conditions. The sensitivity to small leaks will be experimentally verified in upcoming field work.
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