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Abstract N - - e
Calibration . Precise and accurate calibrations with factory calibration standards 24 hours continuous measurements of ambient air using CRDS

Rising concerns about the direct and indirect role of fugitive emissions on Earth’s climate and their _ _ - _ | atitude: 36.1782. Lonaitude: -85.5069. football field at a heiaght of 50 m
contributions to Carbon/Methane cycles has led to the need for improved and expanded measurement reveals the correct isotopic composition of the mixtures. ( ! J ’ J )

capabilities of critical greenhouse gases in the atmosphere. In this work, a high precision Cavity-Ring- Table 1: Main Isotopes and their abundance of CO,, CH, and CO
Down Spectroscopic Technique (CRDS) is used to simultaneously and continuous measure carbon G | T CH, mole fractions
dioxide (CO,), methane (CH,), carbon monoxide (CO), and water vapor (H,O) in ambient air. High o, .
accuracy of the measurements is established by reference to calibration using standard reference
gases. The precision and accuracy of the analyzer meet and exceed the compatibility targets set by 094200
the World Meteorological Organization—Global Atmosphere Watch for baseline measurements in the
unpolluted troposphere for CO, CO, and CH, in the Northern Hemisphere. Preliminary results of nreto 0.003547
Indoor and outside ambient air measurements at Tennessee Tech University are presented as a

testbed for deploying the CRDS analyzer in the field to detect and measure CH, fugitive emissions in v

various locations within Putnam County. | | Reference: Hitran database
Table 2: Concentrations of CH, standards given by the CRDS analyzer s 0 o w1

M et h an e CyC I e Mﬂthﬂ'lﬂ 'E]"EI'H mtﬂtgmmfﬂ il'l and factor (after Su btractlng |Sotopes) Concentration of the isotope of the standard(ppm)

ions with OH™, _ and O Concentrations CRDS (ppm) given by CRDS (ppm) Concentrations given by Comments _ _ _
factory (ppm) Figure 5: Concentrations of the main
X 09/12/2016 09/21/2016 01/11/2017 02/06/2017 02111/2017 |Sot0pe Of the Standard VS

o concentrations given by CRDS. CRDS
. Y kv ) »2 < 1 X ! 4.9500 4.9500 4.9600 4.9500 4.9500 4.9414 CRDS measures only CH, isotope 12 .

» The methane cycle is the A N IR s eyt we || ANVAIYZET Measures the *“CH, line at
biogeochemical cycles o i i o B Thy 9.7500 9.7500 9.7500 9.7500 9.7500 9.7740 6057.1 cm1.

. ' A CRDS measures only 12CH, isotope
where methane is y 14,5500 14.5600 14.5600 14.5600 14,5600 14,5671
exchanged among the : : : . 0.0001 0.0001 0.0001 0.0001 00001 00001
biosphere, geosphere, ' :
hydrosphere, and _ Main Isotopes of CH, (1°CH,and 3CH,)

atmosphere of the Earth.
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Qo S o X, | | ' ' Figure 8: Continuous measurements of CO, CO,, CH, and H,O and variations of wind speed, solar radiation
e b e el il ; - - and UV index during that period. During night time CH4 levels has increased since there is no wind speed to

it sl Sl Lo mix the gases in the atmosphere.
e Applicationl: Measurements of Methane emissions from enteric
Fermentation in Ruminants
Methane production: CO, + 8H* + 8e = CH, + 2H,0
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Figure 1. Methane Cyclel, showing the various type of sources and sinks of Methane.
The red arrow shows where the fugitive emissions are expected
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| RECENT G,LOE’A!' MONTHLY,MEAN CH4 | difficulties associated with measurements.
CRDS has moved a step further to measure this
CH, emissions from livestock by using CH,/CO,
ratio at Hyder Burk farm pavilion.

The ratio of CH,/CO, is 0.0551 with the R? value

of 0.9507 in 5 minutes sampling intervals.

> Rising Methane levels in the past |
two years, with :
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Figure 6: The intensities (given by (cmt/(molec.cm-))of the two main isotopes of Methane from 6000 | ML it A |
cm1 to 6400 cm* Inset of the figure shows the line profile showing a single line of the second 02:09 pm TIME 02:26 pm
overtone spectra observed by CRDS analyzer for 1.9000 ppm CH,.

: : : Figure 9: Continuous measurements of CH, and CO, levels at Hyder Burk farm on
Atmospherlc simulations of CO’COZ’CH4 and HZO at 140 torr, 03/23/2017. Inset shows the 5 minutes averaging of CH, vs CO, concentrations.

CH, mole fraction (ppb)

The black line and squares show
the long-term trend.
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Figure 2: Global monthly trend of Methane?, time-series starting in 2013. These monthly mean CO n C I u S I O n an d fu t u re d I reCt I O n S

atmospheric methane abundance determined from different marine surface sites. Fug Iitive emissions

E - t I t » Fugitive emissions are the sum of emissions from accidental

X p er I I I l e n a. S e - U p CH, (1.900 ppm) discharges, equipment leaks, filling losses and etc.

_ > Laser based technique that can measure different _ Sol_lql fuels gn_d oil/natural gas systems are the main sources of
Sample gas inlet Outlet gas flow ] CO (0.1800 ppm) fugltlve emissions

Laser ! | T gases in atmosphere. '

b Ccavity 35 scc co,, (404.0 ppm) Poor quality and incomplete data about fugitive emissions on solid
fuels
H,O (0.4%) Data on equi_pment leaks are .often unav_ailable_. | o
CRDS technique can be applied to monitor fugitive emissions due et N : | it
to the very precise measurements. Figure10: Red dots indicate the active oil and gas wells near

Cookeville as give by the Tennessee Department of Energy.
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Since the mirrors have slightly less than 100% : Tennessee Tech University (Start-up grant)

reflectivity (99.999%), the light intensity inside the Time (micro-seconds) Picarro Incl.
cavity steadily leaks out and decays to zero. Figure 4: Ring-down profiles of CRDS3. Ring-down profile shows the time Figure 7: A horizontal Atmospheric simulations of CO, COZ, CH4 and HZO from 6000 cm to 6400 cmt. CO Department of Chemistry TTU

which is taken to decay the laser inside the cavity. When there is a laser peaks are almost invisible in the graph due to lack of absorbance and the concentrations of CO in the air.
absorbing species inside the cavity, the ring down time decreases.

, Very small amount of sample size is needed for the

i
/ > )] analysis.
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Three mirror cavity with a long path length of
| approximately 20 km, increases the sensitivity of the
e instrument.

Concentration

elected line of CRDS

Photo
Detector

Light Loss

- The time sequence of pulses leaving the cavity with NO absorbing molecules.
Time (us) y

Absorbance(-In(l/1 ))




	Application of Cavity-Ring-Down-Spectroscopy to Measure Local and Regional Methane Fugitive Emissions�1Lahiru P. Gamage , 2Wilson K. Gichuhi�1. School of Environmental Sciences, Tennessee Tech University�2. Department of Chemistry, Tennessee Tech University�

