CHAPTER 50

Dynamics and Morphology of Sand Banks
in the Surf Zone of Outer Tidal Flats

by

Harald thren*)

1. Abstract

Extended sand banks ranging up to some hundred acres
with a crest height in the MHW-level are typical struc-
tures of the outer tidal flats of the south-eastern
North Sea coast (Fig. 1).

Primary forms grow up in the surf zone at the sea-side
tidal flat border. They are formed like bars and migra-
te towards the coast with a surprisingly high velocity,
up to 150 m/year.

The movement is caused by strong erosion on the sea-side
slope - which is shaped beach-like - and deposition at
the steeper land-side (lee-side) slope.

It was found thet surf action at the bar is linked with
strong unidirectional currents across the crest, up to

100 cm/s. The currents are most likely generated by wa-
ve set-up in front of the bank and by wind-drift water

motion.

The migration velocity of the sand banks decreasés with
increasing distance from the tidal flat border. This
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Fig. 1

effect seems to be most important when generation of new
‘banks continues. It leads to "overtaking" and "interaction"
of the single structures, thiswise growing together and
building up the large sand banks as described above and
gives an explanation of the development of large offsho-~
re sand banks and dune islands on tidal flats.






874 COASTAL ENGINEERING

region; the extended flats around the islands submerge
during high tide and are then covered by a water layer
of about 1.5 m.

We discover a tiny dune island at the north-western edge
of the plate on the aerial photo indicating that sand
transport by wind occurs. But there is no opportunity
for growing up large dunes, and Scharhdrn like the other
plates in the vicinity (Mellum, Knechtsand, Trischen)
cannot be compared with the well known large dune is-
lands along the Dutch and German North Sea coast, to
the. west of the area plotted in Fig. 1.

3. Morphology of the\Sand Bank of Scharhdrn

The morphology of the sand banks in the German Bight has
been studied by several authors (Ref. 4 to 10). The
morphologic behaviour of Scharhdrn, which is typical,
shall be described in this paper, using the results of
recent investigations.

Scharhérn as well as the other big sand banks éfe exposed
to erosion at their sea-side shores. Due to surf action
at their western flanks and deposition on the opposite
sides the banks migrate slowly towards the east. Never-
theless we find high plates in most of these areas in

the oldest charts, indicating that they are more or less
stable though they are migrating, a fact which will be
explained later.

The migration of Scharhdrn is demonstrated in Fig. 3.
Here the MHW-contour of the west and north-west shore
is plotted in 4 different periods, beginning more then
100 years ago. The origin of the oldest survey is
dubious and between 1868 and 1930 no surveys are
available, so that we don't know what actually happened
in that time. The average velocity of displacement is
about 15 m/year, but it is decreasing in the last years,
and it will be demonstrated that the migration will
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stop and even reverse

temporaryly in the
very near future.

On the aerial foto . ] _\\\\53

(Fig. 2) a smaller bank

mean velocity of migration
{msyear)

in front of the large

WOE/B0 OIS IR a/me

plate is to be seen, e me e e
having obviously a /J :
- & y. N .
similar crest height
and the same coarse
Fig. 3

sand on top (Fig. 4).
This bank looks 1like
a bar or a sand wave.
It is several km long
and several 100 m
broad. A more or less sharp crest seperates the sea~side
and the lee-side slope of the bar, the crest height being
only a few cm below MHW. The sea-side slope is flatter

Displacement of the MHW-
contour of Scharhdrn

than the lee-side one and is beach-shaped. The surface of
the sea-side slope is

doubtlessly formed by gramn size distribution ( surface layer )
breaking waves. o

The generation of this
particular bar has been
investigated by a
series of consecutive T - - —
levellings (Fig. 5) west - cost
and aerial fotos *—“ff/f////*‘h‘“i\iﬂf’ffi'M
(Fig. 6). Primary

00t 02’

profue

small accumulations .
Fig. &4

of sand were obser- Grain size distribution in

ved in 1948 at the a profile across the

tidal flat border. bar in front of Scharhdrn

They grew up to two

sand waves, which began to migrate coastwards with a con-

siderable speed. The plots in Fig. 5 and 6 give an

impression of this displacement. It seems evident
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Displacément of the bars in front of Scharhorn,
indicated by a comparison of consecutive profiles

{(especially from a comparison of the consecutive profi-
les) that sand is eroded on the sea-side slope, pushed
across the crest and deposited on the lee-side.

The two bars - observed in 1957 - traveled with different
velocities, the more exposed one (bank I) faster than the
second (bank II). This led to an "overtaking" of the
single structures, thiswise growing together and obvious-
ly diminishing the movement after that event. The maximum
displacement exceeded about 150 m/year, a surprisingly
high value for a surf influenced coastal structure.
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Displacement of the sand bank of
Scharhdrn and of the small banks
{(migrating bars) in front of it

4, Current Observations

It can be concluded from the morphologic study that
neither normal tidal currents nor the common longshore
currents of the breaker zone can be predominant forces
for the sand movement in the region of the tidal flat
sand banks. In order to investigate the acting forces
and to confirm the presumed principle of sand movement
across the bar (Fig. 7), an array of 4 current meters
was set up in summer 1973. The positions are plotted
in Fig. 8. Fig. 9 shows a station with the recording
current meter as it was used (a type which has been
developed in Germany especially for research in
shallow waters and tidal flats). The measuring level
is about 40 cm above bottom.
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The records of the
4 meters which were
taken over several
months' contain a

couple of wind-
influenced tides

and - fortunately -

3 storm surges which
occured at the German
North-Sea coast
during the fall of
that year.'

Fig. 7

The measurements

. . Main sediment transport at a
confirm in prin- common surf beach and a
ciple what is migrating bar in a tidal flat

known from former

investigations (Ref. 2), that high velocities, up to
100 cm/s, prevail in the tidal flats during storm tides,
whereas at normal (calm wind) tides current velocities
seldom exceed 40 cm/s. :

In Fig. 8 the maximum velocities at mean tide and during
the 4 storm tides are plotted. The latter exceed 80 to
100 cm/s and are obviously directed perpendicular to the
bar and also to the big bank of Scharhdrn. The currents
in front of the bar and in the trough behing it are of
similar magnitude but they are directed towards north-
east in a more longshore pattern

Fig. 10 enables a comparison of a 12 days' record of
station 12 (top of the bar) and.13 (in front of the
bar). It is a period of continuous strong winds blowing
coastwards. Due to the prevailing winds currents are
almost unidirectional - perpendicular to the shoreline.
During the storm tides maximum velocities at both po-
sitions are almost equal, averaged over the whole period
howerer they are higher on the bar than in front of it
(and also behind it).
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Fig. 8

Maximum current velocities (0.4 m above
bottom) at Scharhdrn during storm surges
in Nov. 1973 and at normal tides

There is no theory available to satisfyingly describe
this current pattern which must be generated by wind
sheer stress, wave set-up and inclinstions of the water
level due to the displacement of the tidal wave and to
the coastal topography.
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Fig.
Records of current meters on top (Pos. 12) and

of Scharhtrn

in front (Pos. 13) of the bar
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satisfyingly in-
vestigate these
morphologic
processes. But the
fact that we find
descriptiohs or

drawings of large
banks alreaddy in

navigational mgr T vetocty of mgronon o
manuals and sea 2 o e

charts of the N
middle age at
almost the same | -onase

sites proves that
a long-term sand

supply from sea Fig. 1
. _ i Principle of generation of a
must exist coun large sand bank from small

ter-balancing the migrating bars in a tidal flat

losses of material
which all sand banks in this region are suffering on

their sea-side shores.
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