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1 Introduction

This training example relates to the fixed link across the Sound (Jresund) between
Denmark and Sweden.

Figure 1.1  The Sound (@resund), Denmark

1.1  Background

In 1994 the construction of a fixed link between Copenhagen (Denmark) and Malmé
(Sweden) as a combined tunnel, bridge and reclamation project commenced. Severe
environmental constraints were enforced to ensure that the environment of the Baltic Sea
remains unaffected by the link. These constraints implied that the blocking of the
uncompensated design of the link should be down to 0.5 %, and similarly, maximum
spillage and dredging volumes had been enforced. To meet the environmental constraints
and to monitor the construction work, a major monitoring programme was set up. The
monitoring programme included more than 40 hydrographic stations collecting water level,
salinity, temperature and current data. In addition, intensive field campaigns were
conducted to supplement the fixed stations with ship-based ADCP measurements and
CTD profiles. The baseline-monitoring programme was launched in 1992 and continued
into this century.

By virtue of the natural hydrographic variability in @resund, the blocking of the link can
only be assessed by means of a numerical model. Furthermore, the hydrography of
@resund calls for a three-dimensional model. Hence, DHI's three-dimensional model,
MIKE 3, was set up for the entire @resund in a nested mode with a horizontal resolution
ranging from 100 m in the vicinity of the link to 900 m in the remote parts of @resund, and
with a vertical resolution of 1 m. MIKE 3 was subsequently calibrated and validated based
upon the intensive field campaign periods.

Amongst the comprehensive data sets from the monitoring programme, which form a

unigue basis for modelling, athree-mont h peri od was selected as
that it reflected the natural variability of @resund. The design period was used in the

detailed planning and optimisation of the link, and to define the compensation dredging

volumes, which were required to reach a so-called zero-solution.

Powering WATER DECISIONS 1
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1.2

1.3

MIKE 21

Objective of Training Example

The objective of this training example is to set up a simplified MIKE 21 Flow Model for
@resund from scratch and to calibrate the model to a satisfactory level.

The exercise has been made as realistic as possible, although some short cuts have

been made with respect to the data input. This mainly relates to quality assurance and
pre-processing of raw data to bring it into a format readily accepted by the MIKE Zero

software. Depending on the amount and quality of the data sets this can be a tedious,

time consuming but indispensable process. For
provided as standard ASCII text files.

The files used in this Step-by-step training guide are a part of the installation. You can
install the examples from the MIKE Zero start page.

Please note that all future references made in this Step-by-step guide to files in the
examples are made relative to the main folders holding the examples.

User Guides and Manuals can be accessed via the MIKE Zero Documentation Index in
the start menu.

If you are already familiar with importing data into MIKE Zero format files, you do not have
to generate all the MIKE Zero input parameters yourself from the included raw data. All
the MIKE Zero input parameter files needed to run the example are included and the
simulation can start immediately if you want.

Tasks to be completed to form a Complete Hydrodynamic Setup

Bathymetry setup

A Set up of Bathymetry by importing geographical data with soundings based on a
survey or digitised from nautical chart

Creation of boundary conditions

A Set up water levels at the boundaries
A Set up of Wind condition

For the model verification of the hydrodynamic model we need simultaneous
measurements of water levels and current speed inside the model area.

Creation of verification data

A Create data set with current speed and direction
A Create data set with water levels

Hydrodynamic Module - © DHI A/S
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Figure 2.1
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Based on the sea chart we define our working area in the Bathymetry Editor
Define Working Area @ Define Working Area @
Geographical origin | Spatial extent Geographical origin | Spatial extent
Map Projection Size
Type: [ UTM-33 - Width: 120000 [m]
Height: 120000 m]
Qrigin
Geographical Coordinates
Type of input: Decimal degrees ']
Longitude: 11.70156485310659 [deq]
Latitude: 55.18191655733086 [deq]
Map Projection Coordinates
Easting: 290000 [m]
Marthing: 6120000 [m]
Validation Status
oKl
Import from dfs{ile....
[ ok |[ Cancd [ Hel OK |[ Cancel | [ Heb

Figure 2.2 Defining the Working Area

Define the Working Area (UTM Zone 33) with origin at Easting 290000 and Northing
6120000 and with a width of 120000 m and a height of 1220000 m. (See Figure 2.2) The
resulting Working Area is show in Figure 2.4.

Import digitised shoreline data (land.xyz) and digitised water data (water.xyz) from ASCII
files (see example in Figure 2.5). Remember to convert from geographical co-ordinates

(WorkArea - Background Management - Import). See Figure 2.6.
=12 x|

File Edit Format Yiew Help

12.16805 56.17699 -20.00 il

12.16665 56.17715 -20.00

12.16609 hB. 17762 -20.00

12.16637 56.17608 -20.00

12.16749 56.17871 -20.00

12.16972 56.18011 -20.00

12.17084 56.18027 -20.00

12.17168 56.18011 -20.00

12.17140 56.17933 -20.00

12.17196 56.17855 -20.00

12.17364 hB.17824 -20.00

12.17420 56.17793 -20.00 ;[
Figure 2.3 ASCII file describing the depth at specified geographical locations (Longitude,

Latitude and Depth)

Hydrodynamic Module - © DHI A/S
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£ MIKE Zero - [Batl - Modified] = =R ==
" File Edit View WorkArea Window Help - |5 =
D& HE| lgewllaa o Rezrveons
[ Bat1

6240000 7

£220000 1

6220000

£210000 1

6200000

§190000

6180000

£170000

6160000

£150000 1

6140000

6130000 5

[m]
Ready x = 4006131078 [m], y = 6121775.899 [m]

Figure 2.4  Working Area

Background Management

Backoround Images
CAMIKE Zero Projects MIKE_21"FlowModel*HD"Soundbathy"land xyz

CAMIKE Zera Projects ' MIKE_21"FowModel"HD"Soundbathywater xyz

4 L 3

Figure 2.5 Background Management
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Figure 2.6

Import digitised Shoreline and Water Depth from ASCII files

6160000
6150000

6140000

6130000

£ MIKE Zero - [Batl - Modified] =n =R
L File Edit View WorkArea Window Help - =] =
DS H| EAL AL 0E Rz rvon®
m] Bat1
6240000 ;
B230000 - 2ommmmmmm e L
B220000 4 -4 pee e e B S
6210000 F-=-TJ im=mmmrr—ffmesheleee g e B
200000 F----F -3 r gt e R R
6190000 7 --- -~ d-=mr-==prmmmebooodooee o oG SRR RN e N
B180000 F---1-~4------ g et
BA70000 ---F--4-mmm oo oo R R et

300000

320000 340000 360000 380000

400000
[rm]

Ready

x=Ty=1

Figure 2.7

Working Area after import of land and water data

MIKE 21
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Next define the Bathymetry (WorkArea -

Grid Bathymetry Management -
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New)

Grid Bathymetry Management
Grid bathymetry list:
At (337100.000 m,6122900.000 m)

Rotated 329.104 Deg.

4 1

£3900.000 m ¥ 83700.000

Delete

nterpolate

K

B~ |E| 7| [#]]
| q

Figure 2.8 Grid Bathymetry Management

Specify the Bathymetry as follows:

Grid spacing 900 m

Origin in 337100 m East and 6122900 m North
Orientation 327 degrees.

Grid size 72 in x-direction and 94 in y-direction.

o T To T

Define Bathymetry Area

Define Bathymetry Area

Geographical origin | Overall bathymetry properties

| Geographical origin | Overall bathymetry propetiies

Map Projection (Grid Spacing
Type: UTM-33 DX: 900 im]
DY: 900 [m]
Origin and Orientation
(Geographical Coordinates Grid Dimensions
Type of input: Decimal degrees - ] ¥ points: 72
Longtuds: 12.43874160117924 [dea] ¥ points: 54
Lattude: 55.22570782643504 [dea] Land Value
Morth to Y orentation: 327 [deal 10 ml
Map Projection Coordinat )
ap rroj lon ordinates D15D|EI')’
Easting: 337100.000000126 ml Display Border
Northing: 6122900.0000042 ml [C] Display Grid Points
Giid rotation: 329.104289814532 [dea]
Validation Status
OK!
Impart from dfs4ile...
[ ok |[ cacdl J[ Heb ok | [ Cancel | [ Heb

Figure 2.9 Defining the bathymetry

Powering WATER DECISIONS
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&5 MIKE Zero - [Batl - Modified] =N =R
» File Edit View WorkArea Window Help =& %
D M| &2 wae OB ez vend
(] Bat1
£240000 T e

5230000—5—-——- = ] ______ .
5220000—3 S : ":'i'._-! .......... ..............
6210000 T : Zall : ...... ——
Bzunuuu—f———— 5 e
51900005--- ----- L -
180000 §-— (- 1\~ —— : B
51?0000—5
5150000%------: ----- - LW - ...........
5150000—3—- ------ AR
5140000—2—— L

Jw
120000 Y5

. . : F—+ =
. . M R S S

300000 320000 34000 360000 380000 40000

Ready p=rm=¥

Figure 2.10 Working Area with imported depth values and defined bathymetry (the black
rectangle)

The Working Area will now look like the one illustrated in Figure 2.10, where a bitmap
actually has been included as a background image (map.gif). The image can be used for
manual digitising or adjusting some areas using some of the tools on the menu bar.

Nowimport data from background (click on o6l mport
over points of interest, selected points are no
from Backgroundd once more). Now we are ready f
points (WorkArea - Bathymetry Management - Interpolate). Save the bathymetry
specification file and load the generated dfs2 file into the Grid Editor, for example.

Hydrodynamic Module - © DHI A/S
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5 MIKE Zero - [Batl_0.dfs2] ===
. File Edit View Tools Data Overlay Window Hel
y P
Dsalsmeisev||aaa |- Ease s 228 |
H 46 47 48 -
_.. Bathymetry 55 10 10| -3.840352
90 - mem s 54 10 10 5
1 53 10 10 6
g0t N 52 10| -2467734 5
1 ! 51 2 5| 611982
1 50 4153303 5| 5235134
FO e 29 4724576 | -5726008 | -5.275559
1 48 5781588 5| 5499252
5 . Bathymetry [m] 47 5| 58730688 | -B132108
z 1 Bl ~bove B 46 5937507 10| 07817
= 7 [ = 1068214 | 1081263 | -11.62792 |
2 507 % _2- ‘U‘ a4 10| -11.55088 | -10.10867
= J o 43 7095096 | -7557397 | 103713
= -
2 4] 0 2. s 22 5837759 | -1068657 | -1487512 ||=
o o -16--12 41 4724241 | -1349271| -105475
5 = -20--18 40 -8.260831 | -5.230874 | -5.834204
=0 B -24--20 39 10| 5349745 | 4348388 || |
B zz--24 38 3532028 | _3.553968 | -3.854581
B a2-2 37 4 ] 4
20 TR TR ey B -
— 3B 3447245 | -2.B996ET | -3.011405
______ [ 35 2749887 2 E
10 [ T 34 -1.963522 | 1664061 | -1.554831
Il ceow 48 33 -1.127071 10 10
D |:| Undefined Value 32 10 10 10
0 20 40 &0 31 10 10 10
(Grid spacing 900 meter) H & 10 LU I ) (2
01-01-2003 00:00:00, Time step: 0, Layer: 0 ‘ [ ] ¢
J—» jk-Projection
Ready Ready

Figure 2.11  Grid Editor showing the interpolated bathymetry

Make some adjustment in order to obtain only two boundaries, namely the northern and
southern boundary. Close the eastern boundary by assigning land at the southern part of
the eastern boundary and fill up the small lakes around in the bathymetry and inspect the
land water boundary carefully. Furthermore, inspect the bathymetry close to the
boundaries avoiding areas with deeper water just inside the boundaries. Adjust the north
boundary so it is open from 60 to 69 along line 93. Adjust the south boundary so it is open
from 1 to 30 along line 0. Use land values to fill the areas close to the boundaries as
shown in Figure 2.11.

The Grid Plot control in Plot Composer can now be used to make a plot of the bathymetry.
Select File - New - Plot Composer. From the menu bar select Plot - Insert New Plot
Object. Select Grid Plot. Right-click on the Plot Area, select properties and select the
Master file.

Powering WATER DECISIONS 9
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Figure 2.12  Plot of the adjusted Bathymetry
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