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 Marbeek Kildepladser er truet af
en zldre DMS forurening

« Stor indsats fra Region
Hovedstaden og Forsyningen
for at kortlaegge mulige kilder og
risikovurdere indvindingen ved
Marbaek

* Forskellige modelvurderinger er
udfert pa varigheden

» Geo har faet til opgave at
granske de indledende
modelvurderingeme i efteraret
2025

arbgek Nord Kildeplads
924658 ke Vist)

Kildeomréder
+ Novafos Indv. boringer

[ Geo detailmodel
25%25 m.

Potentialekort

Indeholder data fra Styrelsen for

Dataforsyning og Effektivisering

Udvalgte boringer
efter boredr

> FEldre end 1991

» 11990 - 2015]

—— Frederikssund Kommunes ., 12015 - 2018]

® 12018 - 2023]
* 72023 - 2025]
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Y ¥ Indvinding ved Marbaek
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SUBSURFACE EXPERTISE
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Der er overordnet udfert 3 vurderinger
af varigheden af DMS

1) DR1 radgiver med 1D /2D model

2) R2radgiver: Opdateret lokal 3D model
baseret pa GKO model FEAR

3) HFR3 radgiver: Baseret pa lokal 3D model
af HOFORs regional model baseret pa DK-
modellen for Sjeelland

Resultater
« 20-40 ars forskel i maks. gennembrud
* Forskelivarigheden

» Stor forskel i koncentrationsniveauer af DMS

1) Radgiver DR1: 1D/2D model:

1987

20-30 ars forskel i maks. gennembrud.

Stor forskel i koncentrationsniveauer af
DMS.

Kan veere afgerende for Novafos’ fremti-

dige indvindingsstrategi.
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Kildestyrke - starrelse og variation

Stremnings-
hastigheder

Porgsitet
Koncentration
m $ Hydrodynamiske dispersion
fEndringer Dy = ay - vp + Daiy
Q Reaktioner Dr = ar-vp+ Dayyy
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* Model opstilleti COMSOL

multiphysisics

* Modellen bestar af to sektioner

o 1D/2D Vertikal transport igennem

deeklag

o 2D fransport i grundvandsmagasiner

* Flux igennem deeklaget
CMD=C-A:N, N=120 mm/ar

* Flux i Grundvandsmagasin
CMD=C-A-i-K

* Flux ved indvindingsboring (192.614)
CMD=C-Q

Output, aquifer Output, clayey till \5-——_6—-_--}
Input, Aquifer 1m :
—> :
A Concentration time h=55m 1 7
CMD :mxecsr:?es ¢ series at clay bottom [t funct_lon,
Compartment 1 clayey till
/ \ Clayey till c
> > Mm
t A t
1
i
1 Fracture t
1
1
1

(]
O
O
=]

O

T 1
l | I | ' T
v
Abstraction
wells ‘ ‘ ‘ 0 ‘ v
Clayey till ‘ ‘ — "/y/ 14m
Meltwater sand I K. = 1610% (L6 M K, = 5,0:10° /12‘“?‘[ 5.0-10° K, =4.010° d
Limestone i ‘ 7 g
5 =<}
Infitretion; =0 8 =0 — | i=00028 i=0.0021 i=0.0021 |~
Solute plume / = K=3210% E K = 1.010* g K=1010* E K=8010° |-
Infiltration, C = f(t) 3 S b o a0
0| O N
_l_ Compartment 2 I "
Aquifer < Groundwater flow < < |
om 523 m No flow 1093 m 1412m 1643 m

Fig. 3. Conceptual sketch of the 2D transect model and its outputs. The model is comprised of two compartments simulating flow and solute transport in 1) clayey till
and 2) the aquifer. The aquifer compartment corresponds to a section from the upgradient property boundary of the main source area to the well field. The illus-
tration shows application of the source function at source DW. The output is CMD over time calculated at 8 vertical sections. Blue lines mark hydraulic head (h) used
as boundary condition or for calibration of K. Modified and extended after Frederiksen et al. (2023). (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)
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\. “,r,,..=;1DIZD model : Spraekke transport

_ Pg 20. — _K..op. a0

2 b
Parallelle spraekker med afstanden 2B: - 2
2b
= 3 y =]
Ky = 12-u ZB(Zb)+K A L S "
h=55m 1.2
: F
;ompartment 1 o . .
Hayey till- “B ‘ T
' 11m

Fracture
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1967 1987 2007 2027 2047 2067 .
100 - F
10
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Q 80 A I \ L 9
2 g
~ 'f' 4 \‘\ 8+
S 60 - 1 Y -
iz i~ 7r
= %
§ 40 1 X -6
g / \
Q % \ \\
© 2 7 VN | ES5F
/I:I “‘ \\\\
/{:'/ ‘\\ S ~ ~ i
0 R y . . ~ -~ C
0 20 40 60 80 100 120 o
Time (yr) 2k
No fracture =~ =====- Ap =16 ym === Ap=18pum
— — Ap=20um Input function Year 54 (2021)
O .

Fig. 6. Left: Breakthrough curves at the bottom of the clayey till with different hydraulic fracture apertures. t = 0 (year 1967) is the earliest year of pesticide
application. Right: simulated contaminant distribution with different fracture apertures at t = 54 (year 2021), 26 years after last (simulated) pesticide application.
Rectangles for the comparison with porewater concentrations of the suction cups are outlined in black at depths of 2.1, 5.1, 9.0 and 10.7 m bgs (the top of the model
domain is at 1 m bgs). The colour indicates the concentration and white isolines show 1 pg/L and 0.1 pg/L.

: Spraeke transport Vs.

frac]

b ~ N

Enhed Ledningsevne Vb (K*1) Vstof Transporttid
[m/s] [mm/s] [mm/ar] [mm/ar] El|
Matrix 5,0-10 (oplyst) 2.50-109 79 263 42
Spraekker 2,58-10 (beregnet) 1.29-10° 41 1270 m/ar 0,01
Infiltration: 120 27,6%/27,5

handberegning
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1D/2D model : Sprakke trans

nort Vs. handberegning

Transporttid [ar]

Porgsitet [] T1= T2 (Sand) T2 = T3 (Kalk) T3 = Indv. bring (Kalk) Sum
0,05 49 3,2 24 10
0,15 14,7 95 73 31
0,30 293 191 14,5 63
Output, aquifer o‘rjr:z:‘tii:mr"“ <Lm_> "6 """
Ved de samme porgsiteter svarende til hhv. R2 og ’ N\ i
HFR3 modeller fas falgende transporttider (29,3 ar + [ .

6,4 ar+4,8 ar) 41 arog (29,3 ar + 9,5 ar +7,3 ar) 46

dar.

1D/2D modellen er beregnet til 73-81 ar, idet

transporten igennem ler-daeklaget er 28-30 ar og

derefter en transporttid pa 45-50 ar |
grundvandsmagasinerne.

A

I clayey til
D Meltwater sand
[] Limestone
B (nfitration, C = 0

D Solute plume /
Infiltration, C = f(t)

Fig. 3. Conceptual sketch 2D tras

| I —
Abstraction
wells ¢ 0 é
‘ 1L 14m
010 K, =4010°
o
E
E =
2
. =0 0.0021 i=00021 |~
af K=t K=[1010¢ £ K=8010° ||2
< o
b
| Compart Iy S0
Aquifer 9
om 3 m 1412 m 1643 m

model and its outputs. The model is

ansport in 1) clayey till
1 field. The illus-
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Gennemgang simpel model

2D — model — Transporttider med Darcy

Table 4
Table 3 . i . .
Breakthrough time of DMS from source DW at the well field defined as arrival Mean travel times of DMS in soil and groundwater from the main source area to
time of 1% mass with different combinations of longitudinal dispersivity (a;) the well field.
and limestone porosity (n;). Red shading indicates slow transport, green in- Method Travel time (yr)
dicates fast transport. The four model setups leading to the best agreement with
the observed change in concentration at the well field are highlighted in bold Through From T1 From entire Total
and the simulated CMDs are shown in Fig. 8. clayey till to well catchment to well  travel
02 01 0.05 0.01 field field time
n = 0. n=0. n = 0. n=0.
2D transect model,
a=1m clayey till"
a. =10m 2029 2019 2014 2D transect model,
" aquifer
a =30m 2022 2014 _ 2000 [WZoosNN UM 12200
a. =50m 2018 2009 _ scale model” =16
a. =100 m 2012 Gromjldwa[er 35-38**, max. 60
dating
Best estimate ~30 ~30 ~60

 Arrival of 50% mass in simulated breakthrough curves.
" particle tracking. *Depending on whether western or eastern sources are e e e e g

l considered. ***Mean" age of all water in the sample. y = mean value.
! I B— = —
Abstraction -
wells ‘ ‘ ‘ @ y'y
B ciayey il ‘ . o ar [ T=293 14m
D Meltwater sand K, = 1.6-10% |L,6M W}?ﬂf\' 0-10° K, = 4.0:10° J
Limestone ags = PE
= : T=104r T=13ar— T=104&r S
[l infitration, C =0 i i=0.0011 ——— | i=0.0028 i = 0.0021 i=00021 ||~
Sk I NER20 e K =1.0-10* E K=(1.010* & K=8010° ||<
J < QO N
O Infiltration, C = f(t) - S o) ™ O
) [(o | N
!|Compartment2 .. !
Aquifer = Groundwater flow = = !

0 BD m No flow 1N072 m AA14 o A4



> “Kildestyrke — opdateret s masse er korrekt
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WYY Granskning af 3D numeriske modeller

* Kildestyrken er implementeret forkert i begge 3D-modeller:
o Opdateret kildestyrke har @get meengden af DMS i modeller
» Transporttiden i de gvre lag er hurtigere i 3D Modellerne end i 1D/2D modellen

o Detkan ikke afgares, hvilket modelkoncept er bedst. Det vurderes dog, at de numeriske modeller
overestimerer transporttiden ned til farste grundvandsmagasinet.

R2 — Opdateret kildestyrke: HFR3- Opdateret kildestyrke:

Varighed af DMS i Marbaek indvindingsboringer - R2 S Varighed af DMS i Marbaek indvindingsboringer HFR3
1.80 :
1.60 oo 2.25

— 140 fn 200

W@ 175

E 120 = oo

= c 1.50 °

© 1.00 2 e

E B 125 =

€ 080 g o

£ S 1.00 g 192.614 7

2 0.60 2
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- o
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2 040 y= ) =
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020 Fis 0.25 \
g§v 6o e —
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~ Granskning af 3D numeris

| modellen fra R2 transporteres DMS fra lokaliteterne
DEE, DE og DW meget hurtigere i kalken end i
HFR3 modellen, men til gengeeld er DMS fra
lokaliteterne BKN og BKS i R2-modellen ikke naet
kalken.

Naeste side er der plottet DMS udbredelse i
tveersnittet herunder:
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R2 (Qverste figur)

« Betydelig koncentration i sandlaget over kalk, B
kommer senere end | Qvre kalk

* | Nedre kalk kommer der ligeledes et gennembrud i~ = °”
slutningen af simuleringen. 025

HFR3 (Nederste figur)

* Haje DMS koncentrationer i @vre kalk og i sandlaget 2+

lige over kalk o

B 175

 HFR3 ma tidligere alene have praesenteret DMS 51
koncentration i Nedre kalk.

= 0.75

» Koncentrationsniveauer passer bedre med de malte ~ °
niveauer i boringen — dog forskud i tid.

—192.614 5 -——192614 6 ——192.614_7

Varighed af DMS i Marbaek indvindingsboringer - R2

1968 1978 1988 1998 2008 2018 2028 2038 2048 2058 2068 2078 2088 2098

—192.614 7 =——192.614_11 -—192.614 12 ~——192.614_13 o 192. 614

Varighed af DMS i Marbeek indvindingsboringer H FR3

..::'!":t!.
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\

1968 1978 1988 1998 2008 2018 2028 2038 2048 2058 2068 2078 2088 2098
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(Grid spacing 25 meter)
(Grid spacing 25 meter)

L L N B L B B

(Grid spacing 25 meter)
Transmisivitet i Grensandskalk (lag 11)

(Grid spacing 25 meter)
Transmissivitet i @vre Kalk (lag 12)

(Grid spacing 25 meter)
(Grid spacing 25 meter)

LR SLL L B B B B

LI

(Grid spacing 25 meter)
Transmissivitet i Nedre Kalk (lag 13)

(Grid spacing 25 meter)
Transmissivitet i Praekvartzeret (lag 11 til 13)

Transmissivity in the
saturated zone [10-3
m"2/5]

B ~bove 30.000
[ 20.000 - 30.000
1 10.000- 20.000

5.000- 10.000
4.000- 5.000
3.000- 4.000
2000- 2.000
1.000- 2.000
0.800- 1.000
0600- 0.800
0400- 0.600
0.200- 0.400
0.100- 0.200
0075- 0.100
0050- 0.075

B Gelow  0.050

Transmissivity in the
saturated zone [10-3
m*2/s5]

I ~bove 30.000
[ 20.000 - 30.000
[ 10.000 - 20.000

[_1 5000-10.000
1 4000- 5000
] 3000- 4.000
[ 2000- 3.000
8 1000- 2.000
I 0s800- 1.000
B o0600- 0.800
B 0400- 0600
B 0200- 0400
Hl 0100- 0200
B o0075- 0.100
Bl 0050- 0075
Bl Below 0050
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(Grid spacing 25 meter)

(Grid spacing 25 meter)
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Scale 1:50000

Transmissivity in the
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'Y R2 model vs. HFR3 model

» Transporttiden i kalken er meget hurtigere i R2s model end HFR3 model, hvilket
hovedsagelig skyldes, at der er lavere hydraulisk ledningsevner i HFR3 model.

« 1D/2D modellen er transporttiden i kalken pa niveau med resultatet fra R2s model ved
samme porgsitet, men ikke for sandmagasinet.

» Transporttiden igennem de @vre lag ned til kalken er ligeledes en smule hurtigere i R2s
model end for HFR3 modellen.

 R2 model bygger pa FEAR modellen, som er nyere med opdateret geologi og er anvendt
oplandsberegninger og er baseret pa en model godkendt af Miljgstyrelsen.
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Opbyg en konceptuel model for bade vand og stof

Anvend lokale data og udfart en grov kalibrering

Ekstern kildestyrke model, som tager hgjde for spraekker, makroporer og skift mellem maettede
0g umeettede forhold

Brug flowlog og niveau—specifikke pravetagning ved indvindingsboringerne
Forfin modellens beskrivelse. Overvej handtering af spraekker i kalk
Finere diskretisering og inkludere dispersion

Navngiv DMS i forhold til lokaliteterne. Bedre vurdering af de forskellige lokaliteter.
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