Dissipative beach comportment during storm event
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Calais beach is exposed to fetch-limited (T=4-6 s), relatively low-energy
waves (modal Hs < 0.6 m) punctuated by storm activity (Hs up to 3 m).
This environment is affected by semi-diurnal tides with a mean spring tide
range of about 6.4 m in Calais. The combination of storm winds and
waves and large tidal ranges also generates strong longshore currents
that affect both the shoreface and the beaches. The experiments were
conducted over twenty tides covering spring-to-spring cycles.

Typical intertidal cross-shore profile of Calais beach : convex beach shape,
with multiple intertidal bars and troughs, an large upper beach platform
(1.6 km wide) with lower, middle and upper sand flat segments. The data
presented concern only one representative tide : the hydrodynamic
conditions were sufficiently energetic to influence the cross-shore
morphology and the sediment distribution.

The sand flat and contiguous beach exhibit large variability in
sediment composition, ranging from sand (100 %) to significant
fractions of mud (90 %), depending on the morphology.

Field measurements were obtained in march 2007 during high-energy conditions. Several strong wind events comprising NE to E winds
(speeds of up to 13 m.s-1) reinforced the mean current velocities on the sand flat (with peak current speeds exceeding 1.9 m.s-1) and were
responsible for waves with significant heights of about 2.6 m.
Over the bare sandy surface of the sand flat, the incoming waves were
reduced in height due to breaking processes and bottom friction over the
flat gradient :
- 90 % wave attenuation between beach and lower sandflat
- 23 % wave attenuation between lower to upper sandflat
The significant wave height over upper sandflat remained less than 0.3 m
(92 % total attenuation) in spite of the storm event.
The mean overall current velocities exhibited similar behaviour.
Velocities decreased slightly towards the lower sandflat (0.42-0.49 m.s-1),
except during slack water (before 01:00) when the currents were
reinforced (0.55 m.s-1) by the wind notably under the very shallow water
depths. Currents became very weak on the upper sandflat (0.4-0.2 m.s-1).
This large upper beach platform results in quasi-complete attenuation
of waves and currents even during storm conditions. This dissipation of
energy over the intertidal sand flat encourages sediment deposition.

The hydrodynamic measurements show (1) the natural role of swash bar in beach protection during storm events with onshore decrease in current
speeds and in wave heights (breaking processes and bottom friction) and (2) the role of sandflat in wave mitigation, compatible with a fining trend, from
sand in the lower sand flat, to sand and interbedded mud layers towards the upper flat. Mud deposition is controlled by very high tide levels and by the
hydrodynamic regime, two parameters evincing a seasonal pattern. The results of this study show (3) the possibility of muddy sedimentation on an
open macrotidal storm-wave setting due to the influence of the beach morphology and to the local sediment availability. This pattern shows an
increase in the mud fraction on this beach (not an isolated event), recent phenomenon controlled by: seasonal hydrodynamic regime, beach morphology,
perhaps an increasing suspended particulate matter concentration or dredging. These multiple causes associated with a cyclic modification of local or
large-scale sediment transport, are new consideration for the understanding of the general evolution of coast.

