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Motivation

A need to assess the fate of coastal
pollutants, sediments, ecosystems,
people ...

Tijuana river
sewage plume

Coastal erosion
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coastal pollutants ...
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Stationary and transient

circulation

«——+———— surfzone
|

Channeled Rip Currents

Sandbar on ocean floor

Sandbar on ocean floor
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Flash rips from short-crested waves
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Sar{idb’ar} on ocean floor

3D wave-averaged CROCO
‘ Channeled rip currents

Biscarrosse Beach, June 2007
(Marchesiello et al., 2015)
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What about transient rips ?

v The nearshore zone is
essentially non-stationary
(Tang & Dalrymple, 1989):

» need for wave-resolving models

v Surfzone eddies affected by vertical
shear (Marchesiello et al., 2021):
» need for 3D wave-resolving models

Vertical circulation

) «——— surf zone

Flash Rips
~

Mini rips

Small scales

(foam) \ ‘

Surfer

¥
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Flash rips in 2D Boussinesq
wave-resolving models

2D wave-resolving Boussinesq model
(Feddersen et al., 2011)
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Flash rips in 2D Boussinesq
wave-resolving models

Too much VLF energy?
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i Feddersen et al. (2011)
2D wave-resolving Boussinesq model Also Spydell & Feddersen (2009)
(Feddersen et al., 2011) Kirby & Derakhti (2019)
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3D wave-resolving models

Time scale < wave period

(Lubin & Glockner, 2015)

» Free-surface RANS models:

CROCO Time scale > wave period
NHWAVE
SWASH [ e
0 0.05 0.1 0.15 02 A turbulence model is needed
e v e i e 7 for time scales < wave period

(Marchesiello et al., 2021)
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CROCO

Coastal and Regional Ocean COmmunity model

ROMS

CROCO project:

v Accuracy & efficiency
v Realistic applications
v Large user community
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Non-hydrostatic solver



Non-hydrostatic solver

» Weakly compressible approach (Auclair et al., 2018)

4 incompressible Weakly-compressible
NH dynamics spectrum

Energy

slow acoustic waves

¢, < 1500 m/

-
e’ S
‘— o -~
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Frequency

In the nearshore, where long waves are slow, we can use a
sound speed of order 10 m/s
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Non-hydrostatic solver

» Weakly compressible approach

_ 2 P
P =D, +Py~+cip i
Homogeneous linearized equations
du =—gon — c2o.p; Ipg
ow = — Cszazpf /00 Local NH pressure correction
«—+ rather than global correction through elliptic
atpf =—pp (O u + dw) solver:

% better parallel performances

Boundaty conditions / < Exact boundary conditions
<

_, =20
Py Efficiency :
o = w|.— < Small ¢, ( 2 +/gh)
Wl_g =20 % Time-splitting
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CROCO test cases:
Chen et al. (2003) TANK

Standing wave caused by a sinusoidal

free-surface set-up
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Sloshing test cases:
Chen et al. (2003)

Standing wave caused by a sinusoidal
free-surface set-up

Non-Hydrostatic Case

TANK test case
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Wavemaker correction



Wavemaker with frequency and directional spreading

Z (m)
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JONSWAP wave spectrum
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Wavemaker correction for the standing wave problem

Darlymple (1975), Salatin et al. (2021)

Wave-resolving models generally use a classical
double summation wave-maker:

Npe(Y> 1) = Z a; Z djcos(ky,i,jy —wt — ¢l.j)
l / ! \ Directional spread

Amplitude depending on a

frequency spectrum

= Littoral
. . dri
... leading to wave coherence, i.e.,

stationary interferences between
waves of different directions with
same frequencies (phase-locking)

-

7

directional
spread
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Wavemaker correction for the standing wave problem

Darlymple (1975), Salatin et al. (2021)

Wave-resolving models generally use a classical Wave-maker modification such that all wave

double summation wave-maker:

Npe(Y> 1) = Z a; Z djcos(ky,i,jy —wt — ¢ij)
l / ! \ Directional spread

Amplitude depending on a N

frequency spectrum —

Littoral

L]
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600

components have distinct frequencies and
directions:

Moy, 1) = Z adicos(k,;y — ot — ;)
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Sea Level Undertow
0.03 " . :
= CROCO
0.02 e OBS ‘ 0

v Resolution: 6 cm, 10 sigma levels
v Breaking-induced turbulence:
WENOS + k- model
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Large-scale flume
LIP-11D (1B) - Roelvink & Reniers (1995)

JONSWAP
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U [m/s]

Turbulence model :

‘lovermixing in potential flow region

Well-known problem: the stagnation point anomaly (Launder and Kato, 1993)

Overmixing when Q < §

g = 1 [ ou; + ou; Strai
=5 ox o, train

0 L[ oy ou; .
i =7 o ox vorticity

23

stagnation point

low pressure

high pressure

JMVPR2023



X [m]
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Stabilized turbulence closure

Larsen & Fuhrman (2018),

A stabilized turbulence model (limiting P) is needed in
potential flow regions to maintain innershelf stratification

~ k-W model Stabilized k-
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Application to a longshore-uniform
beach in Grand Popo, Benin

Resolution: 50 cm, 10 lev.
SGS model: WENOS + k-w

Z (m)
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Shallow vs. Deep breaking experiments

Shallow breaking (3D)
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Depth (m)

Depth (m)

Deep breaking (pseudo-2D)
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Wave-mean vertical vorticity patterns
Flash rips and mini-rips

Shallow breaking (3D) Deep breaking (2D)
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Rib structures in turbidity
with a suspended sediment model

300 300 300
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Rib st

200 200 200
150 | 150 150
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Turbidity patterns (brown) and foam/convergence lines (white)
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Vertical Shear instability

spanwise rollers & streamwise vortices

Q=-5-221
20x; Ox;
Cross-shore 0
Alongshore s

Primary & Secondary instability
(Pierrehumbert & Widnall, 1982):

] 145 ~ 5m

; ~
. “'stream [ span

! U »
f:vtream/span ~ 00153 ~ (40 s)

~ 40 cm

max

0
o is vorticity thickness AU/ a—u
Z
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Vertical shear instability

Energy production

Depth (m)
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Turbulence cascades
less VLF, more IG eddies

><"|0'3

0.5

Inverse cascade
<
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Turbulence cascades
less VLF, more IG eddies

Infragravity

Model 3D SC
Model 2D SC
- ADV data

1072 107"
Frequency [Hz]
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Nearshore mixing

IBO9 tracer experiment
PhD thesis of Simon Treillou

* IB09 experiment for nearshore mixing in the Southern
California Bight (Hally-Rosendahl & Feddersen, 2016)

Imperial Beach, California

Hally-Rosendahl & Feddersen (2016)
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https://pinc.ucsd.edu/2023/01/22/first-dye-release/
https://pinc.ucsd.edu/2023/01/22/first-dye-release/
https://pinc.ucsd.edu/2023/01/22/first-dye-release/

IBO9 modeling with Funwave
Hally-Rosendahl & Feddersen (2016)
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Reasonable results with 2D wave-resolving model, but:
e underestimates mixing in the surfzone
e overestimates exchange with the inner shelf
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a necessary “background” diffusion
in 2D models
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Resolution: 1 m,
10 vertical levels
WENOS + k-0

Timestep 20ms

Y (m)



IBO9 CROCO

Shallow breaking (3D)

Vertical vorticity at t=0h33min

modeling

Deep breaking (2D)

Vertical vorticity at t=0h32min
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Y [m]
I =Y
g 8

Surf-shelf exchange

Tracer profile at y =1000 m
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Effective diffusivity

K.~ 1 m?s~! (Clark et al., 2010)

Breaking waves (Svenden et al., |987) Shear dispersion (Pearson et al,, 2009)
27,2
3 261 0.01 L 0.1
k.~ 0.014/gh° ~0.04 m-s Ky ~ V. ~ 0.1 m’s
t 5
Kk,
Ub
- shear flow initial plug of  differential transverse >
pollutants advection diffusion
// Flash rips W Mini-rips

300

Surf eddies (Clark et al.,2010)
k. ~01UL~1m?™! 200

.
-150 -100 -
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Effective diffusivity

Shear dispersion

(monochrom. waves
no perturbation)
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Shear dispersion
+ mini-rips
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Shear dispersion
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Effective diffusivity

Estimation of surfzone cross-shore diffusivity
(Clark et al., 2010):

1 do? J2 IxIPD(x, y)dx
Ky = ——— with c* = l;o =
2 dt f_oo D(x,y)dx
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Effective diffusivity
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CONCLUSIONS

+ Free-surface, wave-resolving RANS models are F
now ready for realistic nearshore problems ‘,.-__,wgf' )

+ Vertical shear alters nearshore dynamics

Shear instability produces mini rips: intermediate
range of turbulence (within IG range)
Reduces inverse cascade toward VLF (flash rips)
Reduces instability of longshore drift

+ Impact on nearshore dispersion
Weaker flash rips reduce surf-shelf exchange
Shear dispersion and mini-rips provide fast mixing in
the surfzone (background diffusivity)
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