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L

* Research questions
* Problem definition

Empirical relations o(s) Simple models

Rapid Assessment Tools (RAT’s)

* Answers
* Solutions

O(m)—0(h)

O(h) — O(d)
Detailed numerical models
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Increasingly complex physics, therefore
e Computationally demanding

e Hardly interactive

e Hard to integrate disciplines

* Professionally developed & validated
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Empirical relations Simple models
Rapid Assessment Tools (RAT’s) Detailed numerical models
J u J

1\
Y Y

Not consistently developed, potential for: Increasingly complex physics, therefore

 Discipline integration e Computationally demanding

e Uniform and clear visualizations e Hardly interactive

 Validation and robustness e Hard to integrate disciplines

* Interactivity * Professionally developed & validated

v

CoDeS Tools (Coastal Design & Support Tools) are aimed at harvesting this potential
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What is CoDeS (1)

e A framework in which tools from different disciplines are implemented, with focus on:

— Validation

— Consistency Gain confidence in basic tools

— Robustness

— Discipline integration - Optimizing designs

— Interactivity (fast tools) - Communication with clients & stakeholders (design sessions)

e Supporting clients & stakeholders in early design phases of interventions in coastal systems

* Developed in a consortium formed by:

‘ Royal Deltares

HaSkonlngDHv Enabling Delta Life ;

Enhancing Society Together

e Developing an open community in which engineers can contribute to the framework

(1) CoDeS tools = Coastal Design & Support Tools 9
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S

i

100
@
100

Pe ST D

Generic data

Settings

Bathymetry

Structures

Waves

Tide

Sediment

| Wortowioe Dava |

Consistent tool input

CoDeS Tools
X

y

Coastline dynamics %f(
Breakwater design @

S
Wave penetration k’f\

M
Channel sedimentation V

ety

Harbour basin siltation

eCoDeS g

[,V 4
Interactive flow fields \Q,
N~

Integration (feedback) between all tools

11
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g Generic data

= | Settings
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U Coastline
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Waves

Tide

Sediment

Pe ST D

CoDeS Tools
X
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S
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Generic data CoDeS Toolsxx

y
= | Settings Coastline dynamics vif

§
U Coastline Breakwater design @
NG

&

- - ./a

:‘: Bathymetry Wave penetration k"f

I\ | |
Structures Channel sedimentation '\j

'/a' Waves Harbour basin siltation

/\/\

Tide eCoDeS

Sediment Interactive flow fields

P
&
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Generic data CoDeS Toolsxx

&

Legend

Aagtekerke

» Background shape files

bt Structures (StructureType) NSNS 9@ 8 . v '\ 8 .~---4‘: 9
. w4 Breakwater » < 2 : ; ) “ " . .
= | Settings =4 ChannelAxis e Gi'e malCII e WYL Coastline dynamics
W HarbourBasin N » |
== Coastline iz N ' = .

Bathymetry (z-level [m MSL])

Y
. ® 6163
U Coastline ® 5523
o 4883

NG

4242

N

Breakwater design %

- - ® -36.02
y ‘ = Bathymetry | 2%
-16.82
-10.41

o 4012
® 239

SC
Wave penetration Ef
NG

Structures Channel sedimentation

Waves Harbour basin siltation

I\
aJ
e ‘ : wiy \ eCoDeS
N~

Keuavlier

Sediment Interactive flow fields

* Define cross-shore profiles and/or load spatial fields

* Work with different coordinate systems

* Create and modify bathymetry data: _+ ?+? @

14



4. CoDeS — Generic data — Bathymetry

Generic data

e

WGS 84/ UTM zone

Coastline

(< I

= ‘ = Bathymetry

Structures

R +[2) Geographic Coordinate Systems
S ettin g S £+ Projected Coordinste Systems

£ WGS 84/ UTM zane 1N [EPSG:32601]
- WGS 84 / UTM zone 2N [EPSG:32602]

2 WGS 84/ UTM zone 3N [EFSG:32603]

£l WGS 84/ UTM zone 4N [EPSG:32604]
- WGS 84 / UTM zone 5N [EPSG:32605]
£ WGS 84/ UTM zane 6N [EPSG:32606]
-] WGS 84 / UTM zone 7N [EPSG:32607]

2 WGS 84/ UTM zone 8N [EFSG:32608]

-] WGS 84 / UTM zone SN [EPSG:32609]

2] WGS 84/ UTM zone 10N [EPSG:32610]

-] WGS 84 / UTM zone 11N [EP5G:32611]
£ WGS 84 / UTM zone 12N [EPSG:32612]

2 WGS 84/ UTM zone 13N [EPSG:32613]

-] WGS 84/ UTM zone 14N [EPSG:32614]

2] WGS 84/ UTM zone 15N [EPSG:32615]

-l WGS 84/ UTM zone 16N [EPSG:32616]
-] WGS 84 / UTM zone 17N [EPSG:32617]
MFWGS 24 / UTM zone 18N [EPSG:32618]
£ WGS 84/ UTM zone 13N [EPSG:32619]

2] WGS 84 / UTM zone 20N [EPSG:32620]

- WGS 84/ UTM zone 21N [EPSG:32621]
- WGS 84 / UTM zone 22N [EPSG:32622]
- WS 84/ UTM zone 23N [EPSG:32623]

PROJ.4: +proj=utm +zone=18 +datum=WGS584 +units=m +no_defs

KT:
PROJCS["WGS 84 / UTM zone 18N",
GEQGCS["WGS 84",
DATUM["WGS_1984",
SPHEROID["WGS 84" 6378137298 257223563,
AUTHORITY["EPSG","7030"T.
AUTHORITY["EPSG","6326"]],
PRIMEM["Greenwich" 0,
AUTHORITY["EPSG","8301"]],
UNIT[ degree" 0.0174532925159433,
AUTHORITY["EPSG","§122"]],
AUTHORITY["EPSG","4326"]],
PROJECTION[ Transverse_Mercator"],
PARAMETER[latitude_of_origin”.0],
PARAMETER]["central_meridian” -75],
PARAMETER("scale_factor”,0.9396],
PARAMETER( false_easting" 500000],
PARAMETER] falee_northing".0].
UNIT["metre”,1,
AUTHORITY["EPSG","3001"]].
AXIS['Easting" EAST].
AXIS["Northing" NORTH],
AUTHORITY["EPSG","32618"]]

Waves

Tide

Sediment

Pe SID D]

"

» Define cross-shore profiles and/or load spatial fields

* Work with different coordinate systems

* Create and modify bathymetry data:

Deltares
s

CoDeS Tools

<
y
Coastline dynamics st

Breakwater design
Wave penetration
Channel sedimentation

Harbour basin siltation

eCoDeS g
o Y
\o>
N~

Interactive flow fields

15
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4. CoDeS - Generic data — Bathymetry cnabiing Deta Lt ;

Generic data CoDeS Tools%x

Legend
§
Coastline dynamics vif

» Background shape files ,ﬂ'f'.
9 Bathyme s f\.
. ® -0 .
U Coastline 9 Breakwater design
NG

&

; []
..... Structures (StructureType) .. -

Settings =4 ChannelAxis

L
LK <
o~ .s 1
= & = Bathymetry | 22 Wave penetration @
— 3
_/_\_ - ~
Structures |08 Channel sedimentation v
Waves e Harbour basin siltation s
l\/\ :
Tide eCoDeS
Aé;:\“
» . { e . . e
& Sediment il Interactive flow fields b,
N~

» Define cross-shore profiles and/or load spatial fields

* Work with different coordinate systems
* Create and modify bathymetry data: _+ ?+' @

16
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Generic data CoDeS TOOIS%
"w . N N
=
L |

y

Coastline dynamics %f(
Breakwater design @

g Settings

Coastline

S
Wave penetration k’f\

M
Channel sedimentation V

Structures

\._

L

Waves Harbour basin siltation

eCoDeS g

74
. Bathymetry
I\
/C
N

Tide

Sediment

AN
Interactive flow fields kQ/
N~

* Define cross-shore profiles and/or load spatial fields

e Work with different coordinate systems
* Create and modify bathymetry data: _+ !+' "

17
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Generic data CoDeS Toolsxx

y
= | Settings Coastline dynamics vif

§
U Coastline Breakwater design @
NG

&

- - ./a

:‘: Bathymetry Wave penetration k"f

I\ | |
Structures Channel sedimentation '\j

'/a' Waves Harbour basin siltation

/\/\

Tide eCoDeS

Sediment Interactive flow fields

P
&

18
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Generic data CoDeS Toolsx

y
= | Settings Coastline dynamics vif

§
U Coastline Breakwater design @

&

N
~~ SC
- & = Bathymetry Wave penetration Ef
I\ B
Structures Channel sedimentation '\j
/C Waves Harbour basin siltation &
N i
Tide eCoDeS
& Sediment Interactive flow fields b,“

19



4. CoDeS — Generic data — Structures

Generic data

Legend
3.,_ » Background shape files
1’&5udures (StructureType)
"' Brpalgwa!er
wg ChannelAxis v 750,
M HarbourBasin o
== Coastline Y
Bathymetry (X)
- 60
- -53.8
- 476 e
- 414 g™ S
= 352 d ah
- -29
- 228
+-16.6
104

Settings

Coastline

(= I

= Bathymetry

1010
@

Structures

Waves

Tide

.....

Sediment

IR ]

* Design & manage structures,

lgen_Oost | N662

Viissingen_Oost

Viissingen- TN e
Oost x )

Harbourjbasin
x

Aluminjumfobriek

- -

Deltares
Z

CoDeS Tools

<
y
Coastline dynamics vif

Breakwater design
Wave penetration
Channel sedimentation

Harbour basin siltation

eCoDeS g
o Y
\o>
N~

Interactive flow fields

harbour basin, channel axis, etc.

20
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Generic data CoDeS Toolsx

y
= | Settings Coastline dynamics vif

§
U Coastline Breakwater design @

&

N
~~ SC
- & = Bathymetry Wave penetration Ef
I\ B
Structures Channel sedimentation '\j
/C Waves Harbour basin siltation &
N i
Tide eCoDeS
& Sediment Interactive flow fields b,“
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g Generic data CoDeS Toolsx
= | Settings Coastline dynamics vif

9
U Coastline Breakwater design @
~~ YL
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

pi
&

22

Sediment Interactive flow fields

P [ SiB D



4. CoDeS — Generic data — Waves

S

Generic data

+ £|: Bathymetry

+ ‘ Structures

Settings

— /R Waves

~ | Wave climate

§
9/ Coast“ne Hs[m] TpIs] Dir [deg N]  Occurence [-]
1.037 7.557 3283 0.0006823 [«] e
=) AHs 01  [m]

1.043 7.556 3473 0.002957
1.062 8.364 10.02 0.000796 ‘7_‘ @ Afp 1 5l
- 1035 8152 3336 0.0005686 L] s
¢ Bat hy metry 1048 8399 3451 0002729 A ADir 225  [deg]
— 1046 9435 221 00002274 - R
A Wave location: ":." g:f:;\shore
ore
Structures g
Offshore depth: 8 8284 [m] . =
ﬂ ~ | Extreme wave climate (optional) =
Waves Hs [m] o sl Dir [deg N] i
3.54 978 2463 =
M 4.05 11.04 2384
Tide
N Wave location: ?‘ Nearshore =
. © Offshore o
4.\ Sediment :

v @ Information

1 Harbour basin siltation

Wave climate input reduction (bin compression)

Load wave data (time series, climates, extreme waves)
Instantly create joint occurrence tables & wave roses: % @

Deltares
s

CoDeS Tools
X

§
Coastline dynamics st
Breakwater design &i\'

SC
Wave penetration k’f\

= Channel sedimentation '\j

~/

eCoDeS

Interactive flow fields

Offshore = nearshore wave transformation in all tools (linear wave theory)

23



4. CoDeS — Generic data — Waves

Generic data

Settings

Coastline

(= I

= Bathymetry

<

Structures

Waves

Tide

Sediment

P [ SiB D

Joint occurence table

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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10.00 0.00 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.01 0.03 0.03 0.03

0.03 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.03 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.02 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

T T T T T T T T T T T T T T T T T T T T
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 28
Hs [m]

Hs

005

-002

* Load wave data (time series, climates, extreme waves)

Deltares
Z

CoDeS Tools
8

y
Coastline dynamics st

N

Ve
Wave penetration k’f\
NG

Breakwater design

Channel sedimentation V

Harbour basin siltation

eCoDeS g
o Y
\o>
N~

Interactive flow fields

* |Instantly create joint occurrence tables & wave roses: % @

e Wave climate input reduction (bin compression)

» Offshore = nearshore wave transformation in all tools (linear wave theory)

24



4. CoDeS — Generic data — Waves

S

E Settings

Waves

Tide

Sediment

Generic data

Wave rose (Hs, Dir)

210 —

180

0.0875 0175
90

Hs

3.5

2.5

=15

=05

o

Load wave data (time series, climates, extreme waves)

Deltares
s

CoDeS Tools
X

y
Coastline dynamics st

N

SC
Wave penetration k’f\
NG

Breakwater design

Channel sedimentation V

Harbour basin siltation

eCoDeS

Interactive flow fields

R R @

Instantly create joint occurrence tables & wave roses: % @

Wave climate input reduction (bin compression)

Offshore = nearshore wave transformation in all tools (linear wave theory)

25
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g Generic data CoDeS Toolsx
= | Settings Coastline dynamics vif

9
U Coastline Breakwater design @
~~ YL
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

pi
&
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Sediment Interactive flow fields

P [ SiB D
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g Generic data

E Settings

Waves

Tide

Sediment

CoDeS Tools
X

§
Coastline dynamics vif
Breakwater design @

\
SC
Wave penetration Ef
NG

Channel sedimentation '\j

Harbour basin siltation

eCoDeS

Interactive flow fields

pi
&
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Generic data CoDeS Tools 3
+ mBathymeuy
n : : : n + ‘- Structures Y 9
=] Settings * fw Coastline dynamics %f
- " Tide
v |~ Vertical tide A
U Coastline i i Breakwater design
Name Amp. [m] Phase [deg]
o1 001402 -25.37 [l S :
‘.\/: PL 0002 90 t’m" i AR
- $ = Bathymetry |® il g 0| Bsa s Wave penetration

Tidal classification:

Name Level [m] Create from tidal components|

Structures |- o Channel sedimentation

Sediment

Interactive flow fields

©® Along-shore tide () Cross-shore tide

MHWS 0593
MHW 0.505
/ z MHWN 0394 ) ) )
Waves Mst 4705 Harbour basin siltation
MLWN -0.444 N e
MLW -0.506 -
M MLWS -0.578
Tide wr 059 eCoDeS
~  Horizontal tide
Maximum ebb flow 05 m/s
~ Maximum flood flow 05 m/s ‘ v
N~

v) @ Information

e Obtain tidal components anywhere on earth (TPXO 8.0)
* Instantly create water level time series
* Classify to vertical tidal levels (LAT — MSL - HAT, etc.)

28
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Generic data CoDeS Tools

+ m Bathymetry

e o
8 : : : ' + . Structures S }
. San Aftonio }f =y
. + /2 Waves Z
Settings . (
— M Tide ' )

() Vertical tide

<
y
Coastline dynamics st

Breakwater design

Tidal components:

Coastline

Name Amp. [m] Phase [deg]
o1 0.01402 -25.37 E
P1 0.002 -90

(= I

18 [Be )
)|

Wave penetration

<

: Bathymet ry Ql 0.004472 -26.57 Q

S/ Guatemals) Y10
st ge,, onduras

Tidal classification: Tidal waterlevel from components X

A Mame Level [m] Create from tidal components Tidal waterlevel from components . .
Structures | e - e Channel sedimentation
MHWS 0.593 !
MHW 0.505
/ z MHWN 0384 ) ) )
Waves st 473805 el Harbour basin siltation
MLWN -0444 g el
MLW -0.506 § .
M MLWS 0578 E 0
Tide am 06t F eCoDeS
(~) Horizontal tide
Maximum ebb flow 05 mis 0249
N . Maximum flood flow 05 mfs ; . v"
4. Sediment | oo i oo | v vy vt | Interactive flow fields b,
530 600 650 700 750 800 850 M
(+) @) Information Hours

=

e Obtain tidal components anywhere on earth (TPXO 8.0)
* Instantly create water level time series
* Classify to vertical tidal levels (LAT — MSL - HAT, etc.)
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g Generic data

E Settings

Waves

Tide

Sediment

CoDeS Tools
X

§
Coastline dynamics vif
Breakwater design @

\
SC
Wave penetration Ef
NG

Channel sedimentation '\j

Harbour basin siltation

eCoDeS

Interactive flow fields

pi
&
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g Generic data CoDeS Tools%x

= . | Worwwive DA ]h(B i | v 9
= | Settings oastline dynamics =f

N

/C
Wave penetration ﬁ\
NG

y
Coastline Breakwater design

|
oW = Bathymetry

@

Structures Channel sedimentation '\j

Consistent tool input

Harbour basin siltation

Waves

Tide eCoDeS

Sediment Interactive flow fields

ARG
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g Generic data CoDeS TOOlS&X
= | Settings Coastline dynamics %f(

§
U Coastline Breakwater design @
~~ SC
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

Pe [ ST D

Sediment Interactive flow fields

pi
&
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4. CoDeS — CoDeS Tools — Coastline dynamics

&

Settings

Waves

Tide

Sediment

Generic data

~) Related generic data

o Caastline
@) cross shore profile
@) Wave climate
o Sediment
B\ Structures (optional)

Legend
» Background shape files
= Transects layer
Structures (StructureType)
Wl Breakwater
=4 ChannelAxis
W HarbourBasin

Sediment parameter summary

D50: 200 [micrometer]
Porosit: 04[]
Density 2650 [kg/m’]

~) Transport formula

~) Physical parameters

Ereaker index 073 [

Depth of closure
Active height

Water density

# | Computation parameters

N points
Total time

Time interval

5

5

1025

40

20

5

~) Boundary parameters

Left boundary

Right boundary

5=0

ds =

] I

[m]
[m]
[kg/m*]

[
[years]

[years]

>

== Coastline

X [¥t

* Inspect S-¢ curves

* Gross/net alongshore transports (CERC & Kamphuis)

Deltares
s

CoDeS Tools
X

y

Coastline dynamics %f(

N

Ve
Wave penetration k’f\
NG

Breakwater design

| Channel sedimentation &

Harbour basin siltation

eCoDeS

Interactive flow fields

&
&

e Coastline dynamics, incl. structures (Pelnard-Considere)
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4. CoDeS — CoDeS Tools — Coastline dynamics Enabling et Lie ;

Generic data CoDeS Toolsxx

S-phi Curve

&

y

Coastline dynamics %f(

N

SC
Wave penetration k’f\
NG

Setti ngs 150000 -

Y ]
U Coastline 100000
NS |

50000 4

Breakwater design

T o
'/-\' Structures |§ Channel sedimentation V
, a —SUUUU—_
Waves Harbour basin siltation
M -100000—_
Tide eCoDeS

Interactive flow fields

-
&

34

-150000—_
N . ]
Sedlment _ — ————

T L —
-40 -30 -20 -10 0 10 20 30 40
Relative angle Coastline normal - Wave direction [deg]

* Inspect S-¢ curves
* Gross/net alongshore transports (CERC & Kamphuis)

e Coastline dynamics, incl. structures (Pelnard-Considere)
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4. CoDeS — CoDeS Tools — Coastline dynamics Enabling et Lie ;

Generic data CoDeS Toolsxx

) Related generic data

&

Legend

o Coastline » Background shape files
FR @ Cross shore profile Structures (StructureType) 9
Setti @ wore cimate R C line d .
= | Settings @ seimen o ool oastline dynamics
) Structures a == Coastline

Coastline evolution (Ye:
Sediment parameter summary

| L\
9/ Coastline 030 200 [micromete]
Porosity: 04 []
NG

N

Ve
Wave penetration t’f\
NG

Breakwater design

Density 2650 [kg/m’]

- - ~ | Transport formula
: ¢ : Bat hy met [y | croeseformus:  [Komphus -

~ | Physical parameters

Breaker index 073 8]
Structures j‘j"“:‘_":j"’* < {'"; Channel sedimentation V
ctive heigl m] 0
Water density 1025 [kg/m?]

# | Computation parameters

Waves - © u Harbour basin siltation
Total time 20 [years]
Time interval 5 ] [years]

Tide ~ Boundary parameters eCoDeS

Left boundary

Right boundary ds=0 Y
RS .
& Sediment

* Inspect S-¢ curves

Interactive flow fields

$
&
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* Gross/net alongshore transports (CERC & Kamphuis)

e Coastline dynamics, incl. structures (Pelnard-Considere)
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4. CoDeS — CoDeS Tools — Coastline dynamics Enabling Dela Lt %
g Generic data CoDeS TOOlS&X
= | Settings Coastline dynamics %f(

§
U Coastline Breakwater design @
~~ SC
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

Pe [ ST D

Sediment Interactive flow fields

pi
&
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4. CoDeS - CoDeS Tools — Breakwater design enasiing Deta Ut %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

L\

Coastline Breakwater design x

&

B

- ./a

= Bathymetry Wave penetration Ea
NG

Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

Pe [ ST D

Sediment Interactive flow fields

pi
&

37



: Deltares
4. CoDeS - CoDeS Tools — Breakwater design enasiing Deta Ut ;

Generic data CoDeS Toolsxx

(v Related generic data

&

Legend
» Background shape files

(A Generic computation settings - Structure 1

A : : : Il [ Breakwater cross sections locations © 9
Structure [structure 2 - Structures (StructureType)
. - S Wi Breakwater 1 1
= | Settings saftyleel Pedestions unavare) ) | St Coastline dynamics
— Allowable overtopping 0.03 I/s/m W HarbourBasin = |
Depth type @ Varying (generic data) © Uniform - Coastline ST e®
........ ¥
§ ) Batnymeiy 04 . . L Lo
; Automated crestheight calculation Fell s s s s 88 a8 8 a0 2. .
Coastline Sope(1:) 3 . ~fd s esenesene . Breakwater design %
melh w v o v 8 0 8 5 8 0 4
Crest wicth 5 [m] meds 5 s 8 s 8 8 s s e e e
PN mU7" " 5 5 s 5 8 58 m0 s

{» Design storm conditions mi5 "

Hs 354 [m] @ Tt retsssascee
T 278 ° 5
P L . |

. .

Water level 1 [m MSL]

St r u Ct u res Storm duration 6 [he]

Breaker parameter 073 [-]

- - R EEEE _/a
- ¢ S Bathymetry | == et E U =R R S ' _ Wave penetration k’a
NG

Channel sedimentation V

N\
/C
ava

Offshaore depth 100 [m]
(~)Armouring A A s EAEESASAEddassa s s s X e b b . .| . .‘_.
Waves e e — = Cosaciona e agn | Lovgroel breowater desion X |Dupapropaies ] Harbour basin siltation
SR
Armeur density 2850 lkg/m’] Longitudinal breakwater design| ’
Water density 1025 [kg/m’]
. Layer cosficient 1 [kt
Tide e . eCoDeS
National permeability 0.4 G| =
Damage number 2 5] f h’l
F0q | N>
N ) () Reduction factors E . . P g
Sediment | unitcostprice ? Interactive flow fields b,
1204
> x L L e B I L L B B L B BB L BB \w
0 50 100 150 200 250 300 350 400

* Design rubble mound breakwaters (rock manual)
* Due to varying waves, bathy, overtopping, safety levels, etc.

* Armor, filter & core layer design, dimensions, volumes & costs estimate
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4. CoDeS - CoDeS Tools — Breakwater design

&

E Settings

Waves

Tide

Sediment

Generic data

Cross-sectional breakwater design

10 H

wn
1

Level w.r.t. MSL [m]

=
1

* Design rubble mound breakwaters (rock manual)

Deltares
s

CoDeS Tools
X

y
Coastline dynamics vif

Breakwater design %

VA
Wave penetration k’ﬁ\
NG
Channel sedimentation V

Harbour basin siltation

eCoDeS

Interactive flow fields

-
&

* Due to varying waves, bathy, overtopping, safety levels, etc.
* Armor, filter & core layer design, dimensions, volumes & costs estimate
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4. CoDeS - CoDeS Tools — Breakwater design enasiing Deta Ut %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

L\

Coastline Breakwater design x

&

B

- ./a

= Bathymetry Wave penetration Ea
NG

Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

Pe [ ST D

Sediment Interactive flow fields

pi
&
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4. CoDeS — CoDeS Tools — Wave penetration Enabing Detta Lt %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

L\

&

§
U Coastline Breakwater design 4
~~ YL
- ¢ = Bathymetry Wave penetration E’f\
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Pe [ ST D

Sediment Interactive flow fields

Tide eCoDeS g
o Y
\o>
N~
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4. CoDeS — CoDeS Tools — Wave penetration Enabing Detta Lt ;

Generic data CoDeS Toolsxx

&

f‘ Related generic data “. Legend
..... o Coastline 13 &‘ckgmund shape files
o Structures Slruc*lres (StructureType) 9
e - o Wave conditions (optional) | [z H H
= | Settings = CHaMEIATS o Coastline dynamics
— ” W HarbpurBasin
v Wave condition — Coastlire
Hs[m] Tpls] Dir[deg N] Dir spread [deg] Wave penetration output (Hs [m])
. 4 12 240 El ®o7ms | ; -/-\.
U Coastline o1 Breakwater design
Structures ® 1.625 ‘\ \x
o 2.047 2
~~ Breaknater 1 ® 247 \ e
Bresbrnter 2 ® 250 : .
- ¢ = Bathymetry |, ® 331 S, | Wave penetration E’ﬁ\
Harbor depth 10 [m] K
Calculati
alculation type

Structures ® Anaiytics!

) Diffrac2DH

Channel sedimentation V

Waves (%) © Information Harbour basin siltation

N\
/C
ava

Tide eCoDeS

Sediment

Interactive flow fields

* Wave penetration in a harbour basin, based on diffraction patterns

* Combined Sommerfeld solutions (Cornu spirals) or DIFFRAC-2DH
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4. CoDeS — CoDeS Tools — Wave penetration Enabing Detta Lt ;

Generic data CoDeS Toolsxx

&

f‘ Related generic data \‘ Legend
..... o Coastline 13 B‘ckgmund shape files
o Structures St: res (StructureType) 9
= - . reakwater . .
= | Settings D e conciorsfoptirad = ChamslAis, o Coastline dynamics vif
Wave condition m Harb\urBasin
== Coastlin
9 Hs[m] Tpls]  Dir[deg N] Dir spread [deg] Wave penes;i{n output (Hs [m]) j-\-
. 4 12 340 -30 ® 0108 . )
U Coastline eomn | Breakwater design
Structures o 1546 ‘\ Y
o Breakwater 1 K
- & - I /e
=¥ = Bathymetry | Wave penetration E’f
Harbor depth 10 [m]

NG
Channel sedimentation V

Calculation type

Structures © Anlytics!

@ Diffrac2DH

Waves (%) © Information Harbour basin siltation

N\
/C
ava

Tide eCoDeS

Sediment

Interactive flow fields

* Wave penetration in a harbour basin, based on diffraction patterns

* Combined Sommerfeld solutions (Cornu spirals) or DIFFRAC-2DH
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4. CoDeS — CoDeS Tools — Wave penetration Enabing Detta Lt %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

L\

&

§
U Coastline Breakwater design 4
~~ YL
- ¢ = Bathymetry Wave penetration E’f\
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Pe [ ST D

Sediment Interactive flow fields

Tide eCoDeS g
o Y
\o>
N~
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4. CoDeS — CoDeS Tools — Channel sedimentation Enabling Delta Lite %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

&

Y
U Coastline Breakwater design @
o2 /e
:&: Bathymetry Wave penetration Ef
M
Structures Channel sedimentation V
Waves Harbour basin siltation sl

Sediment Interactive flow fields

Pe [ ST D

Tide eCoDeS g
o Y
\o>
N~
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4. CoDeS — CoDeS Tools — Channel sedimentation Enabling Delta Lite ;

Generic data CoDeS Toolsxx

&

Sedimentation thickness [m/m]
Sedimentation Access Channel: Original Bathymetry & Channel Level over time
= | Settings kP Coastline dynamics V,f
== T=12.0 months Mean=-17.5m+M5L Max=-16.8m+MSL
= T=24.0 months Mean=-153m+MSL Max=-14.0m+MSL
' L\
U Coastline ? Breakwater design
\
o~ /e
- ¢ < Bathymetry | Wave penetration k’f\
Structures i | Channel sedimentation V
ﬂ \.{.'_.‘_o'..
Waves Harbour basin siltation s
-20 e
Tide eCoDeS g
]
~ AN
4.\ Sediment Interactive flow fields b,
CII T SIU T IIUICII o II;U‘ o ‘2!‘!0 T ‘lliul o IZCIIUI o ‘E;UI o I-ﬁUICII o IA;U‘ o ‘S!‘!U T ‘5.‘50‘ o M
Distan: long Access Ch | [m]

e Sedimentation in access channel (based on v. Rijn tool SEDPIT)
* Morphodynamic feedback loop & automated sensitivity analysis
* Along & cross channel visualizations & bulk quantities

* Due to tide, waves, sediment characteristics & geometry
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4. CoDeS — CoDeS Tools — Channel sedimentation

(= I

@

Pe [ ST D

Generic data

Settings

Coastline

= Bathymetry

Structures

Waves

Tide

Sediment

v Related generic data

) Geometry
Channel bed level

Channel width

Side slopes

~) Hydraulic conditions

Tidal direction

Phase difference tidal level-flow
~) Sediment

Suspended concentration Clay
Suspended concentration Silt
Settling velocity Sand

Settling velocity Silt

Settling velocity Clay

v ) Sedimentation

~) Miscellaneous

Total time period

Calculation rounds incl. bed update
Number of calculation points

) Sensitivity analysis

(v) @ Information

01

005
002
0001

0.0001

24

10

[m+MSL]
[m]

[m/m]

metry bed level

kg/m3]
kg/m3]
[m/s]
[m/s]
[m/s]

[month(s)]
[rounds]

[points]

> X

N

Profile channel [Slider] X |Tidal conditions | Sedim

Level [m+MSL]

N
o
!

]
|

| Channel sedimentation

Profile channel [Slider]

Sedimentation Access Channel: Profile (Excavation Profile & Sedimentation over time)

Centerline

= Original Bathymetry
Dredged Channel

\ /

€dged Channel
\ L T=12.0 months
/ == T=24.0 months

L B A o e e LA o e S NS e e
-150 -100 -50 0 50 100 150 200
Distance [m]

Along & cross channel visualizations & bulk quantities

Deltares
Z

CoDeS Tools

Coastline dynamics
Breakwater design

Wave penetration

Harbour basin siltation

eCoDeS

Interactive flow fields

Sedimentation in access channel (based on v. Rijn tool SEDPIT)

Morphodynamic feedback loop & automated sensitivity analysis

Due to tide, waves, sediment characteristics & geometry
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4. CoDeS — CoDeS Tools — Channel sedimentation Enabling Delta Lite %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

&

Y
U Coastline Breakwater design @
o2 /e
:&: Bathymetry Wave penetration Ef
M
Structures Channel sedimentation V
Waves Harbour basin siltation sl

Sediment Interactive flow fields

Pe [ ST D

Tide eCoDeS g
o Y
\o>
N~
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4. CoDeS — CoDeS Tools — Harbour basin siltation Enabling Delta Lite %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

&

9
U Coastline Breakwater design @
o2 /e
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j
Waves Harbour basin siltation “z

Pe [ ST D

Sediment Interactive flow fields

Tide eCoDeS g
o Y
\o>
N~
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4. CoDeS — CoDeS Tools — Harbour basin siltation

Generic data

Settings

Coastline

<0

NG

-4

= Bathymetry

'/-\' Structures
'/a' Waves
I\/\

Tide

Sediment

\_' | Related generic data

Legend

'j-_\i Geometry harbour

Width harbour entrance 370 Im]
Initial bottom level inside harbour -20 [m+M5L]
Entrance factor: horizontal eddy flood flow 01 1]
Entrance factor: horizontal eddy ebb flow 0.03 -1
290 <80
1=0.03 1=0.02 120.05

(%) Mydraulic characteristics

() Sediment characteristics
Concentraticn outside harbour (constant)
Concentration outside harbour (max variable)
Settling velocity sediment
Bulk density

':‘_‘.‘ Sensitivity analysis

Sensitivity parameters

Flow velocity U
Entrance Width U

Susp. Sediment Cc )
Settling velacity )

\:' 1 P Information

01 [kg/m3]
002 [kg/m3]
0.0003 [mmi's]
400 [kg/m3]

20 %

10 %

30 %

30 %

>

X

» Background shape
Structures (Struct

- Coa.ﬂﬂ%'?:u:l'
Jevel [m MSL])

- ' 3l
Tidal conditions outside harbour |EXChEHQE volume through entrance X |Cancentrat\on within harbour | 5

Exchange volume through entrance
Harbour Entrance: Exhange Volumes due to Tide, Entrance and Salinity [m3/s]

zeroline
Tidal Exchange [m3/s]
= Horizontal Eddy Exchange [m3/s]
a0 Salinity Exchange [m3/s]
w
=
£
&
04
T T T T T
0 5 10 15 20

Time during tide period

2 Channel sedimentation o

Deltares
s

CoDeS Tools
8

y
Coastline dynamics st

N

SC
Wave penetration k’f\
NG

Breakwater design

Harbour basin siltation

eCoDeS

Interactive flow fields

R

e Siltation in a harbour basin (based on v. Rijn tool SILTHAR)

* Concentrations, siltation quantities & automated sensitivity analysis

* Due to tide, sediment characteristics & geometry
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4. CoDeS — CoDeS Tools — Harbour basin siltation Enabling Delta Lite ;

Generic data CoDeS Tools

<

| v Related generic data

Legend
) Geometry harbour » Background shape files
apaaa = = Structures (StructureType) 9
LA Width harbour entrance 370 [m] ‘ Braakwater
H Initial bottom level inside harbou 20 MsL] B anneEuns H H
— Settlngs nitial bottom level inside harbour [m+MSL] 5 Coastllne dynamlcs
— Entrance factor: horizontal eddy flood flow 0.1 H w Coasthine :
) Enfrance factor: horizontal eddy ebb flow 003 H Baihyimeiviz gy
® 34
. ® 306 A
Coastline —I |— Z f T\ Xm —[ ]— * 272 : , Breakwater design y
® 238 < ) ¢
120.03 1=0.02 120.05 n-n,ozs ® 204 N 4 . 3 S b
"""" e 17 3 m 250 iscq 750 1000 .
- 1a2c e -
& B at hy m et ry Output properties I'ﬁdal conditions outside harbour IBtchange volume through entrance | 5 W a V e p e n et r at I O n k
E— nzoms P o o Concentration within harbour
[RRREOW). [withpilescreen) Harbour Basin: Mud concentration inside and outside harbour [kg/m3]
A v ) Hydraulic characteristics 012 A 3 R =
(~) Sediment characteristi ' v & \ — zeroline
Structures mentcharsceisics — ¥ . s | | Channel sedimentation =\...
Concentration outside harbour (constant) 01 [kg/m3] i 4 N / ‘\ = Inside harbour 00
Concentration outside harbour (max variable) 70,02 i [kg/m3]
/ i : Settling velocity sediment 00003 mm/s]l | o \. R
£0.08 b b . . I . .
Waves Bulk density 400 kom3 | 2 Harbour basin siltation
) Sensitivity analysis -E
E0.06 -
M Sensitivity parameters §
H Flow velocity D ; % _§
Tide < 200t eCoDeS
Entrance Width Y 10 %
Susp. Sediment Cc U ; %
0.02 N »
~ Settling velocity O 30 % A
Sedi I ive flow field
ediment > X nteractive Tlow tields
_— N~
- ; 0 5 10 15 20
(v ) @) Information Time during tide period

e Siltation in a harbour basin (based on v. Rijn tool SILTHAR)
* Concentrations, siltation quantities & automated sensitivity analysis

* Due to tide, sediment characteristics & geometry
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4. CoDeS — CoDeS Tools — Harbour basin siltation Enabling Delta Lite %

Generic data CoDeS TOOlS&X

y
= | Settings Coastline dynamics vif

&

9
U Coastline Breakwater design @
o2 /e
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j
Waves Harbour basin siltation “z

Pe [ ST D

Sediment Interactive flow fields

Tide eCoDeS g
o Y
\o>
N~
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4. CoDeS — CoDeS Tools — eCoDeS Enasling Deta Life %
g Generic data CoDeS TOOlS&X
HH J
= | Settings Coastline dynamics vif
9
U Coastline Breakwater design @
~~ YL
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

$
&

53

Sediment Interactive flow fields
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4. CoDeS — CoDeS Tools — eCoDeS

S

Settings

Coastline

<.

|
- ¢ = Bathymetry

'/-\' Structures
'/a' Waves
/\/\

Tide

Sediment

Generic data

Deltares
s

CoDeS Tools
X

I_\ | Related generic data

Interactive flow fields

T T, e
0 Settings » Background shape files :.'_:f-'
0 Bathymetry » Pointclouds 9
zeehond-water depth Mﬂje) N287 : H
@ Species Y Coastline dynamics
1
species zeehond - i =g.=g; e /‘
'} | Respanse curves E @03’ ) A
wegetation I .: g: MN57 Brea kWater deS|gn x
| = A N\
water depth b ...1)_6 A
A 578 Walcheren 1o
salinity T y .
s 5 .
B T < * Middelburg— Wave penetration k"f
5% '@, 1 Ly
[ New from selected domain ] U - -
:\' Domain maps SEHH . .
Channel sedimentation “\gef”
etation -
vwzgter depth bathymetry
=alinity \"o
temperature . . . oont
zee:ond—waterdepth zechond-water depth-2018-07-17 15.37.5&: H ar b our b a Sl n Sl |tat I O n ‘.. L 528
K |
@ ke eCoDeS
.~ Response maps
method to combine  minimum A
~
\&~
N~

\_f ) @) Information

 Suitability maps for different species, based on their response curves
e Multi-variable dependencies & integrated species database

* Inter-dependencies between species (e.g. a prey — predator cycle)
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4. CoDeS — CoDeS Tools — eCoDeS Enabling Delta Life ;

g Generic data CoDeS Toolsxx

~ ) Related generic data Tugece e =N57 <
@ settings
§
Coastline dynamics st

o o
..... o Bathymetry Sagau” OU0S 3
a0 Veg: alue)

YL
Wave penetration E‘f
NG

N255

—_ | Settings specs <eehond

~ ) Response curves

g

vegetation

9 water depth
9/ Coastline sty
M

=

Breakwater design

o O
i

vegetation vegetation.csv
water depth bathymetry
salinity B

@]
depth hond- depth-2018-07-17 15.37.51.c
]

Structures | = Channel sedimentation o
i

~ ) Response maps

Pl
|
S

method to combine  minimum

Waves > X

v) @ Information

Harbour basin siltation

Tide eCoDeS

1253

Sediment Y‘/‘l\g\\‘\\\ s 8 A} Interactive flow fields
-

 Suitability maps for different species, based on their response curves

(XA W

e Multi-variable dependencies & integrated species database

* Inter-dependencies between species (e.g. a prey — predator cycle)
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4. CoDeS — CoDeS Tools — eCoDeS Enasling Deta Life %
g Generic data CoDeS TOOlS&X
HH J
= | Settings Coastline dynamics vif
9
U Coastline Breakwater design @
~~ YL
:¢: Bathymetry Wave penetration Ef
NG
Structures Channel sedimentation '\j

Waves Harbour basin siltation

Tide eCoDeS

$
&
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Sediment Interactive flow fields

Pe [ ST D



: : Deltares
4. CoDeS — CoDeS Tools — Interactive flow fields Enabling Delta Lie %

Generic data CoDeS TOOlS%

y
= | Settings Coastline dynamics vif

§
U Coastline Breakwater design @
NG

&

- - ./a
- ¢ = Bathymetry Wave penetration Ef
I\ | |
Structures Channel sedimentation '\j
Waves Harbour basin siltation
N i
Tide eCoDeS
NS
N >
Sediment Interactive flow fields \Q,
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4. CoDeS — CoDeS Tools — Interactive flow fields Enabling Delta Lie ;

Generic data CoDeS Tools%x

&

/
HHH Lol J
= | Settings ;g’;zﬁ’wfp;ﬂf;:/ 1 Coastline dynamics vif
o /

L\

Breakwater design 3

Ve
Wave penetration ﬁ\
NG

Interactive flow fields &9,“

'/_\' Structures “ Channel sedimentation v

/a. \-

Waves Harbour basin siltation s

I\/\ ,
Tide eCoDeS

NS

N~

Sediment

e Automatic Delft3D Flexible Mesh model based on harbour design

* Design can be changed while the model runs (instant results)
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4. CoDeS — CoDeS Tools — Interactive flow fields ;

Generic data CoDeS Tools&x

—Fﬂxed)ﬁm ,‘ 4/* ’ . B 9
Coastline dynamics vif

Breakwater design '/_\'

U\

E Sett|ngs o CfObservgt}Oan'ms, #!
VA
Wave penetration ﬁ

&

“?r\/athp Croay Segt(ons

wa ps4 4’ f f
9“’5 ﬂ G g ,‘- j

9 R
U Coastline |l J Zunﬂa{:es/ X
Al 11 e

$ = Bathymetry

'/_\' Structures | . ! X 2 Channel sedimentation '\j
Q | \ : & _,e?‘"} y N ,,;:...: \.‘.._;.
Waves | ”’fnj N S Harbour basin siltation 4
l\/\ :
Tide eCoDeS

Interactive flow fields

ol e e

Sediment

e Automatic Delft3D Flexible Mesh model based on harbour design

* Design can be changed while the model runs (instant results)
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4. CoDeS — CoDeS Tools — Interactive flow fields Enabling Delta Lie %

Generic data CoDeS TOOlS%

y
= | Settings Coastline dynamics vif

§
U Coastline Breakwater design @
NG

&

- - ./a
- ¢ = Bathymetry Wave penetration Ef
I\ | |
Structures Channel sedimentation '\j
Waves Harbour basin siltation
N i
Tide eCoDeS
NS
N >
Sediment Interactive flow fields \Q,
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4. CoDeS — CoDeS Tools — Interactive flow fields Enabling Delta Life %

g Generic data

v

NG

100
-«
100

Pe ST D

Settings

Coastline

Bathymetry

Structures

Waves

Tide

Sediment

CoDeS Tools
X

y

Coastline dynamics &f(
Breakwater design @

S
Wave penetration k’f\

M
Channel sedimentation V

eCoDeS g

[,V 4
Interactive flow fields kQ/
N~

Harbour basin siltation

61



T . Deltares
5. Highlights & conclusions Enabing Deta Lt ;

* CoDeS tools are fast & interactive

* Reproducibility & validation through version control & test bed
* Integration of different disciplines & tools

* Applicable anywhere on earth with uniform tool input

e All physics & mathematics scripted in Python

* In practice, CoDeS proved very useful during:
— Early stages of a project (e.g. tender/proposal, (pre) feasibility, desk studies)
— Interactive design sessions
— Engagement, understanding, communication & education of stakeholders
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6. Future developments Enabing Deta Uite ;

 Following

— CoDesS pilot (2014 — 2015) o i
— CoDeS 1.0 (2015 - 2016) i Royal Deltares

HaskoningDHV Enabling Delta Life 7-
— CoDeS 2.0 (201 7 —201 8) Enhancing Society Together 5

 We are open to welcome new partners for CoDeS 3.0, focusing on:
— Data?
* E.g. metocean databases, remote sensing derived data, statistics

— Coasts/ports?
e E.g. nautical aspects, channel design, port design, nourishments, reclamations, dredge plumes

— Offshore renewables?
* E.g. extreme conditions, workability, metocean conditions, energy islands/offshore hubs

* Feel free to approach me during the conference to discuss or ask for a demo!
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