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Abstract AtmosphericethaneEthane can be used as a tracer gas-to distinguish methane sources, both at the local and global
scale. Currently, ethane can be suscessfullymeasured enthe-field-using flasks or designed-in-situ analyzers. In our study, we

considerthe possibilityof using-used characterizedthe CRDS Picarro G2201-i instrument, dedicated-originally-designedto

measureto isotopic CHs and CO2, for measurements of ethane-te—methane ratio in mobile—near-seurces; field

divided-into three steps-First, laboratory tests were run to characterize the instrument in stationary conditions. Then-Second;
the instrument performance was testedinthe field, as part of acontrolledrelease experiment- Einalyand-finally, the instrument
was-tested-during mobile measurements focused on gas compressor stations. The results from the field are compared with the

results from other instruments-specificalhy; designed ferto ethane measurements. Our study clearly shows the potential of using
the CRDS G2201-i instrumentto determine the ethanete-+methane ratio in methane plumes in mobile condition with an ethane
uncertainty of 50 ppb. Assuming typical ethane to methane ratio ranging between 0 and 0.1 ppb ppb-1, we conclude that the
instrument can correctly estimate the ‘true” ethane to methane ratio within 1 -sigma uncertainty inwhen-CHs enhancements of

are-at-least-1 ppm,—or-meore-as can be found in the vicinity of strongly emitting sites {such as natural gas compressor

1. Introduction

Methane (CHs) is the second most potent anthropogenic greenhouse gas, and its global average mixing ratio reached 1892
ppbl8768 ppm in the atmosphere in Nevember 2021 March 2020 (Dlugokencky, 20210); —approximately-almostthree times
more than during the pre-industrial era. Anthropogenic methane emissions amount -to-more-than-half of the total input of
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methane to the atmosphere and include a range of sources such as landfill, wastewater treatment plants, agriculture, coal, oil,
and natural gas industries (IPCC, 2018; Turner et al., 2019; Saunois et al., 2020). Large uncertainties remain in the
quantification of these sources2 magnitudes and locations (Saunois et al., 2016). The variety of methane sources and their
geographical overlap increase the difficulty of closing the present methane budget from global to local scales.
MethaneSome-methane sources also co-emit-aspecificmixtureof other gases that can be used as tracers to identify them. For
instance, ethane (C2Hs) is associated with thermogenic methane and it is therefore co-emitted during extraction of coal, oil and
natural gas as well as transportation of the latter (e.g., Aydin et al., 2011; Hausmann et al., 2016; Helmig et al., 2016;
Schwietzke et al., 2014; Sherwood et al., 2017; Simpson et al., 2012). Fypically,-CoHs-mixingratio-in-the-clean-continental
mosphere ranges-between 0.5 opb-but-itcanreach-1000ppbinthe vicinityo methane-and-ethane-emitters; ke fossil

—In the case of the natural gas industry, a range of values for

ethane:methane (C2Hs:CH4) —+atio-are observed depending—of the geological reservoir from which the gas has been
extracted and efby its eventual processing.—
The reported ratios

atmosphericmobile depend on the type of facilities and type of the reservoirs: between 0.01 and 0.06 for gas
leaks and gas compressors (Lopezet al., 2017; Lowry et al., 2020; Yacovitch et al., 2014), or higher than 0.3 for processed
natural gas liquids (Kortetal., 2016; Yacovitch et al., 2014). Also, different ratios are observed in the case of dry gas (0.01-
0.06) and wet gas (>0.06). In the case of offshore oil and gas platforms, C2Hs: CHa.aties typically were around 0.05, but ratios
equal t0 0.002 and 0.17 were observed as well (Yacovitch et al., 2020). Onthe contrary, biogenic sources such as landfills and
cattle farms show null to very small C2He:CHazatio (< 0.002) (Assan et al., 2017; Yacovitch et al., 2014) . -Mereoverrecent

udie an-etal2019: Turner et al2019: Yacovitch-et al.- 2020} showed varying-CoHs:CHu-ethane to-methane ratiosfor

At the local scale, observing changes in C2Hs:CHaatie-provides additional information about specific methane -erhancement

sources, especially in areas with multiple CHs enhancements from unknown origins (Assan et al., 2017; Lopez et al., 2017,
Lowry et al, 2020; Yacovitch et al, 2014, 2020). The currently available techniques, such as gas
chromatographyGaChromatography with flame—ionization—detectorDetector (GC-FID) and Fourier-transform—infrared
spectroscopyTransform-Infrared-Spectroscopy (FTIR) provide access-te-long-term or short-term-{e-g—hours—timesecale)
measurements of ethane and other components in stationary conditions (Bourtsoukidis et al., 2019; Gros et al., 2011,
Hausmann et al., 2016; McKainetal., 2015; Yang etal., 2005; Paris et al., 2021). Additionally, laser-based instruments, such
as the Los Gatos Research (LGR) Ultraportable Methane:Ethane Analyzer (UMEA), based on a cavity-enhanced absorption
technique, the Picarro Cavity ring-dewn-spectroscopySpectrascopy (CRDS) analyzers (Rella et al. 2015) and the tunable
infrared laser direct absorption spectroscopy (TILDAS) analyzer (Smithet al., 2015; Yacovitch etal., 2014) make it possible

to measureperform-measurementsof-ethane using-en-a mobile platform.-Here building -previous-studies with
2
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Previous studies already showed the possibility of using sucha laserbased-cavity instrument to determine the CoHe: CHaratie i
thefield conditions-(Rellaet al. 2015; Assan et al. 2017; Lopez et al. 2017, Lowry et al. 2020). In the study of Assan et al.
(2017), a CRDS G2201-i dedicatedto-the measure 0f 200, +*C0.?CH,CHs-andH2O-was located statlonary nearby
natural gas facilities: i

Rellaetal. (2015) and Lopez etal. (2017) used the CRDS instrument as part of a mobile setup enhanced with a storage tube,
called AirCore (Karionetal. 2010). This storage tube allows i i

time resolution and hence precision. The mobile measurements can be made in two modes using this setup. During the

“monitoring mode” the air is spHtand-injected atthe-same-time-directhyto the -instrumentanalyzerand at-the-same-time-to the
open-ended-AirCore. In the ‘replay mode”, air from the AirCore is measured. Using the AirCore with a lower flow rate

increases the sampling frequency. The replay mode is only used after observation of a methane plume (Rellaet al. 2015; Lopez

etal. 2017; Hoheisel et al. 2019). Reliam%%uady—by—hepezet al. W@H@—GH4%S%F%&S%&¥%WH&M&LQ&S

Here, the main purpose of this study is to evaluate the performances of the CRDS G2201-i and the applicability of making

short-term, direct, continuous, mobile measurements of ethane in methane-enriched air, with sufficient precision during near-

To achieve this-goal, following-Assan-etal {20173 the first step consists of laboratory tests to calculate the calibration factors
and also to check the instrument performances in stationary, laboratory condltlonsextendmg-pﬁehmnapywoﬂeb%an-et-%

investigate the performances of the instrument during-mebile field measurementsiaa-controledwas investigated-As-a second
3
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ep, the instrument has also been

evaluated in real field conditions, during car-basedsurveys conducted at gas compressor stations and one landfill. In this step,
measuredvalues wereare comparedto values fromgas chromatography and those in-natural-gas-provided by the owneroperator
of the gas compressorstations. These extensive and complextests alowedallowfor a full characterizationofthe CRDS G2201-

i instrument forto car-based-ethane measurements and highligh 4t the limitations of this

instrument when measuring C2Hs: CHa.satios.
AfterSubsequenthy-after presenting material and methods for these three steps (Seet.section 2), their results are presented
(Sect.section 3) and discussed (Sect.s 4).

2. Material and Methods:

The CRDS G2201-i (Picarro Inc., Santa Clara USA), used during this study, is originally-designed to the measurements of the
mixing ratio of 12C160;, 13C160;, 12CtHy, 13C*H4 and *H,1®0 (further H20). It operates in three spectral lines: 6057, 6251 and
6029 cm-t Asthereisaninterferenceof 12C2'Hs (further C2Hs) on13CHa inthe absorptionspectra, this instrument also measures
CzHs to correct this interference.dnterferences The possibilityof i with-other speciesispresented-in-Appendix-A- By default,
CoHsisnot-intended foruse by standard users- Thus,the measured CoHe-mixingratioisnot corrected norcalibrated and-it-is
stored-in-private-archived-files. To-use ethane measurementspersemeasured CoHs-values-must be first corrected fDue toor
observed-interferences with 12C160, (further CO02), H20 and 12CHs-—Different _measured c2H6-valuesmust-be-fisstcorrected—INe—Study

Inthis-study.theThese correction
factors,determined by Assanetal (2017) are usedanddﬁeussedﬂwgm%%%%@mm Sect.2-1.1. Here,we validated
~The water sensitivity test is-alse

described in Sectsection2.1.1.
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2 alibra 2 a arity v A alibra ! 21 2—Finally,correctedand
calibrated CoHe values,cerrected and calibrated: can be used to determine the C2Hs correction on 813CH4 mixing ratio or, as

CaHg raw

Step 1 interference correction

Section 2.1.1
CoHg cor = CoHg raw +A - H,O + B - CH, + C -CO,

Step 2 calibration

Section 2.1.2
CoHg car =D * CoHg cor + E

in this study, to determine the ethane to methane ratio. Figure-1-shows-the necessary-procedure-before-using CoHe-measured
by CRDS G2201-i

Here, the same device (CRDS G2201-i CFIDS 2072) was used as by Assan etal. (2017) ):-whichallowing tocheckschecking
a-possible long-time drift in calibrationfactors. previously-calculated calibrationfactors-Asouthnedinthe i

Additionally, as a part of laboratory tests, continuous measurement repeatability (CMR, used as a precision-in-Yver ok et
al—2015)and Allan variance (Allan, 1966; Yver-Kwok et al., 2015) were determined for the working gases with different
C2He mixing ratios (Seet-Section 2.1.3). Resulic gbtainedbtained for CRDS G2201-i resulis-are compared with performances
oftestperformedfor CRDS G2132-i, which also can measure C2Hs as additional feature{(Relaet-al2015)and forCRDS
G2210-i, which is designed for CoHs measurements.-Fhe—characteristic-of-each-instrument-comparedeach-instruments-is
presentedinTable-1. Asthe last pointof laboratorytest the possible time drift wasverifiedand compared i
by-Assan-etal(2017)-



Analyzer species Rise/ffalltime  Measurements CH;—operational  CoHe—operational
intervats} range-fppmi range-fpprmj
CRDS CO2—8C0;—CHy; =30s 37 1812 NaN
G2201-i 8RCH,—H.0,—— CaHg
(optionah)
CRDS CO2CH488CH, H.0; =30s 2 1812 NaN
G2132-i GCeHs-(optional)
CRDS CO2CH4—8RCHH.0; NaN 1 1530 0—100

G2210-i CaHs

2.1, 21 Laboratorysetup
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150
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— CoHecor=CaHeraw+AsHaO+ B CHy+ C-COx ().

TheBased-on-theirteststThe interference of other species on C2He changes also-in relation to the water vapor level in the
measured sample. {n-Assan-et-al (2017} the correction factors were determined for two different CRDS G2201-i devices

(CFIDS 2067 and CFIDS 2072){Assanetal2017 Table 2)—According to that study, if the water vapor level inthe measured
160 gasislessthan0.16 % (“low humidity case”),then interference correction factorsare the same for both devices. In the presence

of water vapor (=>0.16 %, “high humidity case”), the correction factors were different for each device. The threshold of 0.16
% corresponds to 26.14 % of relative humidity in standard conditions of temperature and pressure. Due to these differences,
drying air is strongly recommended before making measurements (Assan et al.; 2017). In the-the-present-paperstudy-presented
inthepresentis-articlepaper, the correction factors, determined by Assan etal. (2017) are used.
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Fable 2 hrterferencecorrectioronCoHs 0

CFHIDS 2072 CFIDS 2067
Humidity  Afppm-CoHe/% B—[opm—CoHd CJppm—CaHe! | Alppm-CoHel% B [ppm—CoHd C—Jfppm—CaHe/
Ha0] ppm-CH4] PpM-CO-] HaO} ppm-CH4] ppM-CO-]
Loy 0:44+0.03 8-10°4+2-10° 1-10%+1-10° | 044+0.03 8- 10242103 1-104+1-10°
.
High 0.7+0.03 ol 38-10%4+£2-10 | 12001 al 39-104+£2-10
humidity 5 5

CoHe-mixing-ratio-During
the test, Farget GastheTtarget gGas-1 was progressively humidified (0to 3 %) by steps 0f 0.25 %, using a liquid flow controller
(Liquiflow, Bronkhorst, Ruurlu, the Netherlands) and a-mass-flow controlercontrollerM=C (MEC, Bronkhorst)) coupledto a
controlled evaporator mixer (GMEBronkhorsty)-Each step lasted 20 minutes. The cycle was repeated three times. During
data analysis, the interference correction factors fromdeterminedby Assan et al. (2017) were applied<{TFable-2). Three cases
were tested: no-interference correction, high humidity case and low humidity case (exceptexcepted for the first step with dry
air, where only the low humidity correction was applied).

“ZTeeal

CoHsca=D-CoHgcor+E 2).

Here, the reference gasescalibrationfactorstrue concentrations are preparedcalculated using the approach presented by
Hoheisel (2018), where asynthetic gas mixture of known CzoHs (“target™), is diluted with a gas(“dilution-gas{“dilutien™) with

known CO2 and CH4 mixing ratios—True”CoHe-mixing-ratio-is-obtained-and—by-applying the following equation:

1( CHyp COym
CoHetrue = (1 _5( mEAS 2meas )) ’ C2H6target2 (3).

CHydilution  COzdilution

where C2He true i the ethane mole fraction m{h%reﬁepeneega&obtalned by mlxmg air fromthetwo targetand dilution-cylinders;
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MFCs-)- CHa dilution and CO2 giition are the mixing ratio of the dilution gas. CHa-meas @3d-CO2.meas are average measured mixing
ratios after dilution. This calculation is repeated for different C2Hs: CHaratios, determined using the MFCs.
Thecalibrationfactors-arecalculated-the calibration factors are calculated withealculated through-

~within the C2He:CHa ratie-is-gradually increased from 0.00 to 0.15 and measured ferin-steps-6£20 minutes-—for
each-step. This measurement cycle is repeated three times.
a -working- target-gas with-has-an-ethane mixing ratio ~5520 ppm (hereafterreferredto-asfurther Target Gas 2) and-is
mixed with the dilution gas via two MECs{(Figmassflowcontrollers2). As the flow rate of the measured gas is greater than

the instrument’s inlet allowance, an open split is installed before the analyzer to vent the generated mixture and maintain an

ambient pressure at the instrument inlet. This test was repeated twice: in January 2018 and April 2019. The central 15 minutes
of each 20-minute measurements are kept for further analysis. Then, the calibration factorsare calculated as aregression slope
and an intercept ofthe linear fitting, of theoretical (Eq. 32) against measured C2Hs with already applied correctionfactors from

Eg—(Equation-1)-—The-slope-and-interceptare-used-asfactors- D-and-E-in-calibrationequation{Eg-—2)-3-

CRDS
G2201-i

CRDS

G2201-i

Target Gas 2

Open split

Dilution gas

2.1.1. Precisionand-AHan\Variance

CMR is calculated as -the-one standard deviation (SD) over different averaging times (see Yver Kwok et al., 2015). The CMR
test has been made by measuring a working gas continuously over 24 hours-and—CMR is calculated as the one standard
deviation (SD) over different averaging times (see Yver Kwok et al., 2015). This test was made twice: first using a working
gas with ambient air amount of ethane {hereafterreferredto-as Target Gas-3)-and the second time with a gas mixture where
C2He:CHjy ratio was equal to 0.05 {(mixture of Target Gas-2-and-3). This test helps to determine the CMR and instrument noise
in the absence or presence of ethane. Moreover, the Allan deviation is also calculated to determine the noise response of the

instrument over different averaging times. Typically, the Allan deviation decreases for increasing averaging time. However,
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depending on the instrument, with increasing of averaging time, the instrument drift can contribute to the increase of the Al lan
deviation. Thus, the optimal averaging time can be identified (Allan, 1966).
Also, another target gas {hereafterreferredto-as Target Gas4), traceable to the WMO X2004A CH4 scale, was sampled for 20
minutes, with a CH4 mixing ratio about 10 000 ppb and a C2Hs mixing ratio about 1 000 ppb. -

-This
testallows us to determine the linearity and short-time precision of the instrument for a gas with a higher mixing ratio than
that of ambient air, both of C2Hs and CHa.

2.1.1. Fime-drift

Eventualys-the drift of the C2Hs baseline between December 2018 and May 2019 has also been investigated. The-A-known
working gas (dry atmospheric mixing ratio of CHs and C2He)-hereafterreferredto-asTarget Gas-5, was measured during 11
randomly chosen days, 20 times over that period, about 20 minutes each time. That measurement was made systematically as
part of the mobile-measurement protocol (described below). The gas was measured before and after surveys to check

instrument stability and influence of switching it on and off.

This section describesthe car-based instrument setup- -i-2 -
here-is-the same-as-in-the field (Section2.34)-The general principle of the setup is comparable to -the-previous workworks
(e.g., Hoheisel etal.,2019; Lopezetal., 2017;Rellaetal., 2015).

As the instrumentanalyzeris not originally designed forto-CoHs-measurements-mebile-measurements, the vibrations induced
by the-motionefthe-car metioncause noise in the instrument readouts-efCaoHs mixingratie. Such a constraint can be overcome
using two approaches. First, by stopping the car and spendingstanding-some time inside the plume. Second, by -accumulating
air-in-sampling-air-using-the AirCore (Karionetal. 2010; Rellaet al. 2015; Lopez et al. 2017) while moving through the plume

and eventually reinjecting the AirCore’s air into the analyzer while stopped. Previously, the AirCore tool was successfully

used as part of a mobile measurement setup to determine the isotopic composition of the methane source (Rellaet al. 2015;
Hoheisel etal. 2019; Lopezet al. 2017) and to determine the-C2Hs:CHa +aie-(LOpez et al. 2017).

Here both-stopping-inside-the-plume-and-AirCore approaches- were used-during-mobile measu
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While stopping inside the plume, the data were collectedinthe monitoringmode with-engine stopped;

mede-

For all mobile measurements, the background mixing ratios are calculated as the 1% percentile of the data sampled just before
and just after the plumes, both for CH4 and Cz2Hs. Then the data with CH4 enhancements above background are further
analyzed. The C2He:CHa.atio is calculated for each release as the slope of the linear regression of C2He against CHa.-Fitting-of
the CoHeversus CH4-wa i i i is—i it i

2.3. Controlled-release experiment setup

In September 2019, during five days, a gas release experiment was conducted by the National Physical Laboratory (NPL, UK)
and the Royal Holloway University of London (RHUL, UK). The experiment took place in Bedford Aerodrome, UK. The-A
description of the-experimental setup configuration can be findfound-in Gardiner et al. (2017)- The goal was to evaluate the
methods for calculating C2He:CH4 ratios—emissionflux—gas—flow rate and isotopic composition during local mobile
measurements. Each release lasted about 45 minutes. During the experiment, the parameters of each release: C2Hg:CHs ratio
(0.00t0 0.07), emission flux (4p-teunti 70 L mint) and the source height (ground or ~4 m source) couldwerevanpsaried.
Here, results from 10 releases with known parameters and varying CaHs:CH1CH sthanemethaneratios are presented.

Seven releases were measured using the mobile setup (AirCore and standing in the plume). Air was dried before entering the
analyzer using a magnesium perchlorate cartridge. Due to the limited time of the releases, the-time spentwithinthe plume was
approximately 15t0 20 minutes-the time of standing nside the peaks-fieldwas-intherange o 0-20minutes. After correcting
raw data according to Eq. (1), following Rretocol-3{low humidity case); the calibration factors{Eg-2) are applied for the
tracer release and field work datasets.

Three other releases were measured using sampling 5-lterbags (Elexfoill - SKCInc)-flexfoilsample-bags)—only. Between 1
and 3 bag-samplesswere sampled inside the plume and one-was sampled outside as a background sample. Afterward, bags

samples were measured in the laboratory using the CRDS G2201-i. The samples were measured without drying and the
correctionwas applied for water vapor higher than 0.16 % {{(Rrotocol2highhumidity case”). Then the C2Hs: CH4 enhancement
ratio was calculated for every bag separately and also as a regression slope of C2He against CHs values.-Results

2.4. Field experimentsetup-&-experiment

As a final step to evaluate G2201-iperformance inmobile,real field conditions, the mobile-measurement setup, described in

Sect. 2.2 has been used during surveys made in the Paris area—{see-Defratyka-et-al-—2020 submitted). During spring and

summer 2019, 6 surveys focused onthree gas compressor stations (one survey for one of them and two surveys for the other

10
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two) and one landfill (one survey). All measurements were made outside of the sites, from the closest public road. To measure
the C2Hs:CHa, the car was stopped inside the plumes for about 35 minutes, and the central 30 minutes were analyzed. Part of
the measurements was made with magnesmm perchlorate as a dryer before the instrument inlet and part of measurements
without a-dryer. i i i

For each measurement site, three previously evacuated 800 mL flask samples were also taken to be measured within three
weeks after sampling at LSCE (Assan et al., 2017). Measurements were performed witha GC-FID (HP6890) equipped with a
CP-Al203 Na2SO4 column and coupledto a preconcentrator (Entech 2007) to allowautomatic injections. A standard cylinder
(Messer) containing 5 non-methane hydrocarbons including ethane was used to check the stability of the instrument, while
calibrationwas done against a reference standard from NPL (National Physics Laboratory, UK). A previous character ization
of the system had shown that the detectionlimitisafewppt, the reproducibility of measurements isabout 2-% and the precision
is better than 5-% (Bonsang and Kanakidou, 2001).

3. Results and discussion

3.1. Laboratorywork

. AF3 c H20, CO2 and CHa—in-the-absorption
spectrum-and-dilutiontoreport CoHs-mixingratio-n-dry-air- Figure 3 shows that without interference correction.- :

the C2He mixing ratio is underestimated and the instrument displays a negative correlation with water vapor (r = -0.96). In

-high-humidity-case interference-correction;); C2Hs is overestimated and increases with increasing water vapor
(r=0.86).Regarding- lowhumidity interference correctionjcase CoHs shows the smallest dependency on water
vapor (r = -0.19). Applying-the tewhumidity-correctionvalies—the C2Hs average value is 28 + 61 ppb-(standard
error22-ppb), which is similar to the C2Hs average value obtained during CMR test (33 +51 ppb for raw data), indry air-{Seet.
3.1.3). Owerall, according to this study, after applying low humidity correction values, the water vapor has the smallest impact
for observed C2He mixing ratio and its averaged value is similar to the one obtained in the absence of water vapor. Therefore,
the correction factors; determined for the low humidity case; - -should also be used in water vapor presence. Our
results differ from the findings of Assan et al. (2017), where they observed changing values of the interference correction
depending on the humidity. In the absence of further tests to conclude, we recommend drying air for the C2Hs measurements
with the CRDS G2201-i instrument. Details of the water vapor tests are presented in Appendixappendix A

11
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Figure 3. H,0 influence on corrected C,Hg. Water vapor is increased in small steps for 4 hours while measuring Fargetatargetgas
Gas-%. The three panels show the result of applying different water correction protocols for next steps: a) no correction{Protocelt)
b) high humidity interference correction {Rretecel-2)c) low humidity interference correction—Pretecel3)- In all cases, for H,O=
0.00%, C,Hgs is corrected using low humidity interference correction. The red line represents 0 ppb.

3.1.2. Ethane CalibrationFactors

Here, the calibration slope {facterD) and mterceptéfaeter—E}m-Eq—ez}were calculated using linear fitting of C2He true

-versus C2Hs observed- atned- The calibration factors B-and-E-were

determined after applying the interference correction (Eg. 1). Table 3 compares new calibration factorsslopesand-intercepts
for the specific CRDS G2201-i device CFIDS 2072 obtainedin 2018 and 2019 with previous results by Assan et al. (2017).
The calibration factors B-and-E-have not changed significantly between 2015 and 2019, indicating a good stability over time.

12
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Table 3. Summary of the calibration factors for CRDS G2201-i device CFIDS 2072

C2Hs Slope Intercept [ppm]

o Reference
calibration FactorD FactorE
February 2015 0.49+0.03 0.00+£0.01 (Assanet al. 2017)
October 2015 0.51+0.01 -0.06£0.04 (Assan et al. 2017)
January 2018 0.51+0.01 -0.03+£0.01 This study
April 2019 0.54+0.01 -0.03+£0.01 This study

2.1.1. Precisionand-AHanvariance

We determined the instrument CMR and Allan variance by measuring a-Target Gas 3 for 24 hours. #+The-same-gas-was also
measured by GC-FID coupledto a preconcentrator, yieldingand-itsa C2He mixing ratio equals 2.2 + 0.1-ppb-ppb. Using the
CRDS G2201-i, the corrected and calibrated value is different and steadily equals 33.2 + 1.7 ppb over the 24 hour duration.
This value suggests a bias of the CRDS instrument of 3about-3101 ppb at low C2Hs concentrations,which-is-on-the level

the the 24 hour test, CMR and Allan deviation (Fig-Figure 4) are calculated for target gases with
different C2He mixing ratios: lowmixing ratio (Farget Gas-3), 100 ppb {mixdure of Target Gas2-and-3) and 1 000 ppb (Farget

Gas-4). In all cases, increasing the ethane mixing ratio does not affect the determined CMR and Allan deviation. Looking at

raw data (one data point every 3.7 s) for different mixing ratios, CMR and Allan deviation are about 50 ppb and 25 ppb,
respectively. Increasing averaging time improves these parameters and for 1 minute average, all achieve about 13 ppb. For
CRDS model G2132-i, also not -dedicated-originally-designed to the measure of ethane (Rellaet al. 2015),the CMR in 1
minutemin is about 20 ppb and Allan deviation in 1 minute is about 25 ppb. Currently, new CRDS instruments designed to
ethane measurements are available, for example, the CRDS 2210-i, which also measures 613CHa. Recently (in February 2020),
at the ICOS Atmosphere Thematic Centre (ATC) Metrology Laboratory (MLab), the CRDS G2210-i was tested and for C2Hs
its CMR and Allan deviation are equal to 0.9 ppb and 0.8 ppb in 1 minute (ATC Mlab, personal communication)
analyzer, anyformerinstrument
including formerones- also-
The comparison between instruments are presentedinTable 4.
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Table4. CMR and Allan deviation for G2201-i G2132-1 and G2210-i.

] ] G2132-i ]
) ] G2201-i G2201-i G2210-i (ATC
Awveraging G2201-i (Rella et al.,
) Id ~100 ppb  ~1000ppb MLab)  (personal
time Low CzHs 2015) o
C2Hs C2oHs communication)
Raw data CMR [ppb] 51 50 50 NA 4.6
Allan deviation
25 25 26 NA NA
[ppb]
10 second CMR [ppb] 30 29 30 NA NA
Allan deviation
29 29 NA NA
[Ppb]
1 minute CMR [ppb] 13 12 12 20 0.9
Allan deviation
13 12 12 25 0.8
[Ppb]
Number of data points Number of data points
0 20000 40000 60000 80000 0 20000 40000 60000 80000
T o02f o . T 03f - ‘ . -
& o01f g 02
= L e 01Ff
. A M 0.1k 3, L il r
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Figure 4. Allan deviation for correctedand calibrated C,He. Left: Measurementofworking gas with regligible-ambientC,Hg mixing
345  ratio{TargetGas-3}, right: measurement of the mixture of working gas with ~100 ppb of C,He-{mixtureof TargetGas2-and-3).

Witha 30 ppb bias and a CMR of 50 ppb, the CRDS G2201-i cannot be used to measure an absolute value of ethane
{hethane-absolutevalue . Howeer, this instrument can be used to observe ethane enhancement near the source and
to estimate ethane-to-methaneratios—CoHs:CHsratios-From these numbers, we can deduce that the smallest enhancement that

the analyzer can measure with significant precision at the highest possible data acquisition frequency is above 50 ppb. This
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value was obtained both for gas with a low and high C2Hs mixing ratio (~100 ppb and ~1 ppm). \A/e-One can assume that a
C2Hs enhancement is significant when the maximum C2Hs mixing ratio in the peak is higher than 2xCMR2xSD, i.e., 100 ppb

above background.

3.14. Fimedrift

Figure 5 shows-the time seriesof Target Gas-5 measurements with an low-ambient amount of C2He during the period of
December 2018--May 2019. The C2Hs mixing ratio measurements-dodees not change here significantly—Fheimean-and is

equal to 23 £ 12 ppb (Fig-Figure 5). It is in contrast to Assan etal. (2017), where a time drift of the baseline was observed.
This difference can be caused by fact that during previous studies, the drift was determined for corrected but not calibrated

data. Here, we applied both correctionand calibration before determination of time drift. Moreover, during-previeus studies
of Assan-et-al{2017); bigger changes in determined calibration factors were observed over time {i—g--60-ppb-differenceof

100

50

CHg [ppb]

-50

-100 ¢

Jan Mar May
time
12-12-18 15:55 29-05-19 16:36

Figure 5—Farget-Gas—5 20-mindte-mindtes measurements over half a year—Fe+for each measurement point: squares represent
averaged value, error bars — 1 standard deviation

3.2. Controlled release experiment
Figure 64 and-Table 5-showshows CoHs:CH4-ethane-to-methane-ratios—expressedinppb-ppb=; measured in situ during the

controlled release experiment (see Sect.Section 2.2). During these 7 releases, the C2Hs:CHaatis-Was set to ~0.032 for one
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release, ~0.00 fortwo releases and ~0.07 for four releases.4nthecasewhen CoHs:CH4-ethane to-methane ratiowas-equal-to=

For measurements withthe car stopped inside the plume, most of the data fromthe CRDS G2201-i are found lower than known
emitted CoHs:CHa4 ratio, (mean absolute deviation = 0.011, standard deviation = 0.004) with residuals in the range -0.018 to -
0.002 for raw data (Table 5). i CoHe:CH4-The

observed underestimation can be caused by a-systematicbias-observed-during-laboratorytestoran insufficient number of

® released - ® released
0107 4 70 Limin 7 0107 & 70 L/min

-[ ,
A 38 L/min B 38 L/min -
1 ;8
- rd
I’ I’ i

0.05 -, 0.05 -,

C,Hg:CHy measured
A
]
C,Hg:CHy measured
Y
e

0.00 0.05 0.10 0.00 0.05 0.10
C,Hg:CH, released C,Hg:CH, released
measurement points (15-20 minutes of measurement). For AirCore measurements, there is more discrepancythan for the plume

standing-situationstationaryin-plume situation, with residuals in the range -0.025 to 0.027 (mean absolute deviation=0.017,
standard deviation=0.009).

plume standing
. | ;
™ o stati inool uationol ;
setup shows data -than AirCore results.
plume standing-approach

-These results show that in the case of CoHs:CH4 ratio-measurements, standing inside the plume gives
results closer to the-reality than AirCore sampling. The example of observed CH4 and C2Hs mixing ratios while standing inside
the peak during one of the gas releases is presented in appendix B.

Figure 64. C;Hg:CH oo Observed using G2201-i as a part of a mobile setup. Left: measured standing inside the plumes. Right:
measured using AirCore. Red points: known released C,Hg:CHgati0. Error bars represent 1 standard deviation. The uncertainties
of released values are invisible on the graph.

We also investigated the sensitivity of the C2Hs:CHa.atie-to emission rates. During releases there were two different emission
rates: 38 L-/min=* and about 70 L-/min=. i i i




L/minand73 L/min-are grouped: The CaHe:CHsethaneto-methane ratio is better estimated by the measurements forwith
higher emission rates (bias is divided by more than 2 when increasing flow rate from ~38 to ~70 L-/min™). This is true both

with stationary measurements and using the-AirCore sampler. However, only 2 differentemissionrates were implemented and
400 most of the released occurred at the rate of 70 Limin-min, limiting the representativity of this sensitivity.
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Table 5-CHs:CH, 01-ias-apartofamobilesetupduring-standinginside
he plume o hforC.Hand CH -before determinationofCHCH.-
emitted RHUL—LGR
Source
Flux ] Residuals
. ] CoHs:CH4 Residuals CoHs:CH1-AC
fmin] CaHs:CH4

In Table 535we also report-the-residuals of C2Hes:CHa +atie-independently measured by RHUL using an LGR UMEA in another
car. The residuals in C2Hs:CHas ratios of LGR UMEA are in the range [-0.015:te -0.001], and their mean is -0.0051 (mean
absolute deviation = 0.0051). Therefore, the LGR UMEA is predictably more accurate than the CRDS G2201-i standing inside
the plumes (CRDS residuals in range -0.018 to -0.002 with mean -0.011). Despite the observed differences, results obtaired
by these two methods are comparable and both instruments are-were-capable of resolving the variation of C2He:CHa in thiste

release experiment.

downwind of three gas compressor stations (referred to as Ga—Gb—CGc) and one landfill (LD). All measurements in this

sectionwere done stationary inside the plume.

Table 84 presents onlyvalues based on raw data {i-e-at=(=3.7 s-acquisitionfrequency).)- We postulate that mobile applications
usually aim at the highest possible acquisitionfrequencies. However, as the 10 s averaging increases r2fitting by about a factor
two, comparison of raw data and 10 s averaged data is presented in appendix D.-CoHe-and-CHs-mixing-ratios-are-taken-as
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Table 6. Ratio measuredat three different gas compressorstations (Ga-Gb—+S6e¢) and a landfill (BL); ACH,4 and AC,H;g are defined
as the difference between background value (1st perecentilepercentage) and the observed value inside the peak

max ACHs max AC:Hs

id CoH6:CHasaticl s r2fitting n (data point) Data
[ppm] [ppm]

Gaz2A2 1.737 0.269 0.060 +0.005 0.195 533 16.05.2019
GasA3 5.85 0.414 0.045+0.002 0.489 495 15.07.2019
Gh3B3 1.454 0.260 0.052 £0.007 0.082 613 12.07.2019
Gh4B4 1.677 0.236 0.046 £0.008 0.086 336 12.07.2019
LD1 1516 0.266 0+ 0.006 0 712 16.05.2019
GalAl* 1.486 0.309 0.070x0.013 0.162 138 16.05.2019
GhiB1* 7.314 0.878 0.090+0.001 0.852 811 27.05.2019
Gh2B2* 0.513 0.323 0.085+0.022 0.024 594 12.07.2019
GelCl** 0.495 0.284 0.091+0.037 0.037 711 28.05.2019

Campaigns Gal-Al Bl Ghl and B2-Gh2 (Table 64) were made without using a dryer before the instrument inlet. Due to
previous results that have cast doubts about the water vapor correction, the high humidity measurements have been rejected

from further analysis. Alsointhe case of measurementsof -airthe-ethane to-methane ratio-was—

higherthanvaluesprovided by operator-Surveys B2-Gh2 and -C1-Gelexhibited the highest uncertainties in the estimated
ratio and the lowest correlation between the two species. These two surveys had the lowest CH4 enhancements above

background, about 0.5 ppm. Based on error propagation (Taylor, 1997) and using 2x CMR (100 ppb) as C2Hs detection
threshold, for a typical CoHe:CHs —atio-0f interest about 0.1, the minimal CH4 enhancement above background would -alse
therefore-be-be-equal to 1 ppm. It suggests that a minimum CH4 enhancement of 1 ppm could be required to calculate ethane
to methane ratio in field conditions-with-this-instrument. As our observations are in line with the error propagation, we use 1
ppm CH4 enhancement above background as a detection limit to use the CRDS G2201-i to determine ethane to methane ratio

in the field conditions close to the methane source, and exclude B2-Gh2-and-C1-Gcl-from subsequent analysis.

20



440

0.491Ga2 047Gb3 047
C,Hg:CH,4 0.06 C,Hg:CH, 0.052 C,Hg:CH, 0
0.3 .03 .03
£ £ £
(=% Q ' Q
S o S
©0.21 ©0.27 i ©0.2
L < L
0 [$) Q
] 2 3
017 011 01
: 5 et
0.04 3 0044 " 004.a% "
{ 2 3 4 0 1 2 3 4 0 1 2 3 4
ACH, [ppm] ACH, [ppm] ACH, [ppm]
04 Ga3 041 Gbh4
CyHg:CH, 0.045 C,Hg:CH, 0.046
— 0.3
£
Q.
=
T
[$)
2
5 1 2 3 3 33 3
ACH4 [ppm] ACH4 [ppm]
0.491Ga2 047Gb3 047
C,Hg:CH,4 0.06 C,Hg:CH, 0.052 C,Hg:CH, 0
0.3 .03 .03
£ £ £
(=% Q. o
K=" & K=>
©0.2- ©0.21 © 0.2
L < L
0 [$) Q
] 2 3
017 011 01
004 0.0 0.04- L
0 { 2 3 4 2 3 4 0 1 2 3 4
ACH, [ppm] ACH, [ppm] ACH, [ppm]
04 Ga3 041 Gbh4
CyHg:CH, 0.045 C,Hg:CH, 0.046
— 0.3
£
Q.
=
T
[$)
2

5 1 3 3 3
ACHy4 [ppm]

5 3 3
ACH4 [ppm]

21



445

450

Figure 75. C;Hs:CHyasie-for gas compressor stations (A-Ga-and Gb) and the landfill (£B), calculated for non-averaged data. Linear
fitting (red line) with confidence intervals (black lines)

Figure 75 presents observations from the valid cases. We compared the observed ratios with the values provided by the owner
of the gas compressor stations. The comparison s presented in Table 75. The residuals between values measured by CRDS
and values provided by the owner (considered as the “true” values) are in the range -0.006 to 0.009. This range is more
symmetrically distributed around the released value than for the controlled release experiment (-0.018 to 0.002, Sect-Sectien
3.2). The uncertainty of C2He:CHa stiemeasured usingthe CRDS G2201-i inthe field conditions is smaller than the differences
between the ratios of CHa4 sources (e.g., biogenic sources C2Hs:CH4 ~0.00, natural gas leaks and compressors stations ~0.06,
processed natural gas liquids ~ 0.30). These results clearly showthat C2He:CH4 ratio-measured by the CRDS G2201-i can be
used to portion the origin of the CH4 during mobile measurements.
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Table #5. Comparison of results obtained by CRDS G2201-i with the values from the operator company.

i CRDS 1s Operator data Residuals Date
C2He:CHaxatio -C2Hs:CHazatie -C2He:CHaxatio

GazA2 0.060 +£0.005 0.051 0.009 16.05.2019

Ga3A3 0.045+0.002 0.049 -0.004 15.07.2019

Gh3B3 0.052 £0.007 0.052 0.000 12.07.2019

Gh4B4 0.046 £0.008 0.052 -0.006 12.07.2019

b4 0+ 0.006 NA NA 16.05.2019

Finally, C2Hs mixing ratios measured by the CRDS G2201-i are compared with results from GC-FID. Three flask samples
were taken from every surveyed site and measured afterward in the laboratory using GC-FID. Then, the average of these three
measures was calculatedand for all sites their standard deviation is smaller than 1 ppb. On Figure 886, flask results are compared
to results obtained by the CRDS G2201-i during the time of flask sampling. One should keep in mind that due-te the very short
time sampling (<3s), the comparison of concentrations is only indicative. For the-landfill-B, the C2Hs mixing ratio measured
by GC-FID is 4.9 ppb~whichat-is-higher than-typical CoHg-mixing ratio-observed forcleanatmosphere (0-5-2ppb).
For A-Ga-and G-Ge-gas compressor stations, the C2Hs mixing ratio-measured-by-GC-FID; is 20.5 ppb and 13.7 ppb,
respectively. , for the landfill and two compressor stations (A
Ga-and €6¢), C2Hs mixing ratio measured by CRDS is higher than measured by GC- FID (Fig-Figure 86)
neise
A different
situationis observed in the case of the gas compressor station B-Gb-where higher C2Hs mixing ratio is observed. The results
from flask samples are higher by about Z24—ppb than from CRDS analyzer-aftersubtractionof 31 ppb-bias, whatwhatich
Lggesta-betteragreement between instruments-inthefor-higher CoHs-mixingratiosis stillwithin-the-instrument-nose. For all

sites, inthe case of CRDS measurements the standard deviation is almost equal to the averaged value over the sampling time.

It is caused by high instrument noise (~50 ppb CMR and 25 ppb Allan deviation for raw data) and short sampling time (less

than one minute).
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Figure 86. Comparison of the C,Hg mixing ratio measured in-situ by CRDS G2201-i and in the laboratory by GC-FID from flasks
measurements. CRDS G2201-i measurements during the time of flask sampling. Uncertainties (1 SD) are indicated both for CRDS
and GC-FID.

4. Synthesis and-discussion—overall comparison with other instruments and methods

v using the CRDS G2201-i inamobile setup to measure
C2He:CHa —asie-in methane plumes isappears possible and can provide useful scientific results under specific conditions. In
laboratory conditions, during measurements of gas containing C2Hs, the CRDS G2201-i has a better CMR (12 ppb in 1
minutemin) and a smaller noise calculated from Allan deviation (=10 ppb in 1 minutemin) than the CRDS G2132-i, another
isotopicanalyzer-whichare equal 20 ppb and 25 ppb, respectively, in 1 minutemin timeframe (Rellaet al. 2015))where both
instruments-are-not-designed-for-CoHs-measurements: However, both instruments have lower performance than the CRDS
G2210-i, designed to measure CoHs-measurement. For the latter instrument, both CMR and Allan deviation are smaller than 1
ppb (ATC Milab test, personal communication). Additionally, based on a literature comparison, for both CRDS instruments,
CMR and noise are higher than those obtained for the instrument based on the TLDAS method, designed for mobile
measurements of C2He (as described by Yacovitch et al. 2014). For that instrument, the CMR is as low as 19 ppt in stationary
conditions, and 210 ppt in motion.

TheBased-on-Assan-et-al{2017) the correction of the sensitivity to other species is necessary (Eq. {11} to account for the
different instrument responses to water level lower or higher than 0.16 % (low and high humidity). In this study, during
laboratory work, the water vapor sensitivity was evaluated and results showed that applying interference correction factors
determined for low humidity gave better results, including for - air measurements. It is in oppositionto
results obtained by Assan etal. (2017). Rella
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Previously, the CRDS G2201-i device CFIDS 2072 has only been used in stationary field work over two weeks (Assan et al.
2017) to make continuous measurements of CHa, 63CHa4 and C2Hs from gas facilities. The CRDS G2201-i and GC-FID
measured air simultaneously from the shared inlet and were located 200——400 m from the gas facilities (pipelines and

compressors). The GC-FID used in Assan etal. (2017) was a field instrument described in Gros et al. (2011) andPanopoulou

et al. (2018) which has an overall uncertainty estimated to be better than 15%. Fo—have—identical timestamps-asrFor GC-EID;

assanetal2017y [N OUr study, we went one step further and considered the constraints associated with a mobile setup within a car.
As the instrument noise increases during the motion of the car, we decided to stop the car for about 35 minutes inside the
plume to acquire the observations. As it is not possible to stop the car in every place where measurements are made, it is a
limitation for this application of the instrument, compared to other instruments able to measure C2Hes while moving across the
plume, like the LGR UMEA (Lowry etal. 2020) or the instrument based on the-TILDAS method (Smithetal., 2015; Yacovitch
etal., 2014, 2020) M%AM@W@Q—W@%@H@%@@A@F@MM@%@SW@M#@{ g-35-minutes)and

During our tracerrelease experiment, C2Hs: CHa saticWas calculated from measurements made when the car was standing inside
the plume. With this approach, measured ratios were underestimated. However, using the LGR UMEA instrument, designed
to mobile C2Hs:CH4 asie-measurements, some discrepancy between the measured and released value was also observed, albeit
smaller. Indeed, in the case of the LGR UMEA measurements, the residuals between measurements and released value were
in the range -0.015 to -0.001, where using the CRDS G2201-i the residuals are in the range -0.018 to -0.002. It is also worth
noting that the—more—precise-instrument—presented-by—Yacovitch et al. (2014), using—a—mere—precise-nstrument-also
.tepenedme#eda systematical underestimation of the C2He mlxmg ratio by ~ 6 %.%-of the measured-valueIn-theirstudy;
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In our study, during the trace release experiment, we also compared results obtained by stationary standing inside the plume
and by sampling air with an AirCore system. The absolute deviation is equal to 0.011 and 0.017 for stationary mode and
AirCore mode, respectively. The residuals between released and measured values are from -0.018 to -0.002 for stationary
mode and from-0.025t00.027 for AirCore mode. Thus, the agreementwith released C2Hes:CHa +atie-is better for measurements
made by standing inside the plumes than with AirCore sampler. However, during previous studies where CRDS instruments

were used (Rellaetal. 2015; Lopez etal. 2017), C2Hs:CHa-atie Was also measured using AirCore sampler. In the study made

by Lopez et al. (2017) for pipelines measurements, gas flasks were also collected and measured at INSTAAR (Boulder, CO,

with the results for flasks measurements.
During these measurements, the CRDS was flushed continuouslywith a flow rate of 1000 mL/min-*and amass flow controller
was part of the setup. During AirCore analysis, the airflowrate was equal to 40 mL-min=. This change allowed -rcreasingto
increase the number of measurementmeasurements points by 25, when the replay mode was used. In our study, in the
monitoring mode, we flushed the CRDS instrument with a flow rate of 160 mL-min and in the replay mode, we increased
the number of points only by a-facteref-3. These differences could contribute to explainexplaining the discrepancies between
measured and released C2Hes:CHjy ratios. Further decreasing the flow rate will increase the number of sampling points and
could improve the agreement between AirCore-based estimations and actual ratios-especiallyforthe-smal-CHs-plume{e-g-
1-2 ppm-above CH.-background). This should be tested to determine the optimal AirCore setupforCoHg:CHs
to improve the characterization of methane sources.
Finally, the C2Hs:CHaratios obtained by standing inside the plumes are accurate and allow us-to-separate the differentreleases
at the resolution of the conducted experiment. They are also comparable with results obtained using LGR UMEA. This
agreement between measurements and reality has also been confirmed during +eal-field conditions mobile measurements.
During these measurements, residuals for dry air sampling were between -0.006 and 0.009. Additionally, during field work,
flaskflasks samples have been taken and measured by GC-FID in the laboratory. During the time of flask sampling at the two
gas compressors stations, the C2Hs mixing ratios were below the value of the instrument CMR (~50 ppb). For the third gas
compressor station, the C2Hs mixing ratio was above the detection threshold and C2Hs mixing ratio measured by GC-FID was
higher than measured by CRDS. Nevertheless, due to the short sampling time of the flasks, these first comparisons-between
ask-samples-measured-by GC-FID-and-short-term CRDS field-measurements are only indicativeapproximate-and more

comparison campaigns should help to understand the discrepancies between these instruments. In all cases, the standard

deviation of C2Hs measured by CRDS was close to the averaged value. It shows the CRDS G2201-i should not be used for the
measurements of the absolute value of the-C2Hs mixing ratios

Owerall, using C2He:CHs+atio-measured by the CRDS G2201-i, it is possible to separate methane sources between a biogenic
origin (C2Hs:CH4 ~ 0.00), natural gas leaks and compressors (C2Hs:CH4 ~ 0.06, can vary between 0.02-0.17) and processed
natural gas liquids (C2Hs:CHa ~ 0.3). C2He:CHa-atio Of natural gas can vary on-due-to-its-originand processing.-Alsothis
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Determining etermining the exact source of methane inside the industrial site, with a lot of potential methane emitters,
iscanbe more challenging to achieve. However, looking at the results of our study, if the differences between C2Hs:CHa ratios

are higher than 0.01, it is possible to determine the source of the observed CH4 plume using C2Hs:CHa4 ratio-measured

withby-the a CRDS G2201-i.

5. Conclusions-and& recommendations

The instrument CRDS G2201-i measures 12COz, 3CO2, 2CH4,13CH4,H20 and C2He, the latter being initially present to correct
13CHs measurements. This study investigates the possibility to make ethane measurements, made by a CRDS G2201-i
instrument, useful for methane source apportionment. The interest is to be able to better constrain methane sources at the
laboratory and in the field with only one instrument. Before any analysis, C2Hs raw data must be corrected
and calibrated-{Fig-—L). The linearity test showed good stability over time, with only a small change of calibration factors over
4 years. Contrary to the previous studies (Rellaet al. 2015; Assan et al. 2017), we do not observe any time drift of the C2Hs
baseline. Nevertheless, regular calibrations and target measurements are recommendedady,

The controlled release experiment revealed a small systematical underestimation of measured CaHg:CHaratios inside the
plumes compared to released ones. The larger discrepancy from released C2Hs:CHa4 occurs in the case of AirCore samplings.
Due to that, we recommend standing inside the plumes instead of taking AirCore samples to measure C2Hs:CHa ratios.
However, decreasing the flushing flow rate of the CRDS can improve the performance of the instrument during AirCore
sampling and should be further investigated in futurethe next campaigns.

In this study, we find some limitations of using CRDS G2201-i to measure C2He:CHa. First of all, we found that we need at
least apeak maximum of 100 ppb in ethane to get useful results to help portioning methane sources. Additionally, the required
maximum CHas enhancement above background should be higher than 1 ppm. This threshold is determined using error
propagation for atypical CoHs:CH4 ratie-equal t0 0.1. In the field conditions, this thresholdwas successfully used for C2Hs:CHs
ratioclose to 0.05. For weak sources with enhancements below 1 ppm, this limitation prevents providing C2He:CHs-atio
measurements using our approach. Secondly, we have observed significant changes in observed C2He mixing ratios in the
presence of water vapor and we strongly recommend drying air before making measurements.

Third, due to an increase of the instrument noise during the motion of the car, it is not possible to measure C2He:CHa ratio
when moving across plumes as currently made to estimate methane emissions (e.g., Ars et al. 2017). Other designed
instruments have to be used in this case for ethane (Yacovitch etal. 2014; Lowry et al. 2020). To fix this problem, C2Hs:CHa
ratie-CaN be measured by standing inside the plumes or effline-usingby-AirCore sampling after determiningsohvingthe flushing
issuedeterminationg- optimalflushing flow (see Sect 2.2 and 3:2).
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595 Despite these limitations, this study shows the possibility of using the CRDS G2201-i to measure CoHs:CHa ratio-in-the field
conditions within strong methane enhancements, using mobile platforms-andreceive rapid-and-qualitative results.

Even though the instrument is not designed for C2He:CHa satie-measurements, after applying correction and calibration factors,
when the air is dried and methane maximum in a peak is at-least-1 ppm above background, the CRDS G2201-i gives results
600 that-are-comparable with released values in controlled experiments-and-values-provided-by-gas-compresserownercompany.

Therefore, under these conditions, the CRDS G2201-i instrument can contribute to better constrainmethane sources deploying

only one;pessibly-already-available-in-the-laberatory; instrument.
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Figure Al. H,O influence on CO,, CH4and C;He.

The results, presented in Fig-Figure 3 in the paper, were obtained using wet CH4 and COz values. In the next step, the analysis
of the water vapor sensitivity test was repeated using dry CH4 and CO2 values. These dry values are corrected by default
already in the instrument. For all three cases, using dry or wet CH4 and CO2 values did not change the C2Hs values, which
suggestsa bigger influence of H2O than CH4 and CO2 on C2Hs. When the interference correction for low humidity was applied
for all steps, the average C2Hs mixing ratio is equal 28 + 62 ppb and 28 + 61 ppb for wet and dry CHs and CO2, respectively.

Figure A2 presents a comparisonof wetand dry CO2 and CHa4 values.
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Figure A2. Dry (manufactured correction) and wet values of CO, and CH,. Green—dry values, red — wet values. Left: CO, mixing
ratio, right CH4 mixing ratio.
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Appendix B

Figure B1. CH4 and C,Hs mixing ratio observed during standing inside the plume
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Figure B2. C,Hg mixing ratio vs. CH, mixing ratio observed while standing inside the plume. Left: non-averaged data. Right: 10 s
averaged data. Green line: linear fitting

Appendix C

Table C1 CyHg:CHyrasie-with interference correction for high humidity. * background samples

. CO2 CH4 S13CH4 H20 CaHs C2Hs:CH4
name.id )
[ppm] [ppm] [%0] [%] [ppm] Ippr/ppmiratio
1.1b 402 2.23 -47 1.25 0.27+0.06 0.12+0.03
1.2b 397 2.01 -47 122 0.27+0.06 0.13%£0.03
1.3b 399 3.34 -45 122 0.39+0.06 0.12+0.02
1.4b* 395 1.96 -48 1.23 044+0.06 0.22+0.03
1.5b 399 231 -46 1.29 043+0.06 0.19+0.03
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1.6b
1.7b
1.8b*
2.1b
2.2b*

399
402
396
420
397

5.25
5.19
1.98
3.25
1.97

1.29
1.29
1.25
1.27
117

0.45+0.07
0.62+0.09
0.55+0.08
0.55+0.07
0.72+0.15

0.09+0.01
0.12+0.02
0.28+0.04
0.17+0.02
0.36+0.08
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Appendix D

Comparison of raw data and 10 s averaged data from measurements in the lle-de-France region

Table _Dl. Fiel*d*work qnalysis Ga—GbABand GeG gas compressor, £EBB— Iandﬁl; oA Bl anel P e pete e e tRe raRasis
id max ACHs  max ACzHs | 15 r2 10s r2 n data
GalAl*  1.486 0.309 0.070+£0.013 0.162 0.066+0.018 0.235 138 16.05.2019
GazA2 1.737 0.269 0.060+£0.005 0.195 0.059+£0.007 0.303 533 16.05.2019
Ga3A3 5.85 0414 0.045+0.002 0.489 0.044+£0.003 0.645 495 15.07.2019
GhiB1* 7314 0.878 0.090+0.001 0.852 0.091+£0.002 0.927 811 27.05.2019
Gh2B2*  0.513 0.323 0.085+0.022 0.024 0.083+£0.029 0.044 594 12.07.2019
Gh3B3 1.454 0.26 0.052+0.007 0.082 0.05+0.009 0.15 613 12.07.2019
Gh4B4 1.677 0.236 0.046+£0.008 0.086 0.05+0.011 0.174 336 12.07.2019
GelCi**  0.495 0.284 0.091+0.037 0.037 0.09+£0.021 0.082 711 28.05.2019
Lbl 1.516 0.266 0+ 0.006 0 0+ 0.007 0 712 16.05.2019

Data availability

Data from the field work and most of the laboratory tests are available on the Carbon Portal and waiting to obtain a DOI

number. Data from time drift test are available on demand.
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