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ABSTRACT
The purpose of this paper is
1. Publishing some available coastal measurements and computations
of more than local importance
2 Investigation on the influence of groynes in practice.
3. Investigation on the motion of the gullies in the outer deltas.
The following conclusions are drawn
1. The gross littoral drift along the dutch coast is in the order
of 1.5 to 2 mln m^/year, (computed with the CERC-formula) the
resulting net drift is mostly within the order of accuracy of
the computation.
2. The erosion of the areas with groynes was much less than the
erosion of the adjacent areas, partially this effect is due to
lee-side scour but mainly to decreased erosion in the protected
area.
3. The gullies in the outer deltas of the Wadden mainly turned
clockwise, which is probably the direction of the resultant
transport there.
INTRODUCTION
The dutch coast consists of three parts (fig. 1)
1. The Rhine-Schelde Delta
2. The uninterrupted coast of Holland
3. The Wadden area
It is a sandy coast (Dm « 200yO, the tidal difference varies
between k m near the Belgium border, down to 1.5 m near Hook of
Holland, to 1.3 m near den Helder and then up again to 1.8 m near
the German Island Borkum. The gully systems in the Rhine-Schelde
delta and that of the inlets between the Wadden Islands in the
North have quite a different shape, since the tidal basins are
quite different. In the South the basins are rectangular with an
open short side towards the sea and in the North they are rectangular with the long side parallel with the coast-line, this side
is bordered by the Wadden Islands with narrow inlets in between.
Therefore the Wadden coast can be compared with lagoon coasts, as
they occur in many parts of the world. The Wadden Sea is a tidal
flat, which is submerged during every high tide. Most information
will be given about the Holland coast and the Wadden area, as
DRONKERS [l] stresses the research in the Delta-area.
1) Senior Engineer Coastal Eng. Res. Dept., Directorate for Hydr.
Res., Rijkswaterstaat
2
' Lieutenant of Spec. Services 3rd Class Royal Dutch Navy Reserve
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The mam purpose of this paper is to supply data, which enables
international comparison. This paper gives largely a summary of
many reports of regional study-branches of Rijkswaterstaat, made
over a period of about 50 years. From the former papers, covering
the same subject, special attention is asked for WENTHOLT (1912)[2]
who investigated especially the effect of groynes, van VEEN (1936)
[3], who treated the origin of the Dutch coast and the shape of
the gullies, van BENDEGOM [12], [22], [k], who investigated the
hydraulic laws for the motion of the gullies, van STRAATEN [5],
who considered the directional effects of winds, waves and currents
and concluded that the sand drift must be strong (west to east)
along the northern barrier islands and small between Katwijk and
Texel, EDELMAN and E6GINK [6] who drew morphological conclusions
from the curvature of the coast. PEE BRUUN and GEERITSEN [7]
treated the cross section of gullies and the stability of coastal
inlets. B1JKER and SVASEK [8] give a treatise about IJmuiden harbour. The following paper gives more recent data than WENTHOLT,
the conclusions of van VEEN, van STRAATEN, EDELMAN and EGGINK are
reviewed in the light of modern theories about sand transport of
CERC, BIJKER and SVAiSEK, making use of tidal computations.
BEACH MEASUREMENTS
Figure 2 and 3 show the erosion and accretion of the low-tide
line, the high-tide line and the dune foot in periods of 10 year.
First the 10-year average of each of these lines was determined,
for instance 1856 - 1865, the distance between two successive
10-year averages is plotted in fig. 2 and 3« It is indicated where
groynes, seawalls or harbour moles are present and when they are
constructed.
The area of the Holland coast (fig. 2) is highly influenced
very much by the building of the harbour moles of Hook of Holland
and IJmuiden in 1870. The low-tide line shows the influence of
climatologic changes [5], overall much erosion between i860 and
1880 and accretion between 1880 to 1900. These periodical changes
are attenuated very much in the line of the dune foot and here one
finds the general trend as indicated by EDELMAN and EGGINK [6]
a general accretion of f m/year, with erosion near Hook of Holland
and den Helder (fig. h). The Hondsbossche Seawall lies at the
moment much further seaward than the adjacent dunes because of the
erosion of the dunes.
The influence of the harbour moles (length 1*+00 m) of IJmuiden
built m 1870 is shown in detail in fig. 5. Fig. 2 shows, that the
low-tide line and high-tide line obtain stability about 1900, but
that the dune foot changes up to 1930. Fig. 5 gives an upper view
on the 5-years average of the low-tide and high-tide line (seaward
scale exagerated with respect to the longshore scale). The total
gain was 9.10& m' in the North and 6.1o3 m3 in the South [8].
In 1965 the harbour moles were enlarged to 3000 m. Fig. 5
shows on the right hand side the change of the mean of the low-tide
and high-tide line since 1965. Now the accretion on the South side
is more than on the North side. Although a changing of the wave
climate may have been of influence [5]« [8], also the fact must be
important, that at the moment an extensive area with only small
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currents prevents the entramment of material from the surf zone
around the head of the mole.
The changes of the Wadden Islands are shown in fig. 3. The
changes at the ends are large compared to the changes in the middle
of the islands, partly due to the changes in the gully-systems in
the inlets, the silting up of a gully causes that a shoal grows
together with the end of the island. After that, a sandwave along
the coast is generated [9]. Obvious is the relatively large erosion
on both ends of Texel. We shall return to this subject.
GROYNES
The Dutch groynes have a length of about 200 m, the distances
between the successive groynes can be found from fig. 6 to 8
(about 200 m). In the considered area they are broad-crested stone
structures, lying at about mean sea-level. In order to investigate
the behaviour of groynes in practice three areas were considered,
on which groynes were constructed during the period of the measurements South-Holland km 97 to 105 (fig. 6), North-Holland km 8 to
20 (fig. 7, derived from [11] ) and Vlieland km M to 52 (fig. 8).
Constructed is the 5-year average of the low-water line, (for
instance 1858 to 1862 for i860), the scale perpendicular to the
reference-line is 10 times exagerated in fig. 8 and 20 times in
fig. 6 and 7 with respect to the longshore direction. In each
figure two successive lines are plotted together, the black fields
show the erosion in 10 years, the grey fields the accretion.
The groynes built from 1853 - 1862 are plotted through the line of
i860, and so on. The hatched area gives the protected coastal area.
Fig. 8 seems a striking proof of the benefit of groynes. The erosion near km k7 to 51 m 1860/70 can hardly be ascribed to the
groynes 5 km away. The reduction of the erosion after the building
of the groynes is quite clear. Of course, this does not mean that
groynes are the most economic way of coastal protection.
The same kind of effect can be seen in fig. 6, 1860/70,
although less convincingly. The influence of the lee-side scour
plays here also a big role. A rough estimation of this lee-side
scour (giving also a measure for the net littoral drift in this
zone) about 100.000 m-yyear (erosion of about 2 m/year over 3 km).
Less clear still is fig. 7. The Northern part of this area is
subject to the movement of the Schulpengat, the Southern branch of
the inlet of Texel. The lee-side scour on the Northern side can be
observed clearly (km 20, 21, i860 to 1880 etc.), and also the
inverse the accretion near km 13, I1* between 1900 and 1910 on the
luff-side.
Analysis of the effect of the groynes is very difficult.
Comparison with unprotected parts of the beach has no sense, since
groynes are constructed only on eroding beaches. A before- and
after-comparison will be obscured by climatological changes
(cf fig. 3, low-waterlme)
We chose the areas of fig. 6, 7 and 8 for comparison (all eroding
beaches, gradually more and more protected with groynes) and computed for each area for each 10-year period the mean erosion/year
of the protected part and of the unprotected part (fig. 9a, b, c).
Thus the erosion on the same area could be compared, when this
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area was protected (later on) or not (in the beginning)
In order to eliminate local influences all three areas were put
together and again the mean erosion per year of the protected and
of the unprotected area were computed (fig. 9d). An impression of
the climatological changes gives fig. 9e, in which the mean regression and progression per 10-year period of the low-tide line of the
uninterrupted coast of Holland is shown. Only the relative changes
are of importance. In fig. 9f finally the erosion of the protected
part of fig. 9& is plotted against the erosion of the unprotected
part, from which a considerable reduction of the erosion can be
concluded. Although nearly all the considered unprotected areas
were subject to lee-side scour, fig. 8 shows that the reduction is
not mainly caused by that, but that the building of groynes reduced
the erosion.
SAND TRANSPORT BY WAVES AND TIDES
Van STRAATEN [5] and EDELMAN and EGGINK [6] both give qualitative considerations about the sand transport by waves. Since
their publications so many data have been collected, about the
relation between the longshore component of the wave energy and the
sand transport, that it is worthwhile to apply such formulae to the
dutch coast, in order to obtain more quantitative conclusions.
However, these conclusions can be not better than the available
data the visual wave observations on the dutch light-vessels.
These measurements from 19^9 to 1957 have been statistically
treated by DORRESTEIN [10] , giving for each wave condition, (characterized by height, period and direction of the waves) the probability of occurrence.
Prom [10], the longshore component of the wave energy flux P. has
been computed, defined by
P

l =F<°SHbr2 Cbr 8ln*br C0Stfbr
in which og = specific weight water, H = wave height, C = wave
celerity, <t - angle of wave incidence and the index br refers to
the breaker zone.
The exact way of computation is treated in [lV].
The accuracy is very low, because it is impossible to get an
accurate significant H, C and <t in the breaker zone from visual
wave data from a distance of 10 km. It was necessary to make a lot
of assumptions [14]. The results are given in the table above
fig. 12, and fig. 10 shows a probability distribution.
It is easy to compute from this the mean energy flux and the
mean littoral drift Q using the CERC-formula, which can be transferred [l<t] in
Q* = 2300 P1
(Q* in m5/year, P^^ in W/m')
However, the used data and formulae are not accurate enough to
justify this computation, also because the probability distributions are about symmetrical. Only along the Vlieland coast the
resultant drift is significant (about •£ mln m3/year).
The gross littoral drift (sum of transport in both directions) is
found to be of the order of 1.5 to 2 mln m-Vyear (thus about 1 mln
w? in each direction).

DUTCH COAST

713

Assuming for instance no influence of tides, the distribution
of the littoral drift over the surf zone has been computed by an
adapted method proposed by SVASEK [8], the way of computation is
pointed out in another paper of this conference [13]• The result
for Schevemngen is shown in fig. 11.
Considering which one is most important, the influence of
waves or tides, in [15] and [16] the driving forces of waves and
currents are investigated.
In order to get an impression of the influence of the tide, a
tidal computation has been carried out with the numerical tidal
model of which fig. 12 gives the scheme [19]. We assumed a gully
system parallel and perpendicular to the coast On the ends the
vertical tide was given, m the knots the vertical tide was computed and in the gullies the horizontal tide. The computerprogram
was developed by BOOY according to the explicite leap-frog method,
non-linear terms were considered, but Coriolis was neglected.
In each gully at every time was computed Z Bvh. At, in which B is
the width of the gully, v the current velocity, h the water depth
at that moment and At the time step. From this, the resultant
currents, indicated in the upper figure of fig. 12 were found,
about 3 cm/sec in the shallow regions and 6 cm/sec in the deeper
regions. A computation, taking the tidal currents into account,
based on a simplified BIJKER-method (cf [8]) is in preparation.
THE OUTER DELTAS
The boundary conditions for the motion of the coast are given
by the inlets. Therefore it is important to consider the motion of
the gullies. Fig. 13 and Ik give the motion of the gullies in the
inlets of Texel and Vlie respectively. The arrows give the motion
of the gullies since the last recording. What is known about these
deltas'
The cross-section of the gullies reasonably fit in with the theory
PER BRUUN and GERRITSEN [?]. As a variation HARING[20] found, that
the quotient of the tidal volume (ebb + flood) and the total profile area of the gully was about 55 cm/sec, except for the inlet of
Texel and the inlet of the Vlie, where it was 75 cm/sec (cf DRONKERS [1]). This higher velocity might be some influence of littoral
drift. Van VEEN [21] states, that the largest gullies are mainly
orientated in the direction of the greatest water gradient, averaged per tide. If the tidal amplitude is everywhere the same (which
is often not the case), this direction is perpendicular to the cotidal lines (fig. 17) the gradient between A and B is much larger
than between A and C.
Two reasons can be given for erosion of the coast near these
inlets As has been pointed out by van BENDEGOM [22] , the submerging of the Wadden during flood tide takes place with larger velocities than the retreating of the water over the shoals during
ebb-tide. Thus, the water looses here a part of its sediment, which
makes, that the Wadden shoals reach an equilibrium at about the
mean water level. Now the relative sea-level rising in the Netherlands during the last 20 centuries was about 6 cm/century, which
would result in a "sand hunger" of the Wadden shoals of about
1 mln m3/year (distributed over all inlets).
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However, this will mostly be confined to finer sediments (D about
100-150^*).
The second reason is that the water during the flood tide gets
an acceleration, entering the inlet, but that during the ebb-tide
it gets a retardation and this will give a jet-stream with vortexes
on its side. Therefore in the gullies near the beaches, there is
surplus of flood discharge and in the center gully a surplus of ebb
discharge. The flood erodes the beaches and the ebb gives an outer
delta, which can reach up to mean sealevel (Noorderhaaks in inlet
of Texel. This delta gives a shelter against these waves, which
would transport material away from the delta. As the waves come
alternately from both directions, this process reinforces the erosion of the beaches near the inlets. Thus the erosion of Texel
could be rather well explained [23]. After some time an equilibrium
should be reached.
Two reasons can be given too for the motion of the gullies
a meandering effect and a longshore sand drift. It will be clear,
that the resulting sand drift perpendicular to the gully can not
be derived from the velocity of the gully because of the meandering
effect. The big sand transport m the gullies can be attributed to
the high current velocities and this meandering.
The motion of the gullies and the effects of their orientation
has been investigated (fig. 16). The line in the middle of each of
the bars gives the orientation of the gully in course of time.
The width of the bar gives the development of representative cross
section. As far as they were known, the time-integrated slope of
the water-surface as a function of the orientation have been mentioned (fig. 161)). It gives no evidence about the van Veen-theory.
In fig. 18, derived from fig. 16, the turning of the gullies
in the dutch Wadden delta is shown. Mainly they turn clockwise,
although very slowly and there is a slight indication (correlation
coeff..24), that the large gullies turn slower than the small ones.
ACKNOWLEDGEMENT
The authors gratefully acknowledge the aid of the Study
Services Hoorn, Umuiden and Delfzijl of Rijkswaterstaat in providing the data, published here.
REFERENCES
[lL dr. J.J. Dronkers, Research for the coastal area of the Delta
region of the Netherlands, C.E.C. ,
Washington 19?0.
fej. ir. L.R. Wentholt, Stranden en strandverdediging, Delft
Doctor's Thesis 1912.
[5]. ir. J. van Veen , Onderzoekmgen in de hoof den Delft,
Doctor's Thesis 1936.
M. dr.ir. J. v. Veen, Eb- en vloedschaarsystemen in de Nederlandse
getijwateren. Tijdschr. Kon. Ned. Aardr.
Gen. 6? pp. 45-65.

TT These

have been derived from van Veen

21

and Ferguson

2k

DUTCH COAST

715

H. dr. L.M.J.U. van Straaten, Directional effects of winds, waves
and currents.
Geologie en Mijnbouw 23, 1961.
lr. T. Edelman and drs. D.N. Eggmk, Some characteristics of
the dutch coast C.E.C. 1962.
Tfc Per Bruun and ir. F. Gerntsen, Stability of coastal inlets,
SSL prof.dr.ir. E.W. Bijker and ir. J.N. Svasek, Two methods for
determination of morphological changes,
induced by coastal structures.
Int. Nav. Congr. 1969.
T9l ir. W.T. Bakker
, A mathematical theory about sandwaves.
Shore and Beach, Oct. 1968.
Bol dr. R. Dorrestein , Wind and wave data of Netherlands lightvessels. Med. en Verh. K.N.M.I, no. 90.
fill L. Knop
, Onderzoek Noordzeekust Petten-Huisduinen.
Study Service Hoorn Rijkswaterstaat
nr. 584.
02j ir. L. van Bendegom, Beschouwingen over riviermorfologie.
De Ingenieur 5J3. 2k jan. 19^7.
C33. ir. W.T. Bakker, ir. E.H.J. Klein Breteler and A. Roos,
The dynamics of a coast with a groyne
system
13*3. ir. W.T. Bakker
, Computation littoral drift with Svasekmethod. Rijkswaterstaat, Dept. for Coastal
Res. Rep. W.W.K. 69-7.
65]. ir. W.T Bakker and H.J. Opdam, Influence of waves and tides
on the littoral drift in the surf zone.
Rijkswaterstaat, Dept. for Coastal Res.
Rep. W.W.K. 70-8.
B6l H.J. Opdam
A wave tide model for the dutch coast.
M. Sc. thesis,Delft 1970.
07]. A.J. Bowen
The generation of longshore currents on a
plane beach.
Journal of Marine Research 27 no. 2,
May 1969.
B8L E.H.J. Klein Breteler, Zandtransport bio Katwijk.
M Sc. thesis, Delft 1970.
fi9l ir. E.H.J. Klein Breteler, A tidal model for the coast of
Hook of Holland - IJmuiden.
Rijkswaterstaat, Dept. for Coastal Res
Rep. W.W.K. 70-10.
§0l J. Haring
Oppervlakte van het dwarsprofiel van de
Nederlandse zeegaten als functie van het
getij-volume.
Rijkswaterstaat, Delta Works, Rep. K 251
, Zeegat van het Vlie (193*0.
[211 ir. J. van Veen
Rijkswaterstaat, Dir. Benedenrivieren
E2J. ir. L. van Bendegom, Grondslagen der kustverdedigmg,
Rijkswaterstaat.
£30. ir. Th . J *C,, Wijnant, Littoral drift near Texel.
Rijkswaterstaat, Dept. for Coastal Res.

716

COASTAL ENGINEERING

Fig 4 MEAN DUNE-FOOT MOVEMENTS FROM 1860 TILL 1960
BETWEEN NIEUWE WATERWEG AND MARSDIEP
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