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Ltl- ] Scenarios pilotomrader i Skandinavien

* Korsgr Rescue center (Danmark)

smeltevandssand/silt/ler
moraanesand, i issgbakke

* Trelleborg brandgvelses plads
(Sverige)

Losseplads pa moraeneler og
smeltevandssand i adal
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+J ) J Step 1 granskning af eksisterende data og udpegning
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m Strategi for undersggelser af PFAS spredning .h) SCENARIOS
igennem den umaettede zone pa en forurenet grund  °*

Pilot omrade: Pore scale study Parameterestimering  Modellering/Risikovurdering
Prgvetagning og Monitering

Tidsserier af nedbgr, vand og / .k ) !(onceptuel model
jord data i 2 ar e jordparametre
* Nedbgr

* Infiltration

* PFAS koncentration

* Udvaskning/binding

* Transport i matrix og
makropore

. Groundwater
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Multi skala 3-D geologisk modellering og monitering
Y GED ...
GeoAtlasLive [ngdelorr%&‘é';,/ | - = modelomrade

(1




Opstilling af Konceptuel "site skala”
geologisk forstaelses model

Flere separate grundvandsmagasiner 1 Profil B4

Glacial deposit: P

[ Sandy till [] Freshwater sand
Meltwater clay | Freshwater clay
[ Meltwater sand | Marine clay
[77] Meltwater gravel | Marine sand
[ Marine gravel

med individuel gv.sp. = Clay il 1 Presate patiyt

User: geoatias®geo.dk | Date: 22-02-2023 | Model: DHM/Terrain (0,4 m)
Scale: 6.1 | A: E638855.7, N6133347.9, A': £639276.2, N6133059

@

SCENARIOS

Data is modeled, delivered without responsibitity - Contact

100 200
Profil A3

User: geoatlas@geo.dk | Date: 18-08-2023 T : DHM/Terrain (0,4 m)
10| 5CAET 6.6 T ATEE38520.7, N6132917.6, At E639214.8, N6133343.1_——————+———————

300

400 500

100 200

300

Jordantskort 1:25.000 (WMS, GEUS)
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Dynamisk udstiling af PFAS data direkte | ..~

Jy SCENARIDS

GeoAtlasLive -

u U U GeoAtlas Live

SUBSURFACE EXPERTISE

Choose layer

Media

‘ Water v

Compound group
[Pras

Compound
IPFOS (Perfluoroctansulfonsyre)

Include all compound without limits
View

' Latest analysis - measured value

Label

| Latest value

(D Show additional label with point-numbe

Filter

Setup of display

A 8 2 Reset Update Legend
20, = =
- £ ™
13 £s | g Chemical Analyses
O
4 % Ol Legend =
10 = [ -
o Media: Water
i Compound: PFOS £
(Perfluoroctansulfonsyre) (ug/l)
Threshold: 0.002 pg/l

100 150 200
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Geologisk karakterisering af prgvetagnings-
omrade og opstilling a lokal 3-D model

Glacial deposits
Il Clay till
Il Sandy till
[ Meltwater clay
I Meltwater sand
Il Meltwater gravel




Installering af VMS-anleeg til at monitere

. @ SCENARIOS
tranport af vand og PFAS | den umeettede zone.

- Groundwater
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Installering af Anakondaen”
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a "anakondaen” pumpes op (fyldes med cement) sa den forsegler kontakten =
' til indersiden af borehullet dernaest forbindes alle slanger og ledninger til B J SCENARIOS
pragvetagningspanelet

VSP — connections scheme

Control panel

Pressure gauges X
|

?e«%

Maintenance Valves

;

Pressure/Vacuum

)
Drain *‘

—I ]

KSamplmg valves *‘ )
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Infiltrations eksperiment og supplerende
prgvetagning af jord

LN
:h, SCENARIOS
‘e

Soil sampling plot
Pore scale soil speci
model (laboratety
experiments (FORTH)

W

VMS sampli
station

Infiltration scale
Model (only water)
Vadose and saturated
zone (BGU)

2 x 1 m3 m water-
tank with pump

I'H.éﬂl
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Prgvetagning af jordpraver i% ) SCENARIOS

. Borehole no: K1 Pl: KEK -
Drill IOg page 1/1 Driller id: Mats Coordinat: m
Project 205579 Start date: Gw. table m bgss.: |
IBorehole: Korsoer End date: kote, terrain: ROK:

Description and geological setting

Depthm.
Filter
Transistions
soil sample
Watersample

Mull, sandy topscil brown CaC03 poor 2w
Sandy till, clayey, silty, few stones, yellowish brown CaC0® poor
05 Sand, medium, light yellowish brown CaCO? poor“meltwatersand™
Sandy till, w. clayay, silty, some gravel, brown CaC0? poor "
1
o Sand, medium, light reddish brown CaC0? poor “meltwatersand”
Sandy till, w. clayey, silty, some gravel, reddish brown CaCC? poor
15
Sand, medium, light yellowish brown CaCO? rich “meltwatersand™
20 E, Clay sitty, massive, , brown, CaCO? rich “meltwater-clay” 244
E Sand, fine, medium, coarse, laminated, light yellowish brown
= CaC? rich "mettwatersand”
25 = 43
& Sandy till, w. clayey, silty, some gravel, few stones, sandstringer,
brown, CaCio? rich, “flawtill”
30
R 35 Sandy till, w. clayey, silty, some gravel, few stones, sandstringer, 275
: brown, CaC0? rich, “flowtill®
L]
| 40
L]
; 45 Sand, medium, coarse, gravely, light yellowish brown,
CalC0? rich “mettwatersand”
Sand, medium, coarse, light yellowish brown CaC0? rich “mettwatersand™
50 23
55 Sand, medium, coarse, gravely, light yellowish brown,
CaCC? rich*meltwatersand”
60

65 Sand, medium, coarse, gravely, few stones, light yellowish brown,

CaC0? rich“meltwatersand”

70 224

75 Sand, medium, coarse, gravely, few stones, light yellowish brown,

CaC0? rich*meltwatersand”
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L) Resultater £y SCENARIOS

* Nedbgr
* Nedsivning/vandindhold
* PFAS indhold i vandprgver
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Nedbgr 28 Sep 2022 til Aug 2024 i malt i ved
RESC Korsar
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R Vandindhold 1 6 dybder
[
ucl 28 Sep 2022 til Aug 2024
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I E[-I'I Vandmaetning i 6 dybder i plot B over 2 ar sammenlignet :ﬂ; CCENARIOS
med nedbar .
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mu Koncentration af PFBA som funktion af nedbar :égscsnmms

Nedbgr

140

120
ChArdTitle

100

Infiltration experiment

Concentration PFBA pg/I

46 . | .
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HBl mB2 mB3 mB4 mB5 mB6
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151:0) Koncentration af PFBA som funktion af ..~
' o MSBENARIDS
vandmeaetning i jorden :
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el Koncentration af PF_OA_ Som funktion af =% o c\uarios
vandmaetning I jorden
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Udvaskning af PFOS og PFOA sker kun .
: : MSCENARIDS
ved hg] vandmaetning
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Nye spmgsrnél:_Hvorfor er koncentrationen h} AT
af PFOA hgjest | B5 og B4 dybere nede? .

PFOA
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ug/l 2°
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Preferentiel flow I makropore 5

11 PFAS in Soil samples ug/kg
12 Matrix
1.4-1.5m I
43
1.3-14m .
4.4 1.2-1.3m NI
11-1.2m EETEETE
4.5
1.0-1.1m NS
4.6 0.9-1.0m NI Macropore
4.7 0.9-1.0m
0.8-0.9m IEENNEEETTE.
4.8
08-0.9m NN
4.9 0.7-0.8m NN
0.6-0.7m HNEEETE
4.10
0.5-0.em IEENNEEENTE
411 0.4-0.5m N
412 03-0.4m NN
02-0.3m IINEEITE
413
0.10.2m HEEENNNEE
4.14 0-0.1m NIV
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
4.15
o H PFBA H PFPeA M PFHxA H PFOA W |-PFHpS W PFOS-isol W [-PFNS W PFTe DA
1.16 2.16 3.16 4.16
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LS15]1] Wetting front propagation og macroporeflow #: scenarios

Er{m /” Infiltration _ _ :
B EDpreriment Wetting front propagation velocity =
. 02 o | 0.03 m/day
' B Flux = 0.0013 m/day
(e] 20%

15
10% h P - e T T e T T~ . —

I =

. T e . _-“T—H-h - : J A
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may jun jul aug sep okt nov dec l jan feb mar
0601 07/ 08,01 09,01 10401 11/01 12/ a1/m 0z/01 0301
. ” . ” Mean Last®
- A1_VWC_78cm Bromide WEttlng front R,
_ e migrerer 6 m pa migrerer 90 cm pa 4 e
— amcaen - Mindre end 3 uger hen over vinteren 942% 9.53%
G.Eﬂuﬂ.dlﬂﬂIELlﬁ}tﬂJ - A5 VWC_432cm 12.0% 121%
- A6_VWC_522cm uger 2023/ 2024. 132%  13.9%
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LG Modellering 3 scenanios

Geological conceptual model Reconstructed —simulation domain

m
<

Korsoer Profile E-V

Glacial sediment
B Clay till
I Sandy till
] Meltwater clay
B Meltwatersand
I Meltwater gravel
Il Organic soil
Il Pavement
] Gravelfill

Groundwater tabel

5 10

Using Adobe Illustrator and an algorithm in python that transforms images to CAD geometry for
further exploitation

Different soil layers take into account
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L5151] Parameter estimering

SCENARIOS - H2020 G.A. 101037509

Soil type Parameter | Value Description
€ 0.22 Porosity
Clayey . K 4.8 103 m? Absolute permeability
Sandy till a 0.5m? Van Genuchten parameter
n 1.09 Van Genuchten parameter
05 0.22 Water saturation = porosity
6, 0.015 Water residual
aL 200 um Dispersivity (the default)
Apply to o — —
Dopfos 0.510° m?/s Diffusion coefficient of PFOS
all layers Dyfoa 3.510°m?%/s Diffusion coefficient of PFOA
Dpfda 210°m?/s Diffusion coefficient of PFDA
Dpba 810° m¥/s Diffusion coefficient of PFBA
Kapfos 302.510° Freundlich constant PFOS
mol/kg
Kdpfoa 31.310° Freundlich constant PFOA
mol/kg
Kdpfda 386 10° Freundlich constant PFDA
mol/kg
Kdpfoa 38.710° Freundlich constant PFBA
mol/kg
Npfos 0.63 Freundlich exponent PFOS
Npfoa 0.63 Freundlich exponent PFOA
Npfda 0.42 Freundlich exponent PFDA
Npfba 0.35 Freundlich exponent PFBA
Melt-water € 0.28 Porosity
. K 24102 m? Absolute permeability
clay/silt
a 0.8m Van Genuchten parameter
n 1.09 Van Genuchten parameter
0 0.28 Water saturation = porosity
6, 0.015 Water residual
Melt-water € 0.38 Porosity
Sand K 7.210? m? Absolute permeability
a 7.45m? Van Genuchten parameter
n 1.89 Van Genuchten parameter
0 0.38 Water saturation = porosity
O 0.025 Water residual
€ 0.45 Porosity
Melt-water K 3.610" m? Absolute permeability
gravel/ a 14.5m? Van Genuchten parameter
sand n 2.68 Van Genuchten parameter
0 0.45 Water saturation = porosity
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L=l  Simulering af PFDA and PFBA transport &y Scenamios

PFDA -3 years period- concentration (mol/m?) PFBA -3 years period- concentration (mol/m3) Tivuie

M. 361

PFDA PEPeA - 3.23

3.2

= 3.06

= 2.69

1 2.32
1213
1195
{ LM
P4 1.58

= 1,21
e 1.03
= 0.84

= 0.66

- 047

- 0.29

- 0.1

* High adsorption coefficient on soil grain for PFDA and on air/water interfaces (less
concentration for transport downwards in the vadose zone)

» Differences in permeabilities (in particular in the region of clay formations) led to
fingering transport
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LLHY sammenfatning? =

Unikt datasaet med tidsserie data fra 24 maneder indeholdende:

* PFAS indhold i uforstyrret smeltevandssand/silt/ler og moraenesand og
macropore med

* Hgj frekvens monitering af PFAS indhold i nedsivende vand
* On line “real time” monitering af vandindhold i jorden i 6 forskellige dybder

SCENARIOS

* Online “real time” monitering af nedbgr

Disse data muligger ret praecis beregning af “Mass transfer” af forskellige PFAS
typer til grundvandet

SCENARIOS - H2020 G.A. 101037509



L'is!]  Hvad har vi leert? %) SCENARIOS

* Koncentration af PFAS i nedsivende vand stiger med hgjere vandmaetning.

* Udvaskning/mobilisering af "kortkaedede PFAS” sker med vandmaetning over 5% men
afhaenger af vandindholdet

* Udvaskning/mobilisering af “langksedede PFAS” sker kun ved markante "Wetting front”
passager (>10% vandindhold)

* Indhold af PFOS, PFOA er signifikant hgjere i makroporre end i matrix
* Flow sker som kombination af langsom matrixflow og hurtig makropore flow

* Mass transport af PFAS i den umaettede zone bgr altid kalibreres med vandindholdet i
jorden, men jordspecifikke parametre som lerindhold, har ogsa stor betydning.

* Selv homogene konfigurationer af geologiske modeller bgr modelleres som dobbelt
porgse medier, med bade matrix og makropore flow.

Maling af tidsserier er essentiel for forstaelsen af den samlede udvaskning

SCENARIOS - H2020 G.A. 101037509 i




L5 0] Naeste step og vigtige spargsmal £y SCENARIOS

* Betydning af "udtgrring/opmaeetnings” frekvenser

* Mere preecis estimering af betydning af andre parametre som
organisk indhold, Ph, lerindhold pa individuelle PFAS

* Betydningen af PFAS Cocktails. Nogle komponenter konkurrere
om pladsen
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Thank you for

. SCENARIOS
your attention

Vil du vide mere sa kontakt
Eller besgg Scenarios hjemmeside



mailto:kek@geo.dk
https://scenarios-project.eu/

