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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
unique basis for modelling, a three-month period was selected as ‘design period’ such
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  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 this example the ‘raw’ data has been
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.

1.3  Tasks to be completed to form a Complete Hydrodynamic Setup

Bathymetry setup

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

Creation of boundary conditions

+  Set up water levels at the boundaries
*  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

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

Hydrodynamic Module - © DHI A/S
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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.

ol 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 56.17808 -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 Ll
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

Powering WATER DECISIONS 5
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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 — 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

X

Delete

nterpolate...

IIgl IEE

K

Figure 2.8 Grid Bathymetry Management

Specify the Bathymetry as follows:

*  Grid spacing 900 m

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

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

Define Bathymetry Area

Define Bathymetry Area

Geographical origin | Overall bathymetry properties

| Geographical origin | Overall bathymetry propetiies

Map Projection Grid Spacing
Type: UTM-33 Dx: 500 [m]
DY: 900 [m]
Origin and Orientation
(Geographical Coordinates Grid Dimensions
Type of input: Decimal degrees - ] ¥ points: 72
Longtude: 12.43874160117924 Ideg] ¥ points: 94
Latitude: 55 22570782643504 [deg] Land Value
Morth to Y orentation: 327 [deal 10 ml
Map Projection Coordinates Display
Easting: 337100.000000126 ml Display Border
Northing: 6122900.0000042 ml [C] Display Grid Points
Grid rotation: 325.104283814532 [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& &2 wae OB ez vend

[m]

6240000

5230000
6220000

210000 1

6200000 ----

6190000 1---

120000

6170000

6160000 7

6150000

6140000

Jw
120000 Y5

L e e e B L e AR AN B O o
300000 320000 34000 36000 380000 400000
[m]

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.

Now import data from background (click on ‘Import from Background’ and drag mouse
over points of interest, selected points are now changing colour, finally click on ‘Import
from Background’ once more). Now we are ready for interpolation of the xyz data to grid
points (WorkArea — Bathymetry Management — Interpolate). Save the bathymetry
specification file and load the generated dfs2 file into the Grid Editor, for example.

8 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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3 Creating the Input Parameters

3.1 Generate Water Level Boundary Conditions
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Measured water level recordings from four stations located near the open model
boundaries force the @resund model. Due to strong currents and because the influence of
the Coriolis effect is significant, water level recordings at each end of the open boundary

are required.

The objective of this example is based on measured recordings from four stations to
create two line series with water level variations. The locations of the four stations are

listed in Table 3.1.

Table 3.1 Measured water level data

Position
Station Data File
Easting Northing
(m) (m)
WL1 WL1.txt 385929 6243197
WL2 WL2.txt 338957 6220549
WL3 WL3.txt 348310 6225949
WL4 WLA4.txt 362880 6137713

Powering WATER DECISIONS

11
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Figure 3.1 Map showing the individual stations (LH = Light House)

3.1.1 Importing measured water levels to time series file

Open the Time Series Editor. Select the ASCII template. Open the text file WL1.txt.
Change the time description to ‘Equidistant Calendar Axis’ and click OK. Then right-click
on the generated data and select properties change the type to ‘Water Level’. Save the
data in wl1.dfsO. Repeat these steps for the remaining 3 stations.

12 Hydrodynamic Module - © DHI A/S
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[P WL1.tut - Notepad iy ]
File Edit Format Yiew Help

Water level recordings from St 1 i’
time Elevation

1993-12-02 00:00:00 -0.33

1993-12-02 00:30:00 -0.362

1993-12-02 01:00:00 -0.3965

1993-12-02 01:30:00 -0.3929

1993-12-02 02:00:00 -0.4278

1993-12-02 02:30:00 -0.4378

1993-12-02 03:00:00 -0.4393

1993-12-02 03:30:00 -0.473

1993-12-02 04:00:00 -0.4984

1993-12-02 04:30:00 -0.4977 =l

Figure 3.2 ASCII file with water level recordings from Station 1

Time Series Editor: Import from ascii X|
— Dezcription
File: narne: |C:'\I:I'\Eltraining'\e:-cample"«data\WL'l bk |
Delimiter: ITaI:n jl_ UM R lite ol | E quidiztant Calendar fuiz
[~ Treat conzecutive delimiters as one Start Time: I':'B'1 2-2003 20:02:08

[ Ignare delimiters in begining of line Time Step: I [ [dayz]
¥ Dielimiter between time and first item I 000010 [housmin: sec]

Delete valus: | e300 | [ [fraction of sec.]

¥ Time Series Export ASCI Format

— Presview

Wi ater level recordingz from St 1

timne: Elewation
1993-12-02 00:00:00 -0.33
1993-12-02 00:30:00 -0.362
1993-12-02 070000 -0.39E5
1993-12-02 07:30:00 -0.3929
1993-12-02 020000 -0.4278
1993-12-02 02: 30:00 -0.4378
time Elevation

185835-12-02 00:00:00(-0.33
19595-12-02 00:30:00 -0 362
1993-12-02 01:00:00] -0.3965
1993-12-02 01:30:00-0.3929
1993-12-02 0200:00(-0 4273
1993-12-02 0230:00( -0 4373

Ok I Cancel

Figure 3.3  Time Series Editor Import template

Powering WATER DECISIONS 13
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— General Information

Ok

Tithe: I'Waler lewel recardings fram St 1

Cancel

iz Information

Pz Tope: IEquidistant Calendar fuxiz j

Start Time: |D2-1 2-1953 00: 00 00

Time Step: I—D [davsz]
Iﬁ [k i zec]
W [fraction of sec.]

Mo, of Timesteps: LTr

Help

Pl

Az Units: I vI

r Item Information

Hame Type Unit TS Ty
1 Elevvation * || meter
o | *l
Inzert | Append Delete | [tem Filkering... |
Figure 3.4 Time Series Properties
i MIKE Zera - [TS1 - Madified] = =R
P File Edit View Settings Teols Window Help - || &
el tBR &%8 |t A 8
Water level recordings from St 1 ims Etievation]meterl|
; ¥ ; 0 | 02-12-1993 00:00:00 EE]
| FElevation [meter] 1 [02121993 00:30:00 0362
i 2 02-12-1993 01:00:00 -0.3965
3 |02-12-1993 01:30:00 -0.3929
4 |02-12-1993 02:00:00 -0.4278
5 |02-12-1993 02:30:00 -0.4378
6 |02-12-1993 03:00:00 -0.4393
7 |02-12-199303:30:00 0473
8 | 02-12-1993 04:00:00 -0.4984
9 | 02-12-1993 04:30:00 -0.4977
10 | 02-12-1993 05:00:00 -0.4941
11 | 02-12-1993 05:30:00 -0.4797
12 |02-12-1993 06:00:00 -0.5139
13 |02-12-1993 06:30:00 -0.4961
14 |02-12-1993 07:00:00 04671
15 | 02-12-1993 07:30:00 -0.4647
16 | 02-12-1993 08:00:00 -0.4612
17 |02-12-1993 08:30:00 -0.4366
18 | 02-12-1993 09:00:00 -0.4592
10 5?3?102” 02 Eggg Egﬂg 19 |02-12-199309:30:00 04703|
an N2-12-19493 10-N0-NN -N 4757
Ready 03-12-1993 23:41:18 0.530076
Figure 3.5  Time Series Editor with imported Water Levels from Station 1

Hydrodynamic Module - © DHI A/S
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To make a plot of the water level time series, open the plot composer select ‘plot’ —
‘insert a new plot object’ and select ‘Time Series Plot’ (see Figure 3.6). Right-click on the
plot area and select properties. Then find the actual time series file and change some of
the properties for the plot, if any (see Figure 3.8).

Insert Plot Object (25
Insert
(@) Single Plot Maximized
(7 Single Plat Sized: w: (100 [nm] h: 100 [mm]

() Multiple Plots Tiled: e |2 ny: |2

»

=" Standard Graphics
FE. |» Dfsu Plot I
..... lo/ Grd Plot

----- o Profile Plot
e~
=Y | Advanced Graphics
----- {»/ ADCF 2D Plot
..... 1/ Annotation Plot m
----- o/ Flow Visualization

..... 1."‘.1{ Isopleth Plot

..... lo/ Label Plot

..... o Metafile Plot

..... 1af Prlar Plrt -

m

[ ok | [ cancel |

Figure 3.6 Plot Composer inserted a new Plot Object as Time Series

If several time series files are to be plottet in the same plot, right-click on the plot area and
select new item (see Figure 3.7).

Time Series Plot Properties @

ftems |X—J°m's I Y-Podis | Curves | Text Annotations

ltem Definition
Iterm name Items File name | ltem type Unit Glb min Gl
1 ST 1: WL (m) | ST 1: WL (m) ata\wl1.dfs0 | Water Level | meter -0.57990002 | 0.571€

ok J[ Camcel J[ ey |[ Heb |

Figure 3.7 Plot Composer Time Series Plot Properties select new item

Powering WATER DECISIONS 15
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#3 Open
Lookin: | | Data - @ ? - '
T MName ‘ Date modified Type =
b P CurrentNdrRoese.dfs0 161220131850  MIKEZ
RecentPlaces gy gajinityNdrRoese.dfs0 161220131850  MIKEZ
W salinityNorthBnd.dfs0 16-12-2013 18:50 MIKE Z
W salinitySouthBnd.dfs0 16-12-2013 18:50 MIKE Z
W TemperatureNorthBnd.dfs0 16-12-2013 18:50 MIKE 2| =
W TemperatureSouthBnd.dfs0 16-12-2013 18:50 MIKE Z
W WaterLevelDrogden.dfs0 16-12-2013 18:50 MIKE Z
Libraries ‘ WaterlevelNdrRoese,dfs0 16-12-2013 18:50 MIKE Z
W WaterLevelViken.dfs0 16-12-2013 18:50 MIKE Z
Eb’k W WindKastrup.dfs0 16-12-2013 18:50 MIKE Z
Computer P wil.dfs0 16-12-2013 18:50 MIKE Z
o W wi2.dfsd 16-12-2013 18:50 MIKE Z
Q!' W wi3.dfs0 16-12-2013 18:50 MIKEZ ™
4 [ | +
MNetwork
File name: wil.dfsh -
Flesoftype:  [New Data Fies {"dfsl) -
Select tem | Period Info. | em Info. | Constraints Info.
Title: [Water level recordings from 5t 1
File Type: [Equidistant Time Awis
| Any ltem Type |
ST 1: WL (m) [ |

Figure 3.8 Plot Composer properties select time series to plot

Figure 3.9 and Figure 3.10 show the measured water levels at the two boundaries.

Water Level at Station 1 & 2 (m)

08
-10

00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
1883-12-02 12-03 12-04 12-05 12-068 1207 12-08 12-08 12-10 12-11 12-12 12413 12-14

Figure 3.9 Combined Time Series at the North Boundary Station 1 and 2

Water Level at Station 3 & 4

04
02
0o
02
04
06
08
-10
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00.00 00:00 00:00 00:00 00:00
1883-12-02 12-03 12-04 12-05 12-068 1207 12-08 12-08 12-10 12-11 12-12 12413 12-14

Figure 3.10 Combined Time Series at the North Boundary Station 3 and 4

16 Hydrodynamic Module - © DHI A/S
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3.1.2 Creating boundary conditions

MIKEaﬂ
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Now you must define the boundary in a shape that correlates to the bathymetry.

Determine the width of the two boundaries (use for instance Grid Editor). Load Profile
Series and select ‘Blank ...". Fill in the required information:

North boundary

. Start date 1993-12-02 00:00:00
*  Time step: 1800s
*  No. of time steps: 577

. No. of grid points: 10 (60 — 69 line 93)

. Grid Step: 900m

Load Station 1 (WL1.dfsO) and copy and paste the water levels to the profile Series Editor
at point 0. Next load Station 2 (WL2.dfsO) and copy and paste the levels into point 9 (see
Figure 3.12). Then select tools and interpolate the profile series. Save the profile series as

WLN.dfs1 (see Figure 3.13).

File Properties

— General Information

Title: IW’ater Level Morth Boundar [m]

r &xig Information

Az Type: j

I Equidiztant Calendar iz

Start Tirne: |D2-1 2-2003 00:00:00

Time Step: [sec) |1SDD

==

MHumber of Grid Paints: I'I i}

Mo, of Timesteps: |5?? Grid Step: [m) 00
r— Item Infarmation
Hame Type Unit Min 1
1 WL Maorth Bncdvater Level meter u] a
1] | i
Inzert | Append | Delete | Item Eiltening... |

21

Ok
Cancel

Help

i

Figure 3.11 Profile Series Properties
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File Edit View Options Tools Window Help

De@ smd &R 70

Time Step: 02/12/03 00:00:00

Ready

1993 19:19:29 -0.410434

Figure 3.12 Copying WL1 and WL2 into Profile Series Editor

File Edit View Options Tools Window Help

cEdsmd@ew||aaas olE||x =

iy f|

Time Step: 02/12/03 00:00:00

—== WL North End [metef]

02/12/03 09:00:00

Ready

13-12-199319:19:29 0111294

Select M

Figure 3.13 Interpolated Water Level at the North boundary
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Repeat the same steps with the southern boundary with the similar information except the
number of grid points and using the recorded water levels at station 3 (WL3.dfs0) and 4

(WL4.dfs0) and save the resulting file as WLS.dfs1.

South boundary

. Start date 1993-12-02 00:00:00
. Time step: 1800s

*  No. of time steps: 577
*  No. of grid points: 30 (1 — 30 line 0)
. Grid Step: 900m

3.2 Initial Surface Level

The initial surface level is calculated as a mean level between the northern and the
southern boundary at the beginning of the simulation. Load the two boundary files and
approximate a mean level at the start of the simulation. We will use —0.38m.

3.3  Wind Conditions

Wind recordings from Kastrup Airport will form the wind condition as time series constant
in space. Load the time series editor and import the ASCII file ‘WindKastrup.txt’ as
equidistant calendar axis. Save the file in ‘WindKastrup.dfsQ’. Time series of the wind
speed and direction is shown in Figure 3.14, Figure 3.15 and Figure 3.16.

A more descriptive presentation of the wind can be given as a wind speed diagram. Start
the ‘Plot composer’ insert a new plot object select ‘Wind/Current Rose Plot’ and then
select properties and select the newly created file ‘WindKastrup.dfs0’ and change
properties to your need. The result is shown in Figure 3.17.

! windKastrup.txt - Notepad

File Edit | Format Yiew Help

=181 ]

Wind data
Time Speed

Direction

Unit 100002 2000
1993-12-02 00:00:00
1993-12-02 00:30:00
1993-12-02 01:00:00
1993-12-02 01:30:00
1993-12-02 02:00:00
1993-12-02 02:30:00
1993-12-02 03:00:00
1993-12-02 03:30:00
1993-12-02 04:00:00

1]
9.294
10.066
10.655
11.22
11.802
11.202
10.367
9.659
9.011

100003 240
164.26
186.689
189.167
191.531
193.665
193.254
192.226
189.522
186.016

E

1]

| |

Figure 3.14  ASCII file with Wind speed and direction from Kastrup Airport
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Kastrup: Wind Direction [Degrees]

MIKE 21

n [

T T T T T T T
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
1993-12-02 1203 12-04 12-05 12-06 12-07 12-08 12-09

Figure 3.15 Measured wind direction at Kastrup Airport

Kastrup: Wind Speed [m/s]

T T T T
00:00 00:00 00:00 00:00 00:00
12-10 12-11 12-12 12413 12-14

00:00 00:00
1993-12-02 12-03 12-04 12-05 12-06 12-07 12-08 12-09

Figure 3.16 Measured wind speed at Kastrup Airport

N

Figure 3.17 Wind Rose from Kastrup Airport

o LIS m s e " EEE
00:00 00:00 00:00 00:00 00:00 00:00

T T T
00:00 00:00 00:00 00:00 00:00
12-10 12-11 1212 12-13 12-14

Wind Speed [mis]
|| Above 15
L1 1218
L e-12
B 6-9
Bl -6
| | Below 3
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3.4  Density Variation at the Boundary

As the area of interest is dominated with outflow of fresh water from the Baltic Sea and
high saline water intruding from the Ocean measurement of salinity and temperature has
taken place at the boundaries. Depth average values of these measurements are given
as ASCII files named: SalinityNorthBnd.txt, SalinitySouthBnd.txt, TemperaturNorthBnd.txt
and TemperaturSouthBnd.txt. Examples are shown in Figure 3.18. Import these ASCII
files with the time series editor and save the files with the same name but with extension
dfs0. Remember to change the time description to ‘equidistant calendar axis’.

[P TemperatureNorthBnd.txt - Notepad 101 x|

File Edit Format Yiew Help

Mean Temperature North Boundary [degree C] i’

Time Morth Bnd

Unit 100006 2800 ]

1993-12-02 00:00:00 h.69176

1993-12-02 00:30:00 55777

1993-12-02 01:00:00 h.6602

1993-12-02 01:30:00 5.76629

1993-12-02 02:00:00 h.75775 =l A
_ipi x|

File Edit Format Wiew Help

Mean Salinity South Boundary [psu) i’

Time South Bnd

Unit 100024 6200 1]

1993-12-02 00:00:00 6.46113

1993-12-02 00:30:00 6.47687

1993-12-02 01:00:00 6.48

1993-12-02 01:30:00 6.4718

1993-12-02 02:00:00 6.50007 hd| B

Figure 3.18 ASCII files with average temperature at the North boundary (A) and average salinity
at the South boundary (B)

A plot of the measured data is shown in Figure 3.19 and Figure 3.20.

North Bnd [deg C]
South Bnd [deg C]

Depth averaged Temperature (deg C)

7.0

65

6.0

55

50

45

40

35

00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
1893-12-02 12-03 12-04 12-05 12-06 12-07 12-08 12-08 12-10 12-1 12-12 1213 1214

Figure 3.19 Measured average temperature at North and South boundary
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Worth bnd [PSU]
South Bnd [PSU]
Depth averaged Salinity (psu)
30
25|
20 :
15|
10
00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
19831202 12-08 12-04 1205 12-06 1207 12:08 12-09 1210 12-11 1242 12413 12-14

Figure 3.20 Measured average salinity at the North and South boundary
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Model Setup

4 Model Setup

4.1 Flow Model

We are now ready to set up the model using the above boundary conditions and forcing.
Initially we will use the default parameters and not take into account the effect of the
density variation at the boundaries. The setup consists of the following parameters:

Parameter Value
Module Hydrodynamics only
Bathymetry Bathy900

Simulation Period

1993-12-02 00:00 — 1993-12-14 00:00

Time step

300s

No. of Time steps

3456

Enable Flood and Dry

Drying depth 0.2 Flooding depth 0.3

Initial surface level

0.38

North Boundary

(60 — 69) along line 93

North Boundary

Type 1 data: WLN.dfs1

South Boundary

(1 - 30) along line 0

South Boundary

Type 1 data: WLS.dfs1

Eddy Viscosity Smagorinsky formulation, velocity based. Constant 0.5
Resistance Manning number. Coefficient 32
Result file HDO1.dfs2

In the following, screen dumps of the individual input pages are shown and a short

explanation is provided.
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® hdol.m21 [E=R[E=R ===
- o MIKE 21 Flow Model
 BoscFaonces [ModueSelecion
----- 'l Module Selection
..... o Bathymetry Select Module
----- # Simulation Period @ H .
@) Hydrodynamic anly
----- ¥ Boundary -
..... o Source and Sink () Hydradynamic: and Advection-Dispersion
""" o Mass Budget () Hydrodynamic and Mud Transport
L ¥ Flood and Dry _ .
- o Hydrodynamic Parameters () Hydrodynarnic and ECO Lab
----- # Initial Surface Elevation
""" ¥ Boundary A0 Scheme
----- « Source and Sink
..... « Eddy Viscosity Select scherme: QUICKEST
----- # Resistance

----- o Wave Radiation
----- o Wind Conditions
- o Structurss

----- o Results

Neiqaii I N
Total number of errors = 0

\n‘alidatinn,l{\ Simulation ,-"

L}

Figure 4.1 Flow Model: Module Selection

Specify Hydrodynamics only

® hddl.m21

- o MIKE 21 Flow Model ol

& Bosc Pauneies B

[ o Module Selection

[ ] Eathymetry

----- # Simulation Period — S [=

lllll o Boundary ® Hot start Mumber of areas 1|Z|

----- o Source and Sink

..... « Mass Budget Additional information

R « Flood and Dry -

1] tion: UTH-33 -

= # Hydrodynamic Parameters CP A [ ]
----- o Initial Surface Elevation Multi-cell overland solver for inland applications: ]

----- # Boundary .

----- « Source and Sink Lapeslilzs O

----- « Eddy Viscosity

----- # Resistance Bath 1

----- o Wave Radiation LLEL

_____  Wind Conditions 1 C:\Data\....\data\Bathy800.dfs2 [

- o Structures

----- « Results

Mumber

Apply Corioliz forcing:

m

Origin Enclosing Area

n

¥
Naigaii I N

m

Total number of errors = 0

\n‘alidatinn,l{\ Simulation ,-"

Figure 4.2 Flow Model: Bathymetry

Specify the bathymetry Bathy900.dfs2. The projection zone will be defined as UTM-33
automatically.

Hydrodynamic Module - © DHI A/S
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® hddl.m21

[E=NEC

-~ off MIKE 21 Flow Model

£~ o Basic Parameters

(- o Module Selection

..... o Bathymetry

----- f

----- o Boundary

----- o Source and Sink

----- o Mass Budget

P e + Flood and Dry

B o Hydrodynamic Parameters
----- o Initial Suface Elevation
----- o Boundary

----- o Source and Sink

----- «f Eddy Viscosity

----- # Resistance

----- o Wave Radiation

----- o Wind Conditions

- of Structures

----- o Reeultts

Simulation

Time step range:

Time gtep interval:

Simulation start date:

Simulation end date:

‘wharm-up Period

Time step range:

Courant Number

M Courant Mo:

First:

200

02-12-1933 00:00:00
14-12-1993 00:00:00

First:

6.60639

Area

Last:
3456
Last:
a
1

Total number of errors = 0

\n‘alidatinn,v{\ Simulation j‘

Figure 4.3

Flow Model: Simulation period

Specify a time step, which will result in a Courant between 1 and 7. Start with a time step
of 300s. The time step range must be specified to 3456 time steps in order to simulate a

total period of 12 days.

® hddl.m21

[E=NEC

-~ o MIKE 21 Flow Model

E| o Basic Parameters

[ o Module Selection

..... o Bathymetry

----- # Simulation Period

----- ¥

----- o Source and Sink

----- of Mass Budget

P e + Flood and Dry

B o Hydrodynamic Parameters
----- o Initial Suface Elevation
----- o Boundary

----- o Source and Sink

----- «f Eddy Viscosity

----- # Resistance

----- o Wave Radiation

----- o Wind Conditions

- o Structures

----- o Results

Location

() User specified
@ Program detected

Mumber

Murber of boundaries

2

First point Last point
1 (60,93} (69,93)
2 1,0} (30,0)

Total number of errors = 0

\n‘alidatinn,v{\ Simulation j‘

Figure 4.4

Flow Model: Boundary

Select Program detected boundary conditions. If you have more than two boundaries, you
must inspect you bathymetry again.
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® hddl.m21

- o MIKE 21 Flow Model
£« Basic Parameters
[ « Module Selection
..... o Eathymetry

----- # Simulation Period
----- # Boundary

----- o Mass Budget
----- # Flood and Dry

----- # Boundary

----- « Source and Sink
----- « Eddy Viscosity

----- # Resistance

----- o Wave Radiation
----- o Wind Conditions
- o Structurss

----- o Results

----- 'l Source and Sink

E| « Hydrodynamic Parameters
----- # Initial Surface Elevation

Murber of zource sink pairs 0

[ =

Source

Sink

Type

Point

Area Point

| Area

4

L}

Total number of errors = 0

\n‘alidatinn,l{\ Simulation ,-"

Figure 4.5 Flow Model: Source and Sink

If you have any sources or sinks these have to be specified. Here in our case we do not

have any.

® hddl.m21

oo =]

- s MIKE 21 Flow Model
E| + Basic Parameters
[ « Module Selection
..... o Eathymetry

----- # Simulation Period
----- # Boundary

----- « Source and Sink
----- o Mass Budget

----- v

----- # Boundary

----- « Source and Sink
----- « Eddy Viscosity

----- # Resistance

----- o Wave Radiation
----- o Wind Conditions
- o Structures

----- « Results

E| « Hydrodynamic Parameters
----- # Initial Surface Elevation

Enable flooding and diving

Diying depth: 02
Flooding depth: ni

Total number of errors = 0

\n‘alidatinn,l{\ Simulation ,-"

Figure 4.6 Flow Model: Flood and Dry

Specify Flooding and Drying depth. In our case, select the default values.
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® hdol.m21 =0 ER )

i o MIKE 21 Flow Model

5 BoscPaancin [Initial Surface Elevation
[ - # Module Selection

[ o Bathymetry Given as: Value File name
-----  Simulation Period 1 Constant value | -0.380000 e
----- o Boundary

----- o Source and Sink

----- o Mass Budget

P e + Flood and Dry

B o Hydrodynamic Parameters
----- f
----- o Boundary

----- o Source and Sink

----- «f Eddy Viscosity

----- # Resistance

----- o Wave Radiation

----- o Wind Conditions

- of Structures

----- o Reeultts

Navigati I 4 L} 3

Total number of errors = 0

\n‘alidatinn,v{\ Simulation j‘

Figure 4.7  Flow Model: Initial Surface Level

After inspection of the boundary condition at the simulation start time decide the initial
surface level, or if the variation is large decide for an initial surface level map. In this case
we will use a constant level of -0.38m, which is the average between our north and south
boundary at the start of the simulation.

® hd01.m21 - Modified = E =

¥ MIKE 21 Flow Madel
4 o e B

----- o Module Selection
----- o Bathymet
_____ v’ Sim:gim?'%ﬁo ; Boundary 1: (60,93) - (59,83}
« Eound Formulation: Level
""" S Hndary . Type 1 Data file: C\Data\_\data\win dfs1 | view
----- ource and Sinl FAB type: 72 C )
----- of Mass Budget No titing T )
E| « I—;drﬂ:;::n:: E:larneters Mo user defined flow direction ]
Relaxation factor 0.5 ] [
----- o Initial Suface Elevation — -
----- o Boundary 2: (1,0) - (30,0)
----- o Source and Sink Formulation: Level
----- «f Eddy Viscosity Type 1 Data file: C:\Datah...\datalwls dfs1 [
----- + Resistance FAB type: 12 [
----- o Wave Radiation No titing [
----- o Wind Conditions No uzer defined flow direction [
- o Structures Relaxation factor 0.5
----- o Results

Total number of errors = 0

\n‘alidatinn,v{\ Simulation j‘

Figure 4.8 Flow Model: Boundary

Specify the type of boundary as a type 1 profile time series and select win.dfs1 at the
northern and wis.dfs1 at the southern boundary.
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® hdol.m21 =8 =l =T
- o MIKE 21 Flow Model
 Bosc Parmetes B
[, « Module Selection
..... j g:n:gi?r:ypeﬁod Euundar_y 1:(60,93) - (89,93)
lllll o« Bounda Formulation: Level L]
_____ Y Soz”me :-m Sk ‘TE 1 Data file: » | C)\Data\... \data\win.dfs1 ]
----- o Mass Budget C!Jnstant.: = m -
[ o Flood and Dry Sine Series: . [
: ! Type 0 data file: [ ][iew
= f Hydrodynamic Parameters | [Type 1D 15 C L
----- # Initial Surface Elevation Transfer Data File: =
----- + Boundary mmm?m_'
..... o Source and Sink Formulation: Lewvel C ]
..... o Eddy Viscosity Type 1 Data file: C:\Datal...\data\wls.dfs1 L]
-----  Resistance FAB type: 12 L
----- o Wave Radiation Mo titing [ [
..... o Wind Condtions No uzer defined flow direction [ Jview]
- o Structurss Relaxation factor 0.5 [
----- o Results
ST

Total number of errors = 0

\n‘alidatinn,l{\ Simulation ,-"

Figure 4.9 Flow Model: Boundary Type

To select the boundary type, move the cursor to the type field and click on this then select
Type 1 Data file.

% Open B
Lookin: | | Data - @ _" g '
B MName = Date modified Type
kel (B win.dfsl 24-06-20131901  MIKE Zerc
Recent Places gy 1 gfs1 24-06-201318:01  MIKE Zerc
|
Desktop
=1
Libraries
LY
-
Computer
@ < 1 3
MNetwork
File name: win.dfs1 -
Flesoftype:  [Frofile ("dfs1:"et1) -
Select ltem | Period Info. | tem Info. | Constraints Info. |
Title: Interpolated water level north boundary (m)
File Type: |Equidi5tant Time s
Item
Boundary [ wiL-n (m) =
Cancel

Figure 4.10 Flow Model: Boundary Select File
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Next, locate the appropriate data file in the file box to the right.

® hdol.m21 =0 ER )

-~ off MIKE 21 Flow Model i

4 B e [Sourceandsink 1

----- o Module Selection
..... o Bathymetry Given as Walue File: name

----- « Simulation Period Precipitation: ]

..... o Boundary Included as net-precipitation [ Precipitation on drp land
----- o Source and Sink

_____ o Mass Budget E'vaporation: 0

P e + Flood and Dry
= o Hydrodynamic Parameters Source Sink Type Magnitude | Velocity | Outlet Dir.
----- o Initial Suface Elevation
----- o Boundary

----- ¥ EXEFTER

----- «f Eddy Viscosity

----- # Resistance

----- o Wave Radiation

----- o Wind Conditions

- of Structures

----- o Reeultts

m

Navigation I < [T s

Total number of errors = 0

\n‘alidatinn,v{\ Simulation j‘

Figure 4.11  Flow Model: Source and Sink

The discharge magnitude and velocity for each source and sink is given here. But, since
we do not have any sources, leave it blank.

® hdol.m21 =0 ER )

o of MIKE 21 Flow Model

4 B e (EddyViscosty

----- o Module Selection
----- of Bathymetry

----- o Simulation Period Given az [Smagorinsk}l Farmula V]
ﬁ g:znmd::’nd Sink Type af Farmulation [Velocity baged v]
----- of Mass Budget
P e + Flood and Dry Smagorinsky Constants

- o Hydrodynamic Parameters 1 0.500000
----- o Initial Suface Elevation
----- o Boundary

----- o Source and Sink

----- o

----- # Resistance

----- o Wave Radiation

----- o Wind Conditions

- o Structures

----- o Results

Navigati I
Total number of errors = 0

\n‘alidatinn,v{\ Simulation j‘

Figure 4.12 Flow Model: Eddy Viscosity

Change the default Eddy viscosity to Smagorinsky formulation with a coefficient of 0.5.
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® hddl.m21

MIKE 21

- o MIKE 21 Flow Model

£« Basic Parameters
[ « Module Selection
..... o Eathymetry

----- # Simulation Period

----- # Boundary

----- « Source and Sink

----- o Mass Budget

H ¥ Flood and Dry

B f Hydrodynamic Parameters
----- # Initial Surface Elevation
----- # Boundary

----- « Source and Sink

----- « Eddy Viscosity

..... o

----- o Wave Radiation

----- o Wind Conditions

- o Structurss

----- o Results

oo =]

“alues given as | Manning number -

Format Value Filename

1 Constant

Pier re

32.000000

Total number of errors = 0

L1

‘n‘alidatinn,l{\ Simulation ,-"

Figure 4.13  Flow Model:

Bed Resistance

We will start the default Bed Resistance with a value given as a Manning humber at
m¥3/s. Later on we will use this value for calibration purposes.

® hddl.m21

- of MIKE 21 Flow Madel

oo =]

B~ o Basic Parameters
[ « Module Selection
..... o Eathymetry

----- # Simulation Period
----- # Boundary

----- o Source and Sink

----- o Mass Budget

H ¥ Flood and Dry

B f Hydrodynamic Parameters
----- # Initial Surface Elevation
----- # Boundary

----- « Source and Sink

----- « Eddy Viscosity

----- # Resistance

----- o Wave Radiation

----- v

- o Structures

----- « Results

Total number of errors = 0

[Wind Conditions
‘wind
wind bype: [ Congtant in Space - ]
Speed: 10
Direction: 270
[ ata file: E_21'FlowhodeHD4S ound D atahwindK.astup.dfs0 E]
Meutral pressure: 1013
Include air pressure conection
Friction
Friction typpe: Constant -
Carstant: 0.0026
Speed Friction
Linear wariation using: 0 00016
24 0.0026

‘n‘alidatinn,l{\ Simulation ,-"

Figure 4.14  Flow Model: Wind Conditions

To use the generated wind time series, we specify ‘Constant in Space’ and locate the time

series WindKastrup.dfs0. Use the default value for the friction.
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® hddl.m21

[E=NEC

o MIKE 21 Flow Model

+ Basic Parameters

o Module Selection

o Bathymetry

# Simulation Period

o Boundary

o Source and Sink

o Mass Budget

+ Flood and Dry

B o Hydrodynamic Parameters
o Initial Suface Elevation
o Boundary

o Source and Sink

«f Eddy Viscosity

# Resistance

o Wave Radiation

o Wind Conditions

- of Structurss

T s

Size of total output

Mumbers of output areas 1 =

Size of HD output

-~

426142 mp
426142 MB

Type | Area J K Time

Data File

1|2 1 0-70.1 0-3456,6

(]

hd02.dfs2

4 | 1

[ Generate hot start

m

Hot Start File

Title

[ Calculation of inundation statistics

Update frequency n

4| 1

Total number of errors = 0

Validatiun,v{\ Simulation j‘

Figure 4.15 Flow Model: Result

Specify one output area and specify the resulting output file name. The actual output size
is calculated on beforehand. Make sure the required disk space is available on the hard

disk.

Sub Area For Output

x|

First Point. ~ Last Point:  Interval: Range:
J direction: IIJ |?1 |1 ||:| . |?1
K direction: |n |a3 |1 |n - |93
Tirne: IIJ |3455 |51 ||:| - |3455
(] I Cancel

Figure 4.16 Flow Model: Result Output Area

Reduce the output size to a reasonably amount by selecting an output frequency of 1800s
which is a reasonably output frequency for a tidal simulation. As our time step is 300s
then the specified output frequency is 1800/300 = 6. Area-wise, select the full area.
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savens 21|
Savejn:lk’f}HD j = =k B2~
File name: Save I
Save az bype: IHesuIt files(".df=2) j Cancel |
A

Figure 4.17  Flow Model: Result Output File Name

Specify the file name HDO01.dfs2 for our first simulation.

Now we are ready to run the MIKE 21 Flow model.

After the simulation use the Plot Composer (or Grid Editor, Data Viewer) to inspect and

present the result. Two plots are shown below; one with current towards North (Figure
4.18) and one with current towards South (Figure 4.19).

80
75
70
65
60
55
50
45
&
£
E 40
3
35 S
ol FrAr s
251 0 0 0 0 - C s s s
..... z
o] St o ool2 1mis
Surface Elevation (meter)
15 [ | Above 0.16
[] oos- 0718
[ ] o0-o008
10 [ -0.08- 0
PSS S e} ] 0.16--0.08
PRV R A g = S B -024--0.16
5 LA P i S B 032--024
Bl 04--032
Bl 048- -04
o B Below -0.48
0 10 20 30 40 50 60
(kilometer)

12/11/93 03:00:00

Figure 4.18 Current Speed and Water Level during current towards North
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Figure 4.19 Current Speed and Water Level during current towards South

4.2 Model Calibration

In order to calibrate the model we need some measurements inside the model domain.
Measurements of water level and current velocities are available.

421 Measured water levels

Measurements of water level are given at station Drogden (WaterLevelDrogden.txt) and
Ndr. Roese (WaterLevelNdrRoese.txt) import these ASCII files using the Time Series
Editor, cf. Figure 4.20 and Figure 4.21.
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Drogden: Water Level [m]
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Figure 4.20 Drogden: Measured Water Level

Ndr Roese: Water Level [m]
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Figure 4.21  Ndr. Roese Measured Water Level

4.2.2 Measured current velocity

34

To calibrate the current velocity, measured current is given at station Ndr. Roese
(CurrentNdrRose.txt) Import this file with the Time series Editor. Plots of current velocity
and current speed and direction are shown in Figure 4.22, Figure 4.23 and Figure 4.24.

Furthermore, a Speed/Direction diagram of the measured current is shown in Figure 4.25.

Current Velocity East [mis]
Current Velocity North [m/s] ———

157
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054
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4151 - T T
00:00 0000 00:00 00:00 00:00 0000 00:00
1983-12-02 12-04 12-06 12-08 1210 12:12 1214

Figure 4.22  Ndr. Roese Measured Current Velocity East and North Component
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Figure 4.23 Ndr. Roese Measured Current Speed

Ndr Roese: Current Direction [Degrees]
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Figure 4.24 Ndr. Roese Measured Current Direction
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Ndr Roese: Current Speed [m/s]
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Figure 4.25 Ndr. Roese Current Rose
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Model extraction

MIKE 21

Now we are ready to extract water level and current speed from the simulation at the
points corresponding to Ndr. Roese: Point (43,33) and Drogden Point (37,22). Start the
‘MikeZero Toolbox’ then click on the + sign in front of Extraction and select ‘Time Series
from 2D files'. Figure 4.28 to Figure 4.34 show the corresponding dialogue pages for

extracting the results.

=% New File 23]
Product Types: Documents:
F-2 MIKE Zero W Time Series (.dfs0)
----- [ MIKE HYDRO W Profile Series (.dfs1)
""" =1 MIKE 11 W Data Manager (.dfsu,.mesh,.dfs2,.dfs3)
----- = MIKEZ W Grid Series (.dfs3,.dfs2)
""" [ MIKE 3 X Plot Composer {.plc)
----- £ MIKE 21/3 Integrated Models A Result Viewer (.rev)
""" [ LITPACK .| A\ Bathymetries (.batsf)
----- = MIKE FLOOD & )
lllll = MIKE SHE @ Climate Change {.mzcc)
® Ecolab {.ecolab)
® auto Calibration {.auc)
® Eva Editor {.eva)

. Mesh Generator (.mdf)
!\ Data Extraction FM (,dxfm)

MIKE Zero Toolbox

OK ] [ Cancel

Figure 4.26  Select MIKE Zero

Toolbox

5 matl

E=8\Eol ==

5 Concatenation
EIS Extraction
-} 2D Grid from 3D files
&% Profileseres from 20 files
&% Profileseries from 30 files
&3 Timesenes from 10 files
'3
.. =% Timeseries from 20 files
5 File: Converter
HaGls
& Hydrology
g Statistics
=

Time Seres
Transformation

e OO e OO e OO e O o IO |

:|..
:|..
:|..
:|..
:|..
:|..

Tool List IS&I.IpLisl I

= =
MNew Edit Delete Up

= A

Down Run

Figure 4.27  Select Time Series from 2D files
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Setup Mame @

@ MIKE Zero Data Bxtraction Tool

by DHI

This tool extracts point timeseries from timeseres of 2D spatial data.

Setup Name:
Extraction from HD resutt

cBack [ Ned> | [ Cancel | [ Hep

Figure 4.28 Name of the Time Series Extraction

Input Data il

Specify Input Data

On this page vou zelect the 2D data vou want to extract point imeseries from. To select the
file pow either type the full path or pou browse far the file.

Specify the [nput File Mame:
[0\ Training\Diata\HD \hd01.dfs2

< Back Mest » Cancel Help

Figure 4.29  Specify the Hydrodynamic Result file
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Subseries Specification

Figure 4.30 Specify the Extraction Period

Select Items

ARRAA

Figure 4.31  Specify the items to extract
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Point Selection

Figure 4.32  Specify the extraction points

Output File Selection

extraction from hd

Figure 4.33  Specify the Time Series Output file
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status x|

Setup Statug

If you want bo review or change any zettings, click Back. If you are satizfied with the zettings
click Finizh to zave the zetup,

Marmne: |EHtractiu:un frarm HD-result
Loa/pfs-file location. |E:\D\Training‘\Data\HD\ I
Setup:
Ihput D ata -
C:ADATraininghData\HD Yhd 01 dfs2
Subgenes Selection
Firgt timestep: 0
Lazt timestep: 576
Selected [tems: ;I

L Erecdte

< Back Finish Cancel | Help |

Figure 4.34  Click Execute to extract the selected data

4.2.4 Compare model results and measured values

MIKE 21

Compare the extracted values with measured values. Use the Plot Composer to plot the

simulated and measured water level and current.

The comparison is shown in Figure 4.35 for water level at Drogden and for Water Level at
Ndr. Roese on Figure 4.36. Current comparison for Ndr. Roese is shown in Figure 4.37.

P(37.00,22.00): Surface Elevation [m]
Drogden: Water Level [m] i

] —

04

02

0o

-02

04

-06

-08

-1.0

00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00 00:00
1993-12-02 12-03 12-04 12-05 12-06 12-07 12-08 12-09 12-10 12-11 12-12 1213

Figure 4.35 Water Level comparison at Drogden
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P(43.00,33.00): Surface Elevation [m]
Nrd Roese: Water Level ] [m]
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Figure 4.36 Water Level comparison at Ndr. Roese

P(43.00,33.00): Vel. Y dir. [m/s]
Current Velocity North  [mis]
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Figure 4.37 Comparison of Current Velocity North at Ndr. Roese. Simulated with a Manning
number of 32 m¥3/s.

The comparison between measured and calculated water level shows a reasonable
agreement. But the current velocity shows that the calculated speed is too low. To adjust
this we make a new calibration with a new Manning number of 44 m*¥/s to decrease
resistance to the flow. Load the former simulation specification HD01.M21 and change the
Manning number to 44 m¥3/s. Change the output file name to HD02.dfs2. Save the
specification as HD02.M21 and run the simulation with the new specification.
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<[] ]\ validation } Simulation /

Figure 4.38  Status window for execution of HD model

Extract the new time series similar to the former one and make a new plot of the
comparison. The result is shown in Figure 4.39.

P(43.00,33.00): Vel. ¥ dir. [m/s]
Current Velocity North  [m/s] ———
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Figure 4.39 Comparison of Current Velocity North at Ndr. Roese with a Manning number of
44 mV3s,

The calculated current speed is closer to the measured, but still we need a little more
calibration. Including the density variation at the boundary will also improve the
calibration. Try to make the calibration by increasing the Manning number and reducing
the Eddy coefficient. For each calibration only change a single parameter and track the
changes in a log.

A major improvement in the calibration process could be obtained by using variable wind
friction.
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