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Abstract. This supporting information material (SI-1) documents all the measurement campaigns conducted for leak detection
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Earth). The years that each image was captured, progressing from left to right in each row, and from the top
row to the bottom row, are: 2003, 2005, 2007, 2009, 2014, 2015, 2016, 2018, and 2020. These images suggest
that the Eastern side of the landfill has been filled sequentially in three cells starting in the North-East (active
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(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
September 13, 2016. Enhancement of CHymole fractions above the background in plume transects (c) &
(d) along the near-landfill (ABCD) road. The distances along road segments are computed from A towards
anticlockwise direction . Black lines in (c)-(d) show the averaged mole fractions computed from these multiple
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(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
November 17, 2016. Enhancement of CHymole fractions above the background in plume transects (c) &
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(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind rose on December
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S1.5 (a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
August 11, 2017. Enhancement of CH,mole fractions above the background in plume transects (c) & (d) along
the near-landfill (ABC) road and (e) & (f) far-landfill remote road (EF). The distances along road segments are
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show the averaged mole fractions computed from these multiple transects. . . . . . . . . ... ... ... ...

S1.6 (a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
September 28, 2017. Enhancement of CHymole fractions above the background in plume transects (c) &
(d) along the near-landfill (ABC) road. The distances along road segments are computed from A towards
anticlockwise direction. Black lines in (c)-(d) show the averaged mole fractions computed from these multiple
ranSeCtS. . . . . . . e e e e e e e e e e e e e e e e e e e

S1.7 (a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
October 06,2017. Enhancement of CH4mole fractions above the background in plume transects (c) & (d) along
the near-landfill (ABC) road and (e) & (f) far-landfill remote road (EF). The distances along road segments are
computed from A and E respectively for near-landfill (ABC) and far-landfill (EF) roads. Black lines in (c)-(f)
show the averaged mole fractions computed from these multiple transects. . . . . . . . . ... ... ... ...

S1.8 (a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on July
26, 2018. Enhancement of CHymole fractions above the background in plume transects (c) & (d) along the
near-landfill (ABC) road and (e) & (f) far-landfill remote road (EF). The distances along road segments are
computed from A and E respectively for near-landfill (ABC) and far-landfill (EF) roads. Black lines in (c)-(f)
show the averaged mole fractions computed from these multiple transects. . . . . . . . . ... ... ... ...

S1.9 (a) CHymole fraction time series from the mobile near-surface measurements and (b) wind rose on November
27, 2018. Enhancement of CHymole fractions above the background in plume transects (c) & (d) along the
near-landfill (ABC) road. The distances along road segments are computed from A. Black lines in (c)-(d) show
the averaged mole fractions computed from these multiple transects. . . . . . . . . .. .. ... .. ... ...

S1.10(a) CH4mole fraction time series from the mobile near-surface measurements and (b) wind rose on January
10, 2019. Enhancement of CHymole fractions above the background in plume transects (c¢) & (d) along the
near-landfill (ABC) road and (e) & (f) far-landfill remote road (EF). The distances along road segments are
computed from A and E respectively for near-landfill (ABC) and far-landfill (EF) roads. Black lines in (c)-(f)
show the averaged mole fractions computed from these multiple transects. . . . . . . . . ... ... ... ...

S1.11(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
February 12, 2019. Enhancement of CH,mole fractions above the background in plume transects (c¢) & (d)
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S1.15(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind rose on September
13, 2019. Enhancement of CHymole fractions above the background in plume transects (c¢) & (d) along the
near-landfill (ABC) road and (e) & (f) far-landfill remote road (EF). The distances along road segments are
computed from A and E respectively for near-landfill (ABC) and far-landfill (EF) roads. Black lines in (c)-(f)
show the averaged mole fractions computed from these multiple transects. . . . . . . . . ... ... ... ...
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S1.18(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind rose on March 04,
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landfill (ABC) road. The distances along road segments are computed from A for near-landfill (ABC) road.
Black lines in (c)-(d) show the averaged mole fractions computed from these multiple transects. . . . . . . ..

S1.19(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind rose on September
04, 2020. Enhancement of CHymole fractions above the background in plume transects (c) & (d) along the
near-landfill (ABC) road. The distances along road segments are computed from A for near-landfill (ABC)
road. Black lines in (c)-(d) show the averaged mole fractions computed from these multiple transects. . . . . .

S1.20(a) CHymole fraction time series from the mobile near-surface measurements and (b) wind conditions on
October 15, 2020. Enhancement of CHymole fractions above the background in plume transects (¢) & (d)
along the near-landfill (ABC) road. The distances along road segments are computed from A for near-landfill
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near-landfill (ABC) road and (e) & (f) far-landfill remote road (EF). The distances along road segments are
computed from A and E respectively for near-landfill (ABC) and far-landfill (EF) roads. Black lines in (c)-(f)
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Figure S1.1. The development of the Butte-Bellot landfill as depicted in satellite imagery provided by Google Earth (©Google Earth). The
years that each image was captured, progressing from left to right in each row, and from the top row to the bottom row, are: 2003, 2005,
2007, 2009, 2014, 2015, 2016, 2018, and 2020. These images suggest that the Eastern side of the landfill has been filled sequentially in three
cells starting in the North-East (active 2005,2007) then progressing to the East (active: 2014, 2015) and finally the South-East (active since
2018 to 2020).
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Figure S1.2. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind conditions on September 13, 2016.

Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABCD) road. The distances
along road segments are computed from A towards anticlockwise direction . Black lines in (c)-(d) show the averaged mole fractions computed
from these multiple transects.
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(a) Butte-Bellot (November 17, 2016)
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Figure S1.3. (a) CHamole fraction?i?ne series from the mobile near-surface measurements and (b) wind conditions on November 17, 2016.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABCD) road. The distances
along road segments are computed from A towards anticlockwise direction . Black lines in (c)-(d) show the averaged mole fractions computed
from these multiple transects.
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(a) Butte-Bellot (December 05, 2016)

0
o
I

n
o
I

N
o)
L

(V]
o
I

N
o
I

R
o
I

(o]
I

b2

2 O

> < A= AN} .} = AN}
’\P"‘D‘ ,\_c)'p ,\_c)':\— «\_‘9’3 AS —\_6‘9 -\_6':\' «\_@'3

Time (UTC)

%
b

(©) remote road-1 (EF) (d)

16 1

14 A

12 12

H
o
CHy (ppm)

10 A1

CHa (ppm)
[}

© N » o o
[¢)]
.

(o] 200 400 600 800 1000 1200
Distance (m)

200 —600

12 A

CHq (ppm)

o 100 200 300 400 500 600
Distance (m)

Figure S1.4. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on December 05, 2016.
Enhancement of CHsmole fractions above the background in plume transects along the first (c) & (d) and the second (e) & (f) remote roads.
The distances along road segments are computed from E . Black lines in (c)-(f) show the averaged mole fractions computed from these
multiple transects.



(a) Butte-Bellot (August 11, 2017)
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Figure S1.5. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind conditions on August 11, 2017.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.

8



CHy (ppm)

(a) Butte-Bellot (September 28, 2017) (b)
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Figure S1.6. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind conditions on September 28, 2017.

Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road. The distances
along road segments are computed from A towards anticlockwise direction. Black lines in (c)-(d) show the averaged mole fractions computed
from these multiple transects.
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(a) Butte-Bellot (October 06, 2017)
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Figure S1.7. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind conditions on October 06, 2017.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (July 26, 2018)
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Figure S1.8. (a) CHamole fractione(t)iome series from the mobile near-surface measurements and (b) wind conditions on July 26, 2018.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (November 27, 2018)
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Figure S1.9. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on November 27, 2018.

Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road. The distances
along road segments are computed from A. Black lines in (c)-(d) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (January 10, 2019)
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Figure S1.10. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on January 10, 2019.

Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (February 12, 2019)
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Figure S1.11. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind conditions on February 12, 2019.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill

(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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Figure S1.12. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on July 10, 2019. Enhancement
of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-landfill remote
road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill (EF) roads.

Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (August 02, 2019)
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Figure S1.13. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on August 02, 2019. Enhance-

ment of CHamole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-landfill
remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill (EF)
roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (August 29, 2019)
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Figure S1.14. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on August 29, 2019. Enhance-

ment of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road. The distances along road
segments are computed from A. Black lines in (c)-(d) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (September 13, 2019)
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Figure S1.15. (a) CHamole fractio(rsl()(t)ime series from the mobile near-surface measurements and (b) wind rose on September 13, 2019.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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Figure S1.16. (a) CHsmole fractior(iotime series from the mobile near-surface measurements and (b) wind rose on December 09, 2019.
Enhancement of CHamole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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Figure S1.17. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on February 05, 2020.

Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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Figure S1.18. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on March 04, 2020. Enhance-

ment of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road. The distances along road
segments are computed from A for near-landfill (ABC) road. Black lines in (c)-(d) show the averaged mole fractions computed from these
multiple transects.
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Figure S1.19. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on September 04, 2020.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road. The distances
along road segments are computed from A for near-landfill (ABC) road. Black lines in (c)-(d) show the averaged mole fractions computed

from these multiple transects.
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(a) Butte-Bellot (October 15, 2020)
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Figure S1.20. (a) CHamole fractio?logme series from the mobile near-surface measurements and (b) wind conditions on October 15, 2020.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road. The distances
along road segments are computed from A for near-landfill (ABC) road. Black lines in (c)-(d) show the averaged mole fractions computed
from these multiple transects.
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(a) Butte-Bellot (December 01, 2020) (b)
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Figure S1.21. (a) CHsmole fraction time series from the mobile near-surface measurements and (b) wind rose on December 01, 2020.
Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.
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(a) Butte-Bellot (December 08, 2020)
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Figure S1.22. (a) CHamole fraction time series from the mobile near-surface measurements and (b) wind rose on December 08, 2020.

Enhancement of CHsmole fractions above the background in plume transects (c) & (d) along the near-landfill (ABC) road and (e) & (f) far-
landfill remote road (EF). The distances along road segments are computed from A and E respectively for near-landfill (ABC) and far-landfill
(EF) roads. Black lines in (c)-(f) show the averaged mole fractions computed from these multiple transects.

25



