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Formal

* At tilvejebringe et vidensgrundlag for at afggre hvorvidt deemningen og slusen
over Virksund ggar, at Hjarbaek Fjord ma klassificeres som et staerkt
modificeret vandomrade, samt om en sadan klassificering af Hjarbaek Fjord
kan aendres

Metode

« Benytte mekanistiske modeller — udviklet som del af 2. generations
vandomradeplaner — til vurdering af effekterne af deemningen/slusen

DA
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Modellerne og sammenhaeng med malinger

Category |

Causative factors

Category, ll

Direct effects

* Mekanistiske modeller: R —
- Arsagssammenhaenge (differentiale ¥
ligninger) -
- Biologisk og fysisk viden for et givent omr e
(malinger indgar indirekte som del af

N, fixation

Category Il

Indirect effects
Zooplankton <= Fish T
« Changes in species = - Changesin

composition specles composition
- Increased biomass = Less fish below the
halocline
« Mass death due to
oxygen depletion or

Nutrients

- Elevated winter
DIN and DIP
concentrations

= Changed N:P:Si
ratio

+ Elevated DIP
concentrations

Phytoplankton
+ Increased production
and biomass
- Changed In species |
composition £
+ Increased bloom N\ ) )
frequency

- Decreased transparency

release of hydrogen
NECS due to release and light availability sulphide
forl I lela eratet fr:_m of nutrients + Increased sedimentation Sy - W .
adjacent from sediments

of organic matter
e due to oxygen

depletion

» Hgj spatial- og temporal oplgsning
« Validering af modellerne (malinger) Segoiain "I e

= Changes in species composition
composition

Oxygen

- Increased oxygen
consumption

+ Increased biomass of due to increased

= Reduced depth distribu- benthic animals on production
tion due to shading shallow bottoms above of organic matter
= Growth of epiphytes and the halocline due to + Oxygen depletion
nuisance macroalgae increased sedimentation + Formation or
* Mass death due to release = Mass death due to oxygen release of
of hydrogen sulphide ‘ depletion or release of hydrogen
hydrogen sulphide, sulphide

Oxygenated sediments

DA




[m)

6330000
6325000
6320000 N
2 G
6315000 Q% 2
310000
305000
300000
6295000
6290000
6285000
[m]
6280000 .
6330000 ‘ :
6275000
270000 6325000
5265000 6320000
L
6260000 6315000 AR
ol
e
£255000 6310000 o
450000 460000 470000 480000 490000 500000 510000 520000 53000( £
6305000 T
AR AR Timn Ctnm A a1 e
AR
S
6300000 g
6295000
6290000
6285000
6280000
6275000
6270000
6265000
6260000
© DHI 6255000

T
450000 460000 470000 480000 490000 500000 510000 520000 530000 540000 550000 560000 570000 580000
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Balgemodellering: Signifikant bglgehgjde

[m]
* Modelresultater: e20000
H i H 6325000 3----
+ Signifikant bglgehgjde
. £320000 7
» Periode
. £315000 7
» Bglgeretning 310000 ]
305000 7
£300000 7
295000 7
Sign. Wave Height [m]
6290000 5 [ Above 0.55
B 05z-056
[ n4e-052
285000 -+~ C 04d-04
[ v40-044
6280000 1 [ 036-040
B 0.32-03
6275000 1-------- RS RN Y T B 028-032
' ' = 024-028
270000 J--=----- -2 [ RES - AEEEERES g e RREREEIEEEEED T CREEEERRRt emee = gfggg‘;
: : ! 0.12-0.16
L e 2 5 = 0.08-0.12
g : : Il o04-008
B2G0000 - e Il 000004
! i ! ! I Geiow 0.00
6255000 B e e e LA B T .';L'\ T \"."."F'."T'J"T"."\"."."."T".".'T'\"."F'T".'1'7"."F',L'."I'7"."."."F'."T'J,"."."\"."F'F'T'T'?":"."."T' |:| Unaefined Value
460000 420000 500000 520000 540000 560000 580000

01-01-2000 00:00:00 Time Step 0 of 148802
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Praesentation af modelresultater

http://rbmp2021-2027.dhigroup.com



http://rbmp2021-2027.dhigroup.com/
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Parameter__ :
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Selinitet v
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= Kjeldbjerg g fad
M@gnsted
Vridsted
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B Microsoft Bing

Legstrup

Viborg

Lewve

Salinitet

Valsgard

# Malinger, bund 4 Malinger, overflade =—Model, bund —Model, overflade

30

20

|
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=
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2004 2006
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Langa

Mariager

16

Holbaek

Randers
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2014 2016



[ ] Uaendret

#ndret 2019

I storre/sammeniagt
[ Ny vandomrade ID
I Mindre

Afgreensning
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(m, UTM-32)

Modelanalyse af Virkesunddgmningen

6296000

6294000

6292000 |

6290000

6288000
6286000
6284000
6282000
6280000
6278000
6276000

6274000

6272000

6270000

6268000

6266000

——T
510000
(m, UTM-32)

5

20

—
000

Bathymetry (m, DVR90)

b
Laa 1 8
FNTAN NN
Lo @
o
W= 0OO0

ARRRRRRRACT Cw

Bl Below -14
[ | Undefined Value

6296000 —
6294000 —
6292000 —
6290000 —
6288000 —
6286000 —
284000
6282000 —
6280000 —

6278000

6276000 1 -

274000 -

6272000

6270000 -

F262000 -

266000 -

_______________________________________

.....................

_________________________

...................................

..........

510000

520000
[m]

(|

1

; -
“Simested A
(|

Bathymetry [m]

Isé

Above -25
-5.0- 25
-1.5- -5.0

-10.0- -5

-12.5--10.0

-15.0--12.5

-17.5--15.0

-200--175

-22.5--20.0

Below -22.5

Undefined Value




(m, UTM-32)

(m, UTM-32)

6320000
6310000 é
6300000 —
6290000 —
6280000 ]

6270000

6260000

Limfjordsmodellen

| N e B s B s B

460000 480000

6274000
6273800 *
6273600 i
6273400 -

6273200

Limfjordsmodelle

6273000 -

——
517500 518000
(m, UTM-32)

518500

(m, UTM-32)

520000

(m, UTM-32)

6274000

6273800

6273600

6273400

6273200

6273000

L e e e e e e st e e B B B s S e B

500000

5400C

Tveersnit for

Akk. vandfaring, Virksund (m3)

Limfjorden
Foraget tveersnit

07
-20000000 ]
-40000000 |
-60000000

-80000000 |

February

2000

s
o
o

[}
o
o

£ -200

Vandfaring, Virksund (m3/s)
A
o
8 o

517500

e
518000
(m, UTM-32)

518500

January
2000

February
2000
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Scenarier

» Modelperiode: 2007-2011

* Modelscenarier:
» Eksisterende situation (slusebund i -2m DVR90)

» Scenarie med nuveaerende afvandingssluse samt ny
dybvandssluse (slusebund i -6m DVR90 og bredde pa
35m (5x7m))

» Scenarie uden deemning og sluse (bundkote i -7 m)

© DHI

(m, UTM-32)

(m, UTM-32)

6274200 6274200
6274000 6274000 ]
6273800 & 6273800
6273600 E 6273600
6273400 € 6273400 -
6273200 6273200 -
6273000 6273000 1
6274200 | 6274200
6274000 - 6274000 -
6273800 | g 6273800 |
6273600 | § sz73eoo—f
6273400 | E 6273400 |
6273200 | 6273200 |
6273000 6273000 1

517500 518000 518500
(m, UTM-32)

517500 518000 518500
(m, UTM-32)

517500 518000 518500
(m, UTM-32)

DHI)




(m, UTM-32)

6274200
6274000
6273800 ‘
6273600
6273400 |
6273200

6273000

Google

- e
517500

© DHI

51800

517600

(m, UTM-32)

518500

519000

517700
(m, UTM-32)

517800

517800

(m, UTM-32)

[m]
6274200
6274000
6273800
6273600
6273400
6273200
6273000

51

(m, UT!

—4
517500

T T L e T
7000 518000 518500 519000

(m, UTM-32) [m]
6273600
6273550 1
6273500

517600 517700 517800

517900
(m, UTM-32) [m]
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(m, UTM-32)

Vandstand, Hjarbaek

Vandfering, V

Vandstand, Hjarbaek

Vandfering, Virksund

1AO:/\/ M

6273900

6273800

6273700

6273600

6273500

6273400

6273300

6273200

January February
2007 2007

March
2007

[

| B S R SR EA ST B A BT A

April

2007

v

May
2007

517200 517400

23-01-2007 14:00:00

© DHI

517600

517800
(m, UTM-32)

518000

518200

518400

(m DNN)

(m, UTM-32)

January

February
2007 2007

L

6273900 |
6273800
6273700

6273600

6273500

§ T N T T T T T T W

6273400

6273300

6273200

517200 517400

27-02-2007 05:00:00

517600

517800
(m, UTM-32)

100

50

(m3/s) pos. ind i Hjarbaek fjord

May June
2007 2007

Vandstand (m)

Bl Above 1.3
11-13
1 o09-11
[ 1 o7-09
[ ] 05-07
1 03-05
01- 03
0.1- 0.1
-0.3--0.1
05--03
0.7--05
Bl o9--07
Bl 11--09

B 13-

Bl 15-13

Bl Below -1.5

[ ] Undefined Value

518400

<N
DHI




Modelresultater




Nuvaerende situation [PSU]
Ny dybvandssluse ned til -6m DVR90 [PSU]

Reference [PSU]

Overflade

eeeeee ik A
[ Mo

v A

Salinitet (psu)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007
Bund
25
RS TR o AN LN
7 U AT T UM
® 10 | '
B I B\
5 \

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 2007 DHI
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(m, UTM-32)
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—— —T—
5000 10000
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2008 2010

15000
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20000
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(m, UTM-32)

510000
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520000
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3

b o b
o o o

Afstand over -8m DVRS0 (m)
N}
o

Nuveerende sluse
]

15000 20000
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(s}
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4.0

20
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o
o

10000 15000 20000
Afstand til Jelse Odde (m) [m]
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@
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b
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g
[=]

Reference

10000 15000 20000
Afstand til Jelse Odde (m) [m]

Afstand over -8m DVR90 (m)

o
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(m, UTM-32)

(m, UTM-32)

[m]
6282000

6280000
6278000

6276000

6274000 3

6272000
6270000
6268000
6266000

6264000

[m]
6282000

6280000
6278000
6276000
6274000
6272000
6270000
6268000
6266000

6264000

Nuveerende sluse

L o L e e e
510000 515000 520000
(m, UTM-32) [m]

Reference

L o e B NI I o N
510000 515000 520000
(m, UTM-32) [m]

[m]
6282000

6280000
6278000
6276000
6274000

6272000

(m, UTM-32)

6270000
6268000

6266000

(f

6264000 | Ny dybvandssluse ned til -6nrDVR90

LI L L L L L L L
510000 515000 520000

(m, UTM-32)

Middelforskel, salt (psu)

[ Above -1
| 2- -
3. 2
4- 3
5- 4
6- 5
7- 6
8- 7
9- 8
-10- -9
I Below -10

Undefined Value

[m]
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Klorofyl-a

[m)

6274000

6273000 |

6272000 |

6271000 |

] Sommer klarofyl [mg/l]

6270000 B Above 0.045
I 0.040 - 0.045

6269000 [ 0.035-0.040
[ 1 0030-0035
] 0.025-0.030

6268000 [ ] 0020-0025
[ 0.018 - 0.020
I 0.016-0.018

6267000 I 0.014-0.016

6266000

6265000 |
I Below 0.002
[ Undefined Value

T T T T
514000 516000 518000 520000 522000

[m]

Scale 1:172300

[m]

6274000

6273000 |

6272000

6271000

6270000 |

6269000 |

6268000 |

6267000

6266000 |

6265000 -

T T
514000 516000

T
518000

T T
520000 522000

Scale 1:172300

Sommer klorofyl [mg/l]

1 0020-0025
[ 0.018-0.020
I 0.016-0.018
B 0.014-0018
0.012-0.014
0.010-0012
0.008 - 0.010
0.006 - 0.008
0.004 - 0.006
0.002 - 0.004
B Below 0.002

| Undefined Value

[m]

6274000

6273000 |

6272000

6271000

6270000 -

6269000 |

6268000 |

6267000

6266000 |

6265000 -

T T
514000 516000

T
518000

Tabel 7-2 Sommermiddel koncentration af klorofyl-a i Hjarbask Fjord. Bemaerk at enheden er pgil.

Nutid

Uddybet sluse

Reference situation

Koncentration

30 pgl

32 pgll

33 pgll

© DHI

T
520000

T
522000

[m]

Scale 1:172300

Sommer klorofyl [ma/l]

[ 0020-0025
] 0.018-0.020
I 0.016-0.018
B 0.014-0016
0.012-0.014
0.010-0012
0.008 - 0.010
0.006 - 0.008
0.004 - 0.008
0.002 - 0.004
Il Below 0.002
| Undefined Value

DHI



[m]

Sigtdybde

6274000 -

6273000 -

6272000 -

6271000

6270000 -

6269000 -

6268000 -

6267000 -

6266000

6265000 -

Secchidybde [m]
B Above 4 50
B 425-450
400-4.25
3.75-4.00
350-3.75

100-125
B Eelow 1.00
1

Undefined Value

T
514000 516000

© DHI

518000

520000

522000
[m)
Scale 1:172300

[m]

6274000 -

6273000 -

6272000

6271000 |

6270000 |

6269000

6268000

6267000 |

6266000 -

6265000

T T
514000 516000 518000 520000 522000

[m]

Scale 1:172300

Tabel 7-3 Middel sigtdybden i vaskstperioden i Hjarbazk Fjord.

Secchidybde [m]
I Above 4.50
B 425-450
7] 400-425
[ 1 375-400
[ ] 3s50-375
] 3.25-350
0] 3.00-325
0 2.75-3.00
B 250-275
225-250
200-225
1.75-2.00
150-1.75
1.25-1.50
1.00-1.25
I Bclov 1.00
[ | Undefined Value

[m]

6274000 |

6273000 |

6272000 |

6271000 |

6270000 |

6269000 |

6268000 -

6267000 -

6266000 -

6265000 -

T
514000

516000

Nutid Uddybet siuse

Reference situation

Sigtdybde

2.2m 21m

2 1m

518000

520000

T
522000

[m]

Scale 1:172300

Secchidybde [m]

1.25-1.50

B Below 1.00
[ | Undefined Value

DHI




lIt (oxygen)

[m] [m] [m]
6274000 | 6274000 | 6274000 |
6273000 | 6273000 | 6273000 |
6272000 | 6272000 | 6272000 |
6271000 | 6271000 | 6271000 |
1 Sommer DO [mg] 1 Sommer DO [mg] 1 Sommer DO [mg]
6270000 Bl Above 15 6270000 Bl Above 15 6270000 Bl Above 15
14-15 1 14-15
6268000 | 13-14 6269000 | 6268000 | 13-14
12-13 12-13
1M-12 1M-12
6268000 | 10-11 6268000 | 6268000 | 10-11
9-10 B 9-10
8- 9 I s8-9
6267000 | 7-8 6267000 | 6267000 | = 7-8
6- 7 1 s8-7
5-6 ] s5-8
6266000 4.5 6266000 6266000 | 4-5
3- 4 L] 3-4
6265000 3 6265000 6265000 — 23
Below 1 Il Below 1
r T T T Undefined Value _— - . . . [ Und
514000 516000 518000 520000 522000 514000 516000 518000 520000 522000 514000 516000 518000 520000 522000
[m] [m) [m]
Scale 1:172300 Scale 1:172300 Scale 1:172300

© DHI DH'




[m]

llitsvind

6274000 |
6273000 ]
6272000

6271000

6270000

6269000

Dage med DO under 2
mg/l

NRRERRERET

T T T
514000 516000 518000 520000 522000

[m]
Scale 1:182000

[m]

6274000

6273000 -

6272000

6271000 |

6270000

6269000 |

6268000 -

6267000

6266000 |

6265000 -

Dage med DO under 2

Il Above 70
Bl s5-70
60 - 65
55-60
50-55
45-50
40 - 45
35-40
30-35
25-30
20-25
15-20
10-15
5-10
0- 5
Below 0
Undefined Value

RRNRRERRRRCT D

T T
514000 516000

T
518000

T
520000

T
522000

[m]

Scale 1:182000

T
514000 516000 518000

Tabel 7-4 GFennemsnitligt areal med iltsvind i pericden juli fil september | Hjarbazk Fjord.

520000

Mutid Uddybet siuse Reference situation
Areal < 2 mg/l 24 km? 23 km? 22 km?
Areal < 4 mg/l 61 km? 61 km? 60 km?

© DHI

T
522000

[m]

Scale 1:182000

DHI




Reference-situation

Tabel 7-5 Sommermiddelkoncentration af klorofyl-a | Hjarbask Fjord.

Mutid Uddybet sluse Reference situafion

Kooncentration T pgf 7 pgf T pgll

Tabel 7-6 Middel sigtdybden i vaskstperioden i Hjarbazk Fjord.

Nutid Uddybet sluse Reference situation

Sigtdybde 29m Idim 32m

© DHI Dﬁ




[m]

lIt | reference-situation

6274000 |

6273000 -

6272000 |

6271000 |

6270000 -

6269000 |

6268000 -

6267000

6266000

[m]

RN ]

6274000 -

6273000

6272000

6271000

6270000 -

6269000 |

6268000

6267000 |

6266000

6265000 -

514000

516000

518000

520000

[m] [m]
6274000 - 6274000 |
6273000 6273000
6272000 6272000
6271000 6271000
6270000 Sommer DO [mg/] 6270000
6269000 | 6269000 |
6268000 6268000 |
6267000 6267000 -
6266000 | 6266000 -

[m] [m]

arem ) 4 arem

Tabel 7-7 Gennemsnitligt areal med iltsvind i perioden juli fil september | Hjarbazk Fjord.
Nutid Uddybet sluse Reference situation
Areal< 2 5 km? 4 km? 4 km?
mg/l
Areal < 4 23 km? 22 km? 21 km?

mg/l

|
L]

522000
[m]
Scale 1:182000

Below 0
Undefined Valu

oo & WL R

T T
514000 516000 518000 520000 522000 514000 516000
[m]
Scale 1:182000

T
518000

520000

522000
[m]
Scale 1:182000

Sommer DO [mg/l]

Dage med DO under 2

Il Above 70
B 65-70
60-65
55 - 60
50-55
45.50
40-45
35- 40
30-35
25-30
20-25
15-20
10-15
5-10
0- 5

RERNRERNEC |1




Etablering af bestande af sand- og/eller blamuslinger i Hjarbaek Fjord
- e L -
Ringkgbing Fjord Slusen
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Score

Salinitet & Biodiversitet

Mya Arenaria
+ 15 < PSU < 20 Optimale veekstbetingelser og reproduction
* PSU < 13 Larver settler ikke

* PSU < 8 Stop for larveproduktion

 PSU < 2 Mya forsvinder

— e ——— — —— — S

=== formering
Ringkebing Fjord

= = larver/yngel

Mya arenaria . g
=== voksne indmider

saltholdghedstolerance

\
\
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Saltholdighed

Number of species

* Biodiversitet: PSU & variation |
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Ringkgbing historie

* 1996-1998 Masiv invation af sandmuslinger (Mya arenaria) - reduction | klorofyl-a koncentrationer
pga filtrering

10 000+ ue/l _
m Klorofyl-a (maj-sep)
8 4 i ey Klorofyl-a
o & 70 - Ringkgbing Fjord (RKB1)
o E 10001
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Q2 60 -
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c 3 50 -
32 1004 ~
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Modellering af muslinger | Hjarbaek Fjord

« Vigtige forudseetninger for etablering af stagrre bestande af muslinger er at der er adgang til fade
(fytoplankton; klorofyl) og at saltforholdene er i orden.

« Modellen for Hjarbaek Fjord er baseret pa den overordnede Limfjordsmodel. Der er to forhold der
ger sig geeldende for den generelle Limfjordsmodel, som har en betydning for modelleringen af
klorofyl-a i Hjarbaek Fjord:

» Modellen for Limfjorden modellerer ikke biomassen af muslinger eksplicit, som det eksempelvis er gjort i modellen
for Ringk@bing Fjord. | Limfjordsmodellen modelleres udelukkende et graesningstryk, som korrigeres for iltindhold
og fedegrundlag.

« | den overordnede Limfjordsmodel er der ikke kalibreret specifikt pa Hjarbaek Fjord, og der er derfor valgt en
tilgang, hvor der for hele Limfjorden er benyttet et specifikt og ensartet potentielt graesningstryk fra muslinger pa
organisk partikuleert materiale.

» Derfor kan modellen ikke benyttes (i sin nuveerende form) til at modellere en evt invasion af
., sandmuslinger / bldmuslinger DH2I§
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Effekter af graesning fra muslinger

Tabel 7-2 Sommermiddel koncentration af korofyl-a | Hjarbaek Fjord. Bemeerk at enheden er pg/ Tabel 7-5 Sommermiddelkencentration af klorofyl-a i Hjarbsek Fjord.

MNutid Uddybet siuse Reference sifuation Mutid Uddybet sluse Reference situation
Koncentration 30 pgf 32 pafl 33 pg Koncentration 7 pgll 7 pgfl 7 pgll
Tabel 7-3  Middel siptdybden i veskstperioden i Hjarbask Fjord. Tabel 7-6  Middel sigtdybden i veekstperioden i Hjarbaek Fjord.
Nutid Uddybet sluse Reference situation Nutid Uddybet sluse Reference situatio
Sigtdybde 22m 21m 21m Sigtdybde 29m 31m 3Z2m

Tabel 7-8 Sommermiddel koncentration af Klorofyl-a og middel sigtdybde i vaskstperioden i Hjarbask
Fjord. Begoe belastningsscenarier er uden graesning fra muslinger.

Nutid Reference situation
Koncentration 37 pall 8 pgl
Sigtdybde 1.8 m 2.5 m
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