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ABSTRA CHALLENGES FOR CALIBRATION OF IS PIC METHANE

RESULTS — INDEPENDENT TANK RESID!
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whether natural gas is useful as a bridge fuel, in terms of greenhouse effects, compared to CHL) and Low (1.9 ppm CH.) fidd g e
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be distinguished via the isotopic signature: heavy isotope ratios (e.g., -23.9%) are R m

characteristic of thermogenic (e.g., oil and gas) CH, sources and light isotope ratios (c.g.. Averaging times for CO, and 8UCH, 5 Ludigis ™" ™" "7 Y gusER  Oyoi  GENY  OEDEE [od

at atmospheric mole fractions (for o
the desired compatibility levels) for
the calibration cycles are longer than

-66.5%q) are characteristic of biogenic (e.g., landfills, agriculture) sources. Here we describe
the cali of the i Target i (accuracy) is 2 ppb CH,, 0.2 ppm

Figure 6. Independent (“low”) tank methane isotopic ratio differences from known value,
for the individual calibration cycles, and for 1-, 5-, and 10-day means, for the South tower
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€O, and 0.2%» 81°CH,. for the comparable mole fraction for Sept - Dec 2016. The standard deviations of the low tank differences are a proxy for the
only instruments (Picarro G2301 and ~ §° noise in the calibrated ambient samples over those averaging intervals. The standard
G2401): 32 minutes or longer. e e deviation of ~13 calibration cycles per day over the period September 1 — December 2 is
o 0.53%. Using an averaging interval of one-day yields a standard deviation of 0.40%o.
Therefore, for any one day during this period, differences between towers of less than
S CERETTERIDETETES 0.40% are likely not significant. For 5-day means, the standard deviation is 0.22%, and for
Prior to deployment, the instruments were calibrated for "*CH, (both a slope/intercept| 10-day means, 0.03%. For the period after the calibration tank sampling scheme
calibration and a mole fraction correction) using four Isometric Instruments standards (-23.9/] (primarily by sampling the target tank for 54 min/day instead of 6 min/day) was
-38.3/-54.5/-66.5%o) diluted to varying degrees with zero air to obtain mole fractions ranging] imp! , D 3 31, the standard deviation of the individual cycles

between 1.8 and 10 ppm. is 0.25%o, of one-day means 0.18%» and 5-day means 0.09%o.

Field calibration tanks at each tower location:
« High tank (~10 ppm, -38.9%); filled by Scott-Marrin using Isometric Instruments RESULTS — FLASK TO IN-SITU COMPARISON

standards to spike and calibrated at PSU
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Figure 1. Map of Pennsylvania with permitted unconventional natural gas wells (magenta to spike and calibrated at PSU g E . 5 1 .
circles) and network of towers with methane and stable isotope analyzers (Picarro G2132-i * Target tank calibrated by NOAA/INSTAAR (~1900 ppb, -47%) i H i.
Towers East and South are also equipped with NOAA flask sampling systems. Two towers Ethane was calibrated using the two Scott-Marrin tanks (containing no ethane) and the g o g e 4
(East and Central) are predominantly downwind of the study region, whereas the South tower NOAA/INSTAAR tank (atmospheric levels of ethane) and a correction was then applied| H . H
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York State, which does not allow horizontal fracking of natural g CH, ’ §13CH,
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isotopic  ratios  exhibit  both a
slope/intercept error and a mole fraction
dependence.

Highlights:

[Gas Species S + Performance was not improved via multiple calibration cycles within one day (i.c., background  South  tower SCH, (%)
[Carbon monoxide [Range": 107.5-200.7 ppb. [<<0.01% insignificant drift during that time period). for January — M‘ay 20?6,
Water vapor Range' 0.02-0.06% <002 + Can average multiple calibration cycles throughout the day, in order to not miss 60 subset for days in which | cENTRAL - SOUTH R
[carbon dioxide [Range': 375475 ppm [<003% i T R R all four instruments are =
Propane Max'3.6 ppb <001 . . X L ’ operational. The largest
outane (Coane s et e oo Preferable to calibrate using tank within typically measured values. i (ot o 1 " L D " |
|Ammonia [Typical* 90 ppt << 0.01% RESULTS — SIDE-BY-SIDE TESTING the East tower, where the SBCH, (%o)
[Hydrogen sulfide [Typical' 30 ppt [<< 0.01%, e ————— are bet-
/A /A ide-by-side testing of a G2301 analyzer and a G2132-i analyzer for June 2016 at the South| ween —16 and 23 ppb EAST - SOUTH om0
Ethylene 1500 ppt <<0.01% tower resulted in mean hourly differences of 0.0640.41 ppm CO, and 0.941.5 ppb CH,. CH, (not shown) and bet-
XS] [ T o 2 e A5 | [0 (G 7 ) These side-by-side testing results indicate that the performance of the G2132-i is similar| ween —0.33 and +0.77%0

for CO, and CH, mole fractions, at least in terms of the long-term mean. on 68% of days. Small 3 =

Table 1. Maximum error estimate attributable to cross-interference for typical levels for this n 68 S5CH, (%e)
particular application. Typical maximum values determined by flask' (level at which 99% signals!
of flask measurements at Towers South and East are below), by in-situ measurements at

Marcellus towers', or by typical values' (Warneck and Williams, 2012). ®No known
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ratio that have not been corrected for via manufacturer software. Fortunately, for our 5o 2 o o 8 |z We describe laboratory and field calibration of the analyzers for tower-based applications,
the errors are i i except for ethane. Ethane is measured by the éﬂz § af ® § and characterize their performance in the field for the period January — December 2016 as
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[399.671867.9 |-47. deployed on towers in the Marcellus Shale Gas region. Prior to deployment, each analyzer
was calibrated using high mole fraction bottles with various isotopic ratios from biogenic to

instrument, but it is not calibrated via manufacturer software.

10718
(NOAA/INSTAAR)

25 Figure 3. Example of laboratory g reosion | g '3 2" reosion | fomamstang) |l thermogenic source values, diluted in zero air. Furthermore, at cach tower location, three
data, cycling through various tanks g“i [} E"i EDZ é field calibration tanks are employed, from ambient to high mole fractions, with various
for the round robin testing shown in 308§ 39 %8 isotopic ratios. By testing various calibration schemes, we determine an optimized field
Figure 5 (black: ~10 ppm, -38.5%0 Cslemee oo |© ©.islomls omee | | catoras 399.67 [1867.9 calibration method.

red: 1.9 ppm, -47.3%0 magenta: 1.9
ppm, -46.8%, cyan: 1.9 ppm,
-45.7%o0). Time scale of the testing
is 7 hours, data frequency is every
~2 seconds. CHALLENGE 3:
While the peak-to-peak noise in
the typical atmospheric range of
CH, is 2 ppb CH, (~the com-
patibility goal), the noise of
83CH, is 20%o, 100 times the
compatibility goal.
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Figure 5. Errors compared to known values from a round-robin style lab test, using two
tanks for each the mole fraction and isotope calibrations. Two tanks were treated as
unknowns. Open circles are individual tests and filled circles are the means. The
magnitude of the mean errors for round-robin tank tests are within 0.1 ppm CO,,
0.8 ppb CH, and 0.3% §*CH,.
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