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The Challenges in Norway

 Deepwater

” 14.93 _
190402
8.54
%17 - ‘ "'.
1275
_ 78
8.85 pia 7
Z.0 "38 243
12,36
11.14 .
| 806 ‘
o -
Tarnskjer
7.88
14 54 ~ 2.18 8
11.7%
0.55
! 6.35
d 2048
367 .
0.2 4
947 b A ) (09 : 59
6.95 4 Flambergs-
i odden
1.6 > 5
97 :
%) 026 L&
© Kyta (A
(4] o Q
0 Andene
0 B 5o L
J P |
Gam-" . *
5 2o 099 e
% | {‘_.‘z
_ i1 ~ holman
0 . [ N Nid S
vV L=V
LB | J J : v “‘_
) : 9, Bt
v % - § "3,
. &® ons

Skjeggfallan = .. .. o ey

2216

' 13 1208 374 b -
p , 119.72 ‘
445 209.97 - 26025 L
01 0.2 g ‘ 29989
. . J
: L 4 313
11,13 , “ Flesan .-
0.77 - 2838 11747 -
5.04 18. 286,29 {
) 6.6¢ 462" 276 . 254,68 ‘_
| ,59 37 ‘ A
5.45 282 |
) 0.48 ‘
Ertenskjeran 401 85.49 245,79 268.89 286.49
e 9 Tverrbden
) !
V “‘“‘:[ I3 96 bee | A"' 315
44 ,
- -1.4 169.22 24453 - ‘
' 24,07 - ‘
g 12 19 418 275.76 ‘
) - 297,56
Skarvbar- .95 ) o - ,
8 2462 23812
> 6 e 180.2 J
34 I
28828 = === = 28245
1342 3637 e =t ) | 307.81
1366 17.91 ‘_______..— J
"""" i 1564 267.51 \
145 266,69 \
48.28 216,14 " o
1 088 .08 2681 \
RE A / R
N Nakkespirmoloen 13
- _ 841 49,51
. 5 45 ¢ 73 20338 \ 284.66
Vika- ey : 250.56
.03 b
\ 015 bukta ! J, 198 / J‘
Y K o sy 23328 '
¢ L3 L | ;
I"‘Vl abel'get e 17.31 431 20068 == ; R
158 =
- ¥ 3 ‘
: 12.45 :
~ Andenes | o 28504 a
:‘ 6.73 ond 197 !
W e~ 153 ‘e 5.28 1283 25;”
y 0112 6.92 028 20.26 78.41 [
‘ 1064
[ 025 036 15.09 410 . 276.12 291,01
13158

Andenes, Versteralen Archipelago

 Rapid water depth variations

y. o A - 0. § ‘
VB ) ) 7.97 '
“ gl _ 291.76
] ——t N 06 137 648 T v - A 1
“e\e - , ‘ ] o ; .90 12.47 6.1 0.6 : \ 3?&
¢/ (- \ ' 202.49 ) j

11,22 1283 066 Lo 2 164,44 2522 27438 ‘

max mw

* Strong diffraction



Limitations to commonly used numerical wave models

Spectral models Shallow water models Mild-slope model
e.g.SWAN e.g.FUNWAVE e.g. CGWAVE
Diffraction Water depth Depth gradience

kd ~ 4 Slope < 1:3



REEF3D
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- Developed at the Department of Civil and
Environmental Engineering |

Multiscale Framework:
- high-order discretization (FDM)
- mesh with immersed boundary

- high-performance solvers _ '.
- consistent parallelization (MPI) CFD Two-Phase Navier- NHFLOW Non-hydrostatic

- hydrodynannc Couphng StOkeS EquatlonS NaV|er‘StOkeS EquatIOnS

Multiphysics for Hydraulic, Coastal, Offshore:
- sediment transport
- floating bodies
- porous structures
- vegetation
- stratified flow

- Published under GNU GPL v3

FNPF Fully Nonlinear SFLOW Non-
www.reetdd.com Potential Flow hydrostatic SWE




REEF3D:FNPF

REEF3D::FNPF

- Fully-non linear potential flow

- stable and accurate for steep and breaking
waves

-from deep to shallow water (bathymetry
effects included)

- coastline algorithm for irregular boundaries

Bjornafjord 45 km x 35 km




REEF3D::NHFLOW

Coastal dynamics REEF3D::NHFLOW

- Non-hydrostatic model
- wave features similar to FNPF
-includes coastal processes €e.g:
- current
-turbulence
- wind
- sediment

Wind + Current + Sediment
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Wave Gauges
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NORA-SARAH
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Met-Ocean data

Phase-averaging Phase-resolving

wave model wave model
e.g. NORAS3 e.g. SWAN ©.9.
NORA10 REEF3D::FNPF
DNORA REEF3D::NHFLOW

Computational fluid
dynamics (CFD)

e.g.
REEF3D::CFD



NORA-SARAH

NORA-SWAN-REEF3D-ALE-HDC

All codes open-source / All data open-access

Wave propagation & Interaction

NORA = _ > SWAN
Wind forcing

Offshore

Nonlinear wave transformations
REEF3D:FNPF [T SWAN | > REEF3D::FNPF
Resolve plunging breaking wave HDC/

Wave forces ALE & time series
REEF3D::CFD A REEE3D:-FNPF ! > REEF3D::CFD

High-fidelity High-efficiency Wave-structure interaction

Extreme wave loads force calculation




NORA-SARAH
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NORA-SARAH
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NORA-SARAH

3.56 h simulation
256 cores ;
4.9 h completion 4- | |
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NORA-SARAH
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NORA-SARAH

NORA-SWAN- REEF3D-ALE-HDC

Structure

* Open  Automatic « Al-powered



NORA-SARAH.AI

Machine Learning (ML) prediction of shoaling wave height (To be presented in ICCE 2024)

Hs at
Hanegalsboen
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REEF

- REEF3D: unique framework solution with
coastal, marine and offshore engineering ‘
- Open source!

- Growing demand for phase-resolved large-
scale wave modeling and wave-structure
Interaction

- Growing demand for commercial REEF3D
collaboration

- Innovation: making cutting edge knowledge
available for industry usage

- This presentation: examples of previous
REEF3D applications highlights the model
capabillities




