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Sker der indsivning af forurening ? 
Hvor og hvor meget? 
Er det et problem? 



Grindsted Å  

Grindsted 



Vandføring: 1.5-4 m3/s  
 

Sandet geologi 

Strømning mod åen 

En blanding af forureninger 

 

Chlorerede opløsningsmidler 

Pharmaceutiske stoffer 

Chlorid og bromid 

“Lossepladsstoffer” Grindsted Gl. losseplads 
 

Grindstedværket 
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Vinylchlorid i åen  

Vandkvalitetskriterium, 
VC = 0,05 μg/l 



 
Sker der indsivning af forurening √ 
Hvor og hvor meget ? 
Er det et problem √ 

Forureningsflux 



 
Hvor og hvor meget? 
Indsivning af vinylchlorid 

J/Q = Cmix => J= Cmix 
.Q  

 
J = 4 µg/l .2000 l/s = 8000 μg/s 
    

 J = 250 kg/year 
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Darcymetode 

Q ind = K. I. Areal 

Qind, indstrømning til å 

K, hydraulisk ledningsevne 

I, hydraulisk gradient 

Point Velocity Probe metode 

Q ind = v . Areal 

v = Darcyhastighed fra PVP 

Hvor og hvor meget? 𝐽 = 𝑄𝑖𝑛𝑑, 𝑖 ∙ 𝑐𝑖  



Darcymetode 

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat-N (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat-S (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Ammonium-N (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat-N (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat-S (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Opløst Fe (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Lithium ( g/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

NVOC (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

NH4+ (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

Opløst Fe (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Lithium ( g/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

NVOC (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

NH4+ (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

Opløst Fe (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Lithium ( g/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

NVOC (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

NH4+ (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

S N S N S N

S N

S N

S NS N

S N

S N

S N

S N

S N

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat-N (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat-S (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Ammonium-N (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat-N (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat-S (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Chlorid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Bromid (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Nitrat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: -12

Sulfat (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o

te
 (

m
)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

Opløst Fe (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Lithium ( g/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

NVOC (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

NH4+ (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

Opløst Fe (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Lithium ( g/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

NVOC (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

NH4+ (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

Opløst Fe (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 10
3: - 25
4: - 100
5: - 250

Lithium ( g/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

NVOC (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 0.5
3: - 2
4: - 5
5: - 20

NH4+ (mg/L)

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: - 2
3: - 4
4: - 8
5: - 12

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

PCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

TCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

cis-DCE

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

VC

Afstand (m)

0 5 10 15 20 25 30

K
o
te

 (
m

)

94

96

98

100

102

1: < DT
2: 0.01-0.05
3: -0.5
4: -5
5: -50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

1: < DT
2: 0.01-0.05
3: - 0.5
4: - 5
5: - 50

S N S N S N

S N

S N

S NS N

S N

S N

S N

S N

S N

2D Graph 2

X Data

8 10 12 14 16 18 20 22 24 26

Y
 D

a
ta

98.0

98.5

99.0

99.5

100.0

Col 1 vs Col 2 

2D Graph 2

X Data

8 10 12 14 16 18 20 22 24 26

Y
 D

a
ta

98.0

98.5

99.0

99.5

100.0

Col 1 vs Col 2 

2: 5:1: 3: 4: 6:

2D Graph 2

X Data

8 10 12 14 16 18 20 22 24 26

Y
 D

a
ta

98.0

98.5

99.0

99.5

100.0

Col 1 vs Col 2 

7:

Ex. - 0,5 (PCE) means 
the interval from 0,05 
to 0,5 µg/L 
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Strømningsbillede 



Injection line 

Isolated wires connected to a 

conductivity meter 

 

 

Plastic cylinder 

Detectors (d) 

Injections port (i) 

Labaky et al. (2007) Rønde (2014) 

 
The Point-Velocity Probe (PVP) 
Rick Devlin, University of Kansas 

Direkte måling af 

grundvandshastighed på lille 

skala 

Ikke behov for at bestemme 

hydraulisk ledningsevne eller 

hydraulisk gradient 





 
 
 

PVP metode: Foreløbig beregning 
 

J/Q = Cmix => J= Cmix 
.Q  -> J = 250 kg/år  

 
PVP approach = 37-48 kg/år   





Comparison model data and directly measured groundwater velocity 

measured using PVP’s (Rønde, 2014). 

 

 

 

 
Feltdata og modelsammenligning: 
Strømningsretning i specifikke punkter 
(Nicolajsen, 2014) 



GEOCON 2014-2017 

  Advancing GEOlogical, geophysical and  
  CONtaminant monitoring technologies for  
  contaminated site investigation.  

                    

        

Research institutions               Industry partners 

 

 

 

 

 

 

 

 

 

 

Funding 

Danish Council for Strategic Research  

 

http://www3.uni-bonn.de/
http://www5.lu.se/upload/GrafiskProfil/Logotyper/ Logotypes_LundUniversity.zip
http://ufm.dk/en/research-and-innovation/councils-and-commissions/the-danish-council-for-strategic-research?set_language=en&cl=en


 
Sker der indsivning af forurening √ 
Hvor og hvor meget? 
Er det et problem? 



Collaboration 

Collegues at DTU Environment 

Partners in public authorities, consulting companies and research institutions 

 

Funding 

Danish Council for Strategic Research 

Region of Southern Denmark 

Central Region of Denmark 

Capital Region of Denmark 

Technical University of Denmark 

REMTEC www.remtec.dk 

Innovative REMediation and assessment TEChnologies  
for contaminated soil and groundwater 

 

Riskpoint www.risk-point.dk 

Assessing the risk posed by point source contamination to 
groundwater surface water resources 

 

GEOCON www.geocon.env.dtu.dk 

Advancing GEOlogical, geophysical and CONtaminant monitoring 
technologies for contaminated site investigation (GEOCON) 
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