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SESOIL Output File:

SESOIL Hydrologic Cycle Report

Scenario Description: Benzene with default data
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Surface Net Soil Groundwater | Soil Moisture
Water . . Evapotranspiration  Moisture Runoff Below
Runoff Infiltration Retention | (Recharge) |LaVer1Gyert
Units cm |Inches| com |Inches| cm Inches | cm |Ilnches| cm  |Inches|Percent|Percent
October 0.00 0.00 .62 217 2.69 102 -004| -0.02 297 1.7 495 495
Nowvemb er 0.00 0.00 8,27 2.07 0.71 0.28 0.58 0.23 3.98 1.57 5.E5 G265
December 0.00 0.00 0.1 0.04 0.30 012 117 -0.46 097 0.33 425 425
January 0.00 0.00 0.10 0.04 0.30 012 -060| -0.24 0.4 016 353 353
February 0.00 0.00 013 0.05 0.30 012 -042) -017 024 0.09 303 303
March 0.00 0.00 247 2.15 1.65 0.65 1.60 063 22 0.a7 495 495
April 0.00 0.00 7.28 287 3.83 1.61 017 o.o7 328 124 515 515
May 0.00 0.00 5.04 3.7 4.43 174 -006| -0.02 368 1.45 508 508
June 0.00 0.00 9.24 3.64 4.81 1.89 0.04 ooz 439 1.73 213 .13
July 0.00 0.00 8.55 337 4.41 174 -010| -0.04 424 167 5.00 .00
August 0.00 0.oo| 1030 406 487 1.92 0.25 0o 517 2.04 530 530
September 0.00 0.00 862 3.39 4.03 1.689 0.00 0.00 459 1.81 530 530
Total| 000| 000 B862( 2701 3223| 1289| 025| 040| 34| 1423




SESOIL
Pollutant Cycle
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SESOIL Pollutant Cycle Report

Scenario Description: Benzene with default data
SESOIL Output File: CHRSEATPRGTWEENZOT.OUT

SESOIL Pollutant | Percent . —
Process Mass (ig) | of Total Maximum leachate concentration: 3421E-01 mgll
Volatilized 3 206E+07 94.30 | .
In Soil Air 3.025E+0 0.00 Climate File: MADISON, DAMNE COUNTY ARPORT
Sur. Runoff  (0.000E+00 n.oa .
In Washid 0.000E+00 000 NSEATPRGTMADISOMN CLM
Ads On Soil  |6.161E+M 0.0o . oo
Hydrol Soil 0. 000E+00 000 Chemical File:  Benzene
Degrad Soil  |0.000E+00 0.00 ASEATPRGPBEMZENE CHM
Pure Phase (0.000E+00 0.00
Complexed  (0.000E+00 n.oo 1 Eila: = 5
immobile CEC |0 0005400 000 Soil File: Sand, Perrm =100E-3 cr/sec
Hyidrol CEC 0.000E+00 0.0o ASEATPRGTSAND 501
In Soil Moi 3510E+M 0.00
Hydrol Mois  (0.000E+00 0.00 Application File: SEWIEW Default Application Parameters
Degrad Meis (0.000E+00 0.00 _
Other Trans | 0.000E+00 0.00 | ISEATPRGTDEFAULT.APL
Other Sinks  (0.000E+00 0.00 .
Gwr. Runoff  [1.924E+08 5.69 Starting Depth: 324 .90 ¢m
Total Output (3 333E+07 59,59 Ending Depth: 100000 em
Total nput 2.400E+07
Input - Qutput (2 160E+03 Total Depth: 100000 em
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P PFAST

* Adsorption of PFAS in the al
vadose zone is complex

~"e.g., PFOS™
molecular structure

® Can occur at the air-water
interfacial areas

* Existing models may not
be appropriate
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Guo, B., Zeng, J., & Brusseau, M. L. (2020). A mathematical model for the release, transport, and retention of per- and
polyfluoroalkyl substances (PFAS) in the vadose zone. Water Resources Research, 56.
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PFAS leaching standards using SESOIL
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PFAS concentration adsorbed at the
alir-water interfacial areas

Caw=AawKawCTow

Parameter Description
c Contaminant concentration adsorbed at the air-water
Interfacial areas (ug/g),
Aaw Air-water interfacial areas (cm?/cm?),
Contaminant air-water interfacial adsorption

K o

o coefficient (cm®/cm?),

C Contaminant concentration in soil water (pug/ml),
faw Kaw Freundlich exponent.

Guo, B., J. Zeng, M. L. Brusseau, A mathematical model for the release, transport, and retention of per- and polyfluoroalkyl substances
(PFAS) in the vadose zone. Water Resour. Res. 57, 2020.
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—Contaminant Mlgrationﬁpth
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Ppid awir aw 1 R(T +273)
Parameter Description
D Contaminant depth (cm)
Jw Water velocity (cm/s)
tc Advection time (s)
0 Soil water content (cm3/cm?3)
ol Soil bulk density (g/cm?®)
Kd Chemical distribution coefficient (ug/g)/(ug/ml)
Kaw Air-water interfacial adsorption coefficient (cm*/cm?)
fa f — &= the air-filled porosity (ml/ml)
H Henry’s law constant (m> atm/mol)
R Gas constant [8.2 X 10° m® atm/(mol °K)]
T Soil temperature (°C)




Monthly Air-Water Interfacial Areas Values

8 Setup SESOIL and AT123D Runs | (3]
Climate Chemical ‘ Soil ‘ Washload Application ‘ Source Size ‘ AT123D
Column | Ratios AaW‘ Layer 1, Year 1 ‘ Layer 2, Year 1 | Layer 3, Year 1 ‘ Layer 4, Year 1 | Sublayer Load | Summers Model

save As ‘ Layer ayer ayer ayer S
(cmgfcmég JEmX/%mg) JEngmg) %E:n’&?cm%)
Oct 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 L : :
Nov Estimating Air-Water Interfacial Area Method
D 0.0 0.0 0.0 0.0
Bl
e 0.0 0.0 0.0 0.0 p—
0.0 0.0 0.0 0.0
Feb -~ AQITT
Mar 0.0 0.0 0.0 0.0
A 0.0 00 0.0 00 « Corrected AQITT
pr - - - -
May 0.0 0.0 0.0 0.0 From Brusseau, M.L_, 2023, Determining air-water interfacial areas for the
00 00 00 00 retention and transport 0! PFAS and olher interfacially active solutes in
Jun - - - - unsaturated porous media. Sci Total Environ. 163730.
Jul 0.0 0.0 0.0 0.0
Aug 0.0 0.0 0.0 0.0
Sep 0.0 0.0 0.0 0.0

Separate monthly A__, values for each of the 4 SESOIL layers

aw’



Geometric Smooth-Surface Area

6(1—n
AaW:(l_Hw)( (d t))
50
where:
Parameter Description
4 Air-water interfacial areas (cm?/cm®)
Monthly volumetric soil moisture content of the
O SESOIL soil column (cm3/cm?)
n, Total soil porosity (cm3/cm?3)
dcg Median soil particle diameter (cm)

Separate total porosity and d., values for each of the 4 SESOIL layers

Brusseau, M.L., 2023, Determining air-water interfacial areas for the retention and transport of PFAS and other interfacially
active solutes in unsaturated porous media. Sci Total Environ. 163730.



Aqueous Interfacial Tracer Tests

4 1L 0 30 g

where:
Parameter Description
4 Air-water interfacial areas (cm?/cm®)
Monthly volumetric soil moisture content of the
O SESOIL soil column (cm3/cm?)
dcg Median soil particle diameter (cm)

Separate d., values for each of the 4 SESOIL layers

Brusseau, M.L., 2023, Determining air-water interfacial areas for the retention and transport of PFAS and other interfacially
active solutes in unsaturated porous media. Sci Total Environ. 163730.



Corrected Aqueous Interfacial Tracer Tests

A,y =1-2.85*6, + 3.6] = [(1 —6,,) * 3.9 * d50—1.2]
where:

Parameter Description
A . Air-water interfacial areas (cm?/cm?®)
9 Monthly volumetric soil moisture content of the
W SESOIL soil column (cm3/cm?®)
dsg Median soil particle diameter (cm)

Separate d., values for each of the 4 SESOIL layers

Brusseau, M.L., 2023, Determining air-water interfacial areas for the retention and transport of PFAS and other interfacially
active solutes in unsaturated porous media. Sci Total Environ. 163730.






SESOIL Mass Fate Plot
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"~ Soil Heterogeneity

SESOIL Mass Fate Plot
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~— Testing and Validation

Very high and very low loads produced
a mass balance error

Expanded SESOIL range

Likely enough for most cases

But not all

Scaling factor slides range up/down

SESOIL Pollutant Percent
Process Mass (ug) of Total
Volatilized 3.376E+04 0.02
In Soil Air 2.132E+03 0.00
Sur. Runoff 0.000E+00 0.00
In Washload 0.000E+00 0.00
Ads On Saoll 7.322E+07 53.84
Hydrol Soil 0.000E+00 0.00
Degrad Soil 0.000E+00 0.00
Pure Phase 0.000E+00 0.00
Complexed 0.000E+00 0.00
Immobile CEC 0.000E+00 0.00
Hydrol CEC 0.000E+00 0.00
In Soil Moi 2.193E+07 16.13
Ads Air-H20 4.039E+07 29.70
Hydrol Mois 0.000E+00 0.00
Degrad Mois 0.000E+00 0.00
Other Trans 0.000E+00 0.00
Other Sinks 0.000E+00 0.00
Gwr. Runoff 0.000E+00 0.00
Total Output 1.355E+08 99.69
Total Input 1.360E+08

Input - Output 4.196E+05




Testing and Validation
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Summary

SESOIL was enhanced to simulate PFAS migration
Robust and comprehensive PFAS modeling
Needs further testing and validation
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