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LEl-I] 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

o'
e J SCENARIOS
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Korser

DENMARK

*_ SWEDEN

O
Trelleborg
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Multi skala 3-D geologisk modellering og monitering
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L 1= B Oprindelig PFAS indhold i jord og grundvand
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Signatur:

| Matrkeiskel
©@g1  Borings-ID og placenng

100(02) Indhold of sum 12 PFAS (provetagning

dybseimut)

Indhold af sum 12 PFAS:

0400 yglkg TS
L\(QA > 400 - 4,000 pg/kg TS

>4.000 yg'kg TS

Cirkeldiagram med fordelingen af
PEAS-forbindelser:

b &
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forstaelses model

Flere separate grundvandsmagasiner
med individuel gv.sp.

Jordantskort 1:25.000 (WMS, GEUS)
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10

-10

Konceptuel "site skala” geologisk

20

154

10

@

Profil B4
20
Glacial deposit: P P
[ Clay till Freshwater peat/gytja
[ Sandy till Freshwater sand
s Meltwater clay Freshwater clay

"] Meltwater sand Marine clay
[77] Meltwater gravel Marine sand
Marine gravel

I0E0ECEE

Gwl.

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
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Data is modeled, delivered without responsibitity - Contact
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Profil A3
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L0 Dynamisk udstiling af PFAS data direkte i ;.

JN} SCENARIOS

GeoAtlasLive .
u U U GeoAtlas Live

SUBSURFACE EXPERTISE
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Geologisk karakterisering af prgvetagnings- S Atos
omrade og opstilling af lokal 3-D model s

i Borehole no: K1 Pl: KEK -
Drill Iog page 1/1 Driller id: Mats Coordinat: m

Project 205579 Start date: Gw. table m b.gs.: i
|Borehole: Korsoer End date: kote, terrain: ROK:
Grainsize
@
@
£ g Descripti d logical setti g g
g 3 3 scription and geological setting 3 |
o |E B8 EBE
Mull, sandy topsoil brown CaC03 poor 2w
Sandy till, clayey, silty, few stones, yellowish brown CaC0® poor
057 Sand, medium, light yellowish brown CaCO? poor“meltwatersand™
Sandy till, w. clayay, silty, some gravel, brown CaC0? poor 245
104
0 Sand, medium, light reddish brown CaC0? poor “mettwatersand”
Sandy till, w. clayey, silty, some gravel, reddish brown CaCC? poor
154
Sand, medium, light yvellowish brown CaCO? rich “maltwatersand™
204 E, | Clay sitty, massive, , brown, CaC0? rich “meltwater-clay” 244
E Sand, fine, medium, coarse, laminated, light yellowish brown
= CaCC? rich “meltwatersand”
25+ )=l 3
& Sandy till, w. clayey, silty, some gravel, few stones, sandstringer,
brown, CaC rich, "fowtill™
30+
35 Sandy till, w. clayay, silty, some gravel, few stones, sandstringer, 277
brown, CaC0? rich, “flowtill”
4,0+
45 Sand, medium, coarse, gravely, light yellowish brown,
CaC0? rich "meltwatersand™
Sand, medium, coarse, light yellowish brown CaC0? rich "mettwatersand™
5,0 3
55+ Sand, medium, coarse, gravely, light yellowish brown,
CaC0? rich"meltwatersand™
Sand, medium, coarse, gravely, few stones, light yellowish brown,
CaC0? rich “meltwatersand™
224
Sand, medium, coarse, gravely, few stones, light yellowish brown,
CaC0® rich*mettwatersand”
222




Installering af VMS-anlaeg til monitering

. é;SI:ENARIDS
tranport af vand og PFAS | den umeettede zone.

' U nSatura"i:é"if =5 z?, S e
i *zone Sy _

. Groundwater
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: Udfarte feltforsag til monitering af PFAS S
: %
=08 infiltration til grundvandet .o SCENARIOS

* Systematisk indsamling og analyse af vandprgver én gang pr maned siden
forsggets start i sep. 2022.

* Kontinuert maling af vandmaetning i 6 forskellige dybder i 24 maneder

* I maj 2023 er der udfgrt kontrollerede nedsivningsforsgg der skal simulerer
skybrud med en kendt nedbgrsmaengde, samt tracerforsgg med bromid til
vurdering af infiltrationshastighed

* |juni 2023 er der indsamlet en lang raekke jordprgver fra overfladen og ned
til 3,5 m u.t. for at sammenligne PFAS indhold i jord og vand

* Nedbgrsdata indsamlet elektronisk i lokal vejrstation

* Yderligere malrettet indsamling af vand og jordprgver planlagt marts 2025

SCENARIOS - H2020 G.A. 101037509




De farste resultater efter 6 mdr. monitering

Depth (mbgl)
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Vandindhold/nedbgr/PFAS konc | porevand i1xy SCENARIOS

% ' PFBA PFBS PFOA
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De fgrste konklusioner J, SCENARIOS

* Vandindholdet stiger generelt nedadtil, men varierer med nedbgr
* Koncentrationen af PFAS stiger med stigende vandindhold
Spgrgsmal

Hvor hurtigt infiltrere regnvand igennem matrix?

Hvad er PFAS-indholdet i jord og porevand?

Hvor meget udvaskes og hvornar?
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. Infiltrations eksperiment og supplerende ..~
Li1-0) I
prgvetagning af jord ) SEENATEE

B Infiltration scale
Model (only water)
PlotB Vadose and saturated

zone (BGU)
/—-—14

VMS sampli
station

Soil sampling plot
Pore scale soil speci
model (laboratery

2 x 1 m3 m water-
tank with pump
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Geo Opsltilli_n?(af odpt:meret 2-D konceptuel @scznmms
geologisk mode

south north [ e LD'"“°9 P9 1N |oieriémas |coordman L=

# Project 205579 Start date: Gw. tablemb.gs.:
A B 10 Borehole: Korsoer End date: kote, terrain: ROK:
Grainsize

Korsgr B

soll sample
Watersample

- | Eildl h » .
i i g 3| e 8 5 a g Description and geological setting
. . o | g 5| ©vRE=T
Glacial sediment - Mull, sandy topsoll brown CaC03 poor .
I Claytill : Sandy til, clayey, silty, few stones, yellowish brown CaCO® poor
B Sandy till 05+ e Sand, medium, light brown CaCO? poor
|:| Meltwater clay ; _:, S Sandy till, w. clayey, silty, some gravel, brown CaCO? poor 25
B8 Meltwatersand 1 oS Sand, medium, light reddish brown CaCO? poor ‘mettwatersand”
I Meltwater gravel “' - Sandy till, w. clayey, silty, some gravel, reddish brown CaCO? poor
Il Organic soil 15 s ot boun Cacos
Il Pavement i i eater
[ Gravel fill Clay sitty, massive, , brown, CaCO? rich *meltwater-clay” 244
Sand, fine, medium, coarse, laminated, light yellowish brown
CaCO? rich “meltwatersand”
243
Sandy till, w. clayey, silty, some gravel, few stones, sandstringer,
brown, Cac0’ rich, *“flowtill”
Groundwater tabel
Sandy till, w. clayey, silty, vel, few stones, 21
brown, CaCO® rich, “flowtill”
Sand, medium, coarse, gravely, light yellowish brown,
CaCO? rich “‘mettwatersand”

Sand, medium, coarse, light yellowish brown CaCO? rich “meltwatersand™

Sand, medium, coarse, gravely, light yellowish brown,
CaCO* rich“meltwatersand”

Kotema.s. |

Sand, medium, coarse, gravely, few stones, light yellowish brown,
CaCO? rich “meltwatersand”

Sand, medium, coarse, gravely, few stones, light yellowish brown,
CaCO® rich“mettwatersand”

SCENARIOS - H2020 G.A.




SCENARIOS
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1.1

1.2

4.3

4.4

4.5

4.6

4.7

4.8

1.16 2.16

3.16

Preferentiel flow i makropore?

o'
;hj SCENARIOS

1.4-1.5m

1.3-1.4m
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PFAS in Soil samples pg/kg

<
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~
=
x
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[w]
o
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Lf1-I]l  PFASigrundvand %y SCENARIOS

PFAS Grundvand K1

02.02.2023 27.04.2023 13.07.2023 08.08.2023 07.09.2023 05.10.2023 10.1.2024 22.2.2024 19.06.2024 17.07.2024 21.08.2024

B PFBA W PFBS B PFPeA B PFHxA B PFOA M PFOS
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Li1- 0N Nedbgr Okt 2022 - Aug 2024 i Korsgr i%.) SCENARIOS

Precipitation mm |_
mm/month
mm Montly Precipitation Korsoer T -
1.40 11 25
12 21
63
120 76

24
65
42
10

1
2
3
100 4
5
80 °
7 31
8 93
60 9 119
10 60
A0 11 1
1 100
20 I I 1 25
3 56
o U 4 10
1 2 3 i | 5 =" ri = 9 10 11 12 13 14 15 16 17 18 19 220 21 22 23 5 103
6 18
P S — L, > oo +— (@) = L > K 71
~ O w % g S o0 8 g = 3 % ~ O % g O o0 8 g = 3| 129
O 2 0|4 uw = <C = = S << wn O 2 045 W = <C = = S < | 5 141
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Vandindhold i 6 dybder | den umeaette zone i 24 mdr @scENARms

Water content in soil m b.g. == 0,7 == 153 == 5 47 == 335 == 4,25 =f= 5,15
%
16- Pl'ﬂt B
14-

12-

Infiltration experiment

Water content %

- - — >~
> L3 9lcs28s58cs=s¥gL£3d30cs2s8s58s=s¥gx

o
S

2022 2023 202
oo oo



15:0) PFBA koncentrationer 1 6 dybder | -

_ o MSGENARIDS
vandprgver igennem 2 ar :

PFBA

ug/l
14

12

ma 'H' l

PFBA concentration in water - B1 ] BZ I B3 N 84 I B5 I B6
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PFBA koncentration som funktion af -

mj SCENARIOS

Uty

vandindhold I jorden. *
16/ Plnt B *E-; Diagramtitel T
- ng/l ;2‘; =l
S - —
3" - F’"_!.!-h!__‘“"
L LA A

Y
]

i
F
" N
4
g

%

o

B
oct nov dec jan feb mar apr may jun jul aug sep oct nowv dec jan feb mar apr may jun jul aug sep
\

PFBA concentrationinwater @ B1 W B2 " B3 mB4 mB5 1 B6
Water content in soil mb.g. == 0,7 == 53 == 5 47 == 335 == 4,25 == 515
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Uty

% vandindhold

Diagramtitel
Plot B 8
€
15- O
£
25 ‘q-J
o
x
o
: LS [
20 _g .
AT :
lu_ . L L] E .
4= :
£ :
15
10 | s
5- —

PFOA koncentration som funktion af
vandindhold )

SCENARIOS

may

oct

sep oct nov dec jan feb mar apr jun jul aug sep nov aug

PFOA concentration in water
Water content in soil

HEBl EmB2 mB3 EB4 mB5 mB6
“$= 0,7 “#=158 =#=347 “#=335 =4=425 =4=515
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Hvad betyder vandindholdet for udvaskning af
PFAS?

o'
ﬂy SCENARIOS
‘s

PFAS koncentration/ composition in water Water saturation 22 sep 2022 and 15 dec 2023
samples with two different water content

Sep 2022 Dec 2023 mPFBA mPFBS mPFOA mPFOS o
1234 pug/lo 5 10 15 20 25 30

o
WY

19

_I
1/3i
.

4%

o
N

cd
€d

Sd
Sd

od
94

. e
= —
R S ' B [
= |
= 5 -
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S0 Perspektiv for modellering og
Parameter estimering

SCENARIOS - H2020 G.A. 101037509

Soil type Parameter | Value Description
€ 0.22 Porosity
Clayey . K 4.810%% m? Absolute permeability
Sandy till a 0.5m* Van Genuchten parameter
n 1.09 Van Genuchten parameter
0 0.22 Water saturation = porosity
O 0.015 Water residual
alL 200 um Dispersivity (the default)
Apply to Dpfos 0.510° m?/s Diffusion coefficient of PFOS
all layers Dopfoa 3.510° m%/s Diffusion coefficient of PFOA
Dptda 210°m%/s Diffusion coefficient of PFDA
Dptba 810° m?%/s Diffusion coefficient of PFBA
Kdpfos 302.510° Freundlich constant PFOS
mol/kg
Kdpfoa 31.310° Freundlich constant PFOA
mol/kg
Kdpfda 386 10° Freundlich constant PFDA
mol/kg
Kdpfba 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 24108 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 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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Reonstruktion af Pilot 1 ¥.j SCENARIOS

Geological conceptual model Reconstructed —simulation domain

E \")

Korsoer Profile E-V

Glacial sediment
B Clay till
B Sandy till
[ Meltwater clay
I Meltwatersand
B Meltwater gravel
Il Organic soil
Il Pavement
[ Gravel fill

Groundwater tabel

e Using Adobe lllustrator and an algorithm in python
that transforms images to CAD geometry for further

exploitation
* Different soil layers take into account
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Scenario-based boundary conditions

C_in:

Cpfba=12.5 mol/m3 V_in & C_in
Cpfoa=12.5 mol/m?3
Cpfos=12.5 mol/m3
Cpfda=12.5 mol/m3

EESEDUESSVESN

Constant discharge rate toward
the aquifer=10L/day

SCENARIOS - H2020 G.A. 101037509

Precipitation rate: V_in=0.2x10> m/s

Periodic precipitation rate:
0.2x10>m/s for 1.74 days followed
by 5.78 days of drought

Initial concentration of 4 PFAS
(PFBA,PFOA, PFOS, PFDA) on the
ground: C_in=12.5 mol/m?3

o'
Hn® } SCENARIDS
‘s

Simulation during a
couple of years

Computational cost
(COMSOL): 4.75M
elements, and 3 days
simulation time,
depending on initial
saturation conditions

28



PFBA transport in the unsaturated zone J) SCENARIOS

Time=1096.5 s Species ¢: concentration of PFBA (mol/m™3)
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* Forstaelse for den dynamiske udvaskning af PFAS til grundvandet fra den
umaettede zone kraever mulighed for Isbende monitering af PFAS indholdet i
porevand sammenholdt med vandmaetning og nedbgrsdata.

* Lange tidsserier (ar) er afggrende for at opna den fulde forstaelse.

e Vandindholdet/vandmaetningen i jorden er afggrende for mobilisering af
langkaedede PFAS typer.

e Vandmaetningen er dynamisk og fglger nedbgrshandelser/nettoinfiltraion

 Makropore spiller en vigtig rolle for forstaelsen af flowmenstre i den umaettede
zone

 Modellering af PFAS transport bgr tage hensyn til heterogen transport i spraekker
og makropore
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