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Example case

* Flyland Project: multi-disciplinary study on the effects of an
airport island in the North Sea

« Set up of a North Sea regional model as a basis for
hydrodynamic, morphological and ecological effect studies

» See report:
23029 11_Large scale model calibration and validation.pdf




Requirements for this example

2 Specifications

The models described in this report were set up, keeping in nund that the models (fine-grid
and coarse-grid) will be used for widely varying purposes. such as the effect of the 1sland
on (1) water levels and flow velocities, (2) the coastal nver. (3) exchange with Wadden Sea,
(4) transport and residual velocities, and (5) North Sea wide patterns of salimity and
temperature. The parameters listed below are used to quantify the ability of the models to




Criteria

Table 2.1 Specifications of the models’ performance.

Parmcte-r| Achieved accuracy

Water levels

M2 amplitude rms error <6%

M2 phase =10 deg.

M4 amplitude rms error <3% of M2 amplitude
rms error =23% of M4 amplitude

M4 phase =25 deg.

Flow rates Marsdiep

Ims error = 10%

mean flow rate = 20%

Flow rate Channel

mean flow rate = 30% from estimated 90.000 nr'/s

Tidal velocity area of mterest

M2 amplitude alongshore = 10%

M2 phase alongshore =10 deg.

M2 amplitude cross-shore = 20%

M2 phase cross-shore =20 deg.

Residual currents area of interest
Long-term mean velocity at Scheveningen, Egmond, || = 0.01 m/s
Noordwyk (alongshore)
Long-term mean velocity at Scheveningen, Egmond, || = 0.01 m/s
Noordwyk (cross-shore)

Salinity

Mean surface salinity area of mterest rms error = 1 p.s.e.
Standard deviation salinity area of interest abs error < p.se.
Temporal and spatial vanation during UK NERC | mms error < 1 p.s.e.
NSP campaign

Temperature

: Temporal and spatial vanation during UK NERC | rms error < 2 deg. C
I NSP campaign 5
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Data collection and analysis

 Bathymetry
 Water levels

* Discharges

« Tidal velocities
 Wind
 Residual currents
« Salinity

« Temperature



Bathymetry

 Various sources and
previous models

 Need to weigh and combine
them

« Sometimes too coarse,
sometimes too fine

* Final: 100x100m2, and
interpolated to grids




Tidal and residual currents,

alongshore wind stress
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Representative wind speed
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Table 3.5.1 Long-term representative wind characteristics

Station Mean Ty" Mean t£"” Mean " Wind speed Wind

[N/m’] [N/m’] [N/m’] [my/s] direction

[degrees N]
Noordwijk 0.018 0.048 0.051 6.3 250
— K13 0.022 0.045 0.050 6.3 244
IR l Goeree 0.016 0.040 0.043 5.9 248
Yy ] | IJmuiden 0.012 0.029 0.032 5.2 247

Europlatform 0.026 0.039 0.047 6.1 236




Model grid coarse model
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Tide stations for calibration

« Reproduction of water
levels, without wind
forcing

« Tidal propagation not
influenced by
salinity/temperature
(barotropic): depth-
averaged

« Tidal calibration on
astronomic components,
not time series!

K13a platform

gcheveningen
Eurc platiefaa, van Holond
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Calibration with astronomical components

* Procedure:

v' Check boundary conditions
v If amplitudes wrong:
change roughness

v If phases wrong: adapt the
bathymetry

v' Check the influence of the
timestep (might be too big)

Roughness change can be in
function of depth, or spatially
varying over domain

12



Calibration with astronomical components
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Flows through Marsdiep
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Alongshore residual flows
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Cross-shore residual flows

Onshore directed below -
10m, offshore directed
above

Estuarine circulation-type
of flow

Correlate also with
onshore wind stress:
higher onshore wind gives
smaller onshore velocities
near bottom
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Salinity at surface

0 Sabnity (ppt] ol surloce
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Conclusions

» Fit for purpose model
 Many applications
* As driver for other models
 To generate boundary conditions
« Specifically tested for different important phenomena

= 18
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Exercise

Simulating the storm surge during the
Sinterklaasstorm (5-6 Dec 2013)




The Sinterklaasstorm of Dec 5-6 2013

: 20
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The Sinterklaasstorm of Dec 5-6 2013

ECMWF Wind Forecast Valid 18 UTC Thursmhl}r December 5, 2013
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The Sinterklaasstorm of Dec 5-6 2013

Vlissingen - waterstand
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Goals of the exercise

After completing this exercise, you will be able to:

« Set up aregional-scale Delft3D model

* Incorporate different kinds of boundary conditions

» Critically compare your model results with measured data
 Perform a sensitivity analysis on model parameters

* Find the right OpenEarth tools for pre- and postprocessing of
model files.



Setting up the Sinterklaasstorm model

 Hydrodynamic model covering the North Sea

 Forced by:
* River discharges
« Time- and space varying wind fields and pressure fields
« Astronomical tides

1100
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Setting up the Sinterklaasstorm model

Description

=
D] DetfiD L OW * el i i i .@J =
File Table View Help

Description L .
Enter a number of descriptive textlines ( Max. 10)
Domain ZUNO model with focus on the
SinterklaasfXaver Storm 5 dec
2013
Processes

Initial conditions

|
|
| Time frame
{
|

l Physical parameters

| l Numerical parameters

‘ Operations

‘ Monitoring

l Additional parameters

|
|
|
|
|
Boundaries |
|
|
|
|
l
|

l Qutput

ELFT . Description




Setting up the Sinterklaasstorm model

Domain

oemorowr e — W f— L lemlie )

File Table View Help

Description Grid |Bathymetry Dry pointslThin dams
Domain
I Time frame l Open grid ] File: .\regional modehCSM_ZUNOAgO4Il.grd
l Open grid enclosure ] File: .J\regional modehCSM_ZUNOYgO04ll.enc

Initial conditions
Co-ordinate system: Spherical

Boundaries Grid points in M-direction: 65

Grid points in N-direction: 134

Latitude: [ ]idec.deg]
Orientation: |:| [dec. deg]

Number of layers: I:l

|
|
|
| Processes
|
|
|

l Numerical parameters

l Operations

l Monitoring

l Additional parameters

|
l
|
|
|
|
Physical parameters |
|
|
|
|
l

l Qutput

It IHE, | :

Domain J




Setting up the Sinterklaasstorm model

Time frame

r — = = .. - - - - ~ - -
E] Delft3D-FLOW - D:\data\dano\lectures\Module 7\regional mode\C5SM_ZUNO\zuno.mdf - @J é‘ﬁu

File Table View Help

Description Time frame
Pomain Reference date 01122013 [dd mln vyl
' .
Time frame ) _ .
Simulation start time 03122013000000 | [dd mm yyyy hh mm ss]
Processes
Simulation stop time 06122013233000 | [dd mm yyyy hh mm ss]

Initial conditions

Time step [min]

Boundaries

Local time zone (LTZ) D +GMT

GMT = Local time - LTZ

Numerical parameters

Operations

Monitoring

Additional parameters

Qutput

| |
| l
| l
| l
| l
| l
| Physical parameters |
| l
| l
| l
| l
| l

Time frame I




Setting up the Sinterklaasstorm model

Processes

' — e a3 - = - S =
[3] Delft3D-FLOW - D:\data\dano\lectures\Module 7\regional mode\CSM_ZUNO\zuno.mdf * N
File Table View Help

l Description l Constituents
Salinity
l Domain l
1 [[| Temperature
[ Time frame ]
Pollutants and tracers i
l Processes l \&/
r i :
| | Initial conditions | Sediments Edit
l Boundaries l Physical
l Physical parameters l Wind Secondary flow
l Numerical parameters l Wave [ Tidal forces

l Operations [] Online Delft3D-WAVE
l Monitoring
Man-made

l Additional parameters . .

[ ] Dredging and dumping
l Qutput

: |
_——”[Hﬂ : pELFT M ! l

Processes 'J




Setting up the Sinterklaasstorm model

Boundary conditions

Irlj] Open/Save Boundaries L lﬂ' é‘@uw

Boundary definitions
I Open ] [ Save

l. Filename: .MecturesiModule #Aregional modehCSM_ZUNO\g41.bnd

Astronomical flow conditions

l Open ] l Save

Filename: _MecturesiModule #Aregional modehCSM_ZUNO\g03.bca

" Astronomical corrections

l Open ] l Save

Filename: . JMecturesiModule #Aregional modehCSM_ZUNO\g04.cor

FATTIOnNIG 10w Conariaons

| Open ‘ ‘ Save |

Filename: Filename unknown

QH-relation flow conditions

| Open ‘ ‘ Save |

Filename: Filename unknown

Time-series flow conditions

Open ‘ ‘ Select file | ‘ Save

Filename: Filename unknown

Transport conditions

Open ‘ ‘ Select file | ‘ Save

= Filename: Filename unknown I

ELER




Setting up the Sinterklaasstorm model

Physical parameters

[ - N — —— . ] -
I:l'] Delft2D-FLOW - D:\data\dano\lectures\Module 7\regional mode\CSM_ZUNCh\zuno.mdf

File Table View Help

Description Constants ROuthESS‘ViscositﬂWind ‘

Domain Bottom roughness
|| Roughness formula: i -

Time frame g ’Mannlng l

Processes © Uniform U: (0.026 v (0.026
I Initial conditions () File | Selectfile |

File: Filename unknown
Boundaries

Physical parameters

Numerical parameters

wall roughness

Operations

Slip condition: lF,—ee -l

Monitoring
Roughness length: D [m]

Additional parameters

OQutput




Setting up the Sinterklaasstorm model

Additional parameters

E] Delft3D-FLOW - D\data\dano\lectures\Module 7\regional modeN\NCSM_ZUNO\zuno.mdf lﬂ-] ==

File Table View Help

Additional parameters

Description
Domain Keyword Value

Filwp #sinterklaasstorm.amp# -

Time frame Filwu fisinterklaasstorm.amud#
Filwavs #sinterklaasstorm.amv#

Processes wndgrd [#AR

N
Pavbnd [101200 = Add
Initial conditions

Airout  |[#YES#
|

Physical parameters

Numerical parameters

Operations

Monitoring

Additional parameters

| |
| |
| |
| |
| |
| Boundaries |
| |
| |
| |
| |
|

|

Output




Setting up the Sinterklaasstorm model

Output

i = — L — - - -
E] Delft3D-FLOW - D:\data\dano\lectures\Module 7\regional model\C5M_ZUNO\zuno.mdf - - e ==

File Table View Help

Description Storage |Print | Details|
Domain
I FLOW simulation times Start time: 031220130000 00
Time frame Stop time: 06122013 23 30 00
Processes Time Step [min]: 5

Store communication file :

Initial conditions Store map results :

dd mm yyyy hh mm ss dd mm yyyy hh mm ss
Physical parameters Stop time 106122013233000 | | Stoptime  [01042019000000 |

Interval time [min] Interval time [min]

Numerical parameters

| l
| l
| l
| l
| l
l Eoundaries l Start time [03122013000000 | | Starttime [01042019000000 |
| l
| l
| l
| l
| l
| l

Operations
Monitoring History interval [min] Restartint. o [[min]
Additional parameters Fourier analysis Online visualisation
Output |m| Export WAQ input
File : Filename unknown | Edit WAQ input >>

‘>
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|
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Output !




Setting up the Sinterklaasstorm model

] Create aor edit FLOW input file (ind. morphology)

| create or edit WAVE input file

] Start FLOW simulation (ind. waves/coupling; single domain)

| Start DD Start FLOW simulation (ind. waves/coupling; multiple domains)

RemoteOLy

] Remote online visualisation

| Postprocessing with QUICKPLOT

] View report files

] Prepare and start FLOW batch job

| Additional tools

[
[
[
[
[
[

] Return to Delft3D menu

[ Select working directory

33



B

Run the model you just set up, and open Quickplot to load the
trim-g04.dat output file

Check the wind fields, and check whether they look sane.
Compare to the wind fields in sks_wlborgerhout.pdf, page 5-9.

Make a movie of the (colored) current vectors, and check that
the fields are sane (specifically check for spurious circulations
along the boundaries)

Make a movie of the water levels in the North Sea during the
simulation:

« How is the tide in the North Sea interacting with the tide in

the English Channel under modal conditions?

« Can you see the storm surge developing in the North Sea?

1 34
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Open Matlab if necessary, and navigate to the folder where
your model setup is stored.

We will make a Google Earth plot to check where we have
stations:

 Use the delft3d_io_obs function to load the *.obs file

« Use the KMLscatter function to make a KML file of the
stations in the model

« Make a list of 5 evenly spaced stations along the Dutch
coast, going south to north.

Using Quickplot, open the trih-g04.dat file

Make a plot with the water level of the 5 stations during
December 4th. Describe the changing characteristics of the
tide along the Dutch coast.

¥ 35
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Using the script stormsurge.m, compute the storm surge for
each of the 5 stations. Relate your results to the wind maps
and the WLB report figures on slides 20-22.

. Change the roughness of the model with +10%, and -10%.
What is the influence on the storm surge estimates? Explain
this using what you learned in Module 2 and Module 5.

. Changes the wind drag coefficients with +20% and -20%. What
is the influence on the storm surge estimate? Explain!

1 36
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