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Development of a dilution model

A simple mechanistically-based model was used to show the effect of meteorological
conditions, including boundary layer height, wind speed and barometric pressure, on
monitoring results measured by MPAL around the landfill. The model follows from a
simplified line source model in which the landfill is considered as the only local CHs s
source, which is assumed to extend perpendicular to the wind direction for a sufficient
distance such that a 1-D model can be used to represent downwind concentrations. As-
suming a constant baseline (or background) concentration Cbaseline, and dilution of emis-
sions into a fully mixed layer extending between the ground level and the boundary layer
height H (m), the model can be represented as:

Q = Hu (€ — Cpasetine) (81)

where Q is the CHs emission rate of the line source in mg/hr-m, H is the hourly aver-
age boundary layer height (m), u is the hourly average wind speed (m/s), C is the maxi-
mum CHs measurements (mg/m?3), and Cbaseline is the CHa baseline concentration (mg/m?)
From Eq. 1, it can be derived that:

€« Q(Hu)™? (S2)

To eq. S2, we added terms to describe the influence of several factors on the average
emission rate Q. Czepiel et al. [1] reported a significant inverse linear relationship be-
tween landfill CH4 emissions and atmospheric pressure. Additionally, landfill tempera-
ture affects the rate of microbial methanogenesis and CH4 emissions [2] such that:

Cx P Tsoil (H u)_l (83)

where P is the barometric pressure and Tsoi is the estimated soil temperature. In this
study, we examined use of both the hourly average barometric pressure (P) and the 6-
hour barometric pressure change (APeh). The final model, Eq. 2 and Model 6 in Table 3 in
the main text, were based on Eq. 53.

Table S1. Visit date, time, number of observations and average, standard devia-
tion (SD) and top CH4 concentration percentiles (in ppm) at Landfill C.

Date Start Time End Time NOBs Average SD 95% 98% 99% 99.90% Max
5/19/2021 15:31:27 15:46:11 885 2.79 1.84 7.12 8.70 10.64 12.26 12.26
5/27/2021 16:10:56 16:26:05 909 2.04 0.20 231 2.86 3.24 3.33 3.33

6/2/2021 12:14:18 12:30:26 965 2.67 1.13 4.71 7.09 8.30 10.35 10.35
6/5/2021 7:10:50 10:38:33 1102 3.29 1.74 6.89 7.38 8.86 11.67 11.67
6/7/2021 15:47:12 16:05:43 1112 2.60 0.97 4.21 5.24 6.51 7.03 7.04
6/8/2021 9:44:00 10:01:07 1028  2.39 0.69 3.61 4.32 4.64 5.32 5.33
6/9/2021 12:47:44 12:59:55 732 2.33 0.93 3.25 6.08 8.14 9.77 9.77
6/16/2021 10:40:54 10:56:09 913 2.04 0.03 2.09 212 2.18 2.25 2.25
6/23/2021 9:02:04 9:19:02 1018 3.80 1.93 7.23 7.85 8.11 8.90 8.90
7/1/2021 13:30:47 13:52:34 1297 2.11 0.18 2.56 2.66 2.71 2.95 2.95
7/19/2021 17:29:00 20:14:00 9881 3.15 1.57 6.61 8.52 9.75 12.55 13.34
7/20/2021 6:08:41 8:59:04 10203 5.66 2.78 10.60 12.33 13.68 16.29 20.70
8/3/2021 6:23:43 8:59:34 9295 7.24 5.92 19.03 22.83 24.69 30.93 36.38
9/20/2021 7:10:26 10:26:00 8273 6.80 5.73 19.43 21.92 23.11 25.12 26.42
9/29/2021 8:03:57 10:30:23 6256 3.55 1.50 6.65 7.82 8.27 8.80 8.81




Table S2. Maximum CH4 concentrations (in ppm) measured at each landfill at different averaging

times.

Landfill 1s 5s 10s 20s 60s
Phase 1: 05/19 --07/01
A 5.71 5.70 5.64 5.61 5.10
B 10.57 10.34 9.89 8.37 7.15
C 12.26 11.54 10.37 9.16 7.27
D 7.45 6.77 5.69 5.47 4.15
E 3.97 3.90 3.57 3.53 3.06
F 4.49 442 4.27 4.23 3.33
G 4.69 4.63 4.56 4.36 3.51
H 4.61 4.49 4.19 3.90 2.85
Phase 2: 07/19 --09/29
A 16.02 15.32 14.94 14.03 11.18
B 37.58 37.22 33.76 28.67 19.32
C 36.38 33.96 28.06 26.10 24.21
D 29.69 28.44 27.45 26.62 26.41




Table S3. Results for the multivariate models. Parameters estimated using bootstrapping.

Equation Conc. R? k1 k2 ks ka ks ke k7
ki+ke/H+ks/u+ka Pgon Ave |0B6&| 252 274 281  -2.99 - - -
98% 0618 494 -1013 1034  -13.49 - - -

9% 10626 583 -1121 1082  -15.06 - - -

Max 0734 588  -1434 1724  -21.92 - - -

kitko/Htks/utks Pertks T Ave 0705 0.64  -179 186  -192  0.14 - -
98% 0685 020 773 794  -1078 035 - -

9% 0667 192 923 885  -1283 028 - -

Max 0755 190 -12.32 1523  -19.64  0.29 - -

kitko/Htks/utks Pertks Tz Ave 0711 037 1225 244  -179 014  -40.51 -
+ ke/(H u) 98% 0710 -1.88 100.89 1247 976 037  -313.60 -

9% 0705 -0.78 13156 1471  -11.51 032  -406.47 -

Max 0774 -079 12796 2107  -1832 032  -405.01 -

kitko/Htks/utks Pyortks Tt Ave 0722 0.06 7.5 171 -129 017  -5836 -
+ko Pyen/H 98% 0732 -329 4857 706 699 052  -351.76 -

9% 0725 221 5732 781  -836 049  -415.78 -

Max 0780 -1.94 4946 1426  -1549 048  -385.99 -

kitko/Htko/utks Pgentks Tsizo Ave 0705 079  -880 185  -199  0.13 0.50 -
+Ke Tsoi30/H 98% 0.687 -0.99 49.00 805  -1025 041  -4.06 -

9% 0672 -0.05 8433  9.02  -1196 039  -6.70 -

Max 0755 123 1958 1529  -1934 033 228 -

kitko/Htk/utks Pgertks Twizo Ave 0786 016  -1.13 1.0 550 018  -22.86 -
+ks Pyon/u 98% 0748 -134 561 581 1312 049  -73.64 -

9% 0729 030 -699 659 1238 044  -77.69 -

Max |[0.834 -071 -873 1162 2077 054  -124.53 -

kitko/Htks/utks Pgentks T Ave 0710 152  -144  -1.39 204  0.10 0.14 -
ke Teoil 20/t 98% 0696 492  -590  -947  -1141 013 0.77 -

9% 0679 737 711  -1125  -1356 0.3 0.89 -

Max 0770 1022  9.09  -1546  -2075 -0.09 136 -

kitko/Htko/utks Pentks Tz Ave 0779 028  -194  1.96 827 015  -058 -
+Ke Pgoh Teoil 30 98% 0742 -097 822 828 2187 038  -1.87 -

9% 0717 075 971 918 1969 032  -186 -

Max [0809 017 -1304 1573 2835 035  -2.74 -

kitko/Htks/utks Pgentks Tsizo Ave  0.805 -040 2556  2.23 655 019 7683  -25.33
+ ke/(H u)+ks Pgen/u 98% 0795 -455 14701 1174 1914 056  -43947  -87.78

9% 0793 -368 18156 1392 1981 052  -54291  -95.15

Max [0875] -518 20374 1988 2915  0.62 61179  -144.21

kitko/Htks/utks Pentks Tsizo Ave 0787 018  -137  1.42 677 017 019  -1634
+ks Pgon Teoisorks Pyon/u 98% 0749 -130 -632 647 1691 046  -058  -54.26
9% 0729 030 706 666 1277 043  -006  -75.71

Max 0836 -079 -739 1036 1361 058 109 -161.14
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Figure S1. Map of eight visited landfills, four airport meteorological stations, and major CHa sources

in southeast Michigan [3].
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Figure S2. Comparison between the roof and front bumper inlet CH4 measurements.
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All data were collected around the landfills 05/19/21 - 09/29/21.
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Figure S3. Locations where the roof and front bumper inlet measurements showed > 5 ppm differ-
ence.

Blue circles show roof measurements < near-ground measurements; Red circles show roof meas-
urements > near-ground measurements. Circle size indicates size of concentration difference (5.0
to 28.8 ppm).
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Figure S4. Trend plots of the five CHa4 peaks with the largest roof-top and near-ground measure-
ment differences.
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Figure S5. Maps of daily CH4 concentration measured at Landfills A and B.
Arrow indicates the dominant wind direction. Date, hour-of-day, maximum concentration (Cmax,
ppm), wind speed (u, m/s) and dominant wind direction (WD, °) are listed for each map.
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Figure S6. Maps of daily CH4 concentration measured at Landfill D.

Arrow indicates the dominant wind direction. Date, hour-of-day, maximum concentration (Cmax,
ppm), wind speed (u, m/s) and dominant wind direction (WD, °) are listed for each map.
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Figure S7. Maps of daily CH4 concentration measured at Landfill E.

Arrow indicates the dominant wind direction. Date, hour-of-day, maximum concentration (Cmax,
ppm), wind speed (u, m/s) and dominant wind direction (WD, °) are listed for each map.
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Figure S8. Maps of daily CH4 concentration measured at Landfill F.

Arrow indicates the dominant wind direction. Date, hour-of-day, maximum concentration (Cmax,
ppm), wind speed (u, m/s) and dominant wind direction (WD, °) are listed for each map.
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Figure S9. Maps of daily CH4 concentration measured at Landfills G and H.

Arrow indicates the dominant wind direction. Date, hour-of-day, maximum concentration (Cmax,
ppm), wind speed (u, m/s) and dominant wind direction (WD, °) are listed for each map.
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Figure S10. Scatter plots of measured CHs daily maximum concentrations (< 10 ppm) against the
modeled value calculated with a) Model 6 and b) Eq. S4 optimized by the GRG nonlinear method.
Eq. S4:
C. = _354 1.26 x 107 (S4)
max T (1.48 x 105 + H)(5.55 + u)
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