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Formal

* Hvordan kan ”"simplere” modeller bruges til risikovurdering af PFAS?
» Huvilke PFAS risikovurderingsvaerktgjer har vi og hvornar kan de bruges?

» Hvornar kan de bruges uden at "bega” store fejl?

Indledende undersggelser Videregaende undersggelser Videregaende undersggelser
Lavrisiko Hgj risiko
) Modelkompleksitet ‘
'Simple modeller Avancerede modeller
Fa parametre * Mange parametre og processer
Let anvendelig *  Kreever stor ekspertise

* Vibruger flux i risikovurderingen.
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Modeller/risikovurderingsveerktgjer
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PFAS-LEACH (Excel version)

 \Vertikal fluxbestemmelse

* Forudsige udvaskning af PFAS

* Brugervenlig

 Kreever ikke licens

* Medtager tilbageholdelsesprocesser
* Visertidslig udvikling
* Begreensning:

« Ethomogent geologisk lag med

konstant vandindhold

 Preedefinerede parameterveerdier for:

* 12 jordtyper (ikke danske)
e 45 PFAS forbindelser

Udviklet ved University of Arizona af

Min Ma og Jacob Smith under Prof. Bo Guo
https://github.com/GuoSFPLab/PFAS-LEACH-Tier-3-4
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Module0 Input Screen - Basic Analysis
READ BEFORE START:

Fiead Section 2 of the User Guide for parameter descriptions and work through Eoges (T to () sequentially,

e opdis can be filled with reference values using the coar manuallg entered by users,

et podic ean be either estimated using the Asrodineatduror on the right or manually entered by users.

Default values for all cells can be 22t by clicking the

Parameters with asterisks 7] are the bare minimurm o ron the soluers

when zopying and pasting, please pazte walues only to avoid changing the sheet’s formatting,

® Soil Properties and Site Conditions Parameter @ Initial PFAS Soil Conc. & Lysimeter Porewater Conc. [CD;';:‘S] PF’“S[:;:;“-
Depth to groundw ater’ a om 0o Interpolation Method [+ Be-apply interpolation whenever 10 0,15
Contaminated site area [or unit area) - me 100 Soil Type iyl Piecewize Linear Interpolatian L datapoints are updated. 50 0,13
Temperature i °C | User defined | 100 0,053
Met infiltration” £r cmiyr 15.00 i =200 0,044
Soil bulk density” 2. gler? 178 . T ot 300 007G
Saturated hudraulic condustivity &, comiday 0 : : : 400 0,0053
Residual water cantent &, omilom® 100 500 00,0071
Saturated water content” F ., omitem’ 0,330 00 0,005,
Median grain size o s cm =0 i) 00,0036
Organic carban fraction L. % E‘ 00 00 0.0015
wan Genuchten parameter o om’” £ 400
van Genuchten parameter F) -] 2 500
Longitudinal dispersivity” &, om 10,00 Estimate a, 200
‘W ater content” & om*lom® 0,200 Estimate &
Air-water interfacial area scaling factor & 1= Esfimste SF e
bir-water interfacial area’ A o emtlemt 2500 Estimai= A,., 800

5 - el 'Y
. arameter

@ PFAS Properties e L{ b
Surface tenzion parameter 2 maill E By PFAS-contaminated Lysimeter Data
Surface tension parameter -] -] FFE&S Type & ste [for estimating &,,,, scaling Factar
Surface tension parameter 7 ¢ dunlem | User defined | Depth Porew ater cone. |'
Molar mass" Ar almol 214.04 [zm bags) [ualL]
Melzcular diffusion cosfficient” oo omils 5, BZE-06 FFAS Feceptar well
Malar valume " omiimal e [dririking waler)
Organic carbon-w ater partition coefficient & .. cm’lg &alu':zr Z.=800cm
Solid-phase adsarption coefficient” Ko cmz.'g 0,06 Estimate K. | B
Air-water interfacial adsorption cosfficient” A cmilom® 2,06E-05 Estimate Ku, | l
MOTE: F = and o, are only needed for using the advanced solver. ¥
Instantaneous solid-phase sorption fraction”  ~ 1= L i Jﬁ",
Kinetic solid-phase sorptionrate constant” @ . Thour [ 3

Groundwater fow—— B
s Parameter

@ Groundwater Dilution Waluos
Groundw ater darcy Flux & miur = . . Parameter
Lateral site width 2 ™ ® Simulation Information \aluss |_
Saturated zone thickness P m Simulation time [time series)” & ur 100 (Equit
\ertical dispersivity x . m Output time interval [time series]” s ur 1 -
Mixing zone thickness 5 . m Estimate o, f,. DF | Output time paints [profiles] £o yrs 5,10,30,50 |_
Dilution Factor® g [-] 150.0 PSS ELIE L Y < FAPN ugil 0,002 [Kint

Introduction Module0_Input Module0_Output Module1_Input Module1_Output Maodule2_Input Module2_Output Module2_|

(Smith et al., 2025 )=
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ModuleO Input Screen - Basic Analysis
READ BEFORE START:
Fiead Section 2 of the Uzer Guide Far parameter descriptions and wark through Baxes (17 ta (57 sequentially.
S gl can be filled with reference values using the g 3
e celfe oan be either estimated using the_amcrnes]  Mange felter behgver e
Diefault values For all cells can be set by clicking the janeed . .
Farameters with asterisks [7] are the bare minimum o m at bl-|Ve u dfyldt
When copying and pasting, please paste walues only to 3w AT e S TTEe CTTTTETTIT:
@ Soil Properties and Site Conditions Parsmeter @ Initial PFAS Soil Conc. & Lysimeter Porewater Conc. Dizpth PFAS sail cone. D=pth PFAS sail cone.
Values [em bgs) [ugtkg) [zm bgs) [uglkg)
Depth to groundw ater” £ cm goo Interpolation fMethod 4l Be-apply interpalation whenever 0 013
Contaminated site area (or unit areal A me 100 Soil Type 4y Piecewize Linear Interpalation | v datapoints are updated. 50 0,15
Temperature 7 °C | User defined | 100 0033
Met infiltration” £ cmilur 15,00 o . 200 0,044
Sioil bulk density” o4 glom® 17 || . T e 300 0,078
Saturated hudraulic conductiviy &, cmiday o 5 : : _g 400 0,0053
Residual w ater content &, comilem® 100 500 0,007
Saturated water content” &, emilom® 0,330 I EO0 00,0054
Median grain size & om ( ) 200 o0 00,0036
Organic carbon fraction £ b Parameterveerdier fra E 200 ann 0,001
van Genuchten parameter o cm’ PFASen £ 400
van Genuchten parameter n [-] | & 500 .
Longitudinal dizpersivity” @ cm 1000 Estimate o, | e Jordkoncentrationer
e ater content’ -] cm’lom® I 0,200 Estimate & =7
Bir-w ater interfacial area scaling Factor a5 -] Estimate SF
Bir-w ater interfacial area” A emflem® 2500 I Estimate A, 800
_fo("\r'“-\\
@ PFAS Properties Parameter s N
: 4 .
Surface tension parameter 3 mail v~y v ww+ PRAS-contaminated Lysimeter Data ] -
i . AT T T site . . i . = Estirnate Local 5F
Surface tension parameter b [-1 PFAS Type & P [far estimating &,,, scaling factor in Box (1]
Surface tension parameter g 5 dunlom | User defined | LT Depth Porewater conc.  \Water contery A, scaling Factor
Malar mass" MF gimal 214,04 T=15 cmiyr [cm bgs) [uglL] femtem’] [-]
Malecular diffusion coetficient” Fa  omils e R ’ BFAE I?ﬁ:ﬁ*—" "“I‘-‘".
Malar walume Y emitmal franspert ririing waler) A
O . e - fhici e 3 & waler e
rganic carbon-water partition coefficient e cmilg fux Z.= 200 cm
Solid-phase adsorption coefficient” &4 omilg 0,06 Estimate |
Air-w ater interfacial adsorption coefficient” &, cmilem® &, J5E-Ua Estimate Kue | l
MOTE: F= and o, are only needed For using the advanced salver. X
Imstartaneous solid-phase sarption fraction” &, [-] L I lﬁw
Finetic solid-phasze sorption rate constant” & . Thour [£% A
Graurdwaler low——s B I
e Farameter
@ Groundwater Dilution Valuos
Gmundl.-\.f ater.darcy Floe £ miur ® Simulation Information Pﬂaalr::;er . .
Lateral site width £ m | T o ‘
Saturated zone thickness 5o m Simulation time [time series]’ I ur 100 S—— - -
: [Equilibrium salid-phaze sorption]
Vartical dizpersivity o, m Output time intersal [lime series) ur 1 ; \
Miring zone thickness 5 m Estimate @, Az, OF | Output ime points [profiles)” £y s S 10,3050 | Advanced Solver I
Dilution F actar [-] 150.0 RS ES S R EE £ uglL 0,002 [Kinctic zalid-phaze sorption]

F
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Modulel_Output
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ModuleO Input Screen - Basic Analysis

READ BEFORE START:

Fiead Section 2 of the Uzer Guide Far parameter descriptions and wark through Baxes (17 ta (57 sequentially.

S gl can be filled with reference values using the g
etite el can be either estimated using the _Susetisrs
Default values far all cells can be set by clizking the ganse

Farameters with asterisks [7] are the bare minimum o
When copying and pasting, please paste walues only to 3w 3

Mange felter behaver [

ikke at blive udfyldt

@ Soil Properties and Site Conditions LT @ Initial PFAS Soil Conc. & Lysimeter Porewater Conc. e HA SIS IR HA ST
Values [om bgs) [ugikg) [em bgs) [ugikg)
Depth to groundw ater” £ cm goo Interpolation fMethod 4l Be-apply interpalation whenever 0 013
Contaminated site area (or unit areal A me 100 Soil Type 4y Piecewize Linear Interpalation | v datapoints are updated. 50 0,15
Temperature 7 °C | User defined | 100 0033
Met infiltration” £ cmilur 15,00 . . 200 0,044
Sioil bulk density” o4 glom® 17 || . T e 300 0,078
Saturated hudraulic conductiviy &, cmiday o 5 : : _g 400 0,0053
Residual w ater content &, comilem® 100 500 0,007
Saturated water content” &, emilom® 0,330 I EO0 00,0054
Median grain size A om ( N _ &rL 70 00,0036
Organic carbon fraction £ b Parameterveerdier fra E 200 ann 0,001
van Genuchten parameter o cm’ PFASen £ 400
van Genuchten parameter n [-] | & 500 . ]
Longitudinal dizpersivity” @ cm I 1000 Estimate g, | e Jordkoncentrationer
‘water content” & emtlom® 0,200 Ectimate &
Bir-w ater interfacial area scaling Factor aF -1 Eztimate 5F o0 P FAS LEAC H
Bir-w ater interfacial area” A emflem® 2500 I Estimate A, 800
N \
@ PEASP rti Parameter & ! \'"\_\ \
roperties Values P ) : homogen v \/
Surface tension parameter 3 mafl "7 .+ PFAS-contsminated | - —
i . Moy o Nt site T 5. °© Estimate Local SF
Surface tension parameter L) -1 PFAS Type & v on Y 5 SR, 1
Surface tension parameter g 5 dunlom | User defined | LT -y ..: .- ery] A, scaling Factar
Melar mass" M ghmel 21,04 P Sy 3 C i -]
P S z =13 crmiyr . LI w

Malecular diffusion coefficient e omils e R BFAE dﬁﬂtl e
Malar volume Y omiimal transport bt IR
Organic carbon- ition coeffici i : S B

rganic carbon-water partition coefficient e omilg Pk Z.= 800 cm
Solid-phase adsorption coefficient” &4 omilg 0,06 Estimate |
Air-w ater interfacial adsorption coefficient” &, cmilem® & JBE-03 Estimate Kue | l /
MOTE: F= and o, are only needed For using the advanced salver. X
Imstartaneous solid-phase sarption fraction” &, [-] L i lﬁp
Finetic solid-phasze sorption rate constant” & . Thour [£% :

Graurdwaler low——s __ﬁ.-- i
e Farameter

@ Groundwater Dilution Valuos
Groundw ater darcy flus £ miur ® Simulation Information
Lateral zite width £ m Illustration af Henning Wienkenjohann g
Saturated zone thickness 5o m Simulation time [time series]’ I ur 100 -

: [Equilibrium zalid-phaze: sorption]

Vartical dizpersivity o, m Output time intersal [lime series) ur 1 ; \
Miring zone thickness 5 m Estimate @, Az, OF | Output ime points [profiles)” £y urs S 10,3050 | Advancd Solver I
Dilution F actar [-] 150.0 RS ES S R EE £ uglL 0,002 [Kinctic zalid-phaze sorption]

F
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Outputs fra PFAS-LEACH

Computed Results from PFAS-LEACH-Analytical

Select what to plot i

Vadose-zone mass discharge rate Download data

Vadose-zone mass discharge rate
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Soil concentration profiles in the vadose zone
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Konceptuelle forskelle

Simple modeller

-

Avancerede modeller

[

<

Simpel model

PFAS-LEACH

homogen WV

J=C*A*|

Y

] =

-

=1

Ci.Ai'Ii

 Steady state
« En koncentration

ewf

A A

Tidsafhaengig

Homogen geologi

Konstant vandmeetning
Kun jordkoncentration med
mulighed for at definere et
koncentrationsprofil

Ingen kilde

»

COMSOL

heterogen VV, *

0, ¢

Y

Illustrationer af Henning Wienkenjohann

* Tidsafheengig
* Mulighed for variabel geologi og

vandmeetning

* Mulighed for at definere et

koncentrationsprofil

* Mulighed for at tilfgje en kilde

* Mulighed for at tilfgje heterogenitet

(linser, spreekker)

* Mulighed for at variere infiltration —

NIRAS



Region Hovedstadens typologier

* Hvilke modeller kan bruges?

* Hvilke opmeerksomhedspunkter er der
ved de individuelle typologier?

* Tre jordtyper dominerer den umeettede
zone
* Smeltevandssand
* Oxideret moreeneler
* Reduceret moraeneler




Sammenligning af PFAS-LEACH med COMSOL
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PFAS-LEACH COMSOL

Sammenligning af PFAS-LEACH med COMSOL L

homogen

bw PFOS
Volumetrisk vandindhold  Koncentration [ug/kg TS]
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COMSOL modelleringer udfert af Henning Wienkenjohann, postdoc, DTU



Sammenligning af PFAS-LEACH med COMSOL
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Dybde af umasttet zone
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COMSOL modelleringer udfgrt af Henning Wienkenjohann, postdoc, DTU



PFBA
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Hvordan defineres kilden?

Simpel model

PFAS-LEACH

COMSOL

J=C*A*|
.......... @ renrrenerann:

.

homogen WV heterogen VVV

Oy,

C 8, [c

A 4 Y

Illustrationer af Henning Wienkenjohann

- -~--% Grundvandsspejl

| Sand Morzneler -3 PFAS

Morsing et al. (2025)
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Hvordan defineres kilden?

Simpel model

PFAS-LEACH

COMSOL

J=C*A*|
.......... @ renrrenerann:

.

homogen Wv

Oy,

homogen Ww

By

heterogen VVV

8, [c

A 4

Illustrationer af Henning Wienkenjohann

- -~--% Grundvandsspejl

Sand Moraneler - PFAS

Morsing et al. (2025)
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PFOS flux
Konkrete data

Diskretiseret
koncentrationsprofil
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PFOS flux
Konkrete data

Diskretiseret
koncentrationsprofil

Koncentration [pug/kgTS]
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PFOS flux

Konkrete data
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PFOS flux

Konkrete data Fluxresultat
PFAS-LEACH
. . Smeltevandssand
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PFOS flux
Konkrete data
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PFOS ﬂux Smeltevandssand
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Koncentrationsprofiler

Konkrete data
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Udvaskning af PFAS

Konkrete data
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 PFAS-LEACH kan ikke tage hgjde for alle processer
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Opsummering

* Den simple model

Hurtig at anvende

Meget sensitiv overfor hvilken koncentration
der bruges

Forteeller ikke noget om hvornar
forureningsfluxen forventes at ramme
grundvandet

* PFAS-LEACH

Anvendelig for de fleste
- i kombination med PFASen

Mange sager har flere jordpraver

Tager hgjde for vigtige
tilbageholdelsesprocesser

Medtager tidsaspekt

@ger den konceptuelle forstaelse af PFAS
transport i umaeettet zone

Neaeste skridt

Hvordan kan vi bedst tage hgjde for:
» Spraekker

* Heterogenitet

 Ekstreme regnhaendelser

* Seesonvariationer

Hvordan kan en typisk radgiver/myndighedsperson
bruge "simplere” modeller i risikovurderinger og
hvilke faldgruber er der?




Tak for opmeerksomheden!
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