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<E 1> Enpd #5 dA
oH | #S 4F & FA #3F A | #FF AU

1 | 220104 25T 98.0km

2 | 220106 n} 72.3km

3 | 220111 5T 58.2km

4 | 220113 Z3(COEX 2 ) 42.1km

5 | 2201.18 FEd mYgx 89.8km

6 | 22.01.20 A 45.0km

7 | 2201.25 2T NZ 69.9km

8 | 2201.27 2T 53 52.6km

9 | 220203 A T 93.0km

10 | 220215 67.9km

11 | 220216 84.5km

12 | 220217 70.6km

13 | 220218 80.6km .
14 | 220219 HNe-ma LA7p~ 71.9km daytime

(10:30~ 17:00)

15 | 220220 | ®UEHP AsAHET) 88.3km

16 | 220222 73.9km

17 | 220223 80.2km

18 | 22.02.24 72.9km

19 | 220225 67.5km

20 | 22.03.02 BT 65.8km

21 | 2203.17 FAT 101.7km

22 | 2203.23 QET 84.0km

23 | 22.04.01 FaT, 2~ 74.9km

24 | 22.04.06 S 35.0km

25 | 22.04.13 oy 86.0km

26 | 22.04.14 AeBgsgRALs 5 71.6km

27 | 22.04.20 A o 60.0km

- 12 - 3-! -:‘:3,- ]| &



<E 1> EEd #5 dA
o | B35 9% = #35 A | B35 AW
28 | 22.05.12 = 96.2km
29 | 22.05.18 F=A WHA 124.0km
30 | 220520 |H LNGHWE, AlEFdeA | 112.6km
31 | 220525 TR, TET 56.2km
32 | 22.06.02 R 64.2km
33 | 22.06.08 S, AET 107.6km
34 | 220617 7 Ad(AF) 81.8km
35 | 220624 F 3 76.2km
36 | 22.07.04 FRAA 63.2km
37 | 220712 37 95 176.8km
38 | 2207.25 37 95 174.2km
39 | 22.08.09 A5 AT 213.8km
40 | 220817 A ehd B A A Al E 74.1km .
| 2082 A 2A A 65.2km daytime
2| 200 | aerT A0 ag ax | dokm | oo
43 | 22.09.07 A e B A A Al E 72.4km
44 | 22.09.08 R e R 66.5km
45 | 22.09.15 A E ] E A A AE 67.5km
46 | 22.09.20 A A 60.7km
47 | 22.09.22 T 83.2km
48 | 22.09.29 AEE et d A 61.8km
49 | 22.10.07 e B A A Al E 42.8km
50 | 221017 A=A A AE 82.8km
51 | 221024 B A A A E 37.7km
52 | 22.10.26 A B A A A E 37.9km
53 | 22.11.01 A B A A Al 77.9km
54 | 22.11.03 A = A A A 51.3km
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25) Caulton, D. R., Li, Q., Bou-Zeid, E., Fitts, J. P., Golston, L. M., Pan, D.,

.. & Zondlo, M. A. (2018). “Quantifying uncertainties from mobile-labora

A

”

tory—derived emissions of well pads using inverse Gaussian methods

tmospheric Chemistry and Physics, 18(20), 15145-15168.
26) Turner, D. B. (2020). “Workbook of atmospheric dispersion estimates: an

introduction to dispersion modeling”. CRC press: 8-31



¢ = CH, enhancement of plume (g/m’)

Dovwnwind distance (m)

X
v = Crosswind distance (m)

z = Measurement height above ground (m)
H = Source height (m)

q = Emission rate (g/s)

0, = Horizontal dispersion coeflicient (m)
Vertical dispersion coeflicient (m)

u = Horizontal wind speed (m/s)
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H 7152 "W (Monte Carlo probabilistic uncertainty method)g %3l
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28) Caulton, D. R., Li, Q., Bou-Zeid, E., Fitts, J. P., Golston, L. M., Pan, D.,
.. & Zondlo, M. A. (2018). “Quantifying uncertainties from mobile-labora
tory—derived emissions of well pads using inverse Gaussian methods”. A
tmospheric Chemistry and Physics, 18(20), 15145-15168.

29) Neumann, G., & Halbritter, G. (1980). “Sensitivity analysis of the Gaussi
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2). Elsevier.

30) Lan, X., Talbot, R., Laine, P., & Torres, A. (2015). “Characterizing fugiti
ve methane emissions in the Barnett Shale area using a mobile laborator
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<E 4> H71E FE EY 9xZ2y
. - AL A= o C,Hg/CHy
?’1?__ = OJ 33__2__0 A _ E_ 2= _ _
- & =AU A| (WGS84) | (WGS84) | 2755 | H-2(%) EE 4 | r-value | p-value
92.09.29 | 126.827977 | 37.576944 | 12.917ppb | 0.39(0.06) | 70 0.61 <005
A& A YA
92.11.03 | 126.8332939 | 375762668 | 46,500ppb | 0.34(0.02) | 84 0.85 <005
saye | HAEAAAE | 220413 | 126848363 | 37588161 | 9,967ppb - - - -
A | zgm e | 220302 | 127.060427 | 37.556645 | 4.212ppb - - - -
22.01.20 | 127.0860554 | 37.4961748 | 6.752ppb - - - -
B E A A Al E
92.10.07 | 127.0860713 | 37.4957509 | 3.920ppb | 0.76(0.39) | 131 0.17 0.051
A% wgA] | 220915 | 126875756 | 37.573927 | 7.191ppb - - - -
) ] 2]
2w wgA | 220518 | 126622637 | 37.574061 | 6.342ppb - - - -
oy WE | 220413 | 126927907 | 37.624028 | 3.060ppb - - - -
Sy | AUIET WE | 220420 | 126950143 | 37.594513 | 3,588ppb - - - -
(W& 5) ) 126.9480974 | 37.4803761 | 3,912ppb - - - -
Pl wWE | 22,0906
126.9500502 | 37.48085755 | 3.128pph - - - -
* Colly/CH, B2 o8 #2741 £91(22.09.20) o] 2 23wt ulo]



<3 B> dyA B wiEd §A A
T 7 Ed A LA (W7(g}SES4) (WS?}SESAL) zii& %]H‘%G/(%H)‘l B & | r-value | p-value
R 22.04.01 | 126.922765 | 37.544337 | 15464ppb - - - -
Aol 7} 22.09.29 | 126.922293 | 37544145 | 4,740ppb | 2.66(095) | 28 0.49 <005
Z1ub AR 22,0203 | 126.881042 | 37.570032 | 2,702ppb - - -
A [ eoquppals)| 22,06.08 | 127.060807 | 37.635662 | 8,2480pb - - -
LNGE 1Y | 220520 | 126605335 | 37.354777 | 2,839ppb . - -
Ade | AlF AXNTF | 220520 | 126717502 | 37.328747 | 4,806ppb - - - -
QGEET AY | 22.04.14 | 126.8899936 | 37.5467064 | 12,531ppb - - - -
ﬂff% BbET AT | 220929 | 12691079 | 37544232 | 3540ppb | 3.06(1.21) | 99 0/25 <005
e AT A | 2211.03 | 126.841542 | 37570032 | 5070ppb | 527(0.45) | 36 0.90 <0.05
R COEX 22.01.13 | 127.058077 | 37511485 | 3,637ppb . - -
7144 o RS 22.03.17 | 126.806122 | 37.517942 | 5789ppb | -4.63(1.11) | 48 -053 <0.05
el 22.00.22 | 127.095925 | 37.614412 | 8584ppb | 4.98(027) | 33 0.96 <005
nE 22.10.07 | 127.087872 | 37.490718 | 12,351ppb | 3.44(0.47) | 84 0.63 <005
T (AW AR | 22.02.03 | 126836212 | 37.571128 | 2,756ppb - - - -
AeAe | 221101 | 126823653 | 37573182 | 2,900ppb | 9.67(097) | 47 0.83 <0.05
* CoHg/CHy ¥l &2 ol 8F #Z41] £41(22.09.20) o] ZA#}gt §ho]
- 30 - A 8-
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Abstract

Characterizing urban methane
emissions in Seoul, South Korea
using a greenhouse gas

monitoring mobile lab

Jungmin Park
Department of Environmental Planning
Graduate School of Environmental Studies

Seoul National University

Mitigating anthropogenic methane emissions is attracting Korean
policymakers’ attention as an effective short-term strategy to achieve
the national greenhouse gas emission reduction target by 2030. It is
widely known that anthropogenic methane emissions are caused by
various urban infrastructures, particularly those associated with
natural gas use and waste management. Yet, there is still a lack of
holistic understanding of methane emission sources and emission
source attribution in the Korean urban context. In this study, I shed
light on a wide array of expected methane emission sources in an

urban area by developing a greenhouse gas monitoring mobile lab
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suitable for the complex structure of an urban area and surveying
such emission sources in Seoul. Toward this end, I conducted a
series of surveys for ten months between January and October 2022,
and a greenhouse gas monitoring mobile lab detected 1,707 signals of
methane leakage in a 4,206 km section across all areas of Seoul.

The empirical findings are fivefold. I first observed that the
background concentration in Seoul was about 2,000 to 2,300 ppb.
Second, I identified that the main methane emission sources in Seoul
were waste sectors—such as landfills and wastewater treatment
plants —and energy sectors—including combined thermal power plants
and natural gas buses. These two sectors contributed to methane
enhancement of 46500 ppb. Third, I determined that sewage systems
—including manholes —contributed to a significant amount of methane
emissions, which has not been reflected in the national greenhouse
gas inventory. Fourth, I analyzed the ratio of ethane to methane for
the major emission sources, suggesting that most waste sector
sources were considered biogenic, with a ratio less than the energy
sector sources. Lastly, I employed repeated observations and Gaussian
plume models to estimate the annual emission rate of the Seonam
Wastewater Treatment Plant—one of the main emission sources in
the waste sector in Seoul. It was estimated 49.95+5.92 GgCO2eq/year,
equivalent to approximately 70% of Seoul's wastewater treatment
sector emissions based on the 2019 greenhouse gas inventory,
indicating that the inventory’s statistics—based simulated emissions
are lower than the actual emissions.

This study offers a few policy implications. First, accurate
monitoring in urban areas is crucial if Korea is to meet the national

greenhouse gas emission reduction target and combat the devastating
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consequences of climate change. In particular, it is important to
continuously conduct mobile laboratory observations in urban areas to
enhance the accuracy of greenhouse gas emissions monitoring.
Second, in the Korean urban context, it is recommended that Korean
policymakers pay attention to effective leakage management of the
waste and energy sector infrastructures, given that these
infrastructures were identified as the main methane emission sources

across Seoul —the largest metropolis of Korea.

keywords: Greenhouse Gas, Methane, Mobile Observation,
Emission-rate, Seoul, Urban
Student Number : 2021-24014
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