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Text S1. The spatial moment

The spatial moment method is utilized to analyze the spatial movement of PCE plume (Fig. 2a) and associated

characteristics. The spatial moment is defined as (Zheng et al., 2015; Natarajan and Kumar, 2018):

My(t) = f;;l fZZol 6(x,2)Sy(x, z,t) x'z/ dxdz (S1)

where Mij is the spatial moment of PCE plume at time t; So(x,z,t) is PCE saturation at place (x, z) when time

is t; 1 and j are the orders of moment along x and z directions, respectively.
The first moments of PCE plume is expressed as:
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where ox and o, are first moments along x and z directions, respectively; Mio is calculated based on Eq. (5)
that i=1, j=0.

The distribution range of PCE plume around the mass centroid can be characterized by the second

moments:
M
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where oxx and o2, are second moments along x and z directions, respectively.

Text S2. GTP analysis

Ganglia-to-pool ratio (GTP) characterizing architecture of contaminant plume is derived as the ratio of
ganglia mass to pool mass (Christ et al., 2006). The ganglia PCE and pooled PCE usually is dominated by a

threshold saturation equal to maximum residual PCE saturation.



Text S3. REV estimation

The relative gradient error (sé) (Costanza-Robinson et al., 2011; Wu et al., 2020) is used to estimate REVs of

S, rate and 4ow rate:
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where ¢ is the variable such as S, rate or Aow rate; i is the increment number of measured length; 4L is the
increment length.



Table S1. Experimental conditions

Experiment I II I v
Sandbox dimensions (cm) 60%45 60%45 60%45 60x45
Packed translucent silica sand F20/30 F20/30 F20/30 F20/30 and lenses
Medium condition Homogeneity Homogeneity = Homogeneity Heterogeneity
Sodium chloride concentration (g/L) 0.585 32 0.585 0.585
Tween 80 concentration (mg/L) 0.0 0.0 20.0 0.0

Vpce (ml) 32 32 20 40
Injection rate (ml/min) 0.5 0.5 0.5 0.5




Table S2. The fitted models between average REV of S, rate, Aow rate and di, dm

Experiment d dm
REV = —2.83%x1071°-d? + 1.33x 1077 - d, REV =3.54%x1071°-d% +8.16 x 1078 - d,
SR-REV —7.95x%x 107 +1.91x 107
I (R?=0.45) (R?=0.44)
REV = —331%x1078-d? +3.16 x 107> - d, REV =1.71x 1077 -d% —3.76 X 107° - d),
AR-REV +9.60 x 107* +3.52x 1073
(R?=0.31) (R?=0.41)
REV =1.11x107°-d? —1.54x 1078 - d, REV =1.87x107°-d% —5.03 x 1078 - d,
SR-REV +5.47 x 107° +7.51x107°
1 L (R?=0.38) L (R?=0.51)
REV =824 x107°-d? +4.72%x107%-d, REV =5.33x1078-d% —1.54 x 1075 - d),
AR-REV +2.58 x 1073 +4.02x 1073
(R?=0.24) (R?=0.39)
REV =177 x107°-d? — 6.68 x 1078 - d, REV =235%107°-d% —8.82%x 1077 - dy
SR-REV +1.53x 1075 +824 x107°
1 L (R*=0.40) L (R*=0.71)
REV =856 x1078-d? —238x 10754, REV =126 X 107%-d% — 5.64 x 107* - d),
AR-REV +4.32%x1073 +6.07 x 1072
(R?=0.16) (R?=0.66)
REV = —4.88%x 10711 -d? + 2.86 x 1078 - d, REV =417 x10710-d2 — 1.15x 1077 - d)y,
SR-REV —4.98 x 107° +2.61x107°
(R?=0.33) (R?=0.80)
vV DL -10 2 -7 PEY -8 2 -6
REV =3.62x1071°-d? +6.79x 1077 - d; REV =221x107%-d% —5.89 x 107° - dy,
AR-REV —1.48 x 1074 +1.93 x 107*
(R*=0.48) (R>=0.84)

"REV is the average value of REV size, dn, is the distance from mass center of PCE plume to the cell contained in PCE plume, dp

is the distance from injection point to the cell contained in PCE plume



Table S3. The predicted frequency of SR-REV by BP neural network

Time (min) 1 1T 11 v
F F F F
= 2.26x 1077 =236 x 1078 — 878 x 10~8 = 230x1078
S T R
- - - . - X4. _ X 4.
2m % 3.09° 2 X 2.62° 2 X 4.64° 27 X 4.04°
(R2=0.36) (R?=0.29) (R?=0.15) (R>=0.16)
F F F F
—3.25x 1078 = 1.50 x 10~7 — 949 % 10~° —1.94 x 10°8
21 Lo b meesyr 1 Geereyr 1 Geeeny 1 Goeesy
_ X4, - . D — X3. _— X3.
2 x 432° 27 X 3.96° 2 X 3.60° 2 x387°
(R?=0.33) (R?=0.38) (R?=0.25) (R*=0.17)
F F F F
= 5.06x10™° — 641 x 1078 = 1.15x 107 =2.01x1078
80 Lo b emeseyr 1 Geesyr 1 Geeesyr 1 Geeery
- - - - : - - x3. _ x3.
2n % 434° 2% 381° 2rx371° 21 x3.92°
(R?=0.29) (R?=0.34) (R>=0.36) (R*=0.25)
F F F F
=1.01x 1078 —1.30 x 10°8 — 713 % 10°° — 413 %1077
1523 1 _(REV-10.72)2 1 _(REV—9.85)* 1 _(REV—9.81)* 1 _(REV—10.32)?
_— 2%3.292 _— 2x%3.752 _— 2%3.862 _— 2%3.502
torx329¢ ¥ torx37se X torx386¢ torx3s0¢
(R’=0.50) (R?=0.38) (R?=0.28) (R*=0.50)

“F represents the frequency of REV



Table S4. The predicted frequency of AR-REV by BP neural network

Time
(min) 1 11 111 I\%
F F F F
=243x1078 =5.69 x 107° =3.09 x 1078 =493 x 1078
5 1 _(REV-8.65)? 1 _(REV-14.09)? 1 _(REV-7.65)2 1 _(REV—9.92)?
2 2 2 2
Torx320° UMY Torxoset U Yapxzai® UMY Topxzszt O
(R2=0.33) (R2=O.97) (R2=O. 16) (R2=0.22)
F F F F
=1.15x 1078 =432x107° =1.42x 1077 =9.10x 1078
21 1 _(REV—9.15)* 1 _(REV-8.96)? 1 _(REV—10.03)? 1 _(REV-10.91)?
2 2 2 2
torx3ezt U topxan® Y Torxs2et U toixam® M
(R2=O.40) (R2=O. 17) (R2=0.37) (R2=O.4O)
F F F F
=5.12%x 10710 =1.63x 1077 =430x%x 1077 =1.21%x1077
80 1 _(REV—9.48)* 1 _(REV-9.83)2 1 _(REV—9.86)? 1 _(REV—10.96)*
2 2 2 2
torxzert UMY topwzes® T torxass® UMY topxzzse O
(R2=O.46) (R2=0.32) (R2=0.49) (R2=O.50)
F F F F
=952x%x 1078 =2.09x%x 1078 =5.63%x107° =4.63%x107°
1523 1 _(REV—10.08)? 1 _(REV—9.54)2 1 _(REV-8.88)2 1 _(REV—9.91)?
2 2 2 2
torx3az® U Torxazo® Y Torxaio® M tarxsssd 0%
(R2=O.50) (R2=0.38) (R2=0.36) (R2=O.54)

“F represents the frequency of REV
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