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Context of EPIGRAM

» Improve the knowledge of hydrodynamic phenomena in the
surf zone and the inner-shelf

» Application on Biscarosse Beach:
Academic test

Comparison with previous data -> current study of A.-C. Bennis

» And extension to other zones !



Wave effects on the circulation

The main influences of waves on current
are:

» On the bottom (Soulsby et al., 1995):
modification of the bottom stress

» At the surface (Donelan et al.,, 1993)

Modification of the roughness lenght and
the surface stress

on turbulent kinetic energy at the surface
with an enhancement by wave breaking
(Mellor and Blumberg, 2004) and also on
mixed layer formation (Craig and Banner,
| 994; Rascle and Ardhuin, 2009).

Generation of the Stokes

» Additional mean transport in the surface
layer that can be parameterized as

radiation stresses (Longuet-Higgins and
Stewart, 1962; Phillips, 1977).

Modification des
tensions de surface

Direction de propagation
— des vagues |—

Van Rijn (1990)

Modification des
tensions de fond

D’apres Denamiel 2007



Momentum Equations

(L, #,wW) = (,v,w) — (U, T, W)
Quasi-eulerian velocities Lagrangian velocities ~ Stokes velocities
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From Bennis et al. (201 )

Stokes- Vortex force Bernouilli’s Mixing Dissipation
Coriolis force head force force
The evolution of C the concentration of a passive tracer is governed by: ac  dul 4 drl 4 dwC
. du dv dw dt  oOx dy dz
And the mass conservation becomes + + =1
dx dv 0Oz

In Symphonie :
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Boundary Conditions

aii
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» At the surface
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/\ \ \Wave -> ocean

Wind stress Atm->wave momentum flux
momentum flux

» On the bottom .2
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Wave induced vertical mixing
The TKE is calculated by:

gf odufE dvE owFE _ [[’511): -“.5:"]':] g do 8 o ELs
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+ + + — | +|—= |- =K. —+— (R)—
T P e 7z - 3 () Gaspar et al., 1990

.dz 0 dz

= i = au
» At the surface: [FE ¢oc nearthesurface  Craig & Banner, 1994 L J .

F. =K, 3= elsewhere

)

mixing length: [ =xz;  with =z = l-'ﬁfs

Significant wave height of the
wind sea only (Rascle et al,,

4 On the bottom 2008)
Thoe =T |1+ 1.2( LUINEE Soulsby et al., 1995
hne — L v I.|T|_-;|+ |TE|.-| ouls yeta.,
i AN
Bottom stress due to Bottom stress due to

6 current wave



Atmospheric Model
ALADIN ;

Propagation and generation

wave model :WW3 or
SWAN

Coastal circulation model:
SYMPHONIE

Sediment transport



Validation of the model on

academic test cases




5 academic tests

v

Depth (m)
o
-

Cross-shore distance X{m)

9

the plane beach of Haas and Warner [2009]
Leadbetter Beach (Californie, E.U.) de Thornton and Guza [1986];Wu et al. [1985]
Experiments of Hamilton and Ebersole [2001] on a laboratory plane beach

A barred beach from the laboratory experiments of Haller et al. [2002] and Haas et
al. [2003]

Biscarosse Beach in Aquitaine (Bruneau [2009])
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Test case n°1 : the plane beach of Haas

and Warner (2009)

¢ Bathymetry:

o 1200 x1200 m

> maximal depth:12m
® W’ave characteristic :

o Hs=2m,
T=10s,
Incidence angle of 10°
Modelled by Swan

> Jonswap type spectral wave field

e

e

[e]

® Previously modelled by:

> Haas and Warner (2009) « radiation
stress approach »

> Uchiyama et al. (2010) « vortex force
approach »
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Test case n°1 : the plane beach of Haas
and Warner (2009)

Roms

Symphonie

02

=
(%)

: : : : + analytical
| | : | Run a (2D)

oo S e o o7 S / 04F — — Runb

—— Haas & Warner (2009)

Surface elevation (m)
=
ey
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x{m)

Cross-shore profile of the surface elevation (m) in
SYMPHONIE (left) and ROMS (right from UMSI10). The
shoreline is at right.



Test case n°1 : the plane beach of Haas
and Warner (2009)

Cross-shore
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Cross-shore profiles of depth-integrated quasi-eulerian
velocities (m.s'1) in SYMPHONIE (left) and ROMS (right from

UMS10)



Test case n°1 : the plane beach of Haas
and Warner (2009)
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Vertical sections of quasi-eulerian velocities (cross-shore on the
top and alongshore on the bottom) in SYMPHONIE (left) and
--------- ROMS with run b (right fromUMSI0)



Test case n°2 : A barred beach with rip

current

o

o
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Depth (m)

Cross-shore distance X(m) Longshore distance Y(m)

Beach bathymetry

Monochromatic wave

Hs =0.0724 m

T=Is

a perpendicular direction

“test B” of Haller al. (2002)
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Test on Biscarosse Beach
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Bathymetry of Biscarosse Beach (courtesy of N. Bruneau)



» Jonswap type spectral wave field with non incidence angle,

Hs=5m, T=10s
» Extreme W-NWV storm

= 25

0.5

Crhdm

Bathymetry of Biscarosse Beach
18 (courtesy of N. Bruneau)



Depth integrated
velocities
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Depth integrated
velocities

44467 |

44461 NS
& - s
& 4445
=
S
5
=
L
Pt
=}
=
B
=
S 444
ol
44456
2 05
st 57 S
| | | | | | .

-1.28 -1.259 -1.258 -1.257 -1.256 -1.255

Cross-shore distance
YAV



Longshore distance
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Longshore distance
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21st February storm in the Teét

inner shelf




Models implementation
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Bathymetrie of the Tét surf zone

Canet-en-Roussillon Tét mouth St Marie
o Harbour |\ Harbour
=5 |
s
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Results of the wave model

Waves at SODAT

— model

0
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0
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0
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Figure: Comparison of wave parameters between data and WW3 simulation at SODAT
27 (11m)



[s it necessary to use all these grids ?
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— Simulation

Comparison of time series at the three instruments, between the measured
current and the simulated current. Left: the simulation is performed

without the wave forcing, and right: the simulation is performed with the

wave forcing.
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Comparison data/model
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Conclusion & Perspectives

Conclusion:

» Implementation and validation of a 3D circulation model
forced by a wave model, that can be used from the surf
zone to the global scale.

Perspectives:
» Addition of a sediment transport model

» Use of unstructured grids to avoid the boundary effects
with Clément Mayet & Florent Lyard (LEGOS)
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Thank you !!
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