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Preface 

W h e n Lord created Man, he created two species: 
The kind which l istens to you; 
The kind which does not l isten to you. 

Maybe your feel ing is the s a m e as mine, that species A is rather rare compared to B and your joy 
when you meet the A-k ind can be compared with the one of an ornithologist, f inding a rare species. 
Still, reviewing a human life t ime, I think I may be grateful for the number of f indings. 

Mostly, when they met, they said: "L isten, W i m , explaining someth ing to s o m e o n e is like showing your 

house to s o m e people. You should take your guest by his hand, showing him the ent rance first, and 

then. . . " . 
Af ter that, mutter ing they moved to their desk and started to wr i te; they wro te about wha t they thought I 
thought, or about what they thought I should think on th ings, if I had the t ime to think about those 
things. And , because they were intell igent people (per definit ion) wha t they wro te w a s always better 
than I could have thought. 
In this way spec ies A and I wrote many papers together. 

Given the opportuni ty to organize a meet ing for the A-spec ies (most ly new f indings; young people) and 

to tell t hem about the thoughts their p redecessors and I had together, I dec ided to staple a number of 

fo rmer papers. 
I edi ted those in this way, that I tr ied to filter out dupl icat ions, and that I m a d e l inks. 
In fact, all my fr iends together built a house for me, in which I felt mysel f very m u c h at home. T h e a im 
of the present book is to show this house rather than their individual per fo rmances. Whe the r correct or 
not, whether outdated or not, it has one definite characterist ic, in plain European: "Es ist aus e inem 
Guss" . 

I r emember a f rowning remark on the title of these notes: "Coastal Dynamics? Can' t you be more 

speci f ic?" 

The answer is: "This is Coasta l Dynamics by Wi l l em T.Bakker and fr iends". In the Introduct ion I shall 

try to show the l imitat ions more verbal ist ic. 

I should give the bui lders the credit they owe. I really tr ied to; at the end of this preface I m a d e an 
a lphabet ic list of f i rst-authors or co-authors of the stapled papers. 

However , not everything is co-product ion and these notes contain as wel l in format ion not publ ished 

before. 

- Still, acknow ledgment to the authors is not enough. Part of the A-spec ies is A-spec ies by 
appo in tment or by profession. 
Wr i t ing on Coasta l Engineer ing as an engineer of Ri jkswaterstaat m e a n s inter ference wi th many 
people and your work could not be carr ied out wi thout the support of many, most ly unnamed people. 
The s a m e is the case at Universit ies. There is the direct suppor t of the people, w h o make drawings 
for you or mark your lips. 
I should name the whole staff of the fo rmer Depar tment of Coasta l Research of the fo rmer Directorate 
for Wa te r Managemen t and Hydraul ic Research of the Ri jkswaterstaaL 
Many of the drawings in this booklet, Mr.Dofferhof f , or iginate f rom their work. I still r emember the 
prec ious writ ing of my many formulas in my former reports by Ellen Brans; those reports are at the 
basis of the present lectures. 

Part of this book consists of c lass notes m a d e dur ing my stay as Visi t ing Professor at the Universi ty of 
Hawai i . Thank you, W a r r e n Bucher; thank you Gary Mocke, thank you Edith Katada and your staf f for 
the work you did. 

And how could I have del ivered this work wi thout the help of Edwin Elias (doing the W o r d process ing) 
and Linda van Veen (translat ing s o m e parts in Engl ish) and of Mark Voorendt , a super wizard spel l ing 
all the W o r d Wizards . Those W o r d Wiza rds put things on my laserprinter I never wanted to. 



But I shou ld like to honor as wel l the numerous sk ippers and observers on the measur ing vesse ls and 
behind the water leveling apparatus. N a m e s like G l im, Vonk, B lok land, Scheers , G o e d e g e b u u r e *̂  
c ross my mind. 

Figure 1 is to honor people like them; general ly the brand of, wha t I wou ld call "Ri jkswaterstaat 
people": sturdy, rel iable, no fuss 

Chapter 2 is der ived f rom three papers 
[2.37], [2.57.] and [2.61]. Ch.3 ( t ranslated by 
Gary Mocke) or ig inates f rom the Dutch text of 
the course "De Dynamica van Kusten" on 
Delft Univ. of Techno logy, given by m e , apart 
f rom sect 3.4 (refer to Smi t [3.42]). Ch .4 has 
been publ ished in [4.37]; (cf. [4.20.] and [4.36] 
as wel l) . Sect 5.1 is a report of Delf t 
Hydraul ics (special thanks to Kees 
Hulsbergen) [ 5 . 1 ] ) . Refer to [.] wi th respect 
to Sect.5.2.2 and to [.] concern ing subsect . 
5.2.3 and 5.2.4. Subsect .5 .2.5 or ig inates f rom 
ICCE'90 [.] and 5.2.6 f rom the N O U R T E C 
study [.]. The evaluat ion of the line theor ies 
(ch 6) is new. Ch.7 gives background 
concepts for ch.8 and 9, las t -ment ioned 
chapters being a publ icat ion on the P lymouth 
conference on Coasta l Dynamics [.].. T h e 
background , ch.7 (coastal dynamics as a 
di f fusion prob lem) has not been publ ished 
before. Chapter 10 again conta ins three 
papers, i.e. [.], [.] and [.].. 

Figure 1 

Putt ing the co-authors of the var ious papers quoted above in a lphabet ic order, the result is: 
A g e m a ; V.d .B iezen; Bilse; V Bochove; D i j kman; Heemink ; Hulsbergen; Joust ra ; V.d.Kerk; Kerst ing; 
Klein Breteler; Knaapen ; Niemeyer; v .Overeem; Pylarczyk; Roos; Smit ; Speekenbr ink ; v .Veghe l ; de 
Vroeg. ; de Vr iend, (last but not least). 

Still, this list does unjust ice to a number of people, w h o had either an essent ia l part in under ly ing 
reports, or by papers, not directly ci ted here. I wou ld like to ment ion special ly Ede lman [.], Svasek [.], 
V .d .Meulen [.], ten Hoopen [.], Caste leyn [.], O p d a m [.], Jal lah [.], Bult [.], Di jkstra [.] 

Finally, I wou ld like to stress, that this report and this lecture ser ies wou ld not have been poss ib le 
wi thout the logistic and f inancial suppor t of the Ri jkswaterstaat (prof.dr.ir. J .Dronkers) and Delf t 
Universi ty of Techno logy (prof. ir. K .d 'Angremond) . 

' Apologies to the many people, which were in my mind when I wrote "Unnamed People" and which will be still 
remain unnamed after the publishing of this book. 

" Figure 1 is a drawing from Elsevier ( by Bantzinger) from many years ago. 



1. In t roduc t ion 

The solving of coastal problems will remain for years rather an art than a knowledge, with the 
slogan: 'the art of engineering is to get sufficient conclusions from insufficient data". However 
also art needs skill, and a mathematical theory; which clarifies in an exact way the 
implications of several schematizations of reality, may provide a part of this skill. At the 
moment only several aspects of the processes, which occur in nature can be schematized 
and translated into a mathematical theory. In the transition of the real prototype to the 
mathematical model the danger is hidden, to concentrate on an insignificant feature, which 
gives pseudo exact results. This can be avoided by active knowledge of the prototype and 
carrying out measurements in prototype and hydraulic models , f rom which a "smoothing of 
data" can result. It is cheaper and faster to consider only one of the three aspects: prototype, 
theory and laboratory, however, often only a combination of all of these aspects reveals the 
truth. The theory indicates pertinent contradictions in the measurements, but measurements 
in prototype are necessary to keep the attention on invalid schematization. 

This book deals on "Coastal Dynamics", which will be defined in a narrow sense as a 
mathematical theory, which starts f rom given equations of motion for the sediment, which 
leads with the continuity equation and given boundary conditions to a calculated (eventually 
schematized) coastal topography, which is generally a function of t ime. This is clearly 
analogous to aero- and hydrodynamics, thermo-dynamlcs, hydrology and other related fields. 
The subject of this book, however, covers only a specific part of the Coastal Dynamics. It is 
based upon the notion of old masters, that for a manager the back-side of a cigar-box should 
be large enough to evaluate all the information and anti-information which is poured over 
him. For instance: statements, based upon high-tech number-crunching can find a sad end 
when those do not match large-scale continuity. Think for instance of tidal computat ions, in 
which time-varying boundary conditions (shoals which emerge above water level during a 
part of the tide) are not reproduced accurately enough. 

The positive role of refined numerical techniques on solving problems in coastal dynamics 
should be stressed. However, one will not find much about it in this book. Emphasis is on 
physics, rather than on mathematics. It is meant for coastal managers, to inspire them, to 
enable them to put sensible questions and, if necessary, to say: "Oh, no sir". 
The theory would be sterile without a consideration about the validity of the equation of 
motion, so much the more, while these equations o f motion are not as evident, straight
forward and single- valued as for instance the Euler - equations in hydrodynamics. 
The Newtonian laws are not quite sufficient for the computation of the sediment motion, 
because the motion of grains is subject to stochastic processes as the shape of the grains, 
the shape of the granular bed surface, turbulence, irregular wave motion etc. 
In modern sophisticated computermodels a physical approach going far into details is 
possible, this includes the consideration of water and sand apart f rom each other, 
investigation of turbulent and viscous forces on the grains, and calculation of the sediment 
motion. 

This is a difficult and t iresome way, which has to be followed and will give finally the best 
results. However, the building of constructions cannot wait for that, as it has not done in the 
past and therefore a short-cut from theory to practice has to be made, which involves the use 
of experimental data. This includes entirely the loss of the paradise of exactness. As the 
accuracy of the experimental data is very poor, this is a serious draw-back. Instead of the 
real equations of motion substitutes have- to be chosen and when it is not carefully 
examined, if and when these assumed equations of motion are valid, the mathematical 
theory is just an escape from reality. 

In the mathematical theory, all constants and variables are indicated by symbols and it is 
suggested, that the numerical value of many of these constants can be found from prototype 
data. Without a discussion about at least the order of magnitude of these constants, the 
theory is no more than a start for future research. 
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Under coastal dynamics in a broader sense also these discussions about the validity of the 
equations of motion and the order of magnitude of the assumed constants will be included. 
In this book the sediment transport formulae which are used are not thoroughly discussed. 
The coastal dynamics, as presented in this course provides a far f rom complete theory. 

The aim is threefold: 

• It is a start for future research; 

• it leads to qualitative conclusions about the effect of coastal constmctions; 

• some of the results are already available for practical computations. 

Although based upon universal physics, applications treated are more or less tailor made for 
Dutch circumstances. The same holds for schematizations used. 
Chapter 2 gives an overview of the Dutch coast. The papers, on which it is based upon, are 
written for a broad public and thus somet imes might give more basics than necessary for 
most of the present readers. 
Chapter 3 gives (at this moment more or less classical) line theory. Ch.4 to 6 (determination 
coastal constants; experimental verification (laboratory and nature) and evaluation) try to 
expose, whether nature knows coastal dynamics. 
In ch.7 theory is generalized, by taking line theory as a specific case of diffusitivity theory. 
Ch.8 deals with modern ways of data-assimilation in theory. In ch.9 the ideas on longshore 
and cross-shore diffusitivity are summarized. 
Where the former chapters mainly deal with unintermpted coasts (apart f rom single 
discontinuities like harbor moles or groins, in ch.10 some ideas are exposed concerning 
interaction of delta's and tidal basins: an important subject for the Netherlands, as a large 
part of the coast consists of tidal lagoons and estuaries (ch.2.1).. 

As mentioned in the preface, in this book coastal dynamics is considered f rom one 
viewpoint. Thus the attention should be drawn on the appendix, in which a number of Dutch 
coastal specialists give additional information and thus can deliver the three-dimensional 
view. 
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2. The Dutch coast: a coastal engineering view 

2.1 General 

The dutch coast can be 
divided into three parts 
(fig 2-1) 

e 

e the Rine-Scheldt Delta 

the uninterrupted coast 

of Holland 

the Wadden area 

Figure 2-1: The Dutch coast 

It is a sandy coast (Dm« 200 ^ ); the tidal range varies betv\/een 4 m near the Belgian border, 
down to 1.5 m near Hook of Holland, to 1.3 m near Den Helder and up to 2.2 m near the 
German Island Borkum. The tidal channel systems in the Rhine-Scheldt delta and that of the 
inlets between the Wadden Islands in the North have quite a different shape, since the tidal 
bassins 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 those occur in many 
parts of the world. The Wadden Sea is a tidal flat, which is submerged during every high tide. 

The main purpose of this chapter is to supply data, to enable international comparison. This 
chapter gives a summary of many reports of regional study departments of Rijkswaterstaat, 
made over a period of about 50 years. Amongst the former papers, covering the same 
subject, special attention should be given to Wentholt (1912) [2], who investigated in 
particular the effect of groynes, Van Veen (1936) [3], [4], who dealt with the origin of the 
Dutch coast and the shape of the tidal channels, Van Bendegom [5], who investigated the 
hydraulic laws for the motion of the tidal channels, Van Straaten [6], 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 Eggink [7], who drew morphological conclusions f rom the curvature of the 
coast. Per Bruun and Gerritsen [8] dealt with the cross section of gullies and the stability of 
coastal inlets. Bijker and Svasek [9]gave a treatise about IJmuiden harbour. The present 
chapter 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 Svasek, making use of tidal computations. 

The eldest Dutch coastal data is data concerning the site of the coastline, measured since 
1850 already. The measurements are discussed in sect.2.2. Especially is focused on the 
effect of harbor moles (sect. 2.2.1) and on the effect of groins (2.2..2) 
Since ca. 1960 yearly the whole coastal topography is monitored; as described in sect. 2.3. 
Apart from the morphological behavior of harbor moles, also the behavior of breaker bars 
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can be investigated in this way. Also, the order of magnitude of the cross-shore transport 
can be estimated. The magnitude of the longshore transport (also taking the effect of tides 
into consideration) along the Holland coast is treated in sect.2.4. A quite different effect of 
tides may be expected near an inlet. The general idea will be exposed in sect 2.5; an 
elaboration for the Wadden area is given in sect.2.6. and for the Delta area in sect.2.7.. 

2.2 150 years of beach measurements 

Figure 2-2 and 2-3 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. 2-2 and 2-3. The positions of groynes, seawalls or harbour moles are shown 
and their dates of construction are also indicated. 

2.2.1 The effect of harfoor moles 

The area of the Holland coast (fig. 2-2) has been highly influenced 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 [6]; the overall picture is a large amount of erosion 
between 1860 and 1880 and accretion between 1880 and 1900. These periodical changes 
very strongly attenuate in the line of the dune foot and here one finds the general trend as 
indicated by Edelman and Eggink [ 7 ] , i.e. a general accretion of V2 m/year, with erosion near 
Hook of Holland and Den Helder (fig. 4). The Hondbossche Seawall at the moment lies 
much further seaward than the adjacent dunes because of the erosion of these dunes. 

The influence of the harbour moles (original length 1400 m) at IJmuiden, built in 1870 is 
shown in detail in fig. 2-5. Fig. 2-2 shows that the low-tide line and high-tide line near 
IJmuiden reach a point of stability about 1900, but that the dune foot changes up to 1930. 
Fig. 2-5 gives a plan view of the 5-years average of the low-tide and high-tide lines (seaward 
scale exaggerated with respect to the longshore scale). The total gain of sand was 9-10^ 
to the North and 6-10® m^ to the South of the IJmuiden harbour moles [9]. In 1965 the 
harbour moles were lengthened to 3000 m. On the right hand side of fig. 2-5 the change of 
the mean of the low-tide and high-tide lime since 1965 is shown. Now the accretion on the 
South side is more than on the North side. Although a changing of the wave climate may 
have had an effect[6], [9], the fact that at the moment an extensive area with only small 
currents prevents the entrainment of material f rom the sur fzone around the head of the 
mole, must be important. 

The changes of the Wadden Islands are shown in fig. 2-3. The change at the ends are large 
compared to the changes is the middle of the island., partly due to the changes in the 
channel-systems in the inlets; the (total) sedimenttation of a channel may somet imes have 
the effect that a shoal grows onto the end of an island. After that, a sandwave along the 
coast is generated subsect. 5.2.2. The relatively large erosion on both ends of Texel is 
obvious. W e shall return to this subject. 
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Figure 24: Mean dune-foot movements from 1860 till 1960 t)etween Nieuwe Waterweg and 
Marsdiep (from Edelman & eggink). 
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Figure 2-5: Development of the waterline near IJmuiden 
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2.2.2 The eflféct of groins 

The Dutch groynes have a length of about 200 m. The distance between the successive 
groynes can be found f rom fig. 2-6 to 2-8 (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 
constaicted during the period of the measurements; South-Holland km 97 to 105 (fig. 2-6). 
North-Holland km 8 to 20 (fig. 2-7, derived f rom [11]) ) and Vlieland km 41 to 52 (fig. 2-8). In 
the figures 2-6, 2-7 and 2-8, the 5-year averages of the low water line have been shown (for 
instance 1858 to 1862 for 1860). The scale perpendicular to the reference line is 
exaggerated with respect to the longshore direction by 10 t imes in fig. 2-8 and by 20 t imes in 
fig. 2-6 and 2-7. In each figure two successive lines are plotted together, the black areas 
show the erosion in 10 years, the grey areas the accretion. The groynes built f rom 1853¬
1862 are plotted through the line of 1860, and so on. The hatched area gives the protected 
coastal area. 

Fig. 2-8 seems a striking proof of the benefit of groynes. The erosion near km 47 to 51 in 
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 met mean that groynes are the 
most economic way of coastal protection. The same kind of effect can be seen in fig. 2-6, 
1860/70, although less convincingly. The influence of the lee-side scour also plays a big role 
here. A rough estimation of this lee-side scour (giving also a measure for the net littoral drift 
in this sons) would be about 100,000 m^/year (i.e. erosion of about 2 m/year over 3 km). 
Less clear still is fig. 2-7. 

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, 2 1 ; 1860 to 1880 etc.), and also the inverse: the accretion near km 13 ,14 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 is senseless, since groynes are constructed only on eroding beaches. A before- and 
after-comparison will be obscured by climatological changes (cf fig. 2-2 and 2-3, low-
waterline): W e chose the areas of fig. 2-6, 2-7 and 2-8 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 for when this area was 
protected (later on), and for when it was 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 areas was computed (fig. 2-9d). an impression of the 
climatological changes given fig. 2-9e. 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. Finally in fig. 2-9f the erosion of the protected part of fig. 
2-9d is plotted against the erosion of the unprotected part, f rom which a considerable 
reduction of the erosion can be concluded. Although nearly all the considered unprotected 
areas were subect to lee-side scour, fig. 2-8 shows that the reduction is not mainly caused by 
that, but that the building of groynes reduced the erosion. 
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Figure 2-7: Erosion and acaetion low water line North-Holland 

20-05-98 2-8 



Figure 2-5: Erosion and acaetion low water line of Vlieland 
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2.3 The JARICUS measurements (Holland coast) 

2.3.1 General remarks on the topography 

Figure 2-10: Prindpeschets 3D-tijd figuur 

For the investigation of the 

bottomtopography between 

den Helder and Hook of 

Holland use has been 

made of the yearly coastal 

measurements, which have 

been carried out by 

Rijkswaterstaat and the 

local regional boards 

("waterschappen") . In 

seaward direction 

measurements extend to 

appr. 800 m from the 

waterline. Ranges of the 

measured grid have a 

mutual distance of 200 to 250 m longshore; measuring points being at a mutual distance of 

10 tot 20 m cross-shore. 

In this subsect ion, the results of the measurements are displayed in two ways, According to 

the first kind of display (3D-space , fig 2-11 a,b) the measurements of a year are displayed 

according to a three-dimensional pattern in oblique parallel projection; this results in a 

realistic picture of the bottom topography in the year considered. However, the reference line 

of the coordinates of the displayed picture is straight, which in reality it should be curvilinear. 

For this reason the Southern part shows a distortion with respect of the Northern part of the 

order of 45 degrees. 

The second type of display (3D-time) shows the cross-sections, measured in one range for 

all the successive years (cf. fig. 13a,b), in which the site of the ranges in question are shown 

in an inset map. This results in a three-dimensional figure. If, in this kind of figure, the site of 

the top of a breakerbar keeps a constant distance to the time-axis, this indicates, that the 

breaker bar is stable in the course of t ime. Deviations (to the left or right) with respect to the 

time axis of the line through the top of the crests indicates a seaward, c.q. a landward 

motion. The principle is shown in the sketch of fig. 2-10. 

Fig. 2-1 l a shows a three-dimensional picture of the coast of North-Holland between Den 

Helder and IJmuiden, as measured in 1984. The landward boundary is near the dune foot 

(or somewhat more landward, as near Callantsoog); the area considered has a width of 

ca.800 m. The distance Den Helder-IJmuiden is 55 km; so the length scale shown is 

reduced with respect to the width. 

Near Den Helder the coastal protection is heavily under attack of the Nieuwe Schulpengat 

(depth ca 25 m), the most southern branch of the channel system of the Texel inlet. For long 

this area of the coast at the position of the northern point, the so-called "Kaaphoofd", has 

been defended by an ongoing revetment. At least till RSP (governmental range system) km 

10.00 the influence of the inlet can be felt. The depth of the seaward boundary of the area 

considered decreases in Southward direction until a minimum of NAP - 7.5 m near RSP km 

16.88. One might presume a high elevated boundary of an outer delta at this site, but its 

position would be extremely southward. Although this area defended by groins shows since 

long t imes an erosion of 1 to 1.5 m/year, the shape of the coastal profile is surprisingly stable 

the last 20 years, cf. fig 2-13a where among others the 3D-time figures for the ranges RSP 

km 9.94 and 20.15 are shown: in these ranges the lines through the tops of the bars are 

parallel to the time-axis. 

The three-dimensional figure 2-1 l a depicting the coastal area shows between RSP km 20 

and km 26 an omission at the landward side; over here the Hondsbossche Seawall is 

situated, which protuberates into sea over ca. 200 m in seaward direction. 
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Figure 2-1 la: Drie-dimensionale weergave Noordhollandse kust 
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Figure 2-;11 b Driedimensionale weergave Zuidhollandse kust 
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Considering the breaker bars: in the whole area between Callantsoog and IJmuiden these 

show -despite of the small scale muddled pattems - a surprisingly regularity at a larger scale 

of space. Over a distance of 30 km the bars are "lined up" in a way a Dutch army sergeant 

with soldiers (being member of the trade union), would be proud of. Yet these features are 

no "fossil ized" geological structures. In particular South of Petten the bars are clearly 

moving. This shows from the 3D-t ime presentations of the ranges km 30.00,40.00 and 

50.00, given in fig. 2-13a, from which clearly a seaward propagation can be observed. This 

does not imply a priori seaward transport of sand, averaged over the period of the bar 

motion: just oscillating transport is also a possibility. 

For comparison of the behavior of bars and foot of the dunes, see fig 2-10, taken fi-om [31], 

in which the behavior of the dune foot, averaged over a period of 100 years is depicted. This 

shows that the dunes of for example Katwijk tend to accrete, while the breaker bars move 

seaward. 

Figure 2-12-2: Erosion and acaetion of the Dutch Coast (dune foot) according to 
Edelman [31]. Calculated from measurments of the dune foot position between 1860 
and 1960 
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2.3.2 Breaker bars 

2.3.2.1 Phenomenological description of breaker bars 

Depending on the site of the breaker bars troughs may occur relatively near to the dunes or 

further away. This affectes the amount of dune-erosion during stornis and because of this 

there are "safe" and "dangerous" years. This raises the question, whether from the position 

of these breaker bars in the past the "safe" and "dangerous" years of the future (which can 

differ from place to place) can be deduced. 

This problem has been investigated by De Vroeg and Bakker ([32]) and 2.3.2.2), who 

schematize a breaker bar system to seawards propagating sandwaves with straight crests, 

which in principle are oblique to the coast. In seaward direction the amplitude first 

increases and then decreases; the wavelength and the propagation velocity of these 

sandwaves over a coastal area are assumed to be constant. According to this 

schematization every point in the sur fzone oscillates harmonically, however everywhere with 

a different amplitude and phase. 

The mathematical fonnulation used is a compromise between on one side a reproduction 

as realistic as possible and on the other side a simple expression. Fig 2-13a, b gives an 

impression of the mathematical approximation of the coastal behavior to RSP km 60.00 in 

the shape of a 3D-place and a 3D-time figure. The propagation of the wave is in the figure 

should be superponed to a t ime-averaged profile. 

With the aid of statistical techniques it is possible to match the constants in the mathematical 

description as good as possible to reality. 

With the use of the model on the Dutch coast is, for the sake of homogenety, the coast 

divided into pieces of 5 km. 

From this some characteristic values for breakerbars can be derived, which for some coastal 

areas are shown in the table underneath. 

Coastal 

Area 

max. ampl . 

(m) 

distance max. 

ampl. From 

coastline (m) 

period (year) av.distance 

between 

crests (m) 

propagation 

velocity, 

(m/year) 

hook 

Bergen-

Ijmuiden 

0,90 400 ca. 20 400 < 28 m/y 

0° 

Zandvoort-

Noortwijk 

0,65 330 4 225 57 m/y 

-3 Ó +2° ^' 

Noordwijk-

Scheveningen 

0,50 250 5 300 62 m/y 

0° 

table 2-1: Average characteristic values for breakerbars for some coastal areas 

' Measured perpendicular to the crest, seaward is positive 

^ positve angle = opening to \he Southi 

22-05-98 2-17 



1984 

1970 

Zandvoort 
geschematiseerd. 
3D-tijd weergave 
van raai 61.00 

Figure 2-14: Mathematical approximation of the coastal behavior of breaker bars 
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2.3.2.2 Mathematical description of breaker bars 

In the fomner subsection the next questions were posed: 
0 Can the coastal behavior be predicted more accurately, if the pre-knowledge is 

implemented that breaker bars appear? 
e How much cross-shore transport is involved with the motion of these bars? 

This present subsection explains the mathematical background of the way of treatment of 

those questions. 

De Vroeg [32] answers these questions by approaching the shape and the behavior of a 

breaker bar system quantitatively. These bars are schematized to seaward propagating 

sandwaves with straight crests, which in principle are oblique to the coast, (cf. subsect 

2.3.2.1). In the present subsection the mathematical description will be given. 

A periodic transversal wave motion in an approximately horizontal plane can be simulated 

mathematically by a harmonic motion, A cos (cot-kpc-k^), where x and y represent the 

considered coordinates, parallel and perpendicular on the coast, w is 27i/T, T is the period of 

the motion, t is the time, (k„ky) are the component of the wave number, i.e., the wavelength 

in the x- and y- position are resp. 2n/k^ and 27vl<y. 

A is the amplitude of the wave motion; in the considered case of breaker bars it is assumed 

to be only a function of y. It first increases and later on decreases in seaward direction In the 

investigation quoted above the magnitude of the amplitude has been approximated by the 

function: 

A = A, • ( > ; - > ^ , ) - e x p — -
V ^ / 

where A„ y „ / o and S are coefficients. In this way it is possible to simulate a wave, 

propagating in seaward direction, first increasing and later on decreasing. The used 

formulation is a compromise between on the one hand a simulation as realistic as possible 

and on the other hand an expression, which is simply to handle . The ratio k/ky represents 

the tangens of the angle between the breaker bars and the coast. The magnitude of the 

different constants can by detemnined by curve-fitting. Fig 14 gives an impression of the 

mathematical approximation of the coastal behavior near RSP km 60.00 (fig.3a) in the 

shape of a 3D-site and a 3D-time figure. The propagation of the wave in the figure is 

superponed on a t ime-averaged profile. 

For application of this model to the Dutch coast the coast has been divided into parts of 5 

km in order to warrant homogenuity. 

After determination of the parameters it is possible to deduce the values for: 

• the max imum amplitude in a cross-section; 
• the distance of this max imum related to the site of the coastline; 

• the period T of the motion of the bars; 

• the average distance 2w^y between the crests 

• the propagation speed and direction; 
• the orientation of the bars w.r.t. the coastline (+ = opening to the south). 

The table 2-1 in subsect 2.3.2.1 gives an overview of the values for some coastal areas. 

Purpose of the approach shown is that predictions can be made. For this goal the sand-

volume (m^/m') of the coastal zone between the contour lines OD + I m and OD - 3m, 

seaward of the main range (parallel to the coast) as a function of t ime and locaton is 

compared to the "theoretical" function (fig 15). The drawn line gives for a number of ranges in 

a coastal stretch of 4 km in the sun-oundings of Zandvoort (fig.10b) the number of m3/m 

sand according to the coastal measurements; the interaipted line shows this amount 

according to the simulation as described above. The fluctuation of volume, caused by the 

variability of the site of the breaker bars is shown. According to the simulation this fluctuation 

should shift (because the bars are oblique to the coast) with a period of 4 years and a 
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propagation velocity of approx. 1.7 km/year In Northemly direction (from km 65 to km 61); 

The magni tude of this fluctuation is approx. 45 m^/m'. With the mathematical formulation 

given it should be possible to predict more precisely the dune erosion during stonns. 

However, although the approximation is not too bad, for the purpose in question it appears 

to be too inaccurate, in that sense that the "hindcasting" including the periodical fluctuations 

is not better (in other words: it does not give a smaller standard deviation) than just taking 

the linear t rend into account. 

There are two causes for this inaccuracy: 

» the position fixing of the bars in location and time by a cosine function is too simple. It 

suggests, that the bar length (top-top position) is constant over the whole profile, while in 

the nature the length of the bars increases in seaward direction 

e discontinuities, as occur in practice have a strongly negative effect on the results. 

To illustrate this, in fig. 16 the measured and simulated crests of the breaker bars at RSP km 

60.00 till 65.00 during the years 1971 t o l 975. Caused by both formerly mentioned symptoms 

phase differences of 180 degrees may arise between the mathematical approximafion and 

nature, causing a rapid growth of standard deviations between measurement and 

calculation. To achieve the aim a more precise approach is necessary. 

The mathematical approach does give an impression of the amount of cross-shore transport 

which the phenomenon "breaker bars" involves (fig. 17). 

For better understanding, consider some coast which is stable at the long term; refer to 

subsect. 2.3.2.3 concerning amounts of sand transport linked with long temn erosion and 

accretion. 

The mathematical approach enables to express the amount of sand, positioned at a certain 

moment landward of a given coordinate y in the variables appearing in the formulae like K 

y, /, etc. Differentiating this expression to time yields the crossshore transport as a function of 

time and location. In this concept the cross-shore transport landward of y = y , (the point 

where the amplitude of the sandwaves is zero) is supposed to be zero. As can be expected 

an oscillating transport with frequency w is found (fig. 17); This yields the location and 

magnitude of the maximum "amplitude of cross-shore transport". Starting from the 

characteristics found for the breaker bars near Zandvoort (fig. 10b), the result (per m in 

longshore direction) is approx. 45 m^/year. [32]. 

' Refer to sect.7.2.1 concerning this matter 
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Figure 2-15: Comparisation variation measured and calculated sand volume. 
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Figure 2-17: Cross-shore transport due to txeaker bars 
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2.3.2.3 The order of magnitude of the cross-shore transport along the dutch coast 

In this subsection 2.3.2.3 the amount of cross-shore transport, involved in the propagation of 

breaker bars is compared with the order of magnitude of the amounts as a consequence of 

the other morphological features. 

The result is depicted in fig. 2-17, which will be explained below. In order to be somewhat 

specific, there is focused on the area between Zandvoort and Noordwijk (fig. 2-11 b), where 

the breaker bars are developed strongly and have a period of about 4 years; this implies a 

(semi-)periodical transport of 45 m^/m/year (subsect. 2.3.2.2). 

However, the yearly coastal accretion of the coastal stretch in question has been kept out of 

consideration. If it may be assumed, that the coastal area to be considered extends fi-om OD 

-5m to OD +15 m, the yearly accretion of 0.5 m/year,occurring at this site (fig.2-4) implies a 

landward transport of 10 m^/m/year. 

One may compare this magnitude with the amount of dune erosion during a sturdy storm, 

which can be (in cross-shore direction) approx. 30 m^/storm/m. Often during more quiet 

circumstances this amount is transported dune-ward again. 

How to compare this amount with the cross-shore transport, which is linked with sea level 

rise and with the transport alongshore? 

In this investigation a coastal strip is considered with a width of approx. 1 km. During a sea 

level rise of 2 mm/year an amount of 2 m^ per meter coastal length is necessary to maintain 

the local depth of this strip constant with respect to mean sea level. 

Compared with the gross littoral drift along the coast this amount pales into insignificance. 

slorm 

vooro*vcr2on« 

j g«li)2on* 
ICvtchallt hofvf«Ihrdrrt dworslrontport 
( »n mJ/m'/jQOf| longt d» HoHondtt kutt 

Figure 2-18: estimated transports along the coast as a 
result of the wave-driven longshore current and tide 

Fig. 2-18, made on the basis of 

calculations, mentioned in [33] (see as 

well sect.2.4 and fig.2-19), gives the 

estimated transports along the coast 

as a result of the wave-driven 

longshore current and tide. Breaking 

waves, oblique to the coast generate 

wave-driven longshore currents, 

which even with a small angle of 

wave incidence will dominate the tide 

(sect.2.4). 

5000 r 

5 § 

o 
o 

5 5 = tangstransport door brandingsstroom 
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= langstransport door getijstrootn 
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Fig 2-19: Order of magnitude of the yearly transport along the coast as a result of the wave-driven longshore cuiïent and tide 
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The drawn lines in fig. 2-19 represent the year-averaged transports per meter coastal width, 

caused by this wave-dr iven cun-ent. 

Herewith the probability of wave conditions (height; period; direction) has been taken into 

account. 

Near Scheveningen the transport Northwards and Southwards appear to be of the same 

order of magnitude. The calculations are not accurate enough to make statements over the 

resulting transports; some more information will be given in subsect.5.2.5. 

Evidently, outside the surf zone the tide-driven transports dominate although the waves can 

still boost the transport by stirring effects. There the direction of the waves is only of 

secondary importance. 

With an interrupted line in fig. 2-18 is given, on basis of exploring calculations [35], how this 

transport is distributed over the depth. Close to the coast the tidal transport decreases, as it 

is, at this location, mostly replaced with wave-driven transport. Far f rom the coast it also 

decreases, because the influence of the waves on the tide-driven transport becomes 

smaller. Plotted is the calculated transport per flood-(ebb-)period, multiplied by the number of 

tides per year. Again, probability of wave occurrence has been taken into account. Also in 

this case inaccuracy of the calculations prohibits statements on the resulting transport ' . 

From fig. 2-18 it shows, that the longshore transport is at least a factor 100 larger than the 

cross-shore transport. However, accretion and erosion arise by local differences in transport. 

These differences ("gradients") can be of the same order of magnitude for longshore- and 

cross-shore transport. 

The longshore transport is large compared to the cross-shore transport. This means that the 

"to and ft-o moving slicer", who smoothens the breaker bars and models it in that way, is 

directed along the coast. But what "inspires" the coast to form breaker bars 

S£C0«1*RV BHEAKEB LINE 

W A V E S 

S U S r i N C WAVES «EOENEWATE0 WAVES SMASH 

ZONE ZONE 
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Fig.2-20. Resultant cun-ent circulation near the bottom at a coast with 2 breaker bars. 
According to Dyhr Nielsen and Sorensen [36] 

One could have the following conception in mind: as soon as there is a small irregularity on 

the profile, this causes wave breaking; the momentum of the breaking and broken waves 

will be large above the crest of the breaker bar compared with the momentum below the 

crest, on the landward flank of the breaker bar. This could drive a circulation (fig. 2-20) (an 

exact fonnula is given by Dyhr Nielsen and Sorensen [36 ] ) . Together with the longshore 

cun-ent in the trough this results in a spiraling cun-ent. 

The relative distance between the breaker bars is probably being ruled by a subtle 

mechanism, of where the essence only can be suspected [37 t/m 40]. 

It is thought, that the relative distance between the breaker bars is regulated by resonance 

systems of long-periodic waves with wavelengths of hundreds of meters fill 1 km (periods of 

some minutes, amplitudes max. some dm). The principle of these waves, the so-called "surf 

beat", can by described as follows [39]. Interference often causes grouping of alternately high 

and low waves. Breaking of those waves results in a shore-ward directed pulse, which varies 

in strength, because of the variation of higher and lower waves in the wave groups. The 

water in the surf zone reacts by an oscillation, not with the period of the separate waves, but 

' Refer to the RWS-Coastal Management Reports of 1990 and 1995 for more daring statements 
^ Since the original version of this text has been written (In dutch) this topic has been subject of many excellent 
investigations, for instance by Roelvink [.] and Ruessink [.]. Do read the comment by Roelvink (ch.12).! 
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with the period of the wave group. This generates standing waves, of which the ampli tude 

gradually increases in shore-ward direction. The amplitude of oscillation depends on whether 

the period of the surfbeat agrees with the "resonance fr^equency", to which the breaker bar 

system is " tuned": in the same way as a tuned radio can select f rom all waves in the ether 

only one or some frequencies to amplify. One could imagine that the resulting water motion 

above and between the breaker bars causes sand motion in this way, remoulding these 

breaker bars in a specific way. Because of the large scale of this phenomenon the 

remoulding will be very slow, and thus the resonance frequency can adjust itself only very 

slowly (N.B.: a radio tuning itselfl). 

Even if the incoming waves differ from day to day, the same resonance frequency would be 

picked up and the remoulding of the breaker bars would occur in the same way. 

This could explain that breaker bars react more to a wave climate than to the instantaneous 

wave characteristics. 

However, as usual the scholars do not agree: this applies as well conceming the importance 

of surf beat ( [40 ] and ch.12) Evidently, a theory that can accurately predict the height and 

the propagation of the breaker bars, is not yet at disposal, although investigations of Roelvink 

[.] are encouraging. 

A similar mechanism as being drawn up for the surf beat can be responsible for long-periodic 

waves, which propagate in longshore direction. Also propagating atmospheric disturbances 

can by a driving force for this kind of waves. These so-called "edge waves", of which the 

amplitude mostly decreases as well in seaward direction, could be responsible for the 

relative distance between the rip-cun-ents perpendicular to the coast [37]. 

2.3.3 The effect of harbor moles 

North of RSP km 30 the coast is defended by a 

groin system; this is not the case South of this site. 

This fact does not seem to affect the shape and 

site of the breaker bars very much; also the 

influence of the Hondsbossche Seawall on the 

breaker bars appears to be very small . 

At the North-side of the Hondsbossche Seawall , at 

the seaward side, fig. 2-1 l a shows a deep trough, 

of which the landward side is directed to 

Callantsoog. The coastal profile in this 

neighborhood is the steepest of the entire Dutch 

coast, apart from the vicinity of the Inlet of Texel . 

Fig. 2-21 (inset of fig. 2-1 l a ) shows once more the 

situation on this spot, now in the shape of a map. 

Do we see a relict of former centuries? Does the 

coast invites to sail the old Zijpe, leading towards 

Figure 2-21: Situering Zijpe the Zwanenwater? The latter is nowadays a nature 

reserve, landward of the dunes, but in the 

thirteenth century the entrance of the Zijpe was 

situated here (see fig. 2-21 after data from Schoorl [55] en De Mulder [54]). At that time the 

coast extended 3 km seawards. Still now the old remains of the so-called "Pettemer Polder" 

can be found at a depth of 6 m and at a distance of 2 km from the present coastline (fig. 2¬

21). According to de Mulder [54] the Pleistocene is situated at the depth of NAP - 8 m. The 

Pettemer Polder forms a protuberance on a peculiar horizontal plane at a depth of approx. 

OD - 10 a 12 m, which is located from RSP km 10 to km 20 from approx. 600 m seaward 

from the coastline unto 3 km from the coastline. Possibly a 4000 year old current resistant 

clay and peat layer is located here. Bottom corings landward of the Hondsbossche Seawall 

[54] make this probable and recent geological research could prove this. Although the old 

reconstmction [55] of the Zijpe channel locates this north of the Pettemer Polder, it seems 

hydraulically and morphologically feasible there is (possibly) a (second) Southern channel . 

In a clay bottom this channel position could indeed be preserved. 
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However, one could also attribute the trough in the coastal profile at the north-west side of 

the Hondsbossche Seawall to this coastal defense as a consequence of stream contraction. 

The fact that the depth does not adapt itself to that of a "nonnal" profile points to a 

hydraulically stable situation, or to a low amount of transport. 

Between Bergen and Egmond one could, with some imagination, discover a ten-ace at the 

seaside, where the old clay and peat formations (lagunal depositions of more then 6000 

years of age) could surface (see for instance Wiersma [29]). However, f rom the 3D-time 

diagram of fig. 2-13a it does not show clearly, that the bank at the seaside of the area in 

question would be solid;: the bottom level varies somewhat at this side. 

Now take a look at the immediate surroundings North of IJmuiden (fig. 2-1 l a ) . 

Ever since the harbor moles of IJmuiden were build in 1870 sand accumulated here. 

The result is a gentle sloping coastal profile. A gentle sloping profile appears to go together 

along the Dutch coast with many breaker bars; like here, where the number of breaker bars 

increases from 2 to 3 (similar to at other places along the Noord-Holland coast) up to 4 or 5. 

It shows, that along the entire North-Holland coast these bars make a certain angle with the 

coast. 
As appears f rom the 3D-time diagrams (fig. 2-13a), the behavior of the IJmuiden coast is 

rather fussy. Possibly this is caused by the fact that short-term climatological influences 

(accretion North of IJmuiden, if the dominating waves come fi-om the North and erosion in 

the opposite case) clearly are manifest here, because the longshore transport gradients are 

large. For the harbor moles completely interrupt the local longshore transport. 

figure 2-22: Flow pattern during ebb near the IJmuiden hartwr from. The original 
harbor moles (before 1970) stretch only to the "aack" in the current southern head. 

The immediate sun-oundings southward of IJmuiden have also been influenced by these 

harbor moles. 

The extension (1970) of the Southern mole makes an angle with respect to the original one: 

it is more Southward directed compared to the 1870 harbor moles, which were directed 

westward, fig. 2-22). Thus at the landward side of it a sheltered area emerged, where sand, 

deposited by the sea during Southwestem storms was able to stay during N W storms, when 

the area was in the leeside of the harbor mole. Because of this shelter effect, and possibly 

also by eddies (fig. 2-22), after 1970 behind the harbor mole a rapid expansion of the beach 

area next to the Southern mole developed; this also shows in fig. 2-11b. The sloping terrace, 

which is present at the seaward side of the area considered, shows little variafion (see fig. 

3b, and the 3D- fime diagram of RSP km 60.00). The breaker bars, which at this spot clearly 

propagate in seaward direction attenuate on this terrace. Do resistant layers from 

geological fimes show up here as well? 

Further southwards the 3D-time diagrams show, that the breaker bars between Zandvoort 

and Scheveningen also move seaward; however, the amplitude is decreasing much slower 

compared to RSP km 60.00, causing the bars to extend much fijrther seaward than at RSP 

km 60.00 (fig. 2-3b and subsect. 2.3.2.1). Here the bars propagate in a regular way, as the 

3D- fime diagrams depict. The regularity appears to arise above the relative chaos of the 
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climatological circumstances: it is hard to discover the influence of relatively stonny years in 

these figures. In subsect. 2.3.2.1 this is treated more extensively. 

More to the south the number of breaker bars decreases, while the coastal profile is 

steepening. A t Scheveningen harbor monitoring is intemjpted. North of the Scheveningen 

harbor a channel can be found parallel to the harbor head. 

South of Scheveningen, along the Delfland coast a steep foreshore is found combined with 

at some places an underdeveloped breaker bar. 

The movement of the coast near raai RSP km 101.00 (fig. 3b), just north of the harbor head 

of Scheveningen, is dominated at one side by the wave sheltering by the moles and the 

effect of the hampering of the littoral drift, however as well by the fact that in 1975 0,7 million 

m^sand has been supplied. Also, according to information of the "Hoogheemraadschap 

Delfland", periodically sand of the beach south of the harbor heads is removed and dumped 

on the beach north of these moles, while the groin, directly north of the harbor moles was 

enlengthened in 1972 to affect the circulation of the tidal cun-ent in a positive way. Without 

thorough research it is hard to distinguish the differences between the various effects. This is 

even stronger at RSP km 116.62 (flg 2-23b), where during the extension of the Hook of 

Holland harbor in 1971/1972 the coast also was brought in a more forward position and 

18,94 million m^ sand was deposited in the scope of the Beach Project Hook of Holland 

(just North of the harbor mole).. 
{ 

The coast of Delfland (Scheveingen -Hook of Holland; fig.2-23b) erodes already for 

century's. This is illustrated by fig. 2-12, after Edelman[9], where for the entire coast of 

Holland the accretion and the erosion of the foot of the dunes between 1860 and 1960 is 

given. One could imagine, that the sand initially would be withdrawn from deeper water, 

which would cause steepening. 

The shoreface in the immediate vicinity of Hook of Holland is slightly higher, on one hand 

because of the effect of the Northern mole, constructed in 1870 and enlarged in 1970, 

making part of the works near the entrance of the Nieuwe Watenweg; on the other hand 

because of the beach nourishment at Hook of Holland (this took place, at a site, somewhat 

South of the area, depicted in fig. 2-23b). 

Of the coastal area between IJmuiden and Hoek van Holland only the Delfland coast -

approx. from the north side of the Scheveningen Boulevard (fig.2.6) - is protected by groins 

(fig.2-6). The effect of this coastal defense system appears to be modest. Invesfigation of this 

area is facilitated thanks to the fact that the Hoogheemraadschap Delfland made profile 

measurements for this part of the coast during more than 150 years. 

2.3.4 Coastal behaviour after averaging the breaker bars 

Knowledge of the period of motion of a bar system gives the opportunity to determine the ' 

accuracy, with which the coastal trend can be determined. This accuracy depends on the 

one hand upon the ratio between the period of the breaker bars, compared with the period of 

observation and on the other hand on the phase of the bar cycle at the start of the 

observation fime. This statement will be elucidated in the next subsect 2.3.5. 

Fig 2-23a,b shows those trends over the period 1970 to 1984, however only for those 

measuring points, in which the series of observations does not show considerable gaps. 

With the least square method the linear trend of the bottom level rise of each point of the 

measuring grid has been determined. Depicted are lines of equal bottom level rise (which is 

expressed in cm/year). These lines separate the area in sections which are about stable 

(changes of 1 cm/year or less), moderately accreting, c.q. eroding (2 to 10 cm/year) and 

those changing strongly (10 cm/year or more). 

Although the pattern obtained is consistent, it is not easy to interprete. As subsect. 2.3.5 will 

elucidate, the "pseudo-trend", caused by the breaker bars will play an important role.This 

pseudo-trend depends as well on the amplitude as on the period of the breaker bars. For 

instance (table 2-1): the amplitude of the breaker bars is of the order of 1 meter and the 

period is about 20 years for the coastal stretch Bergen-IJmuiden (fig.2-1 l a ) and 5 years for 
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IJmuiden-Katwijk (fig.2-11b). Thus, for a period of observation of 20 years one finds a 

pseudo-trend of ca. 1 dm/year for Bergen-IJmuiden and ca. 2 cm/year for IJmuiden-Katwijk. 

As a matter of fact, one indeed observes in the picture of fig. 2-23a a strong dominance by 

the motion of the breaker bars: shifting In parallel belts of alternately sedimentation and 

erosion. Indeed, this "trend" is of the order of 1 to 2 dm/year. Topographically, those belts 

coincide rather well with the breaker bars. Visually, the macroscopic consistency of the 

features is striking (the same trends over a distance of 30 kml) 

Near Callantsoog (fig.2-23a) sand was supplied for dune enforcement in 1976/77 (350.000 

m3) and in 1979/1980 (470.000 m3). This explains the sedimentation in fig 2-23a at the 

landward side. 

In the vicinity of Den Helder (fig.2-11 a and 2-23a; fig 2-40) one observes sedimentation in 

the shallow part of the Schulpengat. Not enough data was available in the deeper part of the 

Schulpengat to make statements concerning the trend at that site. 

Consider now the part south of IJmuiden (fig23b) Generally, here the trends vary between -9 

to +9 cm/yr at the inshore; stronger trends occur in the dunes (order: +/- 20 cm/yr). 

Below OD -6m there are large areas (between km 80 and km 90) where the coast is 

practically stable; however, at some places, for instance between Scheveningen and Hook 

of Holland (fig 2-11 b) also there variations of 5 cm/yr do occur. 

Dominating in fig.2-23a,b are the direct or indirect outcomes of human interference. At Hook 

of Holland, the whole picture is dominated by the local Beach Project Hook of Holland; 

although less rigorous, the same holds for the coastal behavior North of Scheveningen (the 

effect of enlargement of the harbor moles; refer to subsect. 2.3.3 for both cases). 

Indirect results of human interference can be observed from the sedimentation South of thwe 

harbor moles of IJmuiden; sheltering effects (5.2.5) probably are dominant. In the direct 

vicinity of the Southern mole a sedimnetation took place at a rate of ca. 20 cm/year at the 

inshore and even at a rate of 40 cm/yr in the dune area. At a distance of 3 km Southernly of 

this mole (near km 59; fig. 2-1 l b and 2-23b) sedimentation rates are reduced to 1 to 5 cm/yr. 

Another indirect outcome of human interference is the formation of a scour hole near the 

Scheveningen moles, caused by the contraction of the streamlines and local high's of the 

current ve loc i ty \ In the local bottomtrends (fig.2-23b) this reveals itself by the abrupt 

transition of some sedimentation into larger erosion, (5-11 cm/year) concentrating itself within 

a small area (RSP km 100.50). A s o in the 3D-picture (fig.2-1 l b ) the scour hole is visible. 

Considering fig. 2-23b, as well longshore as cross-shore features are showing off, i.e.: 

longshore and profile changes. Clearly turns out: the erosion of the coast near Zandvoort ; 

This seduces to ponder, that the sand for the sedimentation near IJmuiden has to come from 

somewhere. Here (RSP km 59.00-64.00) bottom level changes occur at a rate of -1 to -5 

cm/yr ^. 

Longshore belts are visible in fig. 2-23b. This leads to think of effects of breaker bars. 

However, the bar-stnjcture does not show up in the location and orientation of those belts. 

Furthermore, the feature is present as well near the coast of Delfland (i.e., Scheveningen— 

Hook of Holland), where (if bars are present anyway) bar activity is of minimal importance. 

Excluding the area of the Beach Project Hook of Holland at the seaward end of the area 

under consideration some offshore erosion can be observed. Seaward of the area 

considered nearTerheide (fig. 2-11 b) one finds a long temn dumping site of silt f rom the 

Nieuwe Wate rweg^ . Fig. 2-23b does not show coastal accretion at that site (rather: coastal 

erosion). 

Generally speaking, changes in the curvature of the coastal profile show up more explicitely 

than a general steepening or flattening of the proifile. Adequate explanations are still lacking. 

A 100-year analysis probably would result in smaller trends than the 20 years considered. 

For one cannot assign the sky the limit to those trends and furthermore opposite trends in 

neighboring areas will cause reactive forces. Thus a similar analysis as displayed in this 

chapter at the turn of each millennium would be advisable. 

' An example of this kind of process, however valid for IJmuiden, is depicted in fig. 2-22. (subsect. 2.3.3) 

^ Sedimentation bieing positive, evidently 

^ called "loswal Noord" in Dutch 
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zeewaarts J . kust 
DEN HELDER 

Figure 2-23a: 20 year averaged bodemtrends Nortti-Holland 
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zeewaarts ± kust 

Figure 2-23b: 20 year averaged bodemtrends South-Holland 
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2.3.5 Philosophy conceming 'trencF' 

Do 20-year averaged linear bottom trends (cf. subsect.2.3.4 and fig.2-23a,b) make sense? 

This is the topic of this subsect. 2.3.5. 

In the first place the question arises, how consistent the measured trends are. For instance, 

the pattern of fig. 2-23b b is rather mixed-up (in contrast with the one shown in fig. 2-23a, 

where the 20-year motion of the breaker bars strongly dominates). The consistence appears 

to be better than fig. 2-23b suggests. This is illustrated with fig. 24, where as a detail of f ig. 2-

23b the trends in any of the respective measuring points in the surroundings of IJmuiden 

have been depicted. It shows, that de spatial gradients in the accretion velocity are small and 

over belts with a width of several hundreds of meters and over the length of 5 to 10 km the 

same tendencies are found. 

Lit. [58] deals with the influence of accidental measurement errors on trends. From the 

calculations the following result is found. If the standard deviation of the accuracy of 

sounding in every separate measuring point amounts 20 cm, with annual surveys over a 

period of 20 years a standard deviation of the trend of approx. 1.4 cm/year is found. This if 

the deviations f rom the trend from year to year are not correlated. 

But is this the case? 

Suppose, a sinusoidal signal is averaged over a certain observation time with the aid of the 

least square method. This implies the assumption of a linear trend; every deviation from this 

straight line will be seen as a random fluctuation. With reason statisticians will object to this 

method; however, if one has to deal with periods of the signal of four years and sample 

frequencies of once a year with a relatively small observation period, it is hard to distinguish 

signal and noise. 

At first presume, that the observation fime is very short compared to the period of the sinus 

and that at the starting t ime of observation the signal has the value zero (fig. 2-25). As 

(pseudo)-trend one will find the tangent to the sine curve. Clearly, this is the maximal 

pseudo-trend that can be obtained. Fig.2-26 displays the pseudo-trend (as fi-action of the 

earlier mentioned maximum) as a fijnction of the observation period. As menfioned, there 

was started fi-om the assumpfion that the signal was zero at the beginning of the observation 

time and after that it became posifive. The calculations are given in [53]. For the area 

between Zandvoort and Noordwijk (table 2 .1 , subsect.2.3.2.1) in the longshore belt with 

max imum breaker bar mofion a max imum pseudo trend (small observafion period) of 1,14 

m/year is found, caused by the periodical mofion of the breaker bars. Choosing an 

observafion period of 4 fimes the period of the breaker bars, i.e. 16 years, still a max imum 

pseudo trend of 1,9% (fig. 2-26) remains: this means 2 cm/year. In fact the pseudo trend will 

be somewhat smaller, as at the beginning of the observation period the phase of the 

oscillation will be different everywhere. 

It is a case of philosophy, to which rate one wants to involve the influence of the long period 

oscillations (like for instance with a period of 30 years) into a 20 year trend. In the first place it 

will be disputable, if one will be able to recognize those signals as periodic; however, even if 

this is the case, it is "al lowed" that 2 succeeding 20- year trends are different. However, it 

makes sense to realize, how long period mofion affects the trend. 

The breaker bars in the surroundings of Egmond for instance, have a period in the order of 

20 years; fig. 2-23a is not corrected for this. According to fig.2-25 this can cause "errors" in 

the order of the trend of 30 to 40 % of the maximum pseudo trend, which has a value of 30 

cm/year at this location. In order to give an impression, how the breaker bars affect the 

accuracy of the trends, in fig. B4 for the area between IJmuiden and Scheveningen has 

been indicated (according a way of presentafion corresponding to fig. 2-23) which pseudo 

trend would arise due to the breaker bars, as schematized according to description in 

subsect.2.3.2.1 and as calculated for the area under considerafion. At the most an 

inaccuracy of 3 to 4 cm/year is found. One has to compare this pattern with the data in fig. 2-

23b. An other illustration of the non-linearity of the trend is given in fig.2-28, an early version 
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of fig. 2-23b. South of the Hondsbossche Seawall five extra ranges are taken Into account, 

however this data is only available for the last 7 years (from 1975 to 1985). Because the 

measurement period differs, these ranges are found to have a completely different trend, 

than in the sun-ounding area. 

It is in any case useful to realize, how time dependent the calculated 20-year trends (still) 

are. A trend of 5 cm/year is (mathematically) 5m/century. The area between the Delfland 

groins accretes with approx. 5 cm/year, however one has to be a very big optimist to expect 

this to go on for a century. 

The 100-year trend of erosion and accretion of the coast of 1 to 2 m/year (fig. 2-12) should, 

at a average coastal slope of 1:100, be translated to vertical trends of 1 to 2 cm/year. From 

the previous it shows that the noise of short-term phenomena is to big to monitor those 

trends. This goes even more for the a sea level rise at 2 mm/year. 

2.3.6 General conclusions 

The Dutch coast is far from uniform (fig. 2-1 l a , b). The part near Den Helder is 

determined by the dynamics of the Texel inlet. South of the outer delta occasionally one 

breaker bar shows up. Farther south the Hondsbossche and Pettemer Seawall dominate 

the bottom topography. South of this ( Egmond) a somewhat tangled pattern of 2 or 3 

breaker bars appear somewhat obliquely to the coast (the opening heading south). 

Continuing in Southward direction, the coastal profile becomes more gentle; this goes 

together with more breaker bars. 

For example between Bergen and Egmond in the deeper regions bottom changes are 

restrained by the expose of old clay and peat formations [26]. 

The harbor moles of IJmuiden strongly determine the local topography. Further South, 

away from this influence, a regular pattern of 2 to 3 breaker bars is found. Number and 

size of the breaker bars decrease in southward direction as the coast tends to steepen. 

South of Scheveningen no breaker bars are found. 

2. South of IJmuiden the breaker bars propagate seawards with a velocity of 60 to 80 

m/year (fig. 2-13b); its wavelength is in the order of 200 to 300 m and its period is 3 to 4 

years. The influence of storms on the behavior of the breaker bars can hardly be 

recognized. North of IJmuiden the movements are much smaller and less regular (fig. 2-

13a). 

3. Probably, "surf beat ' and "edge waves" play a big role in the dynamics of breaker bars. 

These are low-frequent waves with a period in the order of 5 minutes, emerging because 

the momentum of groups of alternately high and low waves forces resonance of the 

(total) water mass in the surf zone. 

4. The gross longshore transport along the Dutch coast is in the order of a 100 times larger 

than the cross-shore transport (compare fig. 2-18 and 2-19). However, sedimentation and 

erosion appear by local differences in transport. These can by of the same size order for 

the longshore and cross-shore transport. 

5. The direct and indirect consequences of human interference as on the one hand the 

extension of the harbor heads of IJmuiden, Scheveningen and Hook of Holland and on 

the other hand the large-scale sand supply of the Beach project Hook of Holland are 

very clearly and these locally dominate the natural changes along the coast (fig. 2-23a,b). 

Because the breaker bars North of IJmuiden have a period, of the same order of 

magnitude as the observation period the propagation of these breaker bars is reflected in 

the linear trend; this results in trends, varying alternately in belts (300m wide; 30 km long) 

of sedimentation and erosion in the order of 10 to 20 cm/year. The site of those belts 

coincides with the site of the breaker bars. 

South of IJmuiden, where the period of those breaker bars is considerably less, the 

motion of these bars averages out (to a large extent) over the observation period. 

1. 
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although the Influence of the breaker bars still can not be neglected. In subsect. 2.3.5 this 

averaging effect is investigated. 

South of IJmuiden changes of the undenwater topography, remaining after t ime-

averaging the breaker bars, generally vary between + and - 10 cm/year. Spatial 

gradients in sedimentation velocity are small: over belts with a width of several hundreds 

of meters and lengths of 5 to 10 km the same tendency is found (fig. 2-23a). 

6. Only locally, like between (about) Zandvoort and Scheveningen ( f ig.2-23b), the most 

seaward part of the measured coastal profile (until about 800 m seaward of the coastline) 

is stable. In ft-ont of Monster however an erosion rate between 5 and 10 cm/year is 

found. 

7. Changes in the curvature of the coastal profile (after t ime-averaging the breaker bars) 

show off over the last 20 years more clearly than an overall steepening or leveling. 

8. Rather much for sure the 20-year trends are still large compared to the 100-year trends, 

in which even more phenomena are t ime-averaged. 

Many of the causes of the registered coastal behavior is sfill unknown. 

It will be clear, that monitoring the topography of the coastal zone requires a great effort in 

measuring and processing capacity. 

However, this is necessary to maintain the validity of the statement: "the coast is safe". 
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2A Sand tmnsimii by waves and tides (uninterrupted coast) 

Van Straaten [6] and Edelman and Eggink [7] both give qualitative considerations about the 

sand transport by waves. Since their publications, so much data has been collected about 

the relation between the longshore component of the wave energy and the sand transport, 

that it is worthwhile to apply such fonnulae to the Dutch coast in order to obtain more 

quantitative conclusions. However these conclusions cannot be better than the available 

data; i.e. the visual wave observations made on the Dutch lightvessels (table 2-2). These 

measurements f rom 1949 to 1957 have been statistically analyzed by Dorrestein [12], giving 

the probability of occurrence for each wave condition, (characterized by height period and 

direction of the waves). Harreveld [13] correlated the visual wave height of the Goeree 

lightvessel (at 10 km from the coast) with the wave height obsen/ed on the step resistance 

wave gage "Triton" at 3 km from the coast, and concluded from this that the low waves were 

estimated too low and high waves too high, the (significant) waves of 1 to 2m being 

estimated correctly. The regression coefficients between lightvessel and wave gage were 

different for each wave direction, which is clear for the offshore waves because these waves 

were generated with a different fetch. However, also for the onshore waves there appears to 

be some influence of site. From the visually measured wave period at the lightvessels an 

"equivalent wave period" has been derived, according to Battjes [14] 

T^=1.23T„ (2.1) 

in which T„ is the mean period of upward zero-crossings. The equivalent wave period is the 

period, for which the energy/rn^ and the energy-flux/rn of the replacing sinusoidal wave are 

equal to those in the wave in nature. Harreveld [13] found the visual Goeree lightvessel 

period about equal to 1.5 from which T^= 0.82 . The longshore component of the 

wave energy-flux, P, has been computed from: 

P, = 1 3 8 0 / i (P, in W/m' , h^, in m) (2.2) 

Co 

in which ^oand Co were the deep-water wave direction and phase velocity, and the 

breakerdepth ht^ was found from: 

2 

[ 2 ( 0 . 4 ) ^ V Ï 4 g COS 

The theoretical basis of these formulae is given in [16]. The way of calculation (however for a 

more general kind of topography) is explained in c h 4 2.2 as well: eqn.(2.2) is analogous to 

eqn. (4.3b).The results are given in the next table. 

(2.3) 
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Figure 2-29: Ttie probability distribution of the longshore current af the wave energy-flux near Scheveningen. 
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i'robabxiity (xr. m /oo/ %be occurrence or a eertain value of P. 

s i t e Vlieland''^ Texel^^ IJisuidan'^ Scheveningen 
\ o r i e n t a t i o n 
T h \ o f the coast 
B i s e \ v i t h r e s p e c t 

060°-2k0^ 030*'-210'' 15*'-195'* 0't5**-225*' 

of F i \ o the North 

- 33<P;^<- 51 .13 

- 3 l<Pj^< - 29 .52 

- 25 < P j < - 23 .17 

- 23 < < - 21 .13 .21» North 

- ' ' 9 < P j < - 17 .27 

- 1 7<Pj^<- 15 .13 .70 

- 1 5 < P ^ < - 13 • 03 .25 .92 

- 13<P3^<- 11 .27 .50 1.1 1.6 ' t c 

- 1 1 < Pj^ < - 9 .25 .76 3.1 .35 

- 9 < P i < - 7 1.2 8 . 7 5.6 

- 7<P;^<- 5 .82 '».3 3.'» 2 . 0 

- 5 < P j < - 5 8 .9 19 26 26 South 

- 3 < P i < - 1 32 56 120 119 

- l < P j < 0 166 205 159 200 

0 210 267 323 355 > 

529 •̂01 299 316 

0 < P j < 1 155 196 272 188 

1 <P^< 3 55 70 86 92 

3 < P i < 5 29 31 15 28 South 

5 < P j < 7 11 6.1 h.O 10 

7 < P ^ < 9 5.«* '• .2 .88 6 .0 

9 < P j < 11 l.i* 2.1 1.3 .56 
11 < P i < 13 1.0 .61 .15 2.9 > to 

1 3 < P j < 15 1.1 .8h 

1 5 < P j < 17 .8't .^7 .56 
1 7<P^< 19 .81 .2U . 2 2 

21 <P^ < 23 .5'» .23 ,kk North 

25 25 .«•2 

29 <Pj^< 31 .12 

0 < P j < • 261 512 379 329 / 

1) FroB data l i g h t T e a e e l . 
2) Troa d a t a l i g h t T e e o e l T e x e l . 
3) P r o b a b i l i t y of «ave c h a r a c t e r i e t l c a : aaan beteeen l i g h t v e s e e l B 7 e x e l and 

Goeree. 
k) FroB data l i g h t v e B s e l Qoeree. 

Table 2-2: The visual wave observations made on the Dutch lightvessels 
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Fig. 29 gives one of the probability distributions. From this It is easy to compute the mean 

energy flux and the mean littoral drift S* (integrated over the surf z o n e ) , using the CERC-

fonnula: 

p 
S* = 1.4 • 1 0 ' ^ — { p ^ specific weight water) (2.4) 

where p„ is the specific density of the fluid and g the acceleration of gravity. 

S' = 2300 Pi (S* in m ^ e a r , P, in W/m') (2.5) 

However the used data and formulae are not accurate enough to justify this computation 

since the probability distributions are about symmetrical. Only along the Vlieland coast the 

resultant drift is significant (about Vï min. m ^ e a r ) . The resultant net energy-flux was always 

less than 0.3 KN/m' . 

The gross littoral drift (sum of transport in both directions) can be computed from the 

summations of the products of the absolute value of P, and the con-esponding probability of 

occurrence (called pr (P,)). 

5 ; _ = 2 3 0 0 - ^ Y^{\P,\-pr{Pi)} (2.6) 

all prob. 

This gross littoral drift is found to be of the order of 1.5 to 2 rnIn m^ /year (thus about 1 mIn m^ 

in each direction). 

Assuming for a moment 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 method of 

computation is illustrated in [15] and is treated in more detail in [16]; in sect.4,2 a more 

general case is t reated^ The result for Scheveningen is shown in fig. 30. 

Figure 2-30: Distritxjtion litt. Drift over profile. 

' If h, In eqn. (4.3a) Is taken equal to zero, the result is eqn (2.2). Eqn. (2.3) is a specific case of eqn. (4.17a): no=0.5; 

Y=0.4;FH1.4 
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Considering which infiuence is more important, the one of waves or the one of tides, in [17] 

and [18] the driving forces of waves and currents are investigated. The total driving force of 

the longshore cun-ent in the su r f zone is [19] 

^^br sin 2^4, =^pgr^ hi sin ^ j , , (2.7) 
Z lo 

in which Efcr is the wave energy per m^ in the breaker zone, cp^ the angle of wave incidence, 

V t h e breaker depth and y\he ratio between breaker height Ht^ané h^^ 

The driving tidal force over the breaker zone assuming a rigid bottom slope with gradient m 
is: 

2m ax. 
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d o o r s n e d e A - A 
b«w«g«nd goirichot 

a f s t o n d u i t h.w.-l i jn (m) 

g o l f m a c h i n e voor g o U o p w e k k e r s 

23 J l 19 17 15 13 11 » 7 

bovenaanz ich t w a t e r l o o p k u n d i g m o d e l ^ 
a b : de i t r o o m r i c h t l n g kan w o r d e n o m g e d r a a i d 

V gtm 

23 21 1» 17 15 13 11 * 
g o i r r i c h t i n g c o n t r a j t r o o m n c h t i n g 

V g«m 

25 23 J l 19 17 15 13 11 9 , 
g o H r i c h t i n g = i t r o o m r i c h t l n g 

T — r 
2 5 23 21 19 17 15 13 I I 9 

g e e n s t r o o m 

-1 1—r 
3 1 0 

g o l f h o o ^ t e i 3 c m 
g o l f p e n o d e s 1,04 s 
g o l t r i c h t i n g r 15* 

Figure 2-31: Experimental data conceming currents, generated by combination of waves and (tidal) water level gradients. 
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in whic l i — is the gradient of the water level in longshore direction, of which for a sinusoidal 
dx 

tide (a. cos(cüt-kx)) is taken the maximum value, i.e. ak. The ratio between the longshore-

cun-ent force and the tidal force is therefore 

l ^ s m 2 c p , . (2.9) 
8 ak 

which is mostly large except for very small angles of wave incidence. 

This est imate of order of magnitudes can be illustrated with the aid of fig. 3 1 . This figure 

shows the result of current measurements in a wave basin in Delft Hydraulics Laboratory, in 

which the current was measured caused by obliquely incident waves, respectively (first 

alternative:) without a gradient of the water level (then only longshore current results), 

(second alternative:) with a surface current in the direction of the longshore current and 

( third:) with a surface gradient counteracting the longshore current. Fig. 31 demonstrates, 

that the longshore current overmles the tidal current. 

Assuming that the waves stir the material and the currents transport it, it thus is reasonable 

that the transport in the surf zone, according to the former computation, is rather well 

reproduced, except for the case where zero transport is computed.. 

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. 32 gives the scheme [20]. Assumed is one 

channel system parallel and another one perpendicular to the coast. At the boundaries (the 

ends of the coastal-parallel channels) the vertical tide was given; at the junctions the vertical 

tide was computed and in the channels the horizontal tide. The computer program was 

developed by Booy according to the explicit leap-frog method; non-linear terms were 

considered, but Coriolis was neglected. In each channel at every time was computed: 

^ B V h-At, in which B is the width of the channel, v the current velocity, h the water depth 

at the moment and At the time step. From this, the resultant currents were found as indicated 

in the upper part of fig. 3 1 ; about 3 cm/sec in the shallow regions and 6 cm/sec in the deeper 

regions. 

•r-

.M«0 

Figure 2-32; Tidal model 
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Z 5 Tides, shaping a coasts lessons from old masters 

As one may expect, the effect of waves and tides near tidal inlets will greatly differ f rom the 

one along an uninterrupted coast as treated in sect.2.4. 

Again, causes of changes are tides, waves, wind, and current, where pilot investigations 

calculation of the erosion/sedimentation of the Valkenisse channel in the Wes tem Scheldt 

(channel 14 in fig. 2-34) and find an estimate of the sedimentation o f -0 .3 cnn/yr with a 

standard deviation of 35 cm/yr. 

Table 2-3a,b,c (fig. 2.34) shows the way of calculation. Mind, that the calculated accuracy of 

the transport integrated over one flood-tide and one cross-section (i.e., integrated over a 

number of measuring positions as well) has "only" a standard deviation of the same order of 

magnitude of the transport itself. The sedimentation really measured in the channel was 20¬

30 cm/year, which, as the report states; "is within the range of accuracy". 

The investigation, quoted above illustrates also, that the existence of tidal transport does not 

imply, that the tidal channel is subject to changes. For if this transport is uniform, the channel 

is stable. The same statement holds for the adjacent coasts ' \ Erosion results f rom a positive 

spatial transport gradient; sedimentation f rom the opposite case. As illustrated by the 

"channel 14"-story, detemnination of the rate of accretion, c.q. erosion is still more inaccurate 

than of the transport per tide, because again the difference between two large, inaccurate 

numbers has to be detemnined. The example given: "calculated rate of accretion/erosion 

orders of magnitude less than the standard deviation of the computation" is nomnative. 

Still, despite of all the reserve, qualitatively some statements on the mechanism of tidal 

transport can be made 

The Southern part of the North sea (roughly between Den Helder-Cromer at the Northern 

side and the English Channel at the Southem side) has a length of about one quarter of the 

length of the tidal wave. Thus one would expect a system of nodes and anti-nodes with a 

large vertical tide near Calais and practically no vertical tide near Den Helder-Cromer; 

however, because of the effect of earth rotation during flood water is pressed to the English 

coast and during the ebb against the Dutch coast. This has the effect, that the tidal wave 

turns around in the North Sea; from North to South along the English coast and fl-om South 

to North along the Belgian and Dutch coast (fig.2-35). 

This implies, that in the Netherlands the tidal wave intrudes from the Southside in the 

estuaries. Fig. 2-36 shows the cotidal lines of HW in de embouchment of the Easter- and 

Wes tem Scheldt; the "c res f of the tidal wave intrudes from the Southem side in the estuary. 

In the direction of the crest the water levels at a certain time are equal (by approximation) 

' If one replaces "transport by cunrenf by "combined transport by waves and cun-ents" in ttne statement treated (cf. 

sect. 2.4). 

^ The idea originates from Van Veen [4]: a classical paper, demonstrating the fine-tuned physical feeling of our 

predecessors and masters. Refer to Edelman [59] as well. 
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show, that the influence of wind is 

relatively small. 

Consider first the tide (fig. 2-33). 

During the flood period sand is 

transported in flood direcfion; during 

the ebb-fide the inverse Difference 

between ebb and flood transport is 

called the tidal transport; this is 

mostly small compared to ebb- and 

flood-transports. As its calculation 

involves the subtracfion of two large 

and relatively inaccurate numbers, 

the result will be very inaccurate. 

As a striking example: Delft 

Hydraulics (van Rijn & de Leeuw [49]) 

investigate the accuracy of the 

VLOEDTRANSPORT 

EBTRAhSPORT 

GET'iTRANSPORT S 
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Figure 2-33: Erosion difference between sand transport in 
two cross sections. 



and as, generally speaking, water directs itself to the lower level, current velocities in the 

direction of the crest are small. In the same way it may be explained, that as the water 

surface gradient is perpendicular to the tidal wave crest, i.e.: the cun-ent direction will be 

perpendicular to the crest as wel l . It may be clear that direction of channel scouring 

coincides with cun-ent direction, i.e. (again: generally speaking) perpendicular to the a e s t of 

the tidal wave, i.e. to the cotidal lines. This implies, that the main channels in the estuaria are 

mostly directed in Southward direction. The fact, that in spite of this there still exist channels 

with another orientation, is caused by the over-simplification of the explanation above. One of 

the effects neglected is the difference in behavior of ebb and flood (fig. 2-37). The estuary 

sucks its flood-water fi-om all sides in a fijnnel, but it spits its ebb-water as a thin jet into sea. 

More fonnally: mind the (unidirecfional) momentum of the ebb-cun-ent. So the main channel 

(mentioned before) generally will be an ebb-channel, where at the borders of the basin 

"f lood-channels" will emerge (fig.2.38). 

If, for a minute, one takes a coastline in North-South direcfion in mind (inset of fig. 2-39), 

intenupted by a number of East-West orientated estuaries, then generally the North-West 

comer will be cut off strongly, where the South-Westem comer sufl'ers less current attack 

(although evidenfiy, the flood channel sfill will play its role). In this way the coastal shape will 

look like a kind of a stepping stone See fig 2-38 fi-om Van Veen [4] and fig. 2-39 after 

Edelman and Eggink [7] and [48]. 

In the next secfions 2.6 with these principles in mind (most of the) Dutch inlets will be 

considered. 

Figuur 2-34: Investigations of the NAUWES-B project (tMt) 

Sandtransport integrated over a fideperiod 

geul 14, 1981 Standaartafwijking geul 14, 1981 

(kg) (kg) % 

westrand, vloed 0,813 x 10 ' 0 , 8 4 8 x 1 0 ' 104,3 

wesfi-and, eb 0 , 8 0 6 x 1 0 ' 0 , 8 4 8 x 1 0 ' 105,2 

oostrand, vloed 0,482 x 10 ' 0 , 4 7 0 x 1 0 ' 97,5 

oostrand, eb 0,465 X 10 ' 0 , 4 7 0 x 1 0 ' 101,1 

Sandtransport over a fideperiod in a channel 

' Dutch tidal conditions 
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geul 14, 1981 Sneao. getijfase (kg) variantie (kg^) standaardafwijking (kg) 

eb 

vloed 

-0,341 X 10 ' 

0,331 x l O ' 
0 , 7 9 8 x 1 0 ' " 

0 , 7 9 8 x 1 0 ' " 

0 , 8 9 4 x 1 0 ' 

0 , 8 9 4 x 1 0 ' 

In to ta l : 

geul 14, 1981 Snetto. getijfase (kg) variantie (kg^) standaardafwijking 

(kg) 

eb+vloed - 0 , 1 0 x 1 0 ^ 0 , 1 6 0 x 1 0 ' ^ 0,126 X 10 ' 

Resulting bottom change: Az = -0,3 + 35 cm/jaar (1981) 

Table 2-3a,b,c: Calculation Sandtransport 

Figure 2-35: Co-tidal lines in the North Sea 

Figure 2-37: Co-tidal lines in the Zeeland area 
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Figure 2-38: Flood- and ebbdiannels in a tidal estuary 

Figure 2-39: stepping stone stiape af coastline near an inlet 
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Figure 240: Schematic display sand transport near an inlet 
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Z 6 The outher deltas of the wadden islands 

The boundary conditions for the motion of the coast are given by the inlets. Therefore it is 

important to consider the motion of the tidal channels. Fig. 2 -41 , 2-42 and 2-43 depict the 

motion of the tidal channels in the inlets of Texel, Vlie and Eems respectively. The arrows 

indicate the motion of the channels since the last recording. What is known about these 

deltas? 

The cross-sections of the tidal channels fit in reasonably with the theory Per Ba iun and 

Gen-itsen [8]. As a variation Haring [21] found that the quotient of the tidal vo lume (ebb -i-

flood) and the total profile area of the tidal channel, 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 influenced by the littoral drift because that will possibly nan-ow the tidal 

channels. Van Veen [22] states, that the largest tidal channels 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. 2-37; sect.2.5): 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 [23], the submerging of the Wadden during 

flood-tide takes place with higher velocities than the retreating of the water over the shoals 

during ebb-tide. Thus, the water loses a part of its sediment here, which causes the W a d d e n 

shoals to reach an equilibrium at about the mean water level. Now the relative sea-level rise 

in the Netherlands during the last 20 centuries was a b o u t " 6 cm/century, which would result 

in a "sand hunger" of the Wadden shoals of about 1 mIn m^/year (distributed over all inlets). 

However, this will mostly be confined to finer sediments ( D „ about 100-150 p.). 

The second reason (sect. 2.5) is, that the water during the flood tide gets an accelerat ion, 

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 tidal channels near the beaches, there is 

surplus of flood discharge and in the center tidal channel 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 f rom 

both sides, this process reinforces the erosion of the beaches near the inlets. Thus the 

erosion of Texel could be rather well explained [24]. After some time an equil ibrium should 

be reached. 

Two reasons can also be given for the motion of the tidal channels: 

A meandering effect and longshore sand drift. It will be clear, that the resulting sand drift 

perpendicular to the tidal channel can not be derived fi-om the velocity of the tidal channel , 

because of the meandering effect. The high amount of sand transport in the tidal channels 

can be attributed to the high current velocities and this meandering. 

The mofion of the fidal channels and the efl'ects of their orientation has been investigated (fig. 

2-44). The center line of each of the bars gives the orientation of the tidal channel in course 

of time. The width of the bar gives the development of the wet surface of the representative 

cross secfion. The time-integrated slopes of the water-surface as a function of the orientafion 

have been displayed in fig. 2-44 *^) as far as known. These give no evidence about the Van 

Veen theory (fig. 2-37; sect.2.5). 

In fig. 2-45, derived fi-om fig. 2-^, the rotafion of the fidal channels in the Dutch Wadden 

delta is shown. Mainly these turn clockwise, although very slowly, and there is a slight 

indication (con-elafion coeff. 0,24), that the large tidal channels turn slower than the small 

ones. 

In 1992 Huys [51] extended the investigation of Bakker & Joustra [29] conceming the 

rotation of fidal channels to the Friesche Zeegat. 

' These estimates of Van Bendegom seem rather low, compared with later ones during the ISOS- and Coastal 
Management reports (ca.1990). 
' These have been derived from Van Veen [21] and Ferguson [24] 
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As a challenge to future researchers Bakker [52] drafted tentatively the DC-fonmula 

stating that the rotation velocity of a tidal channel is inversely proportional to its depth and to 

its radius of curvature, The background idea is, that the spiral cunrent will probably be 

inversely proportional to the longitudinal curvature and the cross-transport in the channel 

roughly proportional to this cunrent (convection more important than stirring). The assumption 

of inverse proportionality with channel depth implies a cross-transport of sand, independent 

of depth. 

Fig.2-46 shows Huis' data, on which the equation is based upon. 

The fomnula reads; 

in which: is the transversal erosion velocity of the channel in km/yr; R is the radius of 

curvature in km and h is the channel depth in m. 

' " D C stands for "Dutch Courage" 
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Rgure241: Marsdiep 
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Figure 242: Vlie 
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Figure 2-43: Eems 
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Figure 2-44: Direction and aoss-section tidal channels. 
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2.7 Changes of tiie Zealand coast by Man and Nature 

In Zealand the mechanisms, treated in sect 2.5 

specific influences: 

• The one of the Brouwershavense Gat 

• The one of the Eastern Scheldt 

• That of the Westem Scheldt 

cause three " tur fs" of the various inlets, with 

Referring to sect 2.4 and 2.5 concerning waves and tides, now those effects will be 

combined. 

With this general theory on the background the different inlets will be investigated more into 

detail:: 

• What has happened with the Brouwershavense Gat after the enclosure? 

• What affects the outer delta of the Eastern Scheldt, in the past and in the future? 

• What happened in the mouth of the Western Scheldt and which will be the influence of 

the harbor works have near Zeebmgge? 

Fig. 2-47 shows the mouth of the Brouwershavense Gat after the enclosure. The most 

important channel of the system is the Brouwershavense Gat itself, fi-om which the name of 

the inlet is derived. Near Scharendijke the channel was "leaning" to the bank of Schouwen -

("(in)scharen" in Dutch means: "to erode because of a meandering channel") - and dug itself 

in; in this way a scour hole emerged with a depth of 47 m. 

After closing the inlet the current was "paralyzed". Owing to this on the first hand the 

equil ibrium of the sand balance between the outer delta and the estuary was disturbed, with 

the consequence that the shoreface of the outer delta is moving landward (fig. 2-48). 

On the other hand because of this the old channels became potenfial areas of 

sedimentaf ion. Figure 2-49 shows the accrefion and erosion near the dam. The red numbers 

stand for erosion, the green ones for the shoals. 

As far as the origin and the way of transport of the concerning sediment one has to remind a 

number of possibilifies, which probably happen in combination: 

Settling of flood transport, which isn't removed during ebb; think specially on fine material 

like silt. 
Sand, which is removed fi-om the shoals 
As a consequence of the reduction of the cument velocity these shoals are not supplied with 

sand; the balance between cun-ent supply and erosion by wave action will be outweighted in 

favor of the last one. Consequence is lowering of the shoals. In this way for example the 

Middelplaat in fi-ont of the Brouwersdam lowered its level after the enclosure; 

Littoral drift (i.e., sand which originates fi-om the heads of the islands and of the banks of the 

shoals) which sedimentates in the channel and is not carried away. 

For the Northern side of Schouwen the development is probably mainly defined by the littoral 

cun-ent; this is not much different since 1971, as fig. 2-50 shows. 

Only the immediate surroundings of the Brouwersdam showed a clearly stronger accrefion. 

The accretion near the Zeepe dunes is probably a consequence of the permeable groins, 

constmcted between 1960 and 1975 

Can, on account of the present experience, a prognosis be made? 

For the short terni prognosis can be supposed that the changes are so slow, that it will last 

very long before the boundary condifions in the process change significantly, in other words, 

that for instance a beach will develop at the site of the Brouwershavense Gat. Likewise the 

shifting of the outer delta is so slow, that for long the wave boundary condifions will not be 

affected. There is no reason the presume, that the development the next years will be 

different fi-om what is found so far. 
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On the long tenm -order of half a century- there will by a straightening of the coast, 

presuming, that man won' t interfere once more. 

If one directs his attention on the Eastern Scheldt (fig. 2-51), one finds, as a matter of 

speaking, a double system: 

The Northem tidal basin stretching at the east side to Keeten-Mastgat-Zijpe and in the 

present situation reaching till the Volkerakdam and the Dam over the Hellegatplaten; 

The Southem tidal basin: the proper Eastem Scheldt. 

Although some things mix up in the embouchure and although there are transverse 

connections, one could see, partly schematized, the Hammen as tidal gorge for the Northem 

tidal basin and the Roompot as tidal gorge for the Southern part. 

Now specially the Northern part is artificially expanded, particularly by the closing of 

Grevelingen in 1964 and the Volkerak in 1969, but also before, since 1900 by several 

clearings and normalizations. 

Because the tidal capacity of the Eastern Scheldt increased, the current velocity increased 

as well with as consequence larger capacity of sand transportation. As profile expansion 

could not take place in horizontal sense, the basin deepened, linked with a seaward 

transportation of sand. 

Fig. 2-52 shows the average deepening of the basin between 1872 and 1972. Parallel to the ( 

scouring an increasing growth of the outer delta can be seen. 

Fig. 2-53 shows the shifting of the channels in horizontal sense in the past century. 

1827 The first figure one shows in the mouth of the Eastern Scheldt the two main 

channels the Hammen-Westgat and the Roompot, and in between a shoal without a channel 

connecting the two main channels. In origin the Schaar van de Roggenplaat can be 

observed, while the Hondengat, the channel along the Kop van Schouwen, in that time was 

a passable deep channel. 

1886 This channel has become smaller in 1886. The most striking in this figure is that 

there exists a connection channel -de Geul- between de Hammen an the Roompot , which 

about this t ime has it's largest capacity. 

1953 After about 1900 the Geul is decreasing in capacity and a more inward laying 

connection between the both main channels the Westgat and the Roompot viz. the Schaar 

of the Roggeplaat appears. The Hondengat has disappeared. A s o in this figure: the 

ebbchannel of the Vuilbaard and the fioodchannel of the Roompot; here is clearly a 

difference between the ebb- and the f ioodchannel. 

1970 In the situation of 1970 this system has almost become an indifferent channel. 

Also the short-cutting between the ebb channel by the ebb channel of the Roompot of the ! 

Westgat can be observed, to a certain extent. The Geul is almost disappeared while in 1971 

it has been enclosed by the "damsect ion Geul". 

The constmct ion of the storm surge bamer wilP create a situation in the outer delta, being 

between the complete blocking and opening of the Eastern Scheldt. The current velocities 

will decrease. At a distance of approx. 12 km seaward of the storm surge barrier the 

reduction of the cun-ent velocity will be negligible and, moving in the direction of the stomn 

surge ban-ier, the reduction of the cun-ent velocity will increase till approx. 26%. The 

consequences can hardly be quantified at this moment. Before, the infiuence has been 

discussed of the enlargement of the tidal basin and the tidal vo lume; one could expect that 

the reducing of the tidal volume means: "the way back"; in this case the reducing of the outer 

delta and the accretion of the Eastem Scheldt. Doubtlessly the channels will move, as a 

consequence of the changes in the tide propagation, but presumable this will have no effect 

on the seaward sides of the islands. For the littoral drift will hardly change. Naturally it is 

recommendable to follow the changes as scrupulous as possible. Even if the expectations 

'written in 1980 
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would be disqualif ied, it will be technically possible to take shore protecting measures, like 

beach nourishment to annihilate the unwanted consequences. 

Moving the attention to the embouchure of the Western Scheldt, one sees the channel 

system (fig. 2-54) that fairly approaches the basic scheme, shown in fig.2-40. 

at the North-side one finds the system Oostgat-Galgeput, of which the Oostgat surely has a 

resulfing flood discharge. More Southward one finds the main channel the Wiel ingen, where 

theoretically a resulting ebb discharge may be expected. Indeed the fact that the water of the 

Wielingen has less salt content than in the Oostgat (as a consequence of the discharge of 

the Scheldt) points in that direcfion. The cun-ent and discharge measurements however give 

a very confused image. The Wielingen and the Oostgat enclose the Vlakte of the Raam, on 

which, as a secondary channel, the Deurlo is situated. South of the Wielingen one finds the 

Appelzak which, in the past, had a flood channel character. 

A though the Oostgat has a fairly stable character, still, in the course of centuries a 

considerable erosion took place. This is due to the fact that the littoral drift along the coast 

gets little natural nourishment at the Northside, (Westkappelse Seawall) neither fi-om the 

outer delta because of the tidal channel "Oos tga f , closely located to the coast,. Because of 

this, near Westkapel le approx. 250 m dune disappeared into the sea since 1450 (fig. 2-55). 

In firont of the coast of Zeeuwsv-Vlaanderen it specially attracts the attention, that the 

Wielingen shifted somewhat between Cadzand and the Zwarte Polder to the South and 

West where it expanded in the deeper regions (fig. 2-56). The channel silted up fi-om 25m 

to 12 m near Groede and eroded in the Westem part. The shallow part between Wielingen 

and Appelzak largely disappeared: the intennediate bar the Binnen-Paardenmarkt eroded, 

where the Appelzak itself became shallower, just like the southern part of the Wielingen on 

the Belgian territory. Only the eastern outlet of the Appelzak got more or less the character 

of an oufiet of the Wielingen and eroded and shifted, like the profiles of figure 2-57 show. 

Here also manmade changes are performed. 

Fig. 2-58 shows the last plans' , which the Belgian government has concerning the 

neighboring coastal area: expansion of the harbor fill approx. 3250 m of the coast, beach 

nourishment of 9 mln m^ on the beach (presenfiy: performed) and the expansion of a long 

groin specially through the deeper parts of the Appelzak, which should hamper the fidal and 

littoral transport of the supplied sand (fig. 2-59) 

Note: 
It must be pointed out that because of thorough knowledge of coastal dynamics of the 

Belgian coastal engineers involved in this project consensus between the Dutch and Belgian 

coastal authorifies could be reached on improvement of the plans with respect to the coast, 

to mutual benefit of as well Belgium as the Netherlands. 

This remark will be elucidated during the lectures.. 

' again: written in 1980 
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afs tanden in m e t e r s 

Figure 2-47: Sedimentation in Brouwerstiavense Gat. 
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s c h o u w e n 

Figure 2-49: Erosion and sedimentation near ttie Brouwersdam. 

Figure 2-50: Erosion and sedimentation along the Schouwen coast. 
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Figure 2-51: The channel system in the Eastem Scheldt. 
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Figure 2-52: Erosion of the Eastem Scheldt and sedimentation in the outher delta. 
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Figure 2-53: Development tidal channels in the outher delta of the Eastem Scheldt. 

Figure 2-54: Channel system of the Westem Scheldt. 
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g e b i e d b e n e d e n n a p - I O O d m 

Figure 2-56; Development tidal diannels in the outher delta of the Westem Scheldt. 
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A F S T A N D E N IN M UIT DE HOOFDRAAI 

Figure 2-57: Erosion and sedimentation of ttie Dutch coast near the Belgian txxder. 

Figure 2-58: Enlargement hartwr molesof Zeebaigge. 
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Figure 2-59: Design for a long groin, projected near the Belgian border. 

Figure 2-60: fî aximum flood- and ebb-velodties near Zeebrugge harbor (result Belgian computations). 
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Figure 2-61: Change of maxima tidal velocities near Zeebrugge harbor (result Belgian computations). 
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Figure 2-62: Erosion and sedimentation after construction hartxir moles Zeebrugge. Situation 1908 referred to original situation 
(1901). 
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Figure 2-63: Acaetion West of Zeebaigge (sctiematized); 1928-1966. 
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Figure 2-64: results Belgian computations of resulting sandtransport, caused by tidal motion. 
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Figure 2-65: Areas In which coastal accretion and erosion has been computed. 
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Figure 2-66: effect on the coastline of a long groin at the Belgian side of the Zwin. 

jaarli ikse aanzanding in m/]aar t^v getijtransport 
(met uitsluiting invloed brandingsstroom transport) 

vat< 1 n m 

Huidige toestand • 4,8 t 2,8 -0,69 ±2,14 -2,71 ±1,43 • 0,22 ±0,63 

Wijziging t.ov 
l-iuidige toestand 
t.g.v. uitbouw: 

0. Zonder krib 

b. Met krib 

Wijziging t.ov 
l-iuidige toestand 
t.g.v. uitbouw: 

0. Zonder krib 

b. Met krib 

-2,96 -0,48 • 0,63 -0,24 ±1.06 

Wijziging t.ov 
l-iuidige toestand 
t.g.v. uitbouw: 

0. Zonder krib 

b. Met krib -5,68 • 0,55 • 1,46 •0,18 to,83 

• = aanzanding -= erosie (l'regeO 
of: wijziging ten gunste of wijziging ten ongunste {2*^ ) 

Table 24 : Calculation acaetion in m/yerar, by tidal transport. 
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Figure 2-67a: Clianges of tlie coastal profile in two ranges at the Eastem txiundary ot the sand supply near Zeebmge / Knokke 
in the period short before and after the supply 
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Figure 2-67b: Changes of the coastal profile in two ranges at the Eastem boundary of the sand supply near Zeebmge / Knokke 
in the period short before and after the supply 
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3. Line theories in coastal dynamics 

3.1 Introduction 

The solving of coastal problems will remain for years rather an art than a knowledge, with the 
slogan: 'the art of engineering is to get sufficient conclusions f rom insufficient data". However 
also art needs skill, and a mathematical theory; which clarifies in an exact way the 
implications of several schematizations of reality, may provide a part of this skill. At the 
moment only several aspects of the processes, which occur in nature can be schematized 
and translated into a mathematical theory. In the transition of the real prototype to the 
mathematical model the danger is hidden, to concentrate on an insignificant feature, which 
gives pseudo exact results. This can be avoided by active knowledge of the prototype and 
carrying out measurements in prototype and hydraulic models , f rom which a "smoothing of 
data" can result. It is cheaper and faster to consider only one of the three aspects: prototype, 
theory and laboratory, however, often only a combination of all of these aspects reveals the 
truth. The theory indicates pertinent contradictions in the measurements, but measurements 
in prototype are necessary to keep the attention on invalid schematization. 

This book deals on "Coastal Dynamics", which will be defined in a narrow sense as a 
mathematical theory, which starts f rom given equations of motion for the sediment, which 
leads with the continuity equation and given boundary conditions to a calculated (eventually 
schematized) coastal topography, which is generally a function of t ime. This is clearly 
analogous to aero- and hydrodynamics, thermo-dynamlcs, hydrology and other related fields. 
The subject of this book, however, covers only a specific part of the Coastal Dynamics. It is 
based upon the notion of old masters, that for a manager the back-side of a cigar-box should 
be large enough to evaluate all the information and anti-information which is poured over 
him. For instance: statements, based upon high-tech number-crunching can find a sad end 
when those do not match large-scale continuity. Think for instance of tidal computations, in 
which time-varying boundary conditions (shoals which emerge above water level during a 
part of the tide) are not reproduced accurately enough. 

The positive role of refined numerical techniques on solving problems in coastal dynamics 
should be stressed. However, one will not find much about it in this book. Emphasis is on 
physics, rather than on mathematics. It is meant for coastal managers, to inspire them, to 
enable them to put sensible questions and, if necessary, to say: "Oh, no sir". 
The theory would be sterile without a consideration about the validity of the equation of 
motion, so much the more, while these equations of motion are not as evident, straight-
fonward and single- valued as for instance the Euler - equations in hydrodynamics. 
The NeviTtonian laws are not quite sufficient for the computation of the sediment motion, 
because the motion of grains is subject to stochastic processes as the shape of the grains, 
the shape of the granular bed surface, turbulence, irregular wave motion etc. 
In modem sophisticated computermodels a physical approach going far into details is 
possible, this includes the consideration of water and sand apart from each other, 
investigation of turbulent and viscous forces on the grains, and calculation of the sediment 
motion. 

This is a difficult and t iresome way, which has to be followed and will give finally the best 
results. 
However, the building of constructions cannot wait for that, as it has not done in the past and 
therefore a short-cut from theory to practice has to be made, which involves the use of 
experimental data. This includes entirely the loss of the paradise of exactness. As the 
accuracy of the experimental data is very poor, this is a serious draw-back. Instead of the 
real equations of motion substitutes have- to be chosen and when it is not carefully 
examined, if and when these assumed equations of motion are valid, the mathematical 
theory is just an escape from reality. 

In the mathematical theory, all constants and variables are indicated by symbols and it is 
suggested, that the numerical value of many of these constants can be found from prototype 
data. Without a discussion about at least the order of magnitude of these constants, the 
theory is no more than a start for future research. 
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Under coastal dynamics in a broader sense also these discussions about the validity of the 
equations of motion and the order of magnitude of the assumed constants will be included. 
In this book the sediment transport formulae which are used are not thoroughly discussed. 
The coastal dynamics, as presented in this course provides a far f rom complete theory. 

The aim is threefold: 

• It is a start for future research; 

• it leads to qualitative conclusions about the effect of coastal constructions; 

• some of the results are already available for practical computations. 

Although based upon universal physics, applications treated are more or less tailor made for 
Dutch circumstances. The same holds for schematizations used. 

Chapter 2 gives an overview of the Dutch coast. The papers, on which it is based upon, are 
written for a broad public and thus somet imes might give more basics than necessary for 
most of the present readers. 
Chapter 3 gives (at this moment more or less classical) line theory. Ch.4 to 6 (determination 
coastal constants; experimental verification (laboratory and nature) and evaluation) try to 
expose, whether nature knows coastal dynamics. 
In ch.7 theory is generalized, by taking line theory as a specific case of diffusitivity theory. 
Ch.8 deals with modem ways of data-assimilation in theory. In ch.9 the ideas on longshore 
and cross-shore diffusitivity are summarized. 
Where the fonner chapters mainly deal with uninterrupted coasts (apart f rom single 
discontinuities like harbor moles or groins, in ch.10 some ideas are exposed concerning 
interaction of delta's and tidal basins: an important subject for the Netherlands, as a large 
part of the coast consists of tidal lagoons and estuaries (ch.2.1).. 

As mentioned in the preface, in this book coastal dynamics is considered f rom one 
viewpoint. Thus the attention should be drawn on the appendix, in which a number of Dutch 
coastal specialists give additional information and thus can deliver the three-dimensional 
view. 
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3.2 One line theory, no diffraction^) 

3.2.1 Assumptions 

a) The coastal profile can be schematized 
with one part lying at a depth h which is 
deep enough that the littoral transport can 
be neglected and another part where an 
equilibrium profile is formed. This part 
shifts to seaward and landward, as 
accretion and erosion occur, but its shape 
doesn't change (Figure 3.1). 

b) The dynamics of one "Coastl ine" will be considered using one of the depth contours (It is 
immaterial which one, as they are all considered to be parallel.). Assume all the transport 
equations apply, then the total transport S* along the coast (only) is a function of the 
coastal direction; this function is linearized: 

S ' = S ; - s ^ (3.1) 
dx 

Denoting symbols: 
X = An axis lying in the mean coastal direction 
y = An axis perpendicular to x and positive in the seaward direction 
So* = The net transport when the coast is parallel to the x direction 
s = A proportionality constant 

h 

/ } } 

Figure 3.1: Sctiematized coastal profile 

From Figure 3.1 one can observe that the angle of wave incidence decreases when d^//dx. 
increases and as long as the angle is not too big (which has been assumed), a decrease 
in the amount of transported material results. Assuming transport equation applicable 
means therefore that the transport due to wave action is considered the most significant. 

In chapter 4 the magnitude of So* and s 
is investigated. 

Initially we assume: 

d) Small angle of wave incidence, equal to 

Oo, if the coastal direction is parallel to the 

x-axis: 

^0 =stga.^ (3.2) 

g o l f r i c h t i n p 

Figure 3.2: Definition wave direction ao 

S ' ^ s d g a , - ^ ) (3.3) 
dx 

Ttiis ctiapter (up to 3.3) is translated from Bakker (1971) by G. Mocke. 
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3.2.2 The Coastal Equation of Pelnard-Considére 

s * + 1 ^ 

Figure 3.3a: Plan view of coast 

Tt ie continuity equation gives (fig 3.3a en b ) : 

dS' 

dx 
-Ax At +hAxAy^O 

wfiere: 

Ay^^At 
dt 

ttiis gives: 

dx dt 

Substitution of (3.1) in (3.5) yields: 

dy 

dl 

s d^y 

h dx-

Figure 3.3b: Belonging aoss-section 

(3.4) 

(3.5) 

(3.6) 

Tt ie equation (3.6) will be considered to be the "Coastal Equation of Pelnard-Considére." 
Pelnard-Considére (1956) was the first to publish a paper on this theory as well as to check it 
against experiment. The original idea however stems from Bossen. 
Gri jm (1960,1964) developed a similar theory with a more complicated transport formula. He 
assumed the transport to be proportional to sin 2a, in which a i s the angle of wave incidence. 
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Hydrologie Thermodynamics Electricity Tidal theory 
Lorentz method 

Coastal 
Dynamics 

Current V 
water 

q 
tieat flux electronics 

V 
water 

s* 
sand 

Because of 
a gradient 
of; 

z 
piezometric 

level 

T 
temperature 

v 
potential difference 

z 
water level 

y 
coastal direction 

Dynamic 
equation 

v= - K- dzJds 

K= permeability 

q= -X • SXIds 

X= conductivity 

i= -1/R • a//as 

R= resistance 

v+1-av = -Q-dz 
K a fcas 

K= linear 
coefficient 

3Cĥ  h 
Ch= chezy coeff. 
h = depth 

S*= So* - s ay/ax 

So*= stationary 
transport 

s=[aS7aa]a=o 
a= angle wave 

incidence 

Continuity 
equation 

= -KD z 
a p 
P= porosity 
D= ttiid^ness 

soil layer 

ag = i T 
a c 
c= tieat capacity 

ax̂  aŷ  

as/ = D V 

a t Rc 
c= capacity per 

unit of surface 
D= ttiickness 

material 

a z + l ^ = - g D ^ 
a K a £ K as^ 
D= depth 

ay = s ^ 
ax hax^ 
h= depth 
s= coast constant 
h 

Tabel 3-1: Analogies with Coastal Dynamics, after a similar table of De Josselin de Jong (1963) 

3.2.3 Analogies 

The equation (3.6) is the "diffusitivity equation" applicable to many disciplines, as depicted in 
table 3 -1 . In this table the analogy m\h tidal theory (Lorentz method) is somewhat dubious. 
An analogy only exists when the inertial term is small with respect to the friction term (shallow 
water). For this case an analogy exists between water surface and coastline and current with 
sand transport. 

3.2.4 Law of Scale 

N.B. The Coastal equation (3.6) is independent of So*! 

Theorem 1 

If y,(x,0 and y2(x,0 both satisfy the coastal equation (3.6) then this equation is also satisfied 

by: 

ys = Ay, + By: 

where A and B are arbitrary constants. The proof follows from the linearity of equation 

(3.6). 

Theorem 2 
If y fx . f j satisfies the coastal equation (3.6), then also y(A x, t) satisfies this equation. The 
proof follows by substituting the latter expression in equation (3.6). 
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Example of theorem 2: 

2 y i y r 

Figure 3.4a; 
succesive coastlines 
A, BC 

f y 

Figure 3.4b: 
succesive coastlines D,E,F 
yD(2x,t)=yA(x,t) 

4y 2y l y ^ 16y 8y 4y 

Figure 3.5a: 
succesive coastlines 
A, B,C 

Figure 3.5b: 
succesive coastlines 
D,E,FyD(2x,t)=2yA(x,t) 

Let the coastline after 1, 2 and 4 years be given by the curves A, B and C respectively in 

fig. 4a and let a certain coastline after 4 years be such that it can be found f rom curve A by 

multiplying the x-scale by 2 and leaving the y scale constant (curve D). In that case the 

coastlines E and F originating from D and corresponding to 8 and 16 years may be found 

by multiplying the x-scales of the curves B and C by a factor of 2. 

Example of theorems 1 and 2: 

Let the coastl ine after 1, 2 and 4 years be depicted by the curves A, B and C in fig. 5a and 

assume a certain coastline after 4 years to be such that it can be found from curve A by 

multiplying the x and y scale by a factor of 2 (curve D). Then the coastl ines E and F for 8 

and 16 years respectively may be found from D by multiplying the x- and y-scale of curve B 

and C by 2. 

This is the case because according to theorem 1 the y-scale may be multiplied by any factor. 

Here, A = 2, B = 0 in theorem 1. 

Remark in connection with these examples: 

If it would be possible to choose curve A such that curve C coincides with curve D, then the 

whole coastl ine would be predictable with time. For instance curves G and H for 32 and 64 

years may be determined by multiplying cun/es E and H by a factor of 2 and so on. In this 

case the x scale is proportional to Vt 

Indeed it shows to be possible to choose curve A in this way, as will be elaborated in the 

proof of the following theorem 3. 

Theorem 3 

There exists such curves y*, only a function of x*, such that f rom these solutions of the 

coastal equation can be derived by multiplying y* by f and X * by / f . In this n may be 

arbitrary. 

P r o o f " 

L e t v = v * / " a n d . v = . v * -z™ A : * = X - r " 

dx dx' dx dx' 

d'y ^^n-m d'y dx' ^^n-2m y 

dx' dx' dx dx'' 

n dy' dx' 

dt dt dx dt 

In which: 

dx d(xt-"') _ „ ,_ , JC 
= --mxt =-m — 

dt dl t 

^ Similair reasonings given in literature by Edelman (1964). 
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By this: 

at dx 

The coastal equation thus gives, see (3.6) 

f-Uny-mx*^) = {t"-'^'^ 
dx h dx 

dy* s ,_2„, d'y* 
ny -mx*—r = —' 

dx' h dx*' 

On the left hand side is a function, independent of f. Also the right hand side must be 

independent of t. 

This can only happen if: 

W = ' /2 

Furthermore y* must be a solution of the (ordinary) differential equation 

s d'y' 1 dy* » „ ,„ 
- ^ + - x - ^ - n y =0 (3.7) 
h dx 2 dx 

As was shown to be reasonable from theorem 2, it appears that iv should be . It will be 

clear that n may take ony any arbitrary value; however, the shape of y* is influences by n. 

Theorem 4 

Let y(x,t) satisfy the coastal equation (3.6). Then the solution of the equation: 

1 s d^y _ dy 

A' h dx' " dt 

Is given by the following functions: 4^: y(x/A. t) 

4": y(x, A^t) 

This is found from substitution. 

In fig. 3.6 these theorems are depicted. 

N s ^ — I Coas ta l c o n s t a n t ^ 

same c u r v e 
a t t = 0 

Coas ta l c o n s t a n t 

Figure 3.6a: Depicting ttieorem 4a Figure 3.6b: Depicting theorem 4b 

The theorems 2 and 4 may be summarized by reducing (3.6) to basic form: 

d'y dy 

dx'' dt' 
(3.8) 
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this can be done by introducing A ; / Z i and t' = t/T\ in which should be valid: 

3.2.5 Applications of the laws of scale in some simple c a s e s . 

The solution of the coastal equation depends largely on the boundary conditions. 
According to theorem 1, a case with difficult boundary conditions can be decomposed in a 
number of cases with simple boundary conditions, after which these solutions may be 
superimposed. 

In the course of this section a number of these simple cases will be dealt with; the 
superposition is left to the reader. Formulas will be avoided in this section as much as 
possible. 

3.2.5.1 Reflections by a harbor mole. 

Given is the coastal shape yo as function of t ime for a coast, being bordered on one side by a 
changing delta and which remains at rest at the other side (Fig 3.7). A t t ime ^= 0 the coast is 
straight. The direction of wave incidence is parallel to the y-axis (wave crests parallel to the x-
axis). 

Question: how changes this coast, if at t ime ^= 0 a harbor mole is constructed which 
hampers all transport. 

Figure 3.7: Reflection of tfie coastal stiape by a harbor mole 

Solution: 

At the site of the mole the transport should be zero; this can only be the case of the angle of 
wave incidence at that site is zero, i.e., if the coast at that site is parallel to the x-axis. 
According to theorem 2 (with substitution A= -1) the reflected coastline y , is also a solution of 
the coastal equation; furthermore, as the coastal equation is linear also y j , equal to yo + yi 
suffices with respect to this equation (theorem 1). The solution y2 obeys as well the condition 
that the coast as the site of the harbor mole is parallel to the x-axis. Therefore, y j is the 
requested solution. 

3.2.5.2 Partial reflection by a groin system 

Instead of constructing a harbor mole, which stops all transport, now a series of groins is 
constructed at t ime t^O. 

X 

x 

Ï 

- A l l l l l L L U J J 
X -- 0 x 

Question: 
How does the 
coastline change ? 

Figure 3.8: Coast with a groin system 
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Solution: 
Groins hamper a part of the transport, occurring at a coast without groin This implies that 
the longshore transport changes less when the coastal direction changes, i.e. the coastal 
constant s/?7 in (3.6) decreases. 
Assume, that 5 along the protected coast is a factor p smaller than along the unprotected 
coast (p<1) ^' it looks obvious, that along the unprotected coast reflection will occur. Let the 
reflection coefficient be rg. 

Take the origin of the coordinate system at the site of the first groin, let yu be the y-coordinate 

of the unprotected beach and /p the y-coordinate of the protected beach. Then the coastline 

of the unprotected beach can be found from the original coastline yo by taking the reflection 

into account: 

Thus the y-coordinate at the first groin (x= 0) becomes (1 + rJ yo.This boundary condition yp 

for the protected part implies the same function of t ime as yo(0) only yp(0) \s(1+re) t imes as 

large. 
According to theorem 1 and 4a the solution of the protected part will be: 

This function suffices, as well with respect to the boundary conditions as with respect to the 
coastal equation for the protected part. 
Thus the magnitude of the reflection coefficient rg results from the continuity equation at x=0: 
the longshore transport left and right of the first groin should be equal. 
Because the direction of wave incidence is parallel to the y-axis, So* will be equal to zero; 
thus is found from (3.1): 

\Sy.,] 
-ps 

_ 5x .x=0 

-ps 
dx 

Expressing yp and y^ in y^ with the aid of (3.10) and (3.11) results into: 

(3.10) 

y , = a + r j { y , ( x ^ ) } (3.11) 

^ ' 0 p(\ + r j dy, 0 (3.12) 

from which is found: 

(3.13) 

Fig 3.9 shows the construction of the requested coastline f rom yo. 

In section 3.3.4.5. ttiis process will be considered in more detail. 
^ It will appear, ttiat under peculair circumstances p can t » larger than 1 (sec 3.3.4). 
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3.2 .5 .3 A c c r e t i o n o f a coas t n e a r a h a r b o r m o l e 

Consider a coast which is straight at t ime f= 0 with a wave impinging obliquely on the coast 
(fig. 3.10). At a t ime t=Oa harbor mole is constructed which acts so as to stop all transport. 

Required: 
The Coastal shape 

Solution: 
On the site of the 
harbor mole the 
transport is zero at any 
time. Therefore at this 
site the coast can be 
shown to be parallel to 
the direction of the B 0 

wave crests. At long Figure 3,10: Coastal stiape near a tiartxir mole, ttie tangents at 
distances from the x= 0 and x= od are parallel to ttie wave direction and ttie 
harbor mole the coast x-axis respectively. 
is parallel to the x-axis. As the direction of the tangents to the curve may not change, this 
means that the scale of the coastal shape in the y-direction should increase in the same 
way as in the x-direction, therefore with ^ .There fo re the total area increases with a factor 
of t. This can also be found using continuity per unit of t ime: the harbor mole captures an 
amount of sand So* 

The area, enclosed by the x- and y-axis is approximately 1.5 t imes as large as area OAB (fig. 

3.10) (or as per the computat ion in section 3 .2 .6 .1 , which follows, ;r/2 t imes as large). 

The area is therefore: 

f rom which: (3.14a) 

By the use of (3.2) the following may be found: 
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(3.14b) 

(3.14c) 
2 t 

Alternately: OA = -j=-SQ..— 
•Jn V sh 

Example: So*= 200.000 m^/year, s= 5-10®m^/year/rad, h= 5m; 

it follows ttiat 0 A = 45 Vt meter 

In THE SECTIONS 3.2.5.4 TO 3.2.5.6 THE CASES ARE TREATED WHICH BELONG TO THE 

SAIVIE "FAfyilLY" OF SOLUTIONS. 

3.2.5.4 Erosion behind a harbormole (Fig. 3.11 a). 

Ttie next figure speaks for itself: 

Erosion behind a harbor mole (anti-symmetric with 

the accretion). 

Figure 3.11a: Erosion Ijetiind a tiartxir mole 

3.2.5.5 A river delta with constant sand supply Sd* per unit of time (fig. 3.11 b) 

The accretion at the site of the river mouth 

given by: OA = ^ - S j 

Figure 3.11 b: ttie stiape of a river delta 

3.2.5.6 Erosion behind the last groin of a beach groin system (Fig 3.11c) 

At the site of the last groin the erosion is 

(1-"Jp) t imes the erosion behind a harbor 

mole (p is defined in in (3.2.5.2). This is 

shown in the following: 

The horizontal scale of the protected part is 

t imes the scale of the unprotected part 

(theorem 4a) Assume that S 

*unpf per year 

erodes from the unprotected part. Therefore 

\ ^ • S*unpr erodes f rom the protected part. 

" ^ 1 . 

Figure 3.1 Ic: Erosion betiind ttie last groin 

Furthermore the transport at point B in fig. 3.1 I c (at large distance from the first groin) is 

according to (3.1) equal to So* At point C in Fig 3.1 I c (also a great distance from the first 

groin, but on the protected coast) the transport is equal to p • So* Per unit of t ime erosion is 

therefore: 

(l-p)So* = (l + 1 ^ ; 5 V 

Thus the eroded pit becomes: 

(1 -p) / (I + "é*) (1 - ^ ) t imes as deep as in the case of a long harbor mole. 
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3.2.5.7 Accretion of a coast, which has reached the head of a groin. 

Assume t f ia t the length of the groin is I and the t ime (after the construction of the groin) for 

the coastline to reach the head of the groin is f,. Thus by reference to (3.14b) f, may be found 

as follows. 

nl' h 

s 
(3.16) 

The coast will accrete according to figure 

3.12a. Note that at a point corresponding to 

x= 0 the coast remains at the same site. 

Thus the coast does not accrete in the y-

direction. By application of the 

Law of scale it is logical to 

assume a coastal shape 

whereby the scale increases in 

the x-direction (in proportion 

with W). but not in the y-

direction. 

Figure 3.12a: Accretion of a coast, after il 
readied ttie tiead of tfie mole 

Figure 3.12b: Instantaneous dumping of sand at one place 

The solution y * of eqn. (3.7) for n= 0 could be shown to apply here. However, the coastal 

shape before t = f, was a solution of the equation (3.7) for n = >^ and both solutions (for n=0 

and n= >J) do not coincide. After a short t ime past f = U the shape [y*]n=i/2 will change 

gradually to the shape [y*]n=o-

Once the shape is adapted the gradient will decrease in proportion to 1/Vt. Therefore 

the transport along the groin will increase, following (3.3) and proportional to 

a , (] - ^ftjV^) where is a proportionality constant with dimension "t ime" (f > f2). 

Remark: Analogous to section 3.5.7 it may be demonstrated that the sand-supply needed to 

keep point A in figure 3.12b at its present position, decreases in proportion with VVl 

3.2.5.8 Instantaneous dumping of sand at one place: 

At a certain t ime a quantity of sand S** is dumped on a beach in the shape of a Gauss curve 

as per figure 3.13. The Gauss curve is essentially a solution of equation (3.7) for 

In the course of t ime this quantity 

disperses over a larger part of 

the coast, i.e. the scale increases 

with \/f, the y-scale should thus 

decrease with VVt in order to 

hold the dumped quantity 

constant. The coastal shape 

according to section 3.2.6 can be 

expressed in the following 

formula: 

l-Jnsht 

-kr 
, iM 

Figure 3.13: Instantaneous dumping of sand at one place 

(3.17) 

Example: S**= 200.000 m ^ s= 5-10^ m V a r , h= 5m; 

11 25 '-—^j' 
y = — • e 2°°°' (x and y in m, t in years) 
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y 
Figure 3.14 s l iows in t i ie same figure the 
delta according to section 3.2.5.3 and 
the dumped material as per (3.17). If the 
quantities S / a n d S* dumped in one 
year are equal, the accretion at the site x 
= 0 is for the delta twice as large as that 
for the dumped material, the most 
seaward point of the dump attenuates 
with 1/Vt. 

Figure 3,14: Ttie stiape of ttie coastline after an instaneous 
dumping and after continous dumping, txitti after one 
year (same amount per year). 

The points of contraflexure on the Gauss 

curve are at distance ±Xb f rom 

y = 0, where: 

(3.18) 

About 2/3 of the dumped material lies between x = -Xj, and x= +X(,. In the above ment ioned 

example Xi, equals/ .4 Vf km. 

3.2.6 Analytical basic solutions 

For a general solution of the coastal equation is refen-ed to Bakker (1971). For practical use, 
however, the basic "tools" of two kinds of analytic solutions and a numerical method will be 
mostly sufficient. In this section 3.2.6 these two kinds of analytic solutions will be displayed, 
where in 3.2.7 a numerical solution will be given. This method can be used also in a 
graphical way. 

3 .2 .6 .1 T h e er ro r f unc t i on fami l y 

The kind of analytical solutions, which will be mentioned in this section belong to the same 
"family" because all are integrals of derivatives of each other. 

Theorem 5 
If y(x, t) suffices the coastal equation (3.6), then the following functions suffice this equation 
as well: 

1 the partial derivatives of y to x and t, 

2 the integrals of y to x and f, provided that the integration "constants" are indeed constant 
and are (generally) no functions of f or x respectively. 

Proof: 

If (3.6) is valid, then (3.6) remains valid, when the lefthand-side and righthand-side are 

differentiated (c.q. are integrated under the conditions, mentioned ad 2 Changing the 

succession of differentiation (c.q. integration) yields the proof of Theorem 5. 

A simple way of getting solutions f rom (3.6) is solving equation (3.7). The simplest solution is 
found when n = 0; in this case the equation reads: 

s d'y' 1 dy' 
(3.19) 

Assume dy*/dx*= p,, then is found from (3.19): 
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s dp\ 1 
X -dx —> p\=Ae 4j 

h p, 2 

y =A\e-'*'"''dx* 

Substitution of ;>^*=>' f and x * = x t'"' with n= 0 and m = >^ yields for y. 

-x'h • Asl, 
(3.20a) 

If for A' is chosen: A' = 2/'v4-and if the integration boundaries are chosen as shown below, 

then (3.20 a) becomes the "complementary error function": 

y = ^r d X • 

y = erfc 

(3.20b) 

(3.20c) 

In order to explain the shape of the function at the right-hand side of (3.20 c), this function will 
be differentiated to x; according to Theorem 5, this again yields a solution of the differential 
equation: 

A" 
y = ~j=e 

V / 

-x'h 4.v( 1 (3.21) 

^ Here "y" simply denotes "a solution of tlie coastal equation". More fomnally the solutions of (3.20a) and (3.21) 
should be marked off from each other, by a subscript for instance. However no confusion is forseen. 
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15a 
X 

Figure 3.15: Basic solutions of the coastal equation 

20-05-98 3-15 



Fig 3.15a displays the solution (3.21). Fig 3.15 b gives the curvey= e''^\ As (3.20b) shows, 

the hatched area in this figure equals Vn/2 t imes the y-coordinate of er fcx ; last mentioned 

function is given in fig. 3.15d. However, in the exponent of (3.21) one finds " x ^ / f instead of 

purely "x ^" and therefore, when integrating according to (3.20 b) the factor " in (3.21) 

disappears in (3.20c). 

The solution given by (3.20c) and shown in fig. 3.15 c therefore appears to be independent of 

t ime at X = 0. 

Repeated integration of (3.20c) to x gives the solution; 

y = 4 i i ' e r f c x - , — 
4st 

(3.22) 

/' erfc X is the first integral of the error function, the hatched area in fig. 3.15 d. According to 

the theory of the error functions, the total integrated area of erfc x between 0 and co equals 

V7r/2. 

The integration can be continued, giving functions as: 

T 
1 
—n 

y = l^ i" erfc x •. (3.23) 

With this function, at x- 0 the y-coordinate increases accordingly: 

r 1 ~ ' 

It thus shows, that the solutions of (3.7) for n= Vzn'are found as: 

y*=i"'erfc(x*yjh/s) 

For the mathematical properties of the 
error function and related functions is 
referred to Abramowitz and Stegun (1971) 
ch. 7, from which the following is derived. 
The error function is defined as: 

«rfc u 

er, f u = ^ [ e ' " ' ' d u (3.25) 

(3.24) 

Figure 3.16: The error function and the complementary 
eiïor function. 

The error function can be developed in a series in the following way: 

The first approximation of erfu for small values of u is therefore 2u/Vn:. 

(3.26) 

' The constant factor 2V (s/h) is omitted. 
^ i^erfcx is a usual notation for this kind of functions; any coincidence with the "1" of complex numbers is purely 
accidental. 
^ The constant factor (2V(s/h))"' is omitted. 
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The function increases when u goes to infinity. It is strongly related to a function often used in 

error theory: the probability of exceedance of a value x by a normal distributed stochastic 

variable x with mean m and standard deviation crequals: 

P / x > k ) = ^ e r f c ( ^ ) 

where: erfc u = 1 - erf u 

(3.27) 

(3.28) 

Integration of erfc f rom uXooo gives / 'erfc u. Direct integration of the error function, using 

partial integration gives: 

i^erfcu- erfc u du - u erfc u — y = ue " du 
(3.29) 

/• erfc u = -u erfc u • 
4^' 

The integrals of the error function are tabulated by Abramowitz and Stegun (1971), table 7.4. 
They are "normalized" to the functions y„ (Fig 3.15f) " , i.e. multiplied by a constant in this 
way, that y„(0) equals 1. The relation between / " e r f c u and Y„(u) appears to be: 

Y„(u) = 2"T(- + \)i"erfcu (3.30) 

Where: r(n/2+ 1) = (n/2)! if n is even (n>2) 

And: rOt/2 + }) = ii/2 • (fi/2 -1) (n/2 - 2) ... 3/2 Vtt \f n\s odd {n > 3) 

From Abramowitz and Stegun (1971) the following recurrences can be derived: 

Y„ (u) = Y„_, (u) - 2 - I , • Y„_, (u) 

Instead of integrating (3.21), this 
function can be differentiated as 
well. Then one finds functions as 
displayed in fig. 3.17. However, 
the velocity of attenuation 
increases with the number of 
t imes, that (3.21) is 
differentiated: the y-coordinate is 
proportional to 

r " when one differentiates n 
t imes. 

(3.31) 

Figure 3.17: Ttie derivatives of ttie Gauss Curve 

Example: 
Let a certain quantity of sand be dumped on the beach in an arbitrary shape. The coastal 
shape can be thought of to be composed of a Gauss curve plus a number of curves of the 
kind shown in fig. 3.17. In course of the t ime a kind of "survival of the fittest' takes place: the 
Gauss-curve attenuates the slowest and will be visible therefore during the longest t ime. In 
whatever shape the sand is dumped, after some time, a Gauss-curve will result. 
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3.2 .6 .2 Per iod ica l so lu t i ons 

Quite another way of solution of the coastal equation (3.6) is splitting the equation into 
variables. 

Assume: 

Y=X-T 

where X and T are only functions of x and t respectively. Substitution in (3.6) yields: 

dt h dx' 

/? \_ dT _ 1 d'X 

s ' t ' dt~ X dx' 

(3.33) 

The left-hand side of (3.33) is a function of t, the right-hand side a function of x; therefore, the 
equation only holds if left-hand side and right-hand side are a constant. Mention this 
constant: -Ic . Then one finds for X and T: 

T-

or: y = (Ae" 

The integration constants A, B, and kcan be complex. 

Consider first the case, that k is real; an appropiate choice for Ai and 6 , gives: 

(3.34) 

y = e' ( A cosky + B sinky) (3.35) 

Le t / (be : /( = 2 ; r / L , then for To is found: 

L' h 

4n' s 
(3.36) 

Figure 3.18; Attenuation of the wave shape of a simusoidally shaped coastline 

This function is 
displayed by a standing, 
attenuating wave (fig. 
3.18) 

Example: 

L = 200m; h = 5m, s = 
5.10^ m ' / yea r 

The wave attenuates 

each 10"̂  year = 8 hours 

a factor e. If X= 2km this 

lasts for 10"^ y e a r s 1 

month. 
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N.B.: If s is negative (large angle of vi/ave incidence; transport increases wt ien the angle of 

wave incidence decreases) then To will be negative, i.e. y increases for increasing f, which 

means, that the coast is unstable! 

Consider now the case, that k is complex. Let k^ be - 2 ; /c/ , in which ki is real (i.e. k^ is 

barely imaginary), then /(wil l be: 

k = ± ( l - i ) k , (3.37) 

Then (3.34) reads: 

Retain the real part: 

y = a / ' ' cos(k^x + CO,/; + Be''''' cos(-kx + co, / ; (3.38) 

in which co, = — = 2k} • — 
' t; ' h 

Or, after substitution of Z ; = 27!:/ki: 

L^^Mn-T, (3.39) 
V h 

The first term represents a sandwave, travelling and attenuating in negative x-direction, the 

second one a wave, travelling and attenuating in positive x-direction. Fig. 3.19 shows the 

behaviour of the second tern in the course of the time. After ca >è L, the wave is attenuated. 

The propagation velocity L j /T , is proportional to •//V)', according to (3.39). The wave 

propagates therefore slower, when the period is larger. 

Example: 
T, = 1 year, s = 5.10^ m^/year, h = 5m 
Then L, equals: L, = 3.5 km. 
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3.2.7 Graphical solutions 

The coastal equation (3.6) can be solved very simply numerically or even graphically. In 
these notes, only a simple graphical method will be explained. This method is mostly credited 
to Schmidt (1926); the first application is by BINDER (1910) "^ ' . 

It is a fonward differential 
method, where f rom 3 points 
of the coastline at a certain 
t ime the situation of one point 
at a successive t ime is 
calculated. 

Figure 3.20; Ttie graptiical metliod of Sctimidt 

^ Referred is also to Langejan and de Josselin de Jong (1963), dealing about ground water flow; mucti of ttie 
exposure given in sect. 3.2.7 originates fronn this paper. 
^ The method is treated here because it gives very much feeling for the feature of diffusion. Needless to say that in 
the number-chruncher's era there are more accurate ways. However, nature will not see the difference. 
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The coastal equation (3.6) is written as a differential equation: 

c, -b, b,- a, 

b,+A, -b, _s A x Ax 

At Ax 

A+A/ -b, _s a, - 2b, + c, 

At h (Axy 
(3.40) 

s At ^ , At 

h (Axr h(Axr 

Here zlx and At can be chosen rather arbitrarily; however, if At is chosen too large with 

respect to zlx, then the numerical process becomes unstable. The largest At for which 

stability is guaranteed equals: 

s At \ ^ (Ax') 
_ = — > . A / = 

h (Ax)' 2 2s/h 
(3.41) 

In this case the solution becomes very s imply as is shown by substituting (3.41) into (3.40): 

(3.42) 

Every point 6 ,+^ of the coastline at t ime f+zlf now can be found from two neighbouring points 

At and Q lying at the coastline at t ime f, at a distance Ax f rom the considered point. For this 

goal the line /4,C, is drawn; where this line intersects the x-coordinate of ö( is the point wanted 

point S,+^. 

In the case that a coastline is given as initial condition, and furthermore the y-coordinate of 
the coast in the course of the t ime at both boundaries, the method does not lead to 
difficulties. However, more explanation is wanted when the transport, i.e. the coastal direction 
is given at a boundary. 

Suppose, for instance, that the coast extends in positive x-direction f rom x= 0 and that the 
coastal direction is given in x= 0. Assuming the point "S" f rom fig. 3.19 lying on the y-axis (fig. 
3.21), then the validity exists: 

dx 2Ax 
(3.43) 

In this case, however, A is an unknown, non-existing point on the wrong side of the 

boundary, for the same reason /),+ v̂ from (3.42) cannot be determined. However, from 

equations (3.42) and (3.43) the unknown a, can be eliminated f rom which a relation can be 

derived between the unknown bt+^ and the known values C, and [d//3(]^=o 

bi,A, =c, +Ax\ 
dx 

for X =0 (3.44) 
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c o a s t a l d i r e c t i o n i n x=0 

B l a i r ' s 

Therefore (fig. 3.21), 
a line drawn through 
C, parallel to the 
tangent to the: coast 
in B, does not 
intersect the y-axis in 
6 , (as one would 
expect) but 6;+^. 

Figure 3.21; Graptiical mettiod of Sctimidt for a given transport at one 
txiundary 

The method can be sophisticated in some ways: 
1 Different values of the coastal constant s/h along the coast 
2 Doubling the x-scale, after some time; according to (3.41) this gives a t ime-scale being 4 

t imes as large (fig. 3.22) 
3 local refining the x-scale. Fig. 3.23 gives an example. Only over the refined areas one 

calculates y,+^, y,+2^and y(+3^; for the rest only y,+4^. 

Figure 3.22; Ctoutiling tlie x-scale gives a time-scale, 
tieing 4 times as large 

Figure3.23: Local refinement of the x-scale 
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3.3 2-Lme Theoiy 

3.3.1 Introduction 

The accretion of a coast all the way into the 

end of a groin is highly unlikely to occur. In 

particular, in the vicinity of the groin the 

assumption that all the contour lines remain 

parallel during the accretive process can lead 

to considerable deviations f rom reality. This is 

depicted in figure 3.24 

In an investigation of the effect of construction, 

which interrupts a part of the littoral drift the 

capabilities of theory are limited. It is 

impossible to even qualitively predict anything 

about factor p f rom section 3.2.5.2, where p 

indicates how the transport diminishes when 

groins are constructed. 

In this chapter we will treat a theory, in which 

beach and inshore are considered separate 

and 

can move separate to each other. However 

there is a dependence on each other as 

offshore transport can occur f rom beach to 

inshore and inversely. 

The theory of transport near a groin is based on basic concepts developed by Van 

Bendegom (1969). The concepts are as follows: 

Shortly after the construction of a groin on a coast in equilibrium, the groin will stop the sand 

transport near the beach, but not along the inshore zone. The beach, therefore accretes; 

however the inshore zone does not accrete with result: 

the profile on the windward side of the groin becoming steeper than the equilibrium profile. 

On the leeward side of the groin erosion takes place on the beach, causing on this side a 

profile flatter than the equilibrium profile. Therefore on the windward side sand rolls 

downward, while on the leeward side it is transported in an upward direction. This is caused 

by asymmetry of the incident waves, where, high swash velocities alternate with lower 

backwash velocities (fig 3.24b) 

Another important mechanism which occurs at the groin is the so called rip-current. A groin 

does not only inhibit sandtransport, but also the longshore current. This current will be bent in 

a seaward direction, and hence a considerable amount of sand will be discharged from 

beach to inshore. 

Both mechanisms will be considered separately. Wi th reference to the rip-current it will only 

be investigated as regards to the consequences of a certain amount of sand 8% being 

transported f rom beach to inshore. For the magnitude of S*„p reference should be made to 

chapter 3.5. However for both considered mechanisms, a mathematical model is required 

which treats beach and inshore separately. 

Figure 3.24a: Coastline witti parallel deptfi contours 

Figure 3.24b: A better approximation. Ttie arrow denote 
ttie direction of tfie sand transport. From Bakl<er (1971). 

3.3.2 The mechanism of a groin 
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3.3.3 Definitions and assumptions 

a) A beach groin is defined as a vertical obstacle which stops sand transport along a beach, but 

not along the inshore zone (Fig 3.25) 

I I I 1 • I 1 I I ! I • T T T ^ - .. 

lliilliiulliuv.'* 

Figure 3.25: Sctiematized coastal topograghy near a groin according to ttie two line ttieory. From Bakker (1969) 

b) The coastal profile is divided into three parts, a beach; an inshore zone and a horizontal part in 
between. By definition the boundary between beach and inshore lies at the construction depth 
hi of the beach groin. The inshore zone lies between hi and h= hi+h2. 

c) The beach and inshore zone are furthermore schematized as a stepwise profile, according to 
figure 5.26. The areas PQSR and RTUV ln figure 5.26a are the same as the corresponding 
areas in figure 5.26b. Figure 5.25 merely gives a three-dimensional view. 

Figure 3.26a: Schematized profile Figure 3.26b: Two îne theory 

• " p 
-rr 

R 

d) In a plan view one observes two lines at a distance y , and y j from the x-axis. These will be 
called respectively the "line of the beach" and the "line of inshore." 

e) The "equilibrium distance" W\s the distance ^2 - Yi between beach and inshore, which exists 
when the profile is in equilibrium. 

0 The following dynamic equations are assumed. If the distance y2' - y? is equal to the equil ibrium 
distance Wno interference is assumed. If the distance is smaller than W, then the profile is too 
steep and an offshore transport will result. A transport in the direction of the coast (onshore) 
occurs in the inverse case. This relationship is linearized, the offshore transport per unit length 
is considered to be (fig. 3.27): 

(3.45) 

in which Sy is a proportionality 
constant. The dimension of Sy is (L/f), 
opposite to s,, in which the dimension 
is (Uf). Use of a simple notation 
gives the following: 

Figure 3.27: Schematized offshore/onshore transport 

y:=y2-W 

Sy=Sy(yi -yz) 

(3.46) 

(3.47) 
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g) Wi th reference to the longshore transport, the assumption of Pelnard-Considere, according to 

Sect. 3.2, will be applied for both the beach and inshore zones. 

^ (3.48) 

Here S o / and S02* are the transport when t^i/3< and ^ ^ / ^ ^ are zero, 
s , and S 2 are proportionality constants, analogous to s in equation (3.1). 

3.3.4 The Stationary Case 

3.3.4 .1 G e n e r a l So lu t i on 

In this section the stationary case will be tested. Wi th reference to the continuity equation, the 

following is yielded for respectively the beach and inshore: 

(3.49) 

After substitution of the transport equations (3.47) and (3.53) one finds the coastal equations: 

(3.50a,b) 

- s , - ^ + s „ ( y , - y ) = 0 
dx 

The solution of these simultaneous differential equations should proceed by by substituting 

from (3.50a) in equation (3.50b ) and hence solving this last mentioned equation. 

One then finds: 

y^ = Ae' '•" + Be-' '•" + Cx + E 

y^=-^(Ae' '•" + Be-' ) + Cx + E 

In which: 

' (3.52) 

The equation (3.52) can be solved for a number of boundary conditions. For elaboration refer 
to: Bakker (1967), (1968). Here only the boundary conditions will be mentioned and the 
results will be shown. 

3.3.4.2 Rip Currents 

Rip currents are situated a distance 2L apart, by which an amount of sand 8 % is transported 
f rom beach to inshore (fig.3.32a) 
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Boundary conditions: 

^ 1 

dx _ x=L 25, 

^rip 

8x x=- I 25, 

.v=i 252 

_ "^np 

dx _ x=-/, 252 

Results: 

see fig. 3.28b for L = Lo and fig. 5.28c for L » U 

Srip cosh(x/LQ) 

' 25, i n sinh(L/Ln) 
' / ' ° ^ (3.53) 

2s2 LQ sinh(L/ L^) 

Ttie mean distance between the line of the beach and line of inshore will be 

W+Snp*/2SyL. 

Rip currents are thus shown to cause a flattening of the profile. The mean distance between 
beach and inshore can also be derived directly f rom the offshore transport equation. 
In the stationary case as much sand should be transported shorewards as is transported 
seawards by the rip current. 

s:,^=-[[s/x 

s'np = -Sy £ V - y2 )dy 

Define O, and O2 as the hatched areas in figure 3.28b, in other words, 0 / = 2 Lyimcan and 

O: = 2 Ly2„,ca,u in which y , mean and y2mean indicate the average value of y< and y2 between x 

= -L and x = +L. 

Then validity exists for: 

S,,^=-s/0,+0,J 

y\mcan Yl 
2 i 5 , , 
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3.3.4.3 Groins [Bakker (1967, 1968)] 

Figure 3.33: Coast witti groins (no rip-
currents) 

Results (fig. 3.29): 

Groins are situated at a mutual distance of 2L 

apart. Boundary conditions: 

^ 1 

dx 

^ 1 

dx 

^01 

[ yi ].x=±L = 0' antisymmetry .-y^ ( x ) = -y^ ( - x ) 

y} 

yi = 
•'01 

x + 
Sj sinhx/ LQ 

sinhL / Zn 

1 + -
Z / Z n 

5, tanhL/Lf^ 

sinhx/ LQ 

sinhL / Zn 

1 + -̂ ^ 
Z / Z n 

5, tanhL/ Zq 

(3.55) 

For small distances between the groins {L<Lo) the beach turns in the direction of the wave 
crests while the inshore remains practically straight. From (3.2) this shows that 

S*of/SY equals the angle of wave 

JL 

2L tg * 

Figure 3.29: Beacti and instiore wtien the groins are near to 
each other 

incidence on the beach). The 
difference between the siting of the 
beach on the left and right hand 
side of the groin amounts to: 

[ y j x L - [yt]x i. ~2L tan a 

In which tana •• -S*o,/s,(L<Lq). 

For large distances between the groins this distance tends to: 

Zq tan a 

If only one groin is constructed then the 
following coastal shape results: (eroding 
part) 

y , - - ^ - L , ( \ - e - > ' - " ) 

(3.56) 

Figure 3.31: Beach and inshore at a coast with one groin 
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In figure 3.32 the coastal shape is sketched for the case that on the lee-side of every groin a 
rip cun-ent is situated. The coastal shape can be calculated by linear superposition of (3.53) 
and (3.55). 

The coastal shape, as well as the 
amount of sand that passes through, 
depend to a great extent on the 
magnitude of the rip current. 

As in this section only stationary 
cases are considered, the 
accumulated longshore transport is 
everywhere equal. 
When no groins are constructed this 
equals: 

After construction it is changed into: Figure 3.32: Beach and inshore at a coast with groins 

1 + 

(3.57a) 

— cotanh — 
LQ LQ 

Therefore as long as 5 % is smaller than 2 S*oi, the transport will decrease after construction 
of the groins. 
(3.57a) can also be written as: 

L , L 
— colanh — 

• ^02 ^ 'JQl ^ 

— cotanh- cotanh 
L 

(3.57b) 

For small values of M.^, the value of cotarih {Ulo) will be practically equal to 1; then the 

transport shows to be: 

For large values of L the transport will approach S*o. 

3.3.4.4 T rans i t i on o f two- l i ne t heo ry to one- l i ne t h e o r y 

In section 3.2.5.2 we made the statement that: "Groins hamper a part of the transport which 
occurs at a coast without groins. This implies that the longshore transport changes less when 
the coastal direction changes, i.e. the coastal constant s/h in (3.6) changes. It is assumed 
that s along the protected coast is a factor p smaller than it is along the unprotected coast ' . 
AftenA/ards it was proved that p influenced the coastal shape considerably. If 8 % would be 
taken as zero, then p could be calculated as follows. 
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Compare fig. 3.33 with fig. 3.33b and fig. 3.33c with fig. 3.33d 

.Sot.. 

( c ) 

' 3X 

Figure 3.33: Fig.d can tie derived from fig. b by fuming ttie x-axis over an angle ardan 5//ax, taking the transport along beach and 
inshore in fig. c as "stationary transporf (analogus to S*oi and S*o2 in fig. a). 

The transport in fig. 3.37a is s*ai + S*Q2, the transport in fig. 3.33b is given by (3.63) (with S*„p 

= 0). In fig. 3.33c the transport along the beach is S*m-si dy'/dx. to compare with a transport 

S*o) in fig. 3.33a. Similarly, the transport along the inshore is S*o2 -sidy'/d/i instead of S*o2 in 

fig; 3.33b. Therefore, the transport in fig. 3.33d can be found from (3.57b) (with S„p = 0), by 

substituting 'W*^/ for S*ot.and "S*o2-S2dy'/d>^' for S*o2 One turns then virtually the 

X-axis over tan' 3^ '/3c. 

Thus one finds, that in the case S*„p = 0, one can write the following for (3.57): 

dy' 
S = ( S , ) ' - s ' ^ 

dx 

(3.58) 

in which: 

and 

( SQ )' - + 

5, + 

L , L , 
- cot anh 1 

L , L s, 
colanh-

(3.59) 

(3.60) 

.s ' = p s in which s = + s^ 

P = (\ ^ l a n h - f ' (3.61) 

as S*np= 0 

This is therefore the desired result for p; however, this has been found with the assumpt ion 

that s*np= 0. This however is a considerable restriction. If one does take S*nö into 

consideration, the result will depend very much on the relationship assumed between 5 % 

and S*ot. The most logical assumption seems to be that S*„p is proportional to S*oi. 

Hence: 

rip (3.62) 
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^rip is therefore a dimensionless coefficient, of which the magnitude can be found by 

calculating the current velocity in the rip cun-ent first (sec. 3.8.2.) and then calculate the 

transport, for instance with the Byker formula " . Then in the way as given before one finds 

the following: 

— cot anh l + — s,.ip(l + —) 

(S; )' = si, + si, ^ ^ - ^ (3.63) 

- cot anh — + — 

and 

LQ Zq 

X + l n i L . ^ . ^ t a n h ^ 
2 ST L Zn 

s'^(s,+s,) ^ (3.64) 

\ + ^ - ^ t a n h ^ 
Sj L Zq 

l + ' ^ . ^ . ^ t a n h ^ 
2 Jo Z Zn 

P = 7 — r - ^ (3.65) 

l + i L . i ^ L to/7/7™ 
St Z Zn 

If S*np < 2 S*oi, p will be smaller than 1 (the coastal processes are slowed down), othenwise p 

is greater than 1. In the last case the groins have a deleterious rather than constructive 

effect. 

3 .3 .4 .5 P e r m e a b l e G r o i n s 

Assume, that only a part of the sand transport is inhibited by the groins, for instance because 

these groins are permeable or are low groins. Assume, that an amount 5 % ™ is allowed to 

pass through, where 
S*perm is proportional to S*oi'. 

e * _ „ n * 
'-̂  perm .̂ pgnn ̂ -^ 01 

where Spem is a permeability coefficient. 

In case treated in 3.3.4.3 (no rip-currents) <?//3< in x= ±L will be a factor 1 - Spem smaller. 

One may consider 5 % ^ as a part of S V this means that the formulae keep their validity if 

read as follows: 

S*02 + '^*pem, for 5*02 

S*m-S*^ for 5*01 

Snp/fJ -Spew) for.Vnp 

' See also Bykers class notes (1976) 
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3.3.5 Non-stationary processes 

3.3.5.1 The basic equations 

The equations of motion for the unstationary case are: 

(3.66) 

2 

Adding of both equations gives: 

dx' dt 

which can be writen as: 

(3.67) 

s d'y ^ h^h, J l ^2 , d ' ^ ( y \ - y i ) _Sy ( 3g8 ) 

hdx' h' h, hj dx' dt 

in which: 

s 
(3.69) 

h + hj 

y = {(h,y,+h2y2) (3-70a) 
h 

h = h,+h2 (3.71) 

y.=yi-y2 (3.70b) 

y represents the "average coastline", i.e. the weight average between the line of the beach 

and the line of the inshore. From (3.68) it shows, that the equation (3.6) of Pelnard-

Considére is valid as well in the two line theory, if Si/hi^ = sy???. The analytic elaboration of the 

equations (3.68) has only been carried out for the case, that s,/??, = 82/112. In that case one 

can write (3.68) as: 

= ^ (3.72) 
hdx' dt 

and: 

L ^ - h ^ y = ^ (3.73) 
h dx' h,h2 dt 

The two-line problem has now been transferred -with the aid of (3.72)- to a one-line problem, 

where (3.73) gives an equation for the cross-shore transport. 

Equation (3.73) is of the same kind as (3.72); 

this shows to be the case by the substitution: 

y, = y^ • e' ; i.e.: y_ = y^ • e" ' (3.74) 

with: T , = ^ (3.75) 
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In this case the equation for ye gets the same shape as (3.72). 

Figure 3.34: Meaning of To 

To is the t ime, necessary for 
cross-shore transport. Sy for 
transfening an amount of sand 
hih2 f rom the beach to the 
inshore, when the distance 
between beach and inshore is 
kept continuously W-h (Fig 
3.34). The equations (3.72) 
and (3.73) can only be solved 

simply in a small number of cases, as the boundary conditions give difficulties. Finally one 

then finds y , and y2 f rom y and y.: 

y^ 

yi 

•y + ^ y -
h 

- y - ^ y -

(3.76) 

3.3.5.2 One single rip-current 

A relatively simple problem is the morphodynamics of the development of a rip-current on a 
beach and inshore, which are originally straight. Let the development start at ^= 0, at the site 
x= 0. 

The mean coastline y keeps at its position: y = 0. However y. changes; with the aid of 
Laplace-transform [18] can be found: 

-S 
v_ =• 

np -f /-I, s r ^ LQ 
? ^'erfc{- ) + e-' '•^'erfc( (x>Q) (3.77) 

Figure 3.35: 

From (3.76) one finds: 

y,=h2y_/h and J ' 2 - ~ ' ' i > ' -

For large t the solution tends to the 

stationary solution (fig. 3.36): 

y\ 

y2 

rip 

2s, 
(3.78) 

2s 

The minus-sign holds on the 
righthand side of the rip-current, 
the plus-sign on the lefthand side. 

Figure 3.36: One rip-current (stationar) 

Solutions like (3.77) can be used in all cases, where as well on the beach as on the inshore 
the transport in the point x= 0 is known and is constant in the t ime. 

Case, In the above mentiones the coastline y (in the above mentioned) is kept at its place. By 
superposition of the "delta-solution" according to Pelnard-Considére one may find solutions 
for arbitrarily (but stationary) dy1/3<. and 4^2/̂  at x= 0 [18]. 
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3.3.5.3 One single groin 

Only for the case S|= S2 and hi= h2 it is 

possible to find an analytical solution for the 

sedimentation near a groin (in the case of 

oblique waves); the stationary final situation 

has already been given (eq (3.56)). 

The boundary conditions are: 

dx 

y:=0 

at x=0 (3.79) 

The problem has been solved using 

Laplace-transforms. The solution is given in 

[19] and [21]. The result is shown in fig. 3.41. 

The solution for the coastline y consists of a 

series of terms of the kind t Y j ^ , where 

the Y-functions are ch 3 .2 .6 .1 . 

The solution for y. (i.e for the slope of the 

coast) consist of a series of terms e ' ' • t • 

Yzn-i and of the "r ip-currenf-solution (3.77): 

y\:. 

La tana a 2^nt / TQ 

Figure 3.37a: 

n f ' / T J " ( t / T J " 

_ e 
+ — -erfc 

(3.80) 

For large t the solution approaches the stationary solution (3.56), given in ch. 3.3.4.3. 

The erosion, directly behind the groin can be computed for all cases in which s , /h , = sy7?2 

(The reason is, that although the Laplace-transformed and y_ can be found for all cases, 

the inversion to y and y. has up to now only been performed after the substitution of either 

/),= /72 either x= 0). 

The total erosion is found from the solution of the stationary problem (3.56). Substitution of 

x= 0 in eq (3.56) gives: 

,^ ' iL=o =-Lo tanao (3.81) 

From the non stationary solution can be derived , after which time {1-S} t imes the final 

erosion is observed {S« 1). 

call this t ime t^; then for small 5 the approximation is found: 

'6 = 
J _ J,- Jl 

5,. 
(3.82) 

^ Symmetry! 
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It thus shows, that the t ime necessary to reach 0,99 t imes the final erosion is 100 t imes as 
long as the t ime to find 0,9 t imes the final value. The initial erosion is equal to the one of the 
one-line solution. 
On the eroding side initially the coastline will develop itself in the way as given by (3.22) (one 
of the Pelnard-Considére solutions): 

=-tanaQ^ft erfc{x-Jh/4st) (3.83) 

with tan a()=S(,i/si 

Formally, in (3.83) "h/s" should be replaces by "/?,/s,", but because of the condition s/h= 
Si/hi= S3^2 this makes no difference. 

A special case of periodic solutions is the simulations of the influence of variable wave 
conditions on the boundarv 

W h e n the wave direction changes periodically 
for instance according; 

(p = (pj/>7C0,p/ (3.84) 

This generates a sandwave near a groyne. 

9 ^ . 
•e cos(a^t-k^x) 

(3.85) 

in which: 

being the period of the fluctuations of cp and 

being the length of the sandwave. f/3 X 
H -

Figure 3.38: Generation of sandwaves by variable wave 
direction 

The second influence of thIe groyne is the wave-shelter. W e shall assume first, that the 

sheltered area is large with respect to A (p. Qo and q , become functions of x, called Qo,* 

and q,*. Consider fig. 3.39. The influence of diffraction will be neglected with respect to the 

influence of changing wave conditions. 
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tiUorol snnddrlfl 
by wov«i (r«m th« 

dQh< 

Variobit wavt condUién» 

I Littoral sanddrifl by 
I wQV«» <rom t h i l« f t 

b) R«tol(rn9 0( 

coastUrx 

The computation of Qo and 
q i in area A can be 
performed according to (29), 
(30) and fig. 3-14. But 
applying (3 -44 ) to area B, all 
wave classes with (po > 75° 
must be excluded in the 
summat ion, in area C all 
wave classes with <po>75°, 
and so on. 

When. for instance, the 
resulting transport in area A 
would be zero for a coastline 
parallel to the x-axis (fig. 
10.39), the transport Q o / 
{^i/3(= 0) (started because 
it changes in x-direction) will 
be larger and larger (in 
negative direction) in the 
areas B, C and Di ,and also 
q / w i l l change. 
Now we have returned to the 
normal computer program. 

C) SlabU 

Figure 10.39: 

only with other values for yo and / then in the diffraction cases. 
The stable coastline yo can be found from continuity: for yo the transport is everywhere the 

same: 

0 01 00 = 001 - ? i 
dx dx 

001 - Qo 

<1\ 

(3.87) 

From (3.87) the stable coastline yo can be found, which gives the initial value of the 

unstationary party, ' . 

In case of changing wave conditions, and no 
resultant drift, the final coastal shape near one 
single groyne will become just the stable shape 
yo, because then everywhere the resultant drift is 
zero. This will give accretion on both sides of the 
groyne, which will be withdrawn from a very long 
stretch of coast (fig. 3.40a). in case of a row of 
groynes, the sand for the accretion near the 
groyne is withdrawn from the area in the sidst 
between the groynes, and only near the boundary 
of the groyne system some real accretion can be 
expected (fig. 3.40b). However, after some t ime 

Figure 3.40: fhis sand will move to the areas between the 

groynes, and so this shelter effect may give lose 

accretion (in case of no resultant drift), starting f rom the boundaries of the groyne system. 

b) 

In case i4 /i(p \s not small with respect to the sheltered area, the best way of computat ion is a 
kind of 'hindcasting", using the one-line or two-line computer program described before, and 
changing the wave conditions during the program. This has been done at the Coastal 
Research Department of Rijkswaters taat. 
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3.4 More line theories 

3.4.1 Equations for a more-line model 

ate of 
cupphr 

A logical extension moving f rom one-line to 
two-line model ing is more line modeling. Tt ie 
end of ttiis ctiapter (3.4.3) will give some 
general considerations. Ttiree-line modeling 
will be treated first. In the three-line model 
(used here) the coastal zone is schematized in 
zones (fig. 3.41), which will be called: "beach", 
"inshore" and "deeper part". 
In each zone it is assumed that all contour Figure 3.41: Schematization 3.1ine 

lines remain parallel and that the profile in this zone only moves horizontally. It is sufficient to 
compute only an average line in each zone, because it characterizes this zone. There is 
assumed to be a horizontal separation plane between the zones. The sediment transport 
between the lines is assumed to be proportional to the difference between the equilibrium 
distance and the actual distance between the characterizing lines. 
In the present application an initial equilibrium position (before any supply takes place) is 
assumed, where the three lines are straight and parallel (fig. 3.42) Distances yi,2.3, are the 
deviations of the lines of the beach, inshore and deeper part, compared with this initial 
position,. The y-value is computed by dividing the surplus vo lume in a zone (with respect to 
the initial Position) by its height. In case y , =y2 =y3, the profile again is an equilibrium slope. If 
longshore transport could be neglected (see 3.4.3 ) the coast would tend to this equil ibrium, 
'if for instance originally' sand on the inshore would have been supplied (fig,3.42). 
The process, sketched above) results in cross-shore diffusion of sand. Adding longshore 

yr 

Figure 3.42: definition yi, y2, ya 

diffusion to the cross-shore diffusion, according to the approach of Pelnard-Considere (1954) 
and Bakker (1968a), the following dynamic equations can be derived: 

dy, _ S\ d'y 

dt ' ' Ih dx' 

dy-. .v. d'vt 
It" dxf Ih 

dyy _ d' V, • ^ 2 

dt ~ fh 'h 

(y\ - yi) 

- i ^ - ( y \ - y 2 ) - ^ - ( y 2 - y i ) (3.88) 

On the lefthand side is the accretion of line of beach, inshore and deeper part respectively. 
On the righthand side the gradient of the longshore transport is determined by the constants 
s,, S2 and S3 respectively; the cross-shore transport ("beach to inshore" and "inshore to 
deeper part") by Sy, and Sy2 respectively. hi,2.3. denotes the depth allotted to the three zones. 
Fig. 3.43 shows the diffusion of an (originally rectangular) supply shape in longshore and 
cross-shore direction in the course of t ime from Kersting (1995). 
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T h e s i t u a t i o n a t t = 0 . T h e s i t u a t i o n a f t e r I y e a r 

T h e s i t u a t i o n a f t e r 8 y e a r s T h e s i t u a t i o n a f t e r 10 y e a r s 

Figure 3.43: Diffusion of supply 

Fig 3.44 (from Groenenwoud et al. 1996) sf iows a plan view of such coast. Gases shown 
here are calculated numerically. Refer furthermore to sect 5.6.2. 
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Three-line model calculations: upper zone 
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Ttiree-line model calculations: middle zone 
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Figure 3.44; Development witti t ime of a shoreface nourishment in middle layer 
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3.4.2. Smit's solution for the three-line model 

The dynamic equations for the cross-shore transport Sy, between the layers (with / = 1 , 2) 

read: 

(3.89) 

Continuity (2f/7/, y,-) with / = 1 ..3 shows, that y j is implicitly determined by y , and ys. 

Continuity also yields: 

s - - h 
'y) 

(3.90 a,b) 

Combination of (3.89) and (3.90a,b) leads to the vectorial equation: 

dy 

dt 
A-y (3.91) 

Where y is y,,3 and the matrix A is (an..822), where: 

^yl • h 

h2^ 

a n = -

'22 

Syr]h_ 

Syl - A + h ) 
(3.92) 

Displaying the solution gives a reason to define 5 t imescales. Two of those are the 

timescales Tot and T02 of the two-line systems: "Beach and inshore" and "inshore + deeper 

part" (Bakker, 1968) equal to - - / /a, , and -1/a22 respectively. The third one, T- is related to the 

other diagonal of the matrix A : 

1 T: =• 

The last ones 1/ ^1,2, as occur in the solution of (3.91): 

(3.93) 

(3.94) 

where K={Ku K2) and A / = (M, , M2), in which: 

= — — y . , + 
X2 - X | ^ 2 - X , 

— ^ y ^ b - ^ - ^ y ^ b (3.95a,b) 
A.2 - A | A2 - A , 

^ 2 = 
T o , ; a , 2 V 

(3.95c,d) 

' 0 1 ^ 

where yib and ysb are the initial values of yi and ys. 
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4. Determination of coastal constants 

4.1 General considerations 

4.1.1 Introduction 

Apart from ttie matt iematical formulation, the results of mathematical line modeling depend 
upon the magnitude of the "coastal constants", which serve as calibration constants in those 
models. Two ways to determine those constants pass the review. The first one is 
investigation of the former coastal behaviour. Here, Kalman filtering offers sophisticated 
means. The second one is calculation of the constants f rom the wave climate. For 
formulation of the constants, determined by longshore transport, use is made of the C E R C -
formula and (with respect to the two-line theory) of the Svasek variation of this approach. 
With respect to the constant determining the cross-shore transport (i.e. concerning the t ime 
scale of restoration to the equilibrium profile of a non-equilibrium profile) an effort is made to 
link with the Stive theory. Dimensionless equilibrium profiles of the offshore zone result in this 
way, however only of the part seaward of the outer breaker bar. On the t ime scale, according 
to which a non-equilibrium profile restores itself to an equilibrium profile, only global 
information is obtained, being restricted to the seaward part, 

Mathematical l ine-models appear to be a useful tool in coastal engineering. Most significant 
categories are one-line models, which deal with the dynamics of "the" coastline and two-line 
models, in which beach and inshore each are represented by one line. 
Constants, which appear in these models deal with the relation between the cun/ature of the 
line(s) and the accretion; furthermore, in the two-line theory, an additional constant 
determines the relation between the steepness of the profile (i.e., the distance between the 
lines) and the cross-shore transport, (ch.4.1.2). 

There are two essentially different ways to find these constants. In ch.4.3, constants are 
found from coastal history; the coastal model is calibrated in this way. 
A scientifically more satisfactory approach, and somet imes the only way, is to find the coastal 
constants from the wave climate and the grain characteristics (ch.4.2). 
The second approach does not lead always to better results, as much depends on the 
accuracy of the used sand transport formula and the schematization. Anyway it gives a 
relation between more sophisticated theories and the simple line theories 
In this paper, both ways for finding the coastal constants are enlightened. It will be assumed, 
that the reader is familiar with the use of these models as such; with respect to this is 

referred to, for instance 
[1] to[6] , [9 ] , [16] , [17] , [26] . 

4.1.2 Considerations on coastal equations and coastal constants 

The coastal equations for the two-line theory are [1],[2]: 

l h ^ ^ = S 2 ^ - s J y , - { y 2 - f V ) J 
ol dx' 

Generally, the indices " 1 " and "2" refer to beach and inshore respectively. The x-axis is in the 
main coastal direction and y,,2 denotes the y-coordinate of beach and inshore; t is the t ime; 
hi and are the thickness of the sand layers, representing beach and inshore. 
For the definition of beach and inshore and for the derivation of the equation (4.1a,b) is 
referred to [1] or [2]. 

The equations indicate, that accretion at beach and inshore are proportional to their 
curvature, with proportionality constant s,;2 This apart from effects of cross-shore transport 
from beach to inshore, contained in the last term on the righthand side of (4.1a,b). This 
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transport Sy is linear with the distance between beach and inshore (proportionality constant 

Sy,) and constant zero when this distance is the equilibrium distance W. 

The equations (4.1a,b) result f rom continuity and the dynamic equations for the transport S , 

along the beach: 

•̂ 1 = " ^ 0 1 - ^ 1 ^ (4.2) 
dx 

and a similar equation for the transport S2 along the inshore; in (4.2) S01 is the transport, 

when the beach is parallel to the x-axis. 

The one- line theory (see for instance the initiating paper [26] and further [22]) only deals with 

a coastline y, governed by eq. (4.1) without indices and without the last term; as 

proportionality constant one just finds s. 

The one-line theory starts from a similar equation as (4.2) for the transport S along the coast, 

which is found by omitting all indices " 1 " in (4.2). 

In order to compare nature with theory (as well for hindcasting and calibration as for 

forecasting), it should be known, which constants should be substituted in the coastal 

equations and which boundary conditions should be applied. 

( 

Consider the two-line theory; most of the following can be translated easily to the one-line 

theory as well, which is left to the reader. The depths hi and h should be est imated f rom 

prototype data; on this subject shall be referred to. 

Constants to be found are: the proportionality constants s,,2,.Sy and the equilibrium distance 

Generally (with proper boundary conditions) knowledge concerning So, and S 0 2 is not 

necessary for solving eqn. (4.1a,b); inversely, one may not expect, in general, to get 

infomnation about those constants f rom the coastal behaviour. 

Furthennore, for solving the equations, the boundary conditions should be known. 

For hindcasting, one can start from known behaviour at the boundaries [3); generally 

however, after hindcasting and calibration one also wants to forecast. 

The accuracy, with which the future boundary conditions can be determined can be decisive 

for the accuracy of the prediction (25). One should estimate those conditions with an eye on 

the physics of the process [2b], [5]. Possible boundary conditions to apply are: 

no changes at infinity (y= 0 for x= inf); 

extrapolation of existing trends at a certain site x= x , 

all sand transport hampered at x= x,. 

Mathematically, the first two cases do not give difficulties, but in the last case (using the one-

line theory as example) one should know as well s as the transport So when the coast is in x-

direction, in order to find Sg/s, being (according to (4.2)) the coastal direction at x= x,. ( 

Whi le often the coastal constants are uniform along the coast, in the case of harbour moles 

the change of wave height and direction around the harbour results in variation of the coastal 

constants along the coast. 

The line-theories in coastal dynamics are based upon a philosophy of wave induced 

transport in the surf zone. However, tidal-induced transport can be taken into account to a 

certain extent by introducing source- or sink-terms "p" in (4.1). Also p is a coastal constant, 

non-uniform in longshore direction. Introduction of those sources- and sinkterms will be 

subject of a next paper [25]. 
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direction, in order to find So/s, being (according to (4.2)) the coastal direction at x = x,. 
Whi le often the coastal constants are uniform along the coast, in the case of harbour moles 
the change of wave height and direction around the harbour results in variation of the coast 
constants along the coast. 

The line-theories in coastal dynamics are based upon a philosophy of wave induced 
transport in the sur fzone. However, tidal-induced transport can be taken into account to a 
certain extent by introducing source- or sink-terms "p" in (4.1). A lso p is a coastal constant, 
non-uniform in longshore direction. Introduction of those sources- and sinkterms will be 
subject of a next paper [25]. 

20-05-98 4-2 



4. Determinatiori of coastal constants 

4.1 General considerations 
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Apart from ttie matt iematical formulation, ttie results of mathematical line modeling depend 
upon the magnitude of the "coastal constants", which serve as calibration constants in those 
models. Two ways to determine those constants pass the review. The first one is 
investigation of the former coastal behaviour. Here, Kalman filtering offers sophisticated 
means. The second one is calculation of the constants f rom the wave climate. For 
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link with the Stive theory. Dimensionless equilibrium profiles of the offshore zone result in this 
way, however only of the part seaward of the outer breaker bar. On the t ime scale, according 
to which a non-equil ibrium profile restores itself to an equilibrium profile, only global 
information is obtained, being restricted to the seaward part, 

Mathematical l ine-models appear to be a useful tool in coastal engineering. Most significant 
categories are one-line models, which deal with the dynamics of "the" coastline and two-line 
models, in which beach and inshore each are represented by one line. 
Constants, which appear in these models deal with the relation between the curvature of the 
line(s) and the accretion; furthermore, in the two-line theory, an additional constant 
determines the relation between the steepness of the profile (i.e., the distance between the 
lines) and the cross-shore transport, (ch.4.1.2). 

There are two essentially different ways to find these constants. In ch.4.3, constants are 

found from coastal history; the coastal model is calibrated in this way. 
A scientifically more satisfactory approach, and somet imes the only way, is to find the coastal 
constants f rom the wave climate and the grain characteristics (ch.4.2). 
The second approach does not lead always to better results, as much depends on the 
accuracy of the used sand transport formula and the schematization. Anyway it gives a 
relation between more sophisticated theories and the simple line theories 
In this paper, both ways for finding the coastal constants are enlightened. It will be assumed, 
that the reader is familiar with the use of these models as such; with respect to this is 

referred to, for instance 
[1 ] to [6], [9], [16],[17],[26]. 

4.1.2 Considerations on coastal equations and coastal constants 

The coastal equations for the hwo-line theory are [1],[2]: 

(4.1a,b) 

01 Ö.X' 

Generally, the indices " 1 " and "2" refer to beach and inshore respectively. The x-axis is in the 
main coastal direction and y,,2 denotes the y-coordinate of beach and inshore; t is the t ime; 
hi and hz are the thickness of the sand layers, representing beach and inshore. 
For the definition of beach and inshore and for the derivation of the equation (4.1a,b) is 
referred to [1] or [2]. 

The equations indicate, that accretion at beach and inshore are proportional to their 
curvature, with proportionality constant s,;? This apart f rom effects of cross-shore transport 
from beach to inshore, contained in the last term on the righthand side of (4.1a,b). This 
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4.2 CALCULATION OF COASTAL CONSTANTS FROM THE WAVE 
CLIMATE. 

4.2.1 Introduction. 

Naturally, the coastal constants should be related to the wave climate. Consider first the 
constants, determining the longshore transport. 
However, trying to calculate these constants one has to cope with one of the nasty errors of 
nature: this shows often only a far and maybe accidental resemblance to mathematical 
feasible schematizations. 
In the one- and two-line theories there exists a distinct level, above which all contour lines are 
unstationary; being all parallel to each other according to the one-line theory or parallel to 
either the "line of the beach" and "line of the inshore" respectively according to the two-line 
theory Below this level, there should be, theoretically a (stable) horizontal plane [1], [26]. 
Along the dutch beaches, such a stable horizontal plane does not occur. In the mathematical 
model, one may mitigate the condition of such a plane, by assuming a stable sloping area 
below the dynamic area. Thus one finds two sloping areas (the lower one stable and the 
upper one dynamical) for the one-line theory (fig.4.1) and three (beach, inshore and a stable 
one, fig.4.2) for the two-line theory. In 4.3.3 it will be shown, that the choice of the level h 
between mobile and immobile coastal zone (or of htot - hi+h2 in the case of the two-line 
theory) is crucial for the result of the calculated "s". 

In the following, first (sect.4.2.2), for the one-line theory the magnitude of the coastal 
constants So and s as depending on deep water wave conditions is calculated, starting f rom 
the assumption of stationary and uniform wave conditions; the effect of the choice of the 
level h (the lower boundary of the movable zone) on the constant s will be investigated. 
Furthermore, for the two-line theory, some remarks will be made on the effect of the direction 
of the inshore on the longshore transport between beach and inshore. 
After this (sect.4.2.3), the way of calculation of the coastal constants in the case of variable 
wave conditions (i.e. in the case of a "wave climate") is elucidated. Next (sect.4.2.4 ), a 
program is described for calculation of the coastal constants, where the wave conditions 
near the beach do not need to be uniform along the beach, but may vary, for instance 
because of the vicinity of a harbour mole. Finally (sect.4.2.5) the constant Sy determining the 
cross-shore transport will be considered. 

COASTAL CONSTANTS, DERIVED FROM FORMER COASTLINE BEHAVIOUR. 
Investigating sand waves on the dutch Wadden island Vlieland [3], Bakker derives the 
coastal constant s/h of the one-line theory f rom nature by correlating the coastal curvature 
with the accretion and erosion of the coast. 

In a more sophisticated way, de Vroeg et al.(4] calculate the coastal constants (s/hj,,? and Sy 
f rom the coastal data of beach and inshore by application of Kalman filtering. In ch. 4.3.2., 
more details are given. Kalman filtering combines the advantage of deterministic and 
statistical approaches. It is an algorithm which combines the measurements and physical 
knowledge of the system in order to achieve an optimal estimate of the behaviour of the 
system. The method has been applied between IJmuiden and Scheveningen. 
Bakker, Bruning and Andringa [5], [ 6], [2] use a kind of CAD by displaying as well natural 
coastal behaviour in the shape of the lines of beach and inshore as coastal model results on 
the same screen and calibrating the results by changing the coastal constants, using the 
method of the least squares. Hindcasts concerning the coastal behaviour could be obtained 
in this way, accurate up to 10 m. 

Table 4.1 gives values of the coastal constant s/h, found from various investigations. Also 
some results, found from wave climate calculations (ch.4.2 ) are mentioned. 
Values of SyOf the order of 1 to 2 million m^/ year seem usual, with Sylt and Cadzand at the 
low side and Scheveingen on the high side. This last value might be overestimated 
somewhat. Values found for Sy -taking the seperation plane between beach and inshore at 
the level at the vicinity of the low-water line- vary between 1.5 m/year (Sylt [2]) to 3 m/year 
(Cadzand [2]) for sand supplies. For long period features smaller values appear to be most 
probable (order of 0.5 m/year, fig. 4.7). Some none linearity of Sy is not unlikely. Janssen [19] 
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Figure 4.1 a: Tiiree dimensional view of beacti profile w\h a wave ray approaching the beach. Ri= 
longshore component of the wave energy along the beach. Pi2= longshore component of the wave energy 
along the inshore 

Figure 4.1b: Threfrdimensional view of the bottom schematization, used for the calculation of the coastal constants 
according to the Svasek-fomiula 
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4.2.2 Waves stationary and uniform along the coast. 

Ten Hoopen & Bakker [17] schematize the coastal topography as shown in fig.4.1a, 
consisting of a beach and an inshore, having parallel depth contours, with a horizontal plane 
(at depth ft,) between. Beach and inshore make an angle (Jwith each other. 
Starting from unifonn and stationary wave conditions alongshore in deep water, this 
schematization allows for calculation of longshore transport along beach and inshore 
respectively. Use is made of a conception, originating f rom Svasek [8],[18] this leads to 
longshore transport, proportional to "the longshore component of the loss of energy flux 
between two depth contours" ^\ which for beach (P/,) and inshore (P/2) can be specified by 
the following formutation ([17], taking the cosine of the breaker angle equal to 1); 

PI, = Khï 

P l , = K ( h l - h f ) ^ ^ ^ ^ w h e n h b . > h i (4.3a) 

pj f , , . j M ! h ^ 
' c, w h e n h i ^ < b i (4.3b) 

PI 2 =0 

Here K \sa proportionality constant, specified in (4.17b); c denotes the wave celerity and (p 
the angle of wave incidence; the indices " 0 " , " 1 " indicate the site: respectively at deep water 
and at the upper boundary of the inshore. The depth hbr denotes the breaker depth, specified 
in eqn (4.17a).. 
Equations like (4.3a,b) form the basis of most computations, carried out ([15], [16],[21], [24]) 
on the coastal constants So So,, S02, s, Si, S2. W h e n (4.3b) is valid, one finds back the 
stable lower zone and the dynamical upper zone of the one-line theory. Computat ions 
concerning So and s with respect to the one-line theory ^' are given into some detail in 4.3.3; 
calculations concerning the other mentioned parameters are carried out in a similar way [21], 
starting from a topography given in fig. 4.1b (three slopes) instead of the one given in 
fig.4.1 a."' (two slopes). 
Results (fig.4.2; ch. 4.3.3) give dimensionless expressions for the mentioned coastal 
constants, where ^4/ HO'Q, is taken as reference; A i being a proportionality constant, 
(eqn.(4.20)) relating sediment transport to longshore component of energy flux; H is the 
wave height. Independent variables are wave direction, wave steepness and (for s) the 
location of the level h of the toe of the beach area. 

Fig. 4.2 (one-tine theory) shows So (dotted line) and s (drawn lines) as function of the deep 
water angle of wave incidence; curves are valid for various values of c , /Co. The indicated 
values are valid for such wave steepness So, that the ratio Cbr/Co is equal to 0.5 in the case 
that the waves are normally incident to the inshore as well as to the beach . For other wave 
steepness (only) the vertical scale of fig. 4.2 has to be adapted (eqn.(4.20) (giving the 
relation between So' and Cbr/Co) and (4.22)). 

For large values of as well angle of wave incidence as well c, / C o , negative s-values are 
found. Bakker & Edelman [22] point out, that coastlines can be unstable under those 
conditions. This may be one reason for the origin of beach cusps. 
For a given wave steepness, the constant s increases when c, decreases (fig 4.2), i.e. when 
the depth h up to which the contour lines are parallel to the shoreline decreases. 

^ In [17], a more general case is treated ttian considered in ttie following, i.e. ttie "t>eacli" Is bordering a stioal, wtilcti 

eventually may b>e submeerged. 

^ As Battjes points out, a flux is a scalar. Ttius it cannot tiave a "longstiore component". Here ttie meaning of ttie 

used tenm will be specified as a vector in longshore direction witti length Asinipcoscp 

^ More accurate tfian mentioned before: putting (coscptx^) '̂̂  to 1 instead of coscpbr 

•* Thus accounting for tuming of deptti contours of the instiore zone by dynamical shore processes, which is not 

involved in eqn. (4.3a) 
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Fig. 4.3 depicts a physical explanation. In fig. 4.3a, the contour lines up to very deep water 
are parallel to the shoreline. Before breaking, wave crests have the opportunity to refract, 
becoming more or less parallel to the plan-sl iape of the shoreline. Therefore breaker angles 
will be small and so will be the transport gradients. The opposite is the case when the wave 
crests do not have the opportunity to adapt itself to the beach planform (fig. 4.3b). 
For small values of c /co only positive values of s are found (fig.4.2), because also at large 
angles of deep water wave incidence, the angle of incidence at the shoal of depth hi does 
not become large. 

angle of w a v e inc idence 
in deep w a t e r 9n 

Figure 4.3a, b: The breaker angle deaeases, when hi inaeases 

4.2.3 Wave climate (uniform along the coast). 

Bakker, ten Hoopen and Grieve [5], [7] calculate the constants s , and Szfor the longshore 
transport from the wave cl imate, starting f rom eqn. (4.3 a,b), taking the probability of each 
wave class into account (ch. 4.2.4). 
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By giving the angle ^be tween beach and inshore respectively a positive value and a 

negative value of the same magnitude, one finds (by subtracting the values for the transport 

along the beach in both cases and dividing by 25) the rate of change of the transport s , 

along the beach, depending on the beach orientation. 

4.2.4 The KC/KL programs. 

A further extension, permitting variability of wave conditions alongshore, is given by the 

KC/KL-programs. 
Constants can be calculated with the "KC"-program of Rijkswaterstaat and Delft University of 
Technology ("KC" stands for "Kustconstanten", dutch for "Coastal Constants"). Coastl ines 
aftenwards are calculated with the "KL"-program (-"kustlijn" - "coastline"). This gives the 
possibility to calculate the coastline near harbour moles. 

The effect of eddies, occurring during the tidal cycle can be incorporated in introducing a 

sources-and sinksterm "p" in eqn. (4.1 a,b). An application for the coast of Holland will be 

treated in a future paper [25]. 

The KC/KL-program has been developed in cooperation between Rijkswaterstaat and Deift 
University of Technology. It is based upon investigations of Bakker [1], Bakker et al.[7], ten 
Hoopen & Bakker [16] and V. Bochove [13 ] , [14], [15]. Programming and documentat ion 
has been performed initially by A.Roos and H.W.M.Bots where the final version of the 
program has been made by A.Casteleyn, who also reported on this subject [16]. 
The programs KC and KL are built up in a modular way. 

The program KC starts f rom a bottom topography, which can be described in the following 

way. 
Assumed are parallel depth contours f rom deep water to a certain level (arbitrarily to 
choose), where the head of a harbourmole is situated (the existance of this harbourmole is 
optional); at this depth one finds a horizontal area, where diffraction takes place; f rom there 
landward, again one finds an upward slope with contour lines parallel to the contour lines in 
deep water; this up to a level ft', (with respect to mean sea level) where the waves are about 
to break. Here again one finds a flat area; from here upward, contour lines make an angle S 
with the contour lines in deeper water {Sio be chosen arbitrarily) .(fig.4.1a). 
For an arbitrary number of equidistant points along the x-axis (parallel to deep water) the 
wave height is calculated, taking as well as diffraction on the shoal at the level the contour 
lines in refraction into account, of the harbour mole (fig. 4.4). 

As each computation at such is rather simple, the program allows for calculating in one run 

for: 

• various values of 5; 

• various places along the x-axis; / — 7 71 

• various values of the deep water 
wave height. '"'Sure 4.4 

Each of the various topics, mentioned above means a loop in the program, where the loop of 

the first-mentioned topic embraces the loop of the of the later-mentioned topic. 

The wave climate is characterized by considering various wave classes, each characterized 

by a certain deep-water wave height /-/, period T a n d direction cpand a certain probability of 

occurrence P / H , T, cp). 

Calculated is the expectation of the longshore component of the wave energy flux P/, along 

the beach: 

wave direction; 

• various water level elevations; 

• various wave periods; 

• three different fractions of the 

• various angles of deep-water 

t ime, during which the tide level is 
one meter lower, c.q. higher than 
the mean level, c.q. is at the 
mean level; 
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E(PlJ = Y,Ph'P/H,T,i?) (4.4) 

where Ph is given by (4.3a) or (4.3b), depending on the breal<er depth. Here /?, is the water 
depth, i.e. plus the waterlevel elevation. 
In the North-Sea, deep-water wave direction and wave height are determinec more or less 
by wind-direction and windforce. These in turn determine the set-up by storm surge of the 
North Sea level along the Dutch coast (oven/iewing for a moment the effect of tide). The 
relevant relations have been derived f rom data f rom Weenink f rom the Royal Dutch 
Meteorologica] Institute [12]. 
During the "water-level elevation"-loop the various possibilities that the water reaches the 
given level are considered, i.e. as well as (for instance) the possibility of small waves during 
flood tide as high waves (high North sea elevation) during ebb tide. 
Assuming a linear relation between the littoral drift S and P/, and calling S(Si) the value of S, 
when 5 gets a certain value S-, one can find the value of the coastal constant S at a certain 
place as: 

25, 

The KL- program is a program, which calculates explicitely the y-coordinate of the coastline 
given the coastal constants (for instance found f rom the KC-program). Use is made of the 
equations (4.1 a,b). There are various options, starting f rom various boundary conditions. 
One option is also to compare the calculations with given data concerning the behaviour of 
the coastline. 

4.2.5 Final remarks. 

The present paper gives the order of magnitude of coastal constants to be expected in 
nature and some ways of determination. 
Still, some warning should be added. The equations (4.1) start f rom the assumption that 
beach and inshore form a self-contained system and that no interaction between the 
offshore zone and the inshore takes place. If this condition is not fulfilled in nature, also 
sophisticated mathematical methods (as for instance Kalman filtering) can give spurious 
results. Also calculation of coastal constants f rom the wave climate gives results, depending 
on the schematization. For instance, chapter 4.2.4 shows, that the choice of the level in the 
one-line theory, up to where the bed is assumed to be mobile does not influence only h but 
also s in the constant s/h. 

Coastal engineering remains an art, apart from being a science. 
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4.3 Computating from hindcasting of field data 

4.3.1 Direct comparisation coastline computations with field data 

4.3.2 Kalman filtering 

4 .3 .2 .1 K a l m a n f i l ter ing in g e n e r a l . 

The Kalman filter combines the advantages of the deterministic and the statistical approach, 
and has proven to be very suitable for recursively updating parameter estimates of t ime-
varying model coefficients, based upon the latest data information. It is an algorithm which 
uses measurements, a physical model of the system and knowledge of the inaccuracy 
(noise) of both the measurements and the model, in order to achieve an optimal est imate of 
system behaviour (Kalman, 1969). The method has been explained in [4], concentrating on 
the application of the one-line theory. Here, the explanation will be briefly repeated; the 
complementary reading of [4] is recommended. Now, the application for the two-line theory 
of linear Kalman filtering will be highlighted. 

The method is based on the concept of on the one hand the existence of a "system", not 
necessary stationary, but anyway systematically changing and on the other hand periodical 
measurements conceming some characteristics of the system, blurred by "noise". The noise 
has two reasons: 

• reality is more complicated than the assumed system 

• measurements show errors. 

It is assumed, that prognostics of the characteristics to be measured can be found f rom a 
linear transformation of the system. This linear relationship implies on the other hand, that 
"backtransformation" of information on the characteristics involves information on the 
system. 
The filtering procedure consists of cycles of linear transformations of respectively: 

• the system (being transformed from the state at one t ime step to the state at the next 
t ime step) 

• the anticipated result of the measurements at this "next t imestep" (found from the state of 
the system); 

• comparison between measurements at this "next t imestep" and anticipated result; this 
gives a gain of information on the system, which is fed back by making a correction on 
the state of the system at the considered time. The 'Nweight' assigned on the information 
derived from the measurements in relation to the weight assigned to the anticipated result 
depends on the given noise characteristics. It is derived in a mathematical way, starting 
from the least-square error standards. 

All the information, as well concerning the backtransformation of measured characteristics to 
system as well concerning the relative importance of the measurements compared to 
"theory" is contained in the "Kalman gain matrix" K(t), which (linearly) transforms the 
difference between measured and anticipated characteristics to a correction (valid for the 
present time step) of the system. This gain matrix forms the essence of the Kalman filtering. 
From it results the gain of information on the system, found from the last measurements. 
With the last-mentioned transformation the cycle is closed, apart f rom the fact, that also the 
gain matrix is corrected after each t ime step, depending on the ratio between the noise in the 
measurements and the noise in the latest estimate, (the larger the noise in the 
measurements, the less information the measurements give about the system). 
Numerically, the use of Kalman filtering involves, that all measurements are elaborated in a 
sequential way, which means, that the computer may "forget" all previous measurements 
and all previous states of the system when elaborating "actual" measurements. This means, 
that only a confined amount of storage is required. All the relevant information about these 
former measurements is contained in the present state of the gain matrix, which is 
successively improved. For the general equations concerning the Kalman filtering is referred 
to [4]. 
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4.3.2.2 Application on the two-line model. 

Applying Kalman- filtering for the two-line theory, as "system" has been defined: the system 
of constants s,, Sj, Sy having principally a "noise" var(Si), var(s^, var (Sy). No covariance 
between s,, Sj, Sy is assumed. 

This definition of the system involves a simplified application of the Kalman filtering theory, 
for in the present case the system in principle is stationary, where, generally, the system is 
allowed to change in the course of the t ime. Still, est imates of the system may vary in course 
of t ime, because new infonmation is delivered by the various measurements of the 
characteristics of the system. 

These "characteristics" are defined as the y-coordinates of the lines of beach and inshore in 
the various measuring points. 

Thus, defining a measuring equation as: 

z(t) = H(t-\)-x(t) + v(t) (4.7) 

where z(t)\s the measured state, x(t)\s the system state and v(t) denotes the 

inaccuracy of the measurements, the matrix H equals: 

' A,(ylr2yh+yl3) 0 B, (-yh +yl^-W) yh ~ 

0 A,(}'2,-2y22+y2i) B, (-y22 + yh+W) y22 

Ai(yl,,2-2yU,+yl,) 0 B,(-yl^,+y2,,,-W) yl,„ 

0 A2(y2„2-2y2„,+y2,) B, (-y2,„+yU,+W) y2^2 _ 

where the co lumn vectors z and x are respectively (written for typographical reason as row 

vectors): 

l = (y\2,y22 y\„.uy2„-J (4.8a) 

and x^{s,,S2,s^,\) (4.8b) 

In the matrix H, the constants /A,,2 and B,,2 are equal to At/(Ax^hi,2) and At/hi2 respectively. 
In the system definition of x, the last unit " 1 " is added for numerical reasons. 
The coefficient W, defining the equilibrium distance between beach and inshore, is not 
filtered at all. If as well Sy as W w o u l d have been filtered, a non-linear filtering technique 
should have been applied. The equilibrium distance is est imated f rom measurements. 
The sensibility for the applied value o f IV will be evaluated when considering the results of 
the Kalman filtering (sect. 4.3.2.3). 

For the way of calculating the gain matrix is referred to [4], where one has to keep in mind, 
that F is the unit matrix. 

4.3.2.3 Results. 

Kalman filtering has been applied [36] for detennining the coastal constants of the Rijnland 
coast. Later on the method has been applied on the total uninterrupted coast of Holland; this 
last investigation will be reported on in [25]. 

Fig. 4.5 (from [36]) shows some results for the two-line theory, applied on the Rijnland coast 
(range number RSP km 58.00 to 98.00); for results of application for the same area of 
Kalman-filtering starting f rom the one-line theory is referred to [4] and [36]. 
The "beach zone" included the dunes as well; and was schematized as the area between 
NAP (-about MSL) +15 m and the low-water line (NAP -.72 m); the inshore zone between 
NAP - .72 m and NAP - 5m. 

Fig. 4.5 shows the values of the system (s,, S2, Sy) in course of t ime; the original estimate 
(1970) of (s,, S2, Sy) was (0,0,0). Measuring noise has been estimated as 125 m^ for the 
beach zone and 700 m^ for the inshore zone. The result did not change considerably with 
assumptions of other values for this noise. The value of Sy showed sensibility for the 
magnitude, assumed for 14/(taken 280 m in fig. 4.5); the effect of this variation on and S2 
was much less. 
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Figure 4.5: Calculated estimates for the coastal constants (si, S2, Sy) as function of time, using Kalman 
filtering. Data Rijnland 1970-1980. 

4.3.3 Effects of schematization 

Ttie effect of tfie determination of t l ie deptl i hiaod h, on t l ie coastal constants 

In this chapter, first dimensionless ratio's will be given, relating So and s of the one-line theory 

to the deep-water wave conditions. Schematization is according fig.4.1 a, where ft, is 

assumed to be somewhat larger than h^r. 
Later on, some results will be given concerning computations, in which part of the waves 
break on the inshore, starting f rom a schematization, given in fig.4.1b. Under those 
circumstances it is assumed, that the waves start to break on the inshore, where Svasek ' s 
assumptions conceming the longshore transport are used. 

The following calculation of the transport S along the beach starts f rom the schematization 
given in fig. 4.1a and from the assumptions, mentioned in [17]. These include for instance 
the use of the CERC-formula: the transport S is proportional to the longshore component of 
the energy flux P/ , : 

S=Aj*{8Pli/p..) (4,9a) 

with: 

8 PI I /p^.= HI,/ C hrSin cphr cos (p),r (4.9b) 

n being the ratio group velocity/phase velocity, H the wave height, c the phase velocity and cp 

the angle of wave incidence; The index "br" denotes breaking and pw(s) the specific density of 

water (sand). 

Including in S also the volume of pores, when the material settles, one easily finds the 

constant Az in the equation /,= A2 • P/,, where /, is the immersed weight of transported 

material equal to: 

^ ^ ^ 8 r p . . - p „ , M ^^^^^ 

a, being the ratio of content of solid material (1-porosity ratio). Wave conditions are assumed 
uniform and stationary. 
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Furthermore, it is assumed, that the breal<er depth is smaller than hi. Then for the 

"longshore component of the wave energy flux" Pli along the beach one finds (making use of 

conservation of energy flux between wave rays at a mutual distance b): 

Pli =~-noEQCo siriipi,, cosip^, (4.11a) 

where no Eo Co is the wave energy flux in deep water; E denoting the wave energy per unit of 

area, c the phase- and nc the group-velocity. The index "0" refers to deep water and "br" to 

breaker conditions. 

E = p^.gH'/S (4.11b) 

In (4.11 b), g denotes the acceleration of gravity. 

Using Snell's law, sin (p^r can be expressed as: 

,5/^9^^ ^ ^ s i n f i p , +5) (4.12) 

where the subscript " 1 " refers to the values at the level of the "toe" of the beach, and where 

(Pi is the angle of wave incidence on the upper side of the inshore. 

Applying Snell's law once again, one may replace c, in (4.12) by the deep water value CQ 

finding: 

si„^>^^^^^ai^sin{(p,+5) (4.13) 
Co sin(p, 

Make use of ([17]): 

(4.14) 
C05 (po cos((p, +5) 

bbr C05(P| C05(p^, 

Substitution of (4.13) and (4.14) into (4.11) gives for Pl{. 

sin2{(p, +5) , 
^ ' i ="o^o'^/>r — sm^)ocos(po (4.15) 

sin 2(p| 

Assume a ratio y between the wave height Hft^and the water depth librSt the t ime of breaking 

and take the celerity of wave propagation of a nearly breaking wave equal to: 

c , , = F , 4 ^ (4.16) 

where Fr is a kind, of Froude number, of the order 1. From the conservancy of wave energy 

between wave rays one finds (using (4.16): 

hbr = 

n^Hp Cgbg 

rPry[sbt,r 

(4.17a) 
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Here Ho is "\he" deep water wave tieigtit (in in-egular waves: tt ie wave height representative 

for the local wave energy i.e. Ho^ = Hsign^/2. 

Firstly, using (4.9b), (4.12) and (4.16) it is easy to derive (4.11b), taking cos ^̂ ^̂  approximation 

equal to 1. One then finds for K: 

K=nhr)^F/g (4.17b) 

However, a more accurate expression for the transport S (expressed in deep water wave 

conditions) is possible as well, where on the other hand also the magnitude of s is 

investigated. 
With the aid of the developed formulae it is possible to give the following kind of relations: 

s/A,Ho\=f(H/L^,cj/c^,cpJ 

(4.18) 

(4.19) 

where HQ/LO denotes the initial wave steepness and c, the wave celerity at the transition 

level between beach and inshore. However, a clear-cut relationship with the initial wave 

steepness requires assumptions concerning the magnitude of F^and ^ a n d thus loss of 

generality. Therefore, the independent variable / - /Q / Ï -O will be replaced by the ratio between 

the deep water wave celerity Co and the wave celerity / c t J ^o when the wave breaks, under 

the condition, that all contour lines are parallel and that the waves are normally incident. 

With respect to this, the following relation can be found from (4.16) and (4.17a), taking 

S=0: 

'hr Fr4s 

y' C05 cp;,. 
(4.20) 

When (po= 0 (and thus (p^r^ 0 one thus finds the following relation between Cb/Co and the 

wave steepness: 

y 

(4.21) 

For calculation of So take the x-axis parallel to the depth contours of the inshore. Neglecting 

the difference between (cos cpbr) and 1, f rom (4.9a,b), (4.14), (4.20) and the law of 

conservation of wave energy flux between wave rays follows directly for the transport So 

when all contour lines are parallel {S= 0): 

(4.22) 

The value of s can be found by differentiating (4.14) to 8 and putting S=0. Wi th the aid of 

(4.9), (4.10) and (4.14) one finds: 

s^A^n^F^Hl ^gihr cos 2(p, 
5m2(po 

sin 2(p I 
(4.23) 

^ It is logical to take also y in sucfi a way, ttiat ttie wave Hbf is representative for ttie local wave energy. In [17], ttie 
fonmulas tiave heen adopted in this way that they refer to Hsign (i.e., there also x relates to the significant wave 
height in the breaker zone). Generally, only the relationship "Ho/y" is important. When Ho is replaced by a wave 
height with a certain probability of occurrence, y should be adapted correspondingly. 
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which can be expressed in the wanted variables: 

= „ „ V r : ^ , _ 2 A / - s . > ^ ^ ^ ^ ^ ^ (4.24) 

0 / „ „ )6/5 

" U ( - - V / -rii J 
A,CQHI C , CO cos(p 

Fig. 4.2 shows s/AiHo as function of «cfa (no has been taken equal to V2); 

the various cun/es are valid for values of c,/Co equal to 1, 0.85,1/V2 and 0,5 respectively. 

The value of [Cbr/Coj has been chosen equal to 0.5; it shows from (4.24), that another value 

of [Cb/cJ^o only influences the vertical scale of fig. 4.2. 

Similar calculations [21] have been carried out concerning the two-line theory. 

In that case, there has been started f rom a bottom topography, depicted in fig.4.1b and from 

the longshore transport equations, given by (4.3a) (i.e. hb^hi). 

The result is: 

i 2I 

}_ \_ 

(4.25a-d) 
2 ' 2' 

5, =A,y F^g^h, 2 C052(p,' 

S2=Ay'F,g^^(hl-h^)hlcos2ip2' 

where ^ / a n d ^s^'are the angles of wave incidence (when all contour lines are parallel) at 

depth hi and hiot the last depth being ft,+/?2. However, eqns (4.25a-d) have a confined 

accuracy, as there is an effect of the refraction on the inshore on the transport along the 

beach, which is neglected in those equations. The rate of change of the transport along the 

beach as function of the direction of the inshore, divided by s , is depicted in fig. 4.6, being a 

function of hi/htot (on the horizontal axis in fig. 4.6) and of the angle of wave incidence cpz'ai 

the depth htot (angles written near the various curves in fig. 4.6). 

Fig.4.6 is derived f rom the following equation. 

Call: S2 the angle of the inshore with respect to the depth contours in deeper 

water; 

5 i the angle of the beach with respect to those contours; 

Then for the transport S, along the beach is found: 

1 2¬

5, - 5 o , = / / , Y ^ / v g ^ / 7 , ^ c o . 2 ( p , 7 / l - ^ ^ j - f ^ ; 8 2 - 5 , 7 (4.26) 

The term between accolades is depicted in fig. 4.6. 

When the direction of the beach changes, the transport along the beach changes. However, 

when the direction of the inshore changes, the transport along the beach changes as well, 

because of different refraction on the inshore. 

Indicated is the proportion between the rate of change of the transport along the beach, 

caused by the change of direction of the inshore, compared to the rate of change of the 

transport along the beach, caused by a change of direction of the beach. 

Variables are the level of the separation plane between beach and inshore (i.e. hi /htot) and 

the angle of wave incidence at the level htot (written by each line separately). 
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Figure 4,6: infiuence direction instiore/ 
influence beacti versus hi/litot. Indicated 
angles are angles of wave incidence at ttie 
level tiiot 

Neglecting the tenri between 
accolades, f rom (4.26) one directly 
can derive(4.25c). 
For assumptions made during the 
derivation is refen-ed to [21]. 
Important is the assumption of 
uniform conditions along the coast, 
i.e. no effects of curvature of the 
inshore and of gradients in wave set
up [23]. 

Effects of curvature of the inshore on 
refraction are investigated by Jas 
[24]. 

Another effect of the curvature of 
beach and inshore, being conciously 
overiooked, is the following feature . 
The used equation of sand motion is 
developed for a straight beach. A s 
water entrains the sand, one has to 

take into account the continuity of water when applying straight-beach formula for curved 
beaches. Apart from cross-shore transport because of deviations of the equilibrium profile, 
cross-shore transport because of rip-currents, initiated by discharge of surplus of water to the 
inshore may occur. The order of magnitude of this feature is estimated by V.Overeem [27]. 

4.4 Focussing on cross-shore interaction. 

Also an attempt has been made to express the constant Sy in the wave conditions. Firstly, 
there may be referred to Swart's Ph.D.-thesis [9]. Prototype data (ch.4.2) yield smaller values 
of Sy than resulting from his method. 

A second line of thought is the following. Using the Baillard [10] transport formula and 
following a simplified Stive concept [11], the dimensionless equilibrium profile outside the 
surfzone can be expressed in wave steepness So and dimensionless fall velocity of the 
sediment (fig 4.7a,b). With respect to the length scales, the deep water wave length is the 
reference. Wi th respect to the fall velocity iv, the reference is Hc/T, where Ho is the rms-deep 
water wave height and T the wave period. 

However, inside the surf zone this method does not succeed: the applied mathematical 
method predicts breaker bars and on the other hand is not sophisyticated enough to deal 
with slopes, rising in seaward direction. The same method has been used to calculate the 
dimensionless transport, caused by a slight deviation f rom the equil ibrium profile. This yields 
a dimensionless t ime scale To/T for recuperation of the profile to the equil ibrium profile. It is a 
function of wave steepness and dimensionless fall velocity. 

Figure 4.7a: Influence of steepness So' on the Figure 4.7b: Influence of the dimensionless fall velocity Hms/wT 
equilibrium profile Hmis / wT= 30/ t i on the equilibrium profile So'= 0,02 
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However, as the interaction between beach and inshore is a process, dominating mainly in 
the surf zone, up to now the developed method has practical limitations: it yields 
astronomical t ime scales, only of importance when dealing with problems as predicting the 
effect of sea level rise on coastal 

behaviour. Maybe the method can be extended to the sur fzone in the future. 

COMPUTATIONS CONCERNING THE CONSTANT DETERMINING T H E C R O S S -
SHORE T R A N S P O R T 

Starting from the conception of an equilibrium profile, it is logical to assume, that a deviation 
from this equilibrium profile leads to a restoration to this profile at a certain t ime scale. This is 
the line of thought, leading to the two-line theory, where the distance between the line of the 
beach and the line of the inshore determines the cross-shore transport, being larger when 
the deviation f rom the equilibrium distance is larger. For uniform longshore conditions, this 
yields a negative- exponential decay of the deviation of the equilibrium profile. Independent of 
any assumptions on the mechanism which causes the equilibrium, the method essentially is 
right, if: 

• the restoring mechanism indeed may be linearized over the range of deviations to be 
expected; 

• beach and inshore itself show some restoring capacity of the equil ibrium profile over that 
part of the equilibrium profile (i.e over the beach and inshore itself) with a t ime scale small 
compared to the t ime scale, determining the restoration of the overall profile. In other 
words: the theory assumes, that the volume of sand, contained in the beach area 
determines the cross-shore transport f rom beach to inshore (assuming fixed position of 
the inshore), not depending on the fact whether the sand is stored on the upper side or 
the lower side of the beach Unsaid, the theory implies more or less the assumption, that 
beach an inshore itself have an equilibrium profile. 

If this is not the case, a more-line theory should be used [4]. In this chapter, one possible 
mechanism for restoration of the equil ibrium profile is considered more into detail, i.e. the 
one, on which Stive's Crostran-model [11] is based. 
The method is described into more detail by V.d Kerk [20]. 

Using the conception of Bailard [10], the local equilibrium slope pe can be expressed as: 

<9.vi > / t o " P , 

in words: the equilibrium slope is found as the sum of the transports gas (caused by the 
asymmetry of the waves) and q^n (caused by the undertow), divided tiy the rate of change of 
the gravity transport qst as function of the slope. The indication "<>" deals on expectations. 
Stive [11] gives expressions for the various kinds of transport (relating those to the 
Bagnold/Bailard conception), for instance: 

13JÏZ = ^!l + / r ^ ^ e ^ Y w 5 * ; (4.28) 

where and F j refer to the effect of bottom- and suspended load; {un*) denotes: 

n 
< U > 

(un*) = (4.29) 

where u^ denotes the amplitude of the first harmonic of the orbital velocity. The angle (j) is the 

angle of response of the material. The variables Fb and f j depend on the bottom friction, 

exerted by the wave motion, Bagnold's [28] efficiency factor Eb(s) for bottom transport and 

suspended transport 

respectively, the specific density of the sediment and the rms-orbital velocity furthermore, 

Fb depends on (ziand F j on the ratio t ; ,^^^, where w is the fall velocity of the material. Mind, 
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that the expression mentioned in (4.28), i.e. the denominator on the righthand side of (4.27) 

is no function of Pe, as <qsi> is proportional to tan p^. 
Because the phase shifts between first- and second harmonic of the orbital velocity can 
amount in the breaker zone up to 90 degrees ^', in which case <qas> has a value zero, Stive 
[11] schematizes, that <qas> is proportional to the percentage non-breaking waves. On the 
other hand, <qu„> is direct proportional to <i/>, the mean velocity of the undertow. For non
breaking waves, this (onshore) undertow can be approximated by Longuet-Hlggins' 
"conduction solution"; for breaking waves, a first approximation of the (offshore) velocity has 
been given by Stive & Wind [29], later improved and extended by de Vriend & Stive [30] and 
by Battjes & Stive [31]. 

Making some short-cuts, V.d.Kerk [20] succeeded in writing (4.27) in the shape: 

^ - f ( K h , ^ , S , ' ) (4.30) 
ay wl 

So is the deep-water steepness and wTA-io a dimensionless fall velocity of the sediment; T 
being the wave period belonging to the largest wave energy density in the spectrum and Ho 
the rms- deep water wave height. The wave number ko equals: 

An' 

Clearly, y being the offshore direction, the lefthand sides of (4.27) and (4.31) denote the 
same variable; furthennore the attractiveness of the presentation according to (4.31) is 
evident, inviting to solve the differential equation, thus yielding the dimensionless equil ibrium 
profile: 

k,h = f ( k , h , ^ , S , ' ) (4.32) 
wT 

Unfortunately, shortcuts are necessary. Sophisticated present wave height formulae as used 
in Crostran [32] take into account, that also at horizontal shoals waves decay. Therefore, 
formula of the kind (4.35) [33] are outdated: 

^ ^ = f(kh,Sa') (4.33) 
h 

where k is the local wave number. In fact, the ratio H,„Jh can have various values for the 
same values of kt) and So However, for a gentle downward slope in seaward direction an 
approximation like the one, given in [33] is reasonable; it has been used here because an 
approximation like (4.33) is essential for the derivation of an equation like (4.29). 
Then it is possible to write all the equations of the Stive model [11] in a dimensionless way 
[20], thus resulting in equilibrium profiles, depending on HoA i 'Tand So (fig 4.7a,b) 
As <qas> and <qun> counterbalance each other when the fraction of breaking waves increase 
(<qfu„> will then be seaward and increases), from (4.27) it shows that moving f rom the 
seaward side into the breaker zone, the bottom slope will decrease and become zero at a 
certain level. Landward of this point, the approximation has no sense any more, as (4.33) 
looses its validity. Thus anyway the existence of (an outer) breakerbar(s) can be explained, 
in a way resembling to the qualitative description of Dyhr Nielsen & Sorensen [33]. 
Also Bailard [10] calculates equilibrium slopes as function of similar parameters as given 
here. However, as Bailard does not take seaward undertow by breaking waves into account 
(as done by Stive) he finds very steep equilibrium slopes for small values of k(fi. For further 
comparison is referred to V.d.Kerk [20]. 

' When the harmonics are given as cosine-functions of time 
^ For the undertow the formulation of [29] has tieen used as [30] was not yet published at the time of the 
investigation 
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A global comparison with Dutch coastal slopes in the offshore zone, of which data is 
presented by Postma & Kroon [35] shows a reasonable con-espondence, when waves of 
small steepness are presumed. 

Unfortunately, one cannot find cross-shore interactions between beach and inshore, starting 
f rom the above calculated equilibrium profiles, as the equilibrium profiles found are only valid 
outside the breaker zone, i.e.seaward of the inshore. However, one can investigate the 
behaviour of the offshore zone, following the ideas of the two-line theory. This in order to get 
an impression of the t ime-scales involved in the cross-shore processes in this zone. 

Consider the dimensionless profiles of fig.4.7 somewhat closer. These will be schematized 

as shown in fig. 4.8. 

Figure 4.8; Scfiematization of ttie offshore zone in a 't)each" 
and an inshore" 

Call in the terms of the two-line theory the area above the level kohi the "beach" and the area 
below (up to the level koh= 4) the "inshore" (although these terms are here not totally 
appropriate). Let kohtoi be the height of the total considered area. Schematize beach and 
inshore as a stepwise profile, thus creating vertical planes, having the mean position of the 
depth contours of beach and inshore respectively (fig.4.8); these planes have a distance to 
the vertical xz- plane of respectively y ie (in landward direction) and y2e (in seaward direction) 
\ The equilibrium distance Win the considered case thus is y,e+ye2- From continuity (h^yie = 

hzYze, where hz is defined as htorhi) one finds: 

Consider now a profile, having at every height a slope, being a factor a larger than the 

equil ibrium slope /?e, where or is a fraction, somewhat larger than 1. If such slopes would 

have been integrated to give a profile, one would have found a distance between beach and 

inshore being W/a. 

The distance yryz between beach and inshore thus becomes (in linear approximation) 

(ff-7)14/smaller than the equilibrium distance, thus giving an offshore transport Sy (eqn. 4.1) 

of: 

1000 

The upper boundary is taken at the site 
of the outer, breaker bar, (depth: /cAar); 
the lower at the boundary of initiation of 
motion, which has been tentatively taken 
as:koh= 4. The origin of the y-axis will be 
chosen at the mean position of the depth 
contours, i.e in the "hinge point" at a level 
kohi in such a way, that the content of 
the water landward of the vertical plane 
through the origin equals the volume of 
the (wet) sand seaward of that plane. 

(4.34) 

(4.35) 

Generalizing (4.34), one finds for /• / : 

lu W 
(4.36) y\ = 

The continuity equation reads: 

returning to nature and omitting ttie reference "ko" 
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Differentiating (4,34) to f and substituting respectively (4.37) and (4.35) into (4.34) gives a 

differential equation in a-1, st iowing (for small values of a - 7 , compared to 4.1 a negative-

exponential decay of a-1: 

( a - l ) , = (a-l)o exp(-t/T,i) (4.38) 

witti: To^h,h2/(SyhJ (4.39) 

From (4.35) can be derived: 

—^ = sW (4.40) 
da 

On ttie ottier hand, the gradient of Sy with respect to a is given by (4.28). By dividing this 
transport gradient by g^'f, (T being the wave period), (4.28) can be written in a 
dimensionless way. Let the dimensionless < q s i > be: <qsi>dim. Then eq. (4.28) can be written 
as a known function fi of the following dimensionless variables: 

< g . . i ^f^(s,\^,Kh) (4.41) 

For the comparison with (4.40) the value of /Coft at the hinge point (i.e. h= /?, + htai) will be 

relevant. Equalizing the righthand sides of (4.40) and (4.41)gives: 

w r ' - g ' T ' 
A ( S o ' , - ^ ) = ^ (4.42) 

Substituting Sy, as given in (4.42), into (4.39) yields: 

1± = ^ (4,43) 

T \6n'-f,{S,',H,j„,,/wT) 

where ' [ ]dim" indicates dimensionless variables (all the variables between the brackets, 
having the dimension "length", should be multiplied by ko). 
Thus the procedure for calculating the dimensionless time of decay of a disturbance is the 
following. Start f rom one of the dimensionless profiles, given in fig.4.7, valid for a certain 
value of So 'and H w ^ T Calculate the area of "sand" in this profile and divide this by 
4-koht,ar where kghbar denotes the dimensionless height of the outer breaker bar. Let the 
division result in a distance koy'. Draw a vertical line at a distance ko/from the righthand 
side of the figure; on the lefthand side of the line is the "beach", on the righthand side the 
"inshore". Determine the height koh, (with respect to /(Aar) of the intersectionpoint of the 
vertical line with the profile. 

Determine the area of sand above the level kohi and divide this by kohi. this gives koYie' (y-
coordinate of the line of the beach with respect to the lefthand side of the figure). Determine 
the coordinate /Coy2e'of the inshore in a similar way; the distance between the line of the 
beach and the line of the inshore gives koW. in this way the numerator of eqn.(4.43) is 
determined; for the calculation of the denominator is referred to [20]. 
Very large t ime scales result f rom (4.43). 

The following concluding remarks should be added. 
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• During the explanation, given above, the effect of the change of the undertow (and thus 
of the offshore transport) by a change of the coastal slope has not been considered. Not 
only the rate of change of the gravity transport (4.28) determines the equilibrium slope. In 
[20], this effect has been included in the computat ions by an iteration procedure. 

• Only the sand balance between beach and inshore has been considered during the 
derivation of (4.43). It has not (yet) been investigated, whether it is allowed to assume a 
common t ime scale of a over the whole profile. 

• It would be interesting to combine the results of the present study with the investigations 
on more-l ine theories, given in [4]; however, it is still more relevant to investigate the 
interaction in the surf zone with the breaker bars. 
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5. Experimental verification 

5.1 Laboratory 

5.1.1 Experiments in Delft Hydraulics Laboratory 

5.1.1 .1 M o d e l fac i l i ty a n d tes t p r o c e d u r e 

The lay-out of the model basin is given in Fig. 5.5. A large amount of various conditions were 
installed, details of which are extensively discussed in [3] As bed material dune sand was 
used with p = 2650 kg m'^and = 0.220 m m . Either 0 , 1 or 3 impermeable groynes were 
present, with their crests well above the water level, with rough 1:1 slopes and aligned 
perpendicularly to the coast. The spacing was 6 m and their length so that they obstructed 
the longshore current partly or completely. The regular waves had a period of 1.55 s or 1.15 
s, and a height between 0.07 m and 0.14 m. Depending on the wave steepness and the 
local beach slope, either spilling or plunging breakers occurred, under an angle of appr. 5° 
with the shore line. Water and sand were fed upstream and caught downstream in order to 
represent an inifinitely long, straight beach. 

In short, the procedure was to try and establish a dynamic equilibrium along a straight beach 
without groynes, and to assess meanwhile the development of the wave heights, the current 
velocity, the morphology and the trapped sand distribution. Then, after adding a groyne 
system, the new hydraulic and bathymetric development were recorded and subsequently 
compared with the theory. Here only a limited, though typical, selection of the numerous test 
results is presented, while in Ch. 5.1.3 a discussion is given, making use of some selected 
measuring data which are deemed useful for a good interpretation of the results. 

5 .1 .1 .2 T e s t s w i t h a s ing le g r o y n e . 

Representative as a "good" test isT22, where the main conditions were: wave height 0.075 
m, wave period 1.55 s, water depth 0.38 m in front of the wave generators. The average rate 
of sand nourishment was 71 dm hr"\ while 55 dm^hr"^ was caught in the traps. The rate of 
water supply was constant at 30 dm^hr"^ in order to feed the longshore current. The groyne 
extended seaward to 4.2 m, whereas the waves broke at appr. 3.5 m. Fig. 5.6 and 5.6a 
depict the beach, looking upstream, after 0.5 hr and 50 hrs. They show a quite regular 
accretion upstream, and erosion downstream of the groyne. This is also represented by Fig. 
5.6b, a difference chart displaying the extent and the locations of erosion and accretion 
during the 50 hrs of the test. In an attempt to monitor the actual longshore sand transport by 
local measurements, the wave height and the longshore current distribution were frequently 
measured in sections perpendicular to the shore. These data, together with the local depth 
and the bed material characteristics, are enough to compute the longshore sand transport 
according to Bijker. Examples are given in Figs. 5.7a and 5.7b for a section 8 m upstream of 
the groyne, and at the groyne itsel respectively. The obvious decrease of the longshore sand 
transport capacity is in good accordance with the observed accretion of the beach. Fig. 5.7c 
shows both rates of longshore sand transport in the course of t ime. Typical accreting and 
eroding coastal proflles are given in Figs. 5.7d and 5.7e, respectively, the latter together with 
the distribution of the longshore sand transport as caught in the sand traps. 

From Bi jkefs and Swar t ' s theories, together with the appropriate data f rom the experiment, 

the following quantities were derived for application of the theory: 

upper level of beach : 0.51 m 
elevation of interface : 0.24 m with respect to the level of the wave generator floor. 

lower level of foreshore: : 0.18m 
Soi = 87 dm^hr"^; Si = 994 dm^hr'^; So2 = 29 dm^hr ;̂ Sz = 332 dm^hr'^ W = 7.62m; Sy= 0.0338 
d m hr ^ 

The resulting schematized beach- and foreshore-lines for 0.10 and 50 hrs are given in Fig. 
5.7f together with the comparable theoretical lines. The fit is quite good, especially for the 
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beach-lines. It is thought that this favourable result was reached under the influence of an 
extraordinarily regular breaker type (plunging), which was accompanied by a very regular 
longshore current. More over the groyne interrupted the longshore cun-ent almost entirely, 
thus obstructing the longshore transport of sand to a great extent. 

Another test with a single groyne, T18, contrasted sharply with the above resullts main 
conditions were: wave height 0.10 m, wave period 1.55 s, water depth 0.38 m in front of the 
wavegenerators, average rate of sand nourishment 88 d m ^ h r \ while 106 dm^hr'^ was 
caught in the traps. The water discharge was constant at 55 d m V ^ In Fig. 5.8a the contours 
after 60 hrs are shown, where the attention is drawn to the clear accretion, but this t ime 
downstream of the groyne. Locally even a new beach line appeared seaward of the original 
one. The development can be followed on Figs. 5.8b and 5.8c, where difference charts of 0¬
20 hrs and 20-60 hr are showing how the bulk of the longshore sand transport moved 
around the groyne in two stages. In the intermediate stage the max imum accretion 
amounted to 20 c m at some distance downstream and seaward of the head of the groyne. 
After 20 hrs the bulk of this sand deposit was removed and shifted in shoreward direction, 
and somewhat more downstream. Fig. 5.9a shows that neither the upstream nor the 
downstream overall profile was subject to large changes. It also points towards a possible 
reason for the remarkable developments encountered here: the trapped sand distribution, 
averaged over 60 hrs, indicates that the groyne could hardly be expected to stop the 
longshore transport. However, the average trapped sand distribution in the preceeding test 
T17 (without groyne), was used to design this groyne length such that it would stop 
approximately 5 0 % of the existing longshore sand transport. 
After the above explanation it is not surprising that the experimental results are not well 
covered by the theoretical beach- and foreshore-lines (Fig. 5.9b), which are based on the 
following data: 

upper level of beach : 0.46 m 

elevation of interface : 0.235 m with respect to the level of the wave generator floor. 
lower level of foreshore : 0.06 m 

Soi = 73.5 dm^h r^ s, = 840 dm^h r^ So2 = 65 dm^hr"^; S2 = 742 dm^hr"^; W = 10.08m; Sy= 
0.029 dm hr ^ 

The impression exists f rom various obsen/ations (see also Chapter 5) that secondary wave 
formation, caused by the bar at a distance of 11 m (Fig. 5.9a), may have played an important 
part in reestablishing the original coastal profile after 20 hrs. It is felt that this type of 
secondary waves has an important influence on coastal profile dynamics. 

5 .1 .1 .3 T e s t s w i t h a r o w o f t h r e e g r o y n e s . 

In Fig. 5.10a the contours after 50 hrs of test T23 with three groynes are presente The 
conditions were: wave height 0.075 m, wave period 1.55 s, water depth 0.38 m in front of the 
wave generators, he average rate of sand nourishment was 44 dm^hr"^ while 27dm^hr'^ was 
caught in the traps. The average rate of water supply was 25 dm^hr"\ The groynes extended 
to 3.7 m. Until 20 hrs a plunging breaker occurre at appr. 3.7 m, whereas later on the spilling 
type dominated, with variations in breaker location. In Fig. 5.10b a clear rhythmic behaviour 
is revealed by the difference chart, both in longshore direction (as caused by the groynes) 
and in perpendicular direction (as caused by an overall coastal profile development). The 
various quantities with respect to the theoretical computations are: 

upper level of beach : 0.51 m 

elevation of interface : 0.255 m with respect to the level of the wave generator floor. 
lower level of foreshore : 0.160 m 

Soi = 87 dm^hr"^ s, = 995 dm^hr^; So2 = 29 dm^hr ;̂ S2 = 331 dm^hr'^ W = 8.10m; Sy= 0.032 
dm hr"' 

Fig. 5.10c, displaying the experimental and theoretical lines representing the bead and the 
foreshore, reveals a reasonable equality as far as the beach is concerned. However, large 
deviations occur in the foreshore, where the typical rhythmic varations are not found back in 
the theory. 

Test T34 had unusual conditions in so far that the water level fluctuated in a one-hour cycle 
0.025 m plus and minus the average of 0.38 m above the wave generator floor. This was 
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done in order to shift also the type and the location of the breaking waves, in an attempt to 
avoid rip-current formation at fixed locations. The other conditions were: wave height 0.115 
m, wave period 1.15 s, average rate of caught sand 74 dm^hr ' \ The rate of sand 
nourishment was constant at 70 dm^hr \ and the rate of flow was constant at 50 dm^hr"\ 
The groynes extended to 3.27 m, whereas the breaker location varied widely during the test. 
The quantities for the theoretical analysis were: 

upper level of beach : 0.49 m 

elevation of interface : 0.275 m with respect to the level of the wave generator floor. 

lower level of foreshore : -0.01 m 
Soi = 32.4 dm^h f ^ Si = 370 dm^hr"'; So2 = 35.6 dm^hr ' \ S2 = 407 dm^hr"'; W = 8.1 I m ; Sy= 
0.108 dm hr"^ 

The result was not much better than that of test T23, as can be seen on Figs. 5.1 l a , 5.11 b 
and 5.1 Ic . Fig. 5.1 l b is a special chart, displaying the difference between test T34 and test 
T33 (without groynes but further with exactly the same conditions as-T34) after 30 hrs. The 
pattern of alternating erosion and accretion between the groynes is opposite to what should 
be expected f rom the theory. This is most probably caused by an intricate and unstable 
pattern of currents, stagnation areas, rip currents and regions of lower and higher waves. 

5.1.2 Experiments in L^boratori Nacionai de Engenliaria Civil. 

5.1.2 .1 M o d e l faci l i ty a n d tes t cond i t i ons . 

Reference is made to [4] for details. Fig. 5.12 shows the lay-out of the model. A convex 

beach profile of pumice-stone (p= 1670 kgm'^, = 1 2 5 mm) was molded between two 

rockfill groynes E l and E3. These groynes had 2 : 1 absorbent slopes and acted as training 

walls for the beach. A smaller groyne E2 in between with steep 1:5 slopes completely 

obstructed the littoral drift. The waves were 0.02 m high, had a period of I s and were 

generated under an angle of 20° in a water depth of 0.40 m. 

5 .1 .2 .2 T e s t resu l ts a n d theo re t i ca l b e a c h l ines. 

Various beach line positions were recorded during the 35 hr test , as presented in Fig. 5.13. 
These are compared to theoretical lines, which were determined as follows [8]. The active 
profile was schematized to a single beach line, because perpendicular transport across the 
0.063 m depth contour was assumed negligible. This depth is twice the breaker depth as 
calculated for straight, parallel depth contours. Diffraction calculations were performed in the 
deeper, horizontal part of the basin, where after refraction was calculated up to the 0.063 m 
contour line, again assuming straight and parallel depth contour lines, remaining so during 
the whole test. The resulting values for the wave height Hi and the angle of wave attack <zS, at 
the 0.063 m depth contour are given in Fig. 5.14. 

The final position of the beach is now assumed to be defined by ipi and H , in a first 
approximation. By ^i alone, the final beach line is determined by being parallel to the local 
wave crest as defined by (^i because only then the net transport along any part of the beach 
is equal to zero. By H , alone on the other hand, differences in wave set-up will develop, 
causing a varying longshore current velocity Vi along the beach, where Vi is a function of 
various parameters among which the beach line orientation [9]. By putting Vi equal to zero, 
the final beach al ignment is found. After adding the partial solutions for H< and (pi the final 
coastline is found as Yo in Fig. 5.15. By comparing this line to the experimental 35 hrs-line in 
Fig. 5.13, some differences can be found: 

• In the experiment a certain amount of material does disappear into deeper water. 
Because Barcelo reports a rip-current near groyne E2, the theoretical line is adapted by 
taking a sand transporting rip-current into account near E2 with an adequate transport 
capacity. This will at the same time increase the theoretical beach line angle near groyne 
E2, bringing it closer to the measured position. 

• Differences near groyne E l are likely to be caused by a very low transport capacity in the 
model, whereas in the calculation no critical velocity for beginning of movement is used. 
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For the calculation of the coastline after 1, 4, 7 , 1 5 and 35 hrs the dynamic equation is used 
(with Sy = 0), together with equation (1). Relevant quantitative parameters are: Sripcurrent= 3.4 
dm^hr"\ Soi = 27.8 dm^hr^ acc. to Barcelo, Si = 150 d m ^ h r \ 

The resulting theoretical lines are given in Fig. 5.15; they fit quite well with the experimental 
lines of Fig. 5.13. 

5.1.3 Discussion of tlie results. 

The above examples are typical in so far that they indicate the rather large variation in the 
ability of the theory to fit witti the experimental results. One should not be too surprised, in 
view of the wide deviations which were often present in the actual experimental conditions, 
as compared to the ideal conditions which were (tacitly) assumed in the theory. The main 
causes of deviation are discussed below. 

• Variations in wave height as measured in cross-sections very close to each other, were 
frequently noted and were judged to have a strong negative effect on the homogeneous 
conditions sought. Fig. 5.16 shows a rather dramatic example, in which the wave height 
variations are at least partly due to the varying bed profiles. Of course there exists a 
strong mutual interaction between wave behaviour and coastal profile development. 

• An example of the progressively deteriorating homogeneity in longshore direction of the 
coastal profiles is given in Fig. 5.17a. It shows the envelopes of all cross-sections after 
10, 30 and 50 hrs in test T19 (without groyne). 

• An effect, and simultaneously a cause, of the above mentioned non-homogeneity is 
present in the chaotic current pattern in the same test, as presented in Fig. 5.32. This 
test, too, began with a nice homogeneous and steady longshore current. 

• Apart f rom being non-homogeneous, the current pattern was unsteady, as is shown in 
Fig. 5.18. It gives values of the longshore current in test T25, measured in two points I m 
apart perpendicular to the coast. The measurements were performed by timing floats 
over a distance of 1 m. 

• Secondary waves were present under certain conditions. Apart f rom those, generated by 
the sinusoidally moving wave board [10], also secondary waves were generated while the 
regular waves passed over a large bar without breaking. In this respect it is interesting to 
note that Byrne [11] reports the same wave behaviour (long regular swell conditions) in 
the prototype (Fig. 19). Fig. 20a presents a coastal profile of test T l 9, with a bar and with 
the wave height over it; the wave breaks only at a distance of appr. 5 m. The respective 
wave forms as shown in Fig. 5.20b cleariy show the presence of secondary waves (with 
period T/2) which are overtaken gradually by the faster main waves. Their presence has 
undoubtedly a large influence on the perpendicular sand transport [10], and further on the 
type of breaking and the kinematic results thereof. It is felt that the presence of those 
secondary waves can have a dominating effect on the formation and the stability of 
coastal profiles. 

• The pair of Fig. 5.21a and 5.21b illustrates the strong relationship between secondary 
waves, bar fonnation, type of breaker, and subsequently the rate and distribution of the 
longshore transport. The conversion of the breaker type f rom spilling to plunging was in 
very good agreement with Calvin's results as far as the influence of the seaward slope of 
the breaker bar is concerned [12]. After this conversion the rate of longshore transport 
was appr. three t imes as large as before, and much more concentrated. 

• The most obvious visible result of the increasingly non-homogeneous conditions in many 
tests was the formation of beach cusps. Both small (Fig. 5.22) and large (Fig. 5.23) 
examples have been recorded. It goes without saying that this is most unwelcome in 
tests which are ment to verify the effect of groynes on a sandy beach. Fortunately, the 
presence of a groyne appeared to induce a more stable condition, in which the cusp 
formation was partly suppressed. 
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5.1.4 Conclusions. 

The conclusions which follow from these tests and their comparison with the theory can be 
summarized as follows. 

• The theory is good in cases with a stable, neat, and well defined longshore current 
system, and if the groyne(s) intercept a substantial part of the long shore sand transport. 

• In other, more complex systems, the theory in its present form is not adequate on a 
forecast basis. However, if the current pattern is well enough defined and specified, the 
theoretical result may be improved by taking into consideration the effects of stream 
refraction, diffraction, and rip-currents. 

» The coastal current system should be studied in more detail in order to improve the 
theory of Bakker. 
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Figure 5.6: Test T22 after 0.30 tirs 

Figure 5.6a: Test T22 after 50 tirs 
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Figure 5.10a: Test T23,50 tirs, contours in cm atxive model datum 
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Figure 5.11 a: Test T34,45 tirs, contours in cm above model datum 
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Figure 5.13: LNEC test, experimental tieacti lines 

Figure 5.14: LNEC test, wave heigtit and angle of wave incidence 

Figure 5.15: LNEC test, theoretical t)each-Jines 
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Figure 5.17b: Test T19, current pattern 77 hrs 

20-05-98 5-16 



12 

(O 

O 1 Figure 5.19: Prototype observation of induced 
8.45 HRS. « multiple gravity waves (after Byme) 
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Figure 5.21a: Test T17, spilling breaker conditions 0-20 tirs 

Figure 5.21 b: Test T17, plunging breaker conditions 20-56.45 tirs 

Figure 5.22: Test T19, small scale beadi cusps Figure 5.23: Test T27, Large scale beacti cusps 
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5.2.1 introduction 
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5.2.2 Vliehors 

Figure 5.24: Vlieland, Former and present situation. 

in ttiis section, ttie previous tl ieory will be applied to ttie Dutcti W a d d e n Island of Vlieland. 
For more details is referred to Bakker (1968). In this section a practical application of the 
previous theory will be mentioned, on the North side, the Netherlands are bordered by a 
chain of "Wadden Islands". Between the islands and the continent is a region of tidal flats 
connected with the North Sea by tidal channels with a depth up to 60 ft, (fig. 5.24). This 
section deals with the second island f rom the West , called Vlieland. In the 17 * century a 
dune ridge on the North side all along the island protected the two villages, West-Vl ieland 
and East-Vlieland, against North Sea. However, since then, a very strong erosion occurred, 
especially on the West-s ide (about 1 mile in 250 years!); the village West-Vl ieland had to be 
abandoned and the dune ridge all along the ,Western part of the island disappeared (fiq. 
5.24). Only a sandbank, called Vliehors, a little bit southward of the original island reminds of 
the past. Nowadays, only seals and soldiers play their games there. 

On the Eastern part, Rijkswaterstaat ( t h e Governmental Board for Ways , Waterways and 
Harbors) constructed 53 groins during the years 1854 up to 1885, 6 groins f rom 1916 till 
1923 (near the Eastend) and finally the five groins C, D, E, F, G on the extreme Wes t (1957¬
1959). 

One hundred years ago, Rijkswaterstaat made a fixed range system all along the Dutch 
coast and measured yearly the distance from the measuring poles to the High Water line 
and the Low Water line. The distance between two neighboring poles is 1 kilometer. 
This section will give an analysis of the results of these measurements on the sandbank 
called Vliehors, the Western part of the island. 

Measurements and visual analysis 
Fig. 5.25 gives the range system and the measurements in the respective ranges 37 to 42, 

as a function of t ime. The upper line always represents the line of M L W , the lower line the 
line of M H W and therefore the grey fields represent the tidal area. The tidal difference is 
about 1.50 metre (5 feet). A rising of the lines means accretion and descending of the lines 
means erosion. 

Clearly, one observes the general erosion of this part of the coast, about 5 metres/year 
(interrupted lines in fig 5.25). But superponed, one also notices a kind of "sandwave" with a 
period of about 60 years. 

Twice, in 1870 and 1930 a shoal of the outer delta of the inlet between Vlieland and the 
neighboring island, Texel, grew together with the Vliehors. Aftenwards, this shoal seemed to 
move along the coast with a velocity of about 1/6 to 1/3 km/year. 

^ Mean Low Water 
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The coastline will be defined as the shoreline at mean water level, for which the mean value 

between the y-coordinate of the line of M L W and M H W will be taken. 

In every year the littoral drift QL through range ZTA is, according to (5.1): 

h>, =b)r.-S (5.1) 
^ " 1000 

in which y^^^^^^ denotes the y-coordinate of the coastline in range 37(38) in metres, at t ime f. 

The factor "1000" in the denominator is the distance in metres between range 37 and range 

38. 

Likewise, one finds for the littoral drift through range 4 1 % : 

On — O A — Ö 
° 1000 

Therefore, the supply of sand in one year should be: 

If one assumes a cross-section of the coast, according fig. 5 .1 , then the mean accretion of 

the area should be: 

c * _ c * 1 

4000/2 Ah 

in which h is the depth up to where accretion occurs, and "4000" is the length of the area. 

In fact, the mean accretion of the area is: 

mean accretion = \ {{y^^ + + y^^ + y^, ),^, - (y^^ + y^^ + y^^ + y^,), (5.3) 
4 

Equalising (5.2) and (5.3) gives: 

-^x\<i'\y^, - y^^ -y,, ^ y , = (J'ss +^'39 +;»̂ 4o +.)'4i)/+i -(>'38 +:>'39 + J'40 +.V4i> (5.4) 

{ 

This relation must be valid at every t ime t. 

By correlating the right-hand side with the last factor on the left-hand side of (5.4), the author 

found for the proportionality constant of M L W and M H W will be taken at s/h the Vliehors: 

s/h= 0 .4x10®m^/mdepth /year / rad . 

In fig. 5.26 the left-hand side (black line) and the right-hand side (grey line of equation (5.4) 

are plotted separately as a function of t ime. The correspondence between the black line and 

the greyline is rather good. However, the lines are shifted vertically with respect to each 

other. Even if S/.* equals ; S R * (straight coastline), still an erosion occurs of 14.5 metre/year. 

W e will call this "the offshore transport", because one of the causes for it can be 

transportation of material to deeper regions, where it is beyond the reach of the waves and 

not available for accreting of the coast. 

Other reasons may be: 

1. transportation of material over the shoal in case of storn surges; (this is the most 

probable reason, given the set-up at the seaside during storm conditions). 

2. transportation of sand by wind; 

3. influence of currents. These currents are not very large (about 1 knot). 
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In the case of the Vliehors, the sand wave solution gives for the wavelength L, and the 

propagation velocity respectively (T = 60 years, s/h = 0.4 km^ /year): 

Li = J4n • 0.4 • 60 « 17.3 km c=17,3/60= 0,29 km/year 

In reality, the velocity was 1/6 to 1/3 km/year.Over a distance of 4 km, the rate of 

attenuation is: e''" = e ^ = e'' '^ = 2 4 % 

In reality, the wave attenuated f rom 300 meters in range 37 (1936) to 76 metres in range 41 

(1947). In fact, 2 5 % remains. 

Essentially, the wave form corresponds with the sandwaves w e observed at the Vliehors, but 

there are some differences: 

1. Evidently an offshore transport exists; 

2. The sandwave does not propagate until infinity, but finds the groins of the protected part 

on its way; 

3. The erosion and accretion is not exactly harmonically. 

The first and last point will be considered more in detail. 

Offshore transport 

Without offshore transport, the coastal equation (3.6) was found. Wi th offshore transport, this 

equation becomes: 

= ^ (5.5) 
hdx' dt 

in which p is the erosion in meters/year, caused by the offshore transport, if the coastline is 

straight. 

A solution of (5.5) is: 

y^-At + ( ^ ^ - - ) x ' +BX + C (5.6) 
2 s 

in which A, B and C are auxiliary constants. If A= p, then the coastline is straight and erodes 
with a velocity of p metres/year. If A = 0, then the coastline is a stable parabola. If/A < p , then 
the coastline is a slightly eroding parabola. With the proper choice of constants and boundary 
conditions, for which is referred to Bakker (1968) the method of Schmidt results in the 
predicted erosion and accretion in the course of t ime as given in fig. 5.27. 
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5.2.3 Sylt 

This chapter deals with the results of hindcast computations for artificial beach nourishment 
projects at Sylt, Flushing, Ameland and zeebmgge, using both the one-line and two-line 
theories. The location of these project sites is given in Figure 5.28. 

Figure 5.28: Location of project sites 

On the Island of Sylt artificial beach nourishment projects have been under-taken in 1972 

and 1978, in which the fills were placed as a stockpile groyne. In the following the 

performance of these sand groynes is analyzed by applying an analytical solution of the 

diffusion equation dy/ct - (s/h) Sy/d^ = 0 using both the one-line theory (Section 3.2) and 

the two-line theory (Section 3.3). The solution can be described by a Gauss-curve: y (x,t) = 

A exp (-Bx') where both A and B are a function of the time. The two-line theory, which is a 

more refined theory, is only applied for the 1978-nourishment, since the available data for 

this nourishment were more extensive than for the 1972-nourishment. The one-line 

evaluations of Section 3.2 gives insight in the quality of the above Gauss-solution for 

stockpile-type beach fills, as in the case of Sylt, and in the predictive power of transport 

computat ions to determine the coastal constant s. Refined analysis of the 1978-nourishment 

5 .2 .3 .1 G e n e r a l 

Two-line models 

In order to examine the predictive value of the two-line theory compared to the one-line 
theory, computations for five options of schematization and applied theory have been carried 
out for the 1978-nourishment on the Isle of Sylt. The five options are shown schematically in 
Figure 5.29. 

In all cases the original coastline before the nourishment is defined as a parabola that is 
retreating, such that the predicted erosion corresponds with the observed erosion in nature. 
Furthermore, it has been assumed that the initial shape of the nourishment can be described 
by one or two Gauss-curves for the one-line or two-line theory respectively. More specifically, 
the five options have been defined as follows: 

Option 1: one-line theory for total profile between M.S.L. + 4 m and M.S.L. 
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Option 2: one-line theory for the beach between M.S.L. + 4 m and M.S.L. - 2 m 
Option 3: one-line theory for the beach and inshore with parallel lines 
Option 4: two-line theory for the beach and inshore, analytical solution 
Option 5: two-line theory for the beach and inshore, numerical solution 

Wi th respect to the accuracy the following standards have been applied for the compar ison 

of the computational results: 
» the theory should reproduce the overall development of beach and inshore as closely as 

possible; 

• the close simulation of the evolution of the beach is of more importance than the close 
reproduction of the evolution of the inshore. 

From a comparison of the standard deviation between the measured and computed 
coastlines, both for the initial shape and for the shape after one month and one year, it is 
concluded that for the case of Sylt the two-line theory gives the best results. The analytical 
solution (Option 4) gives the most accurate prediction of the evolution of the beach, while the 
overall picture is best predicted by the numerical solution (Option 5). A standard deviation of 
10 m with respect to the line of beach and of 20 m with respect to the line of the inshore, 
resulting in an overall accuracy of 15 m, could be obtained. 
A fast prediction of the evolution of the beach, which is not much worse than the two-line 

12 m 

'iiiiiiihi» 
tquil ibrium profila 
(occrotlng/arCKjing) 

OPTION 1 

no onshora/offshor* 
traniport 

llllllllllll 
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OPTION 2 

j OPTION 5 

Figure 5.29: Ttie five options 
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options, can be given by Option 2, wi iere the one-line theory has been applied to the beach 
only. This shows that in the case of the 1978-nourishment on the isle of Sylt, the dynamics of 
the beach are determined more by longshore transport than by cross-shore transport. The 
use of Option 3 with parallel lines for beach and inshore should not be recommended for this 
case, as it shows a rather large inaccuracy. In fact, the latter option starts f rom the 
conception that any deviation f rom the equilibrium profile is immediately corrected by cross-
shore transport, which implies that this type of transport has a large effect on the evolution of 
the beach and inshore. 

The deformation of two stock-pile type artificial fills on the island of Sylt, which were placed 
as a kind of sand groyne, has been analyzed. The first nourishment took place in 1972 and 
the second in 1978. 

The analytical solution representing a Gauss-curve, = y i exp (-Bx'j, of the diffusion 

the sand groyne, I 

represented by the Figure 5.30: Prindple of Gauss^urve 
increasing width at the points 
of contraflexure, corresponds with the theoretical widening, which is proportional to the 

square root of the time. 

The hindcast computations resulted in a coastal constant s= 0.7A0^ m^/yr/rad for the 1972-

nourishment and s = 0.9-10^ m^/yr/rad for the nourishment. The predicted value of s, based 

upon wave data is between 0.4-10^ and 0.8-10^ m^/yr/rad. The conclusion is that the 

difference between hindcasted and predicted values is rather small. Further it was observed 

that both fills behaved more or less similarly, apart f rom heavy losses during the first month 

after placement of the 1978-fill. 

The above analysis of the deformation speed a~Vt\s independent of the actual volume of 
the fill. The behaviour of the fills differs if the analysis is based upon the position of the peak 
of the Gauss-curve. In that case the actual vo lume plays a role and the resulting values of s 
are non-consistent. For the 1978-fill, s is about half of the value for the 1972-fill. Therefore 
and because of the above correspondence between hindcasted and predicted values of s, it 
is recommended to determine the coastal constant f rom the observed growth of the width of 
the beach fill. Intermediate losses due to onshore-offshore transport are only of minor 
significance to the value of the coastal constant. 

In this Section a refined analysis of the second beach nourishment on Sylt will be given. In 
this sub-section 5.2.3.1, the background of the analysis will be explained, leading to 5 
"options" (mathematical theories / schematizations; Figure 5.29) which will be investigated in 
the following sub-sections: 

5.2.3.2 one-line theory applied for total profile (between MSL+4 m and MSL-8 m). 

5.2.3.3 one-line theory applied for beach (between MSL+4 and MSL-2 m). 

5.2.3.4 parallel lines of beach and inshore. 

5.2.3.5 analytical two-line theory. 

equation 
dy s d^y 

'dt'lt'dx^ 
Y = 0 was applied to analyze the deformation of the sand groyne. 

The constants A and S 
are functions of t ime. The 
major conclusion of the 
computational efforts is that 
the considered coastlines 
agree reasonably well with a 
Gauss-curve and that the 
actual deformation speed of 

0 =^ v^idths v T 
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5.2.3.6 numerical two-line theory. 

The results of these investigations are summarized in Table 5.5 and are discussed at the 
end of the present sub-section, which in this way gives an overall picture of the whole 
Section 5.2.3. 

For the study on morphological processes the coastal engineer has different mathematical 
models at his disposal. The question is what are the advantages and disadvantages of those 
various models. To try to give an answer to this question in the following a comparit ive 
evaluation of mathematical theories, i.e. the one- and two-line theory will be given, using the 
accuracy as a measure, and starting f rom the data of the 1978-beach nourishment at Sylt. 

For the evaluation, it is necessary to have a clear picture in mind concerning the 
requirements of such a theory. One has to distinguish: 

• the accuracy of the theory; and 

• the relevance of the theory. 

For example, a theory may be perfectly accurate with respect to its mathematical predictive 
value, but when the assumed initial shape does not match the actual initial shape of the 
coast, the theory is not relevant. Therefore, it is necessary to define the standards with 
respect to relevance first, before considering the accuracy. The following standards are 
proposed: 

a) The mathematical formulation of the initial shape should be able to cover the initial shape 
of the coastline, as usually found in practical cases, as close as possible. 

b) For the prediction of future developments no information should be required other than 
that available at the t ime of the prediction. 

c) The known behaviour of the coast before nourishment (for instance gradual erosion, 
sandwaves) should be incorporated in the mathematical formulation. 

With respect to the accuracy (and also more or less in connection with the relevance) the 
following standards seem to apply: 

d) The theory should reproduce the overall development of beach and inshore as close as 
possible. 

e) The close simulation of the behaviour of the beach is of more importance than the close 
reproduction of the behaviour of the inshore. 

Considering these standards in relation to the one-line and two-line theory, it has to be kept 
in mind, that within the scope of one theory various possibilities exist, namely: 

• with respect to numerical or analytical application; 

• with respect to the schematization. 

With respect to numerical or analytical application, the first standard (a) would lead to a 
preference for numerical methods, which allow the exact covering of the initial conditions. 
However, these methods require generally a known behaviour of the boundary conditions in 
the course of t ime, which is in contradiction with standard (b). 

Therefore, for all applied schematizations, the initial condition has been schematized in such 
a way, that a general analytical conception of the anticipated approximate behaviour of the 
coast was assumed; this includes assumptions concerning the boundary conditions for the 
future situations, which have to be calculated. The boundary conditions, following from this 
conception might be rather intricate. For instance, in the considered case of Sylt this involves 
a uniform erosion at the boundaries only up to the moment, that the widening and flattening 
Gauss-curve (see next specification) influences those boundaries perceivably. 

To be more specific: 

• It has been assumed, that the coast of Sylt before nourishment consisted of a retreating 
parabola (i.e. parallel depth contours of parabolic shape). The curvature of the parabola 
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has been assumed in such a way, that the predicted erosion con-esponds with the 
erosion occurring in nature before the beach nourishment, thus covering standard (c). 

• Furthermore it has been assumed, that the initial shape of the nourishment consisted of 
one or two Gauss- curves for the one- or two- line theory respectively (see 5.29). 

From these assumptions and the assumed coastline theory the boundary conditions as a 

function of-t ime are determined. 
Especially the accuracy of this last assumption gives only information on the usefulness 
(relevance) of the theory and tells nothing on its predictive value. Therefore, the accuracy of 
this initial condition, called Sa ("standard deviation-initial") will be kept separate f rom the 
calculated accuracy of the predicted cun/es at later t imes, symbolized by The values of Sa 
and of Sd should be considered in relation to each other. If Sd is smaller than S^then in the 
course of t ime the coastline tends to fulfil more and more the assumptions of the theory. 
Theoretically for the one-line theory it can be shown, that a coast being straight and at rest at 
infinity, will resemble more and more a Gauss-curve, independent on the initial condition. 

After the foregoing rather general considerations, it is useful to concentrate somewhat more 

on Sylt, by considering the standards with respect to the accuracy and its consequences for 

the schematization. 

As the theory should reproduce the overall development of beach and inshore as close as 
( possible (standard d), a logical schematization appears to be: a one-line approximation 

where the "coast ' covers the total profile between MSL + 4 m and MSL - 8 m. This will be the 

first option to be considered in the following. 

As to be described later on, for this case the initial accuracy Sa and the overall accuracy S^ 

of the predicted coastlines after one month and one year will be calculated. 

It is not clear, whether the above schematization covers also standard (e), i.e. a close 
simulation of the behaviour of the beach, to be defined as the area between MSL + 4 m and 
MSL - 2 m. One approach to fulfil this condition is to "forget" about the inshore (the area 
between MSL - 2 m and MSL - 8 m) and forget standard (d): apply the one-line theory only to 
the beach area. This will be the second option. W h e n the same values should be found for 
Sa and S^ in the case of the first option and the second one, it is clear that the second one 
should be prefen-ed, since a good reproduction of the beach behaviour is more important for 
a coastal manager than a good reproduction of the rest of the profile. However, it is not likely 
that the same values are found, since the offshore losses, to be expected in the second 
option, are not taken into account. 

On the other hand, one also could check the assumption of the one-line theory, that all depth 
contours are parallel: this gives a third option. It involves, that the "line of the beach" (the 
mean of the contour lines between MSL + 4 m and MSL - 2 m) and "the line of the inshore" 
(the mean of the contour lines between MSL - 2 m and MSL - 8 m) have the same shape as 
the coastline found from the first option. These two lines can be found by moving this 
coastline in landward or seaward direction. 

The results of the first and third options are somewhat difficult to compare. W h e n S^ (or S^) 
in the first and third option has the same value, this implies, that the line of the beach and the 
line of the inshore in the third option have the same accuracy as the coastline in the first 
option, i.e., "the profile fits at two places" instead of "in the middle"; under those 
circumstances the third option naturally should be preferred. 
One might compare the accuracy, with which the line of the beach can be predicted 
according to the second and third option; this gives a validation of the schematizations 
concerned. 

The two-line theory gives the opportunity to take the variation in coastal slope into accounL 
The lines of beach and inshore are ruled by the same dynamic equations as in the one-line 
theory, however, sand loss f rom beach to inshore (offshore transport) is simulated when the 
profile is steeper than the equilibrium profile, and onshore transport when the profile is more 
gentle than the equilibrium profile. The relation between onshore/offshore transport and the 
mean slope of the coastal profile is linearized. 
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Two options will be considered. In both options, the mean coastline, i.e. the mean between 
the line of the beach and the line of the inshore will be the same as in the one-line theory 
(first option). In the fourth option the analytical two-line theory is used. This implies, that due 
to the limitations of the analytical approach, the values a-(half distance between the points of 
contra-flexure) for beach and inshore should be equal. However, contrary to option 3, the 
peak values of the Gauss-curve, representing beach or inshore, are not necessarily the 
same. 

The fifth option, the numerical one, does not imply the restriction, that o-for beach and 
inshore are the same. Therefore, the initial inaccuracy S^wi l l be less for option 5 than for 
option 4, which means that the relevance of option 5 will be greater. The initial shape of the 
nourishment for option 5 is schematized by two Gauss-cun/es, one for the beach and one for 
the inshore. 

Apart from the initial situation and the boundary conditions, the solution of a mathematical 
theory depends on calibration constants. The following analysis is confined to hindcasting. 
This means that the optimal values of the calibration constants are derived f rom the same 
data, as for which the theory is applied. Consequently, the accuracy will be flattered 
compared to forecasting. 

It would be worthwhile to use the constants, obtained in this way, for nourishments at the 
same site in order to find the accuracy for forecasting. Some care is needed, since the 
calibration only covers a period of one year. It is possible that heavy storms might alter the 
interaction between beach and inshore considerably. 

The used calibration constants are treated when considering the various options. The values 
are optimized by minimizing the value of S^, i.e., the overall accuracy is as large as possible 
in this way. For the options involving two lines, the inaccuracy is calculated both for beach 
and inshore separately and for beach and inshore together. As mentioned before, the 
values of Sa and Sd found for one-line theories are difficult to compare with those, found for 
two-line theories. Comparable are the values of the inaccuracy of the beach for option 2 to 
option 5, and the values 

of Sa and Sd for the one-line options (1 and 2) or two-line options (4 and 5) separately. The 
final results are summarized in Table 5.5. 

Anticipating Sections 5.2.3.2 to 5.2.3.6 and Table 5.5, it can be concluded that the accuracy 

of the results of a mathematical method depends on: 

• the accuracy of the physical conception; 

• the accuracy of the physical constants, used in the theory; 

• the accuracy of the assumed initial condition and the boundary conditions; 

• the accuracy of the numerical computation. 

• the accuracy of the measured data. 

In the analysis of the 1978-beach nourishment, the accuracy concerning items (d) and (e) is 
neglected. The accuracy concerning item (c) depends on the assumed schematization. 

Figure 5.31 shows the one-line and two-line schematizations of the coastal profile for Sylt. 
The coordinate y of the coastline has been taken with respect to a straight reference line, 
following the general longshore direction. 
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Figure 5.31: One- and two-line sctiennatization for Sylt 

Figure 5.33 (next section) s l iows thie coastline according to measurements at 4 successive 
t ime steps, the first and second t ime step just before and after the nourishment. The third 
and fourth t imestep are a month, resp. a year after the nourishment. Figure 5.37 shows the 
line of the beach and the line of the inshore at the same moments as mentioned in Figure 
5.33 The calculated cun/es according to the various options, compared to the 
measurements, are displayed in Figure 5.36 and Figure 5.38 to Figure 5.41 (see Table 5.5). 

In Sections 5.2.3.2. and 5.2.3.6 the 5 different options are treated in detail. In all those 

schematizations, it has been assumed that: 

• the coast before the nourishment had the shape of a retreating parabola; 

• the nourishment is subject to an initial loss L/ of 25%; and 

• the gradient of the longshore transport with respect to the coastal direction equals 

660,000 m^/year/rad. 

The curvature of the parabola and the magnitude of k and s has been determined by curve-

fitting (Section 5.2.3.2). 

The assumption (option 1), that the mean between all depth-contours between MSL + 4 m 

and MSL - 8 m just after the nourishment can be schematized according to a Gauss-curve, 

superposed on the initial parabola, is rather accurate (inaccuracy Sd /= 15.6 m., Table 5.5, 

column 1). 
With the optimal calibrated value of the before-mentioned gradients, it is found that the 
coastline at two successive t imes, a month and a year after the nourishment, can be 
predicted with an inaccuracy Sd = 11.3 m (column 1). It thus shows, that in the course of t ime 
the assumption "the coastline is a Gauss-curve" , tends to improve, as it should do 
theoretically. 

The assumption (option 2, column 2), that the initial line of the beach is a Gauss-curve, 
where the line of the beach is defined as the mean of the contour lines between MSL + 4 m 
and MSL - 2 m, is worse than the assumption, that the coastline is a Gauss-curve (column 
1). Sd ;= 21.2 m instead of 15.6 m. 
However, the prediction of the line of the beach (assuming no loss f rom beach to inshore) 
after a month or a year is not significantly worse than the prediction of the coastline, Sd = 
1 1 . 8 m instead of S = 11.3 m. 

Considering line of beach and inshore together, the assumption (option 3, column 3) that 
during the nourishment the coast keeps its equilibrium profile is definitely not according to 
reality. The included assumption, that the line of beach and inshore have the same shape as 
the coastline, has an initial inaccuracy Sd, = 39.5 m, and an overall inaccuracy Sd = 23.7 m 
after a month/year. 

Taking the coastal profile into account, the analytical two-line theory (option 4, column 4) 
gives a-much better approximation. Initially, for the line of the beach and the inshore an 
inaccuracy Sd/ = 22.5 m and Sd, = 23.2 m is found and an "overall" inaccuracy Sd/ = 22.1 m. 
After a month/year the overall inaccuracy diminishes to 16.5 m and the inaccuracy of the line 
of the beach to 9.6 m. Of all options, the analytical two-line theory predicts the beach shape 
best (standard e). 
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The numerical two-line solution (option 5, column 5) is a " taylormade" solution for the 
behaviour of the coast. Now both the different alongshore st iape of beach and inshore, and 
the offshore transport is taken into account. Of course, the initial inaccuracy of the beach in 
column 5 and the initial value of "yi," and "<Jb" are equal to those in column 2 (the optimal 
shape of the Gauss-curve through the beach). Both the initial overall inaccuracy Sd,and the 
overall inaccuracy after a month/year are the lowest for the numerical two-line option 
(option 5), when compared with the other two-line options (3 and 4). Standard (d) is fulfilled 
the best in this way. The accuracy of the prediction of the beach is somewhat less than the 
one found in option 4 (inaccuracy is 10.2 m instead of 9.6 m). The prediction of the inshore is 
better. 

Summarizing, it is shown, that for the case of Sylt the best options are the analytical and 
numerical two-line theory (option 4 and 5); the analytical option is a little better with respect to 
the prediction of beach behaviour, the numerical one with respect to the overall picture. 
A fast prediction of the behaviour of the beach, which is not much worse than the two-line 
option, can be given by using option 2 (considering the beach according to the one-line 
theory). This shows, that in the case of Sylt the dynamics of the beach is determined more 
by longshore transport than by offshore transport ' \ 

For this reason the use of option 3 (parallel depth contours) should not be recommended for 
this case: it shows a rather high inaccuracy ^' 

• In should be noted, that this conclusion may not be valid, when another initial shape than 
the one of 1978 is used. Relative effect of longshore and onshore/offshore transport can 
be calculated with the two-line theory. 

• In fact, this option starts f rom the conception, that any deviation of the equil ibrium profile 
is "immediately" corrected by onshore or offshore transport, i.e. large effect of 
onshore/offshore transport. 

5.2.3.2 One line theory applied for total profile 

From the plan views given by Patzold (1980) the cross-section was determined between the 
levels MSL + 4.0 m and MSL - 8.0 m. The level of MSL - 8.0 m has been chosen in order to 
take all available data into account. 

On the landward side, the boundary consists of a vertical reference plane, parallel to the 
mean coastal direction (Fig. 5.31). 
By using a straight reference plane, instead of starting f rom differences between successive 
soundings, the original curvature of the coast can be taken into account 
From each cross-section, the average y-coordinate y of the depth averaged coastal profile 
can be found by division of the area by h = 12 m. Figure 5.33 shows a plot of y for the 
successive sections, thus yielding the "coast-line" at different t imes. 

First, the natural coastal development has to be re 
produced, on which the development of the beach 
nourishment has to be superposed. The natural 
development is simulated by a parabola retreating 
linearly in the course of t ime (Fig. 5.32). 

t=o 

1 / 2 \ s 

2 ^ ^ h 
(5.9) 

Figure 5.32: Coastline Ijefore 
nouristiment: a gradual retreating 
paratxila 

where p is a negative constant, to be found. 

^ In stiould tie noted, ttiat ttiis conclusion may not be valid, wtien anottier initial shape than the one of 1978 is used. 
Relative effect of longshore and onshore/offshore transport can be calculated with the two-line theory 

In fact the option starts from the conception, that any deviation of the equilibrium profile Is "Immediately" corrected 
by onshore of offshore transport, i.e. large effect of onshore/ offshore transport. 
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Figure 5.33: Coastline at succesive time steps (oneline) 

According to (5.9), y is a solution of ttie coastal equation (3.6), as one readily finds. Tti is 
coastal equation is based on continuity. However, the data show volumetric changes in the 
area considered, which can be caused by initial losses due to settling of material and 
washing out of fine sediment, offshore losses by heavy storms, etc. 

Although the present investigation gives a hindcast instead of a forecast, the purpose is to 
provide information on the predictive value of the theory. Offshore losses by heavy storms 
are not predicted, and therefore, it was decided to consider the initial loss as a variable in the 
curve-fitting procedure. 

The optimization was carried out starting f rom 3 degrees of f reedom: 

p : the curvature of the parabola 
li. the initial loss (percentage) 
s: the rate of change of the transport S as a function of the coastal direction. 
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The data has been elaborated in the following way. 
a) A certain value of p ' is assumed. The area confined between the coastline before 

nourishment (April 20 ,1978) and the reference line is known, which detennines the 
location of the top of the parabola at t= -0 (minus denotes before nourishment). The area 
contained between the coastline and the reference line is assumed equal to the area 
contained between parabola and reference line. 

b) Using a cun/e-fitting procedure, the value 
of a; is determined, being the standard-
deviation of the Causs-curve of the first 
coastline y(x) after the nourishment. Thus 
this coastline is approximated by (Fig. 
5.34): 

! „2 yi =yio +-P X •y,e .2a (5.10) 
Figure 5.34: Initial shape of nourishnnent; 
Gauss-curve superposed on paratx)la 

where yio+-~p^x' denotes the original parabola at t ime t= -0. 

Given the value of o?, the value of j ) , , is determined by the area enclosed between the 

coastline at f = + 0 (July 30 ,1978) and the reference line. 

The optimization of oj is accomplished in the following way. Determined is the value of the 
initial inaccuracy Sd,-, being: 

( W - I ) 

where m is the number of sections (m=8) 

(5.11) 

c) A value of the initial loss II and s is assumed. 

From the relationship q = V(2(s/h)Ti) (see Section 2.2) the value of T i results directly 

f rom the assumed value of s and the value of q found under b. 

The coastline at tine t is calculated as: 

7;+( 
T 2a 

' e ^' (5.12) 

After this, the deviation between measured and calculated profile can be determined 
f rom: 

nwa.s 

(2m-\) 
(5.13) 

where k denotes the first, respectively second measured coastline after nourishment, (i.e. 
the values of September 7 ,1978 and October 1,1979, the coastline at the "second" and 
"third t ime 
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d) From the foregoing, it appears that Sd is a function of 3 variables: 

S , = f ( p \ s , I J (5.14) 

Therefore the whole procedure is repeated for other values of p ' , k and s. 

It must be kept in mind, that Sa has a different meaning than S d . The value of Sa 
indicates, how the initial coastal profile corresponds with the assumption according to the 
theory. This value does not give any infonnation on the value of the theory as such. The 
value of Sd gives the standard deviation between the theoretical, predicted coastline and 
the measured coastline, assuming sufficient calibration of the relevant constants. The 
relation between S^ and Sd gives insight in the relevance and usefulness of the theory for 
forecasting. 

The results of the above described procedure are summarized in Figure 5.35. The variable 

on the horizontal axis is -p' • s/h, which denotes the assumed rate of erosion of the coast in 

m/year before the nourishment took place (see Eq. 5.9). On the vertical axis the value of the 

inaccuracy, Sd according to Eq. (5.13) is plotted. 

Curves are given for various values of II 

Analyzing these results, one has to return to the physics. As Patzold states, the general 

retreat of the coast is in the order of 1 m/year. 

10 1 I \ 

2 l 0 l 2 3 t 5 ' 6 7 8 9 
• " a c c r e t i o n : e r o s i o n o r i Q i n a l c o a s t l i n e i n n ' y e a r 

t • p * 5 ' h ) 

T h e f i g u r e s a t t a c h e d t c e a c h l i n e : J e n t t e t h e i n i t i a l l o s a 

p e r c e n t a o e ; 

Figuur 5.35: Accuracy of one-line approximation as function of assumed rate of erosion of original coastline and 
of assumed initial loss (I L) 
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From Figure 5.35, t i ie most logical combination appears to be: 
k = 25 % 
s/h = 55,000 m^/yr/rad s = 660,000 m^/yr/rad 

a, = 294 m 

p' = - 2 . 1 0 - ^ m 

Sd = 11.3 m 
Srt = 15.6 m 

Figure 5.36 shows the results for the various t imes of the analysis (f = -0; f = +0, t= U and t= 
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Figure 5.36: Comparison of measured coastline and theoretical coastline (optimal hindcast) 
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5.2.3.3 One-line theory applied for the beach 

This section deals with the second option (Fig. 5.29), where the attention is focussed on the 
beach. It is investigated, to which accuracy the behaviour of the beach can be predicted by 
applying the one-line theory only to the beach area (between the levels MSL + 4 m and MSL 
- 2 m, and neglecting the offshore transport between beach and inshore. Therefore the s a m e 
procedure, as given in Section 5.2.3.3 has been applied for the line of the beach instead of 
the coastline, assuming that the curvature of the parabola as found in Section 5.2.3.3. (see 
Fig. 5.35) is correct, which means that no further tuning of shape of the parabola took place. 
Thus when applying Eq. (2.5) as the basic equation for the initial line of the beach, it was 
assumed that p' = - 2'10"^ m 

The value of yio differs f rom the one, used in Section 2.5.2. Assuming an equilibrium profile 
before the nourishment took place, the equilibrium distance W between the line of the beach 
and the line of the inshore can be found from the lines of beach and inshore at April 2 0 , 1 9 7 8 
(see Fig. 5.37). A mean distance of 336.6 m is found. 

The coastline is situated halfway between the line of the beach and the line of the inshore, 

since the representative "beach- layer" h i , equals the inshore layer" h2, i.e. hi = h2 = 6 m. 

The parabola representing the beach should be shifted a distance w/2 = 168.3 m in landward 

direction with respect to the parabola representing the coastline. Thus, when applying Eq. 

(5.10) to the line of the beach, the value of j ) , should be reduced with 168.3 m with respect 

to the value, used in Section 5.2.3.3. 

The values of y, and a o;- are related in such a way, that the area under the Gauss-cun/e 

should be equal to the area, enclosed by the parabola and the line of the beach just after 

nourishment (July 30 ,1978 , Fig. 5.37). This gives one degree of f reedom in determining o; 

by minimizing S * according to Eq.(5.11). 
In figure 5.38 the calculates and measured beach-lines are given at various t ime steps. 

The calculations result in a value s,/??,= 55,000 m^/yr/rad and a standard deviation S(f= 11.8 
m. The value of s,/7?, is equal to s/h, found in Section 5.2.3.3. beach and inshore are equally 
sensitive to changes in longshore direction. 

700 500 300 too 100 300 500 700 

.1 : e . l 3 7 8 G t f o r i MuroJmm 

t 7.1973 AHer 

Figure 5.37: line of teacti and inshore at successive time steps 
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Figure 5.38: Comparison of measured and calculated line of tieacti using one-line ttieory for beacti only 
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5.2.3.4 Parallel lines of beach and inshore 

This section deals with the third option (Fig. 5.29). It will be considered, whether better results 

can be obtained, when the coast is schematized according to two lines instead of one. 

According to one of the assumptions of the one-line theory, all depth contours should be 

parallel. Consequently, the line of the beach and the line of the inshore should have the 

same shape as the coastline and are only shifted with respect to each other. 

In Figure 5.39 the final results of these one-line calculations have been plotted, together with 

the measured lines of the beach and the inshore at the corresponding t ime steps. It is 

assumed, that the distance between the lines of beach and inshore before the nourishment 

(i.e. at April 20 ,1978 ) is an equilibrium distance. Therefore, the theoretical line of the beach 

at successive t ime steps is found by shifting the coastline, obtained in Section 5.2.3.3, over a 

distance of 168.3 m in a landward direction. The theoretical line of the inshore is found by 

shifting the coastline over the same distance in seaward direction. 

Table 5-1 below shows the standard deviation (calculated according to (5.11)) for each of the 

successive t ime steps and for beach and inshore respectively. 

Beach inshore 

July 30, 1978 41.95 39.83 
Sept. 7, 1978 27.22 34.35 

Oct. 1, 1979 11.67 20.52 

Table 5-1 Standard deviation (in m) of the beach and Inshore using third option (parallel lines of beach and inshore). 

The values on the first line of Table 5-11 (July 30 ,1978 , just after the nourishment) are 

combined to give the "overall initial standard deviation" S ^ . This value S^ informs on the 

relevance of the theory (Section 5.2.3.1). The values on the second and third line (Sept 7, 

1978 and Oct 1,1979) are combined to give the "overall standard deviation" which 

informs on the accuracy of the theory (Section 5.2.3.1). The initial accuracy Sa is calculated 

for beach and inshore simultaneously: 

where J= 1 (2) indicates the beach (inshore) respectively. 

The inaccuracy S^for the predicted lines of beach and inshore is calculated analogous to 

(5.13) and (5.15): 

2 2 

Sj=V'-' (5.16) 
" {4m-\) ^ ' 

where / (and n have the same meaning as in (5.14). 

This results in S^ = 39.51 m and S^ = 23.65 m. 

Furthermore, the inaccuracy for beach and inshore separately are calculated,using Eq. 
(5.11) and (5.13). 

The results are shown in Table 5.5. 
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Figure 5.39: Comparison of measured and calculated line of tieacti and instiore from ttie one-line ttieory assuming paralleri 
deptti contours. 

5 .2 .3 .5 Ana l y t i ca l two - l i ne t h e o r y 

Now it will be investigated, wtiett ier the result can be improved by taking the coastal slope 
and offshore transport into account. For this purpose, the two-line theory will be used. 

Two approaches will be treated successively. According to the first approach, (option 4) 
analytical curves will be assumed for beach and inshore. The analytical solutions are, 
however, only available when S i / hi = S 2 / h2 and therefore equal to s/h. As will be shown 
below, in this context the two-line-theory gives no extra degree of f reedom. Namely starting 
from the constants found in the one-line concept and from the mean position of beach and 
inshore with respect to the reference line, one just finds the accuracy (standard deviation of 
line of beach and inshore) as a result. 
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Acxïording to the second approach (option 5, Section 5.2.3.6) no conditions concerning the 

ratio between si /h i and S2/h2 are given. In this case, a numerical method is used for 

calculation of the lines of beach and inshore. The ratio between Si and S2 gives a new 

degree of f reedom. Always, the value of S2 is taken equal to the value of s, found in Section 

5.2.3.2. 

Concerning the offshore transport, the value of Sy can be obtained in the following way. The 

equation for the offshore transport Sy reads: 

S y = S y { y , - ( y \ - W ) } (5.17) 

in which 

Yh V2 - coordinates of beach and inshore with respect to the reference line 

l/V = the equilibrium distance 

Sy = a proportionality constant 

If the length of the coastal stretch to be considered equals I , integration of Eq. (5.17) over I 

yields: 

'sydl = Sy {\y\dl-\^y\dl + W -l (5.18) 

/ / / 

Assume, that the coast before nourishment is in equilibrium: 

^ • l - \ [ y \ ] t - . , d ] - \ [ y , ] , _ _ ^ d l (5.19) 

Therefore, if equals the area contained between the line of the beach before nourishment 

and the same line after nourishment and if O2 is defined in an analogous way with respect to 

the inshore, then substitution of Eq. (5.19) into Eq. (5.18) gives for the total transport per unit 

of t ime along the whole stretch: 

'Sydl = s / 0 , - 0 2 ) (5.20) 

/ 

where 0 , and O2 are functions of t ime. 

For small AU the left-hand side of the equation may be written as: 

'Sydl = ([QJ,-[OJ,,„)h,/M (5.21) 

as follows f rom continuity. In (5.21) /?, denotes the height of the beach. 

From (2.11) and (5.17) it is found that: 

- A O , • h 
s,= ' — (5.22) 

' M ( 0 , - 0 2 ) 

where 

A0,= [0,],.^-[0,], 

From the data, the following quantities of sand supply at the beach and the inshore over the 
considered stretch of the coast can be calculated (Table 5-2) 
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30 Aug. 7 8 7 sept. '78 1 oct. '79 

Beach Inshore 791.802 603.368 431.880 

373.198 281.139 277.920 

Total 1.165.000 884.507 709.800 

Tabel 5-2: Quanfflies in of sand supply beacti and instiore, between sections 1-15 

Because of the initial loss, the first period between August 30 ,1978 and Sept. 7 ,1978 is not 

useful for computat ion of Sy. On the other hand, the second period between Sept. 7 ,1978 

and Oct. 1,1979 is too long for the application of (5.22). A better calculation can be made by 

first extending the computat ion f rom the length t of the coastal stretch to an infinite length, 

thus compensating for losses alongshore. 

From the curve-fitting computations, given in Section 5.2.3.4, the percentage of material, 

disappearing alongshore can be calculated. The values mentioned in Table 5.2. have been 

corrected for this effect. The results are given in Table 5.3. 

30 Aug. '78 7 sept. '78 1 oct. '79 

Beach Inshore 798.602 615.751 549.227 

376.403 286.910 353.434 

902.661 

Total 1.175.005 902.661 

Tabel 5-3: Quantities of sand supply at beacti and instiore compensated for alongstiore losses 

Application of (5.22) yields for Sy ,when 0 , and O2 are taken at Sept. 7 ,1978: 

Sy = - (549,227 -615 ,751) X 61(1.026 (615,751 -286,910)) = 1.14 m/year. 

If O1 and O2 are considered on Oct. 1,1979 one finds Sy= 1.92 m/yr. 

Therefore an average value of Sy= 1.53 m/yr will be assumed. 

Now the accuracy of the computat ion of beach and inshore will be calculated, using the 

before-mentioned "analytical approach" (option 4). 

For the two-line model the following relations apply: 

yi +>'/,gfl.« 

y2 = y^.par + y2.gam 

in which y , and y2 denote the line of the beach and the inshore respectively, and where in: 

y . . r a r = \ p ' x ' ^ p ' - j t + y,,, (5.23) 

y,,.,...={\ + ^ - e ' ^ } ^ e ^ (5.24) 

y2.,aus.=0-e } ^ ^ e (5.25) 

Here, the following symbols are used: 

S**^ the total amount of sand supply 

r , = constant with dimension "time", referring to a hypothetical moment 

(before f= 0) when the nourishment consisted of an infinite long dam 
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with zero width 
T2 idem, referring to a hypothetical moment, (before t=0), when the 

inshore was straight. 
\o = y-coordinate of the top of the parabola at t ime f= 0. 

T o = ^ (5.26) 

a = ^2^(t + TJ (5.27) 

Integration of (5.24) and (5.25) over x yields: 

—00 

0,={l + -Le ^" (5.28) 

and in the same way: 

7;, > 
02={\-e } — (5.29) 

h 

The value To is found from (5.26): 

To= 6 - 6/(1,53 -12)= 1,96year 

As h-t = /?2 ,one finds f rom subtraction: 

O, - O2 = 2e ''" (5.30) 
h 

f rom which: 

^ 2 = ^ o f a , , „ „ , /2 (5.31) 

For the derivation of T2 the "second t ime" f is used in order to avoid complications with the 
initial loss (which would have occurred if = 0 had been used). 

Thus one finds from Table 5.2: 

r ^\,96-In 2 ^ 9 0 2 6 6 1 0,10411 = 1,875 vear 
1 2 Y 6 5 1 , 7 5 1 - 2 8 6 , 9 1 0 ; / 6 

From (2.24) can also be derived: 

1 2 L l M ^ = e'^'. (5.32) 
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Therefore, this ratio should be: exp (0.10411/1.96) = 1.054. According to Table 5.3 this ratio 

equals: 

[Oj -Oj],-^ _ 7 9 8 . 6 0 2 - 3 7 6 , 4 0 5 

[0,-0J,^,^ 6 1 5 , 7 5 1 - 2 8 6 , 9 1 0 ' 

Assuming the sand loss between f= 0 and t= tz evenly distributed between beach and 
inshore, this ratio reduces to (902,661 /1,175,005) x 1.824= 0.986, where the first two 
numbers refer to the total quantities of sand at f = (2 and ^= + 0 respectively (Table 5.3). 

This shows, that the ratio is of the same order of magnitude, as found from (5.32), and that 
the assumption of proportional initial sand loss on beach and inshore cannot be directly 
rejected. Therefore the same straightfonward procedure as used for the one-line theory is 
applied also in this case: 

a) "tune" the constants with the available degrees of freedom; 
b) consider the best fit for the initial situation (inaccuracy Sa); 

c) take the initial loss into account; 
d) calculate the line of the beach and inshore at t ime f = f2 and f = f3 and find the inaccuracy 

The tuning has been treated before. The best fit for the initial situation is found by 
superposition of Gauss-curves and parabolae. The curvature of the parabola is found f rom 
the one-line theory (Section 5.2.3.4.). The y-coordinate of the parabola for beach and inshore 
are found from the mean y-coordinate of beach and inshore at t= 0: 

yi.par =ypor-168.3 m (5.38) 

y2.par =ypar + 168.3 m 

where ypar denotes the y-coordinate of parabola for the coastline, which is the mean between 

the line of the beach and inshore. 

From (5.23) to (5.27), the y-values of the lines of beach and inshore at f= 0, f = f2 and t = f3 
are calculated; no curve-fitting takes place. Figure 5.40 shows the lines of beach and inshore 
at t ime t= -0, t=+0,t = (2 and f = f3. 

Using Eq. (5.15) and (5.16) for the overall initial inaccuracy Sa and for the overall inaccuracy 
Sd, the values 5 ^ = 22.05 m and Sd = 16.51 m are found respecfively. Furthermore, the 
inaccuracy for beach and inshore separately are calculated using Eq. (5.11) and (5.13). The 
results are shown in Table 5.5. For the beach an inaccuracy of 9.62 m is found. 
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Figure 5.40: Comparison of measured and calculated line of beadn and instiore using the analytical twoline theory 

5 .2 .3 .6 N u m e r i c a l two- l i ne t heo ry 

Ttie results may still improve, when in the initial condition the standard deviation of the 
Gauss-curves, representing beach and inshore respectively, are allowed to deviate f rom 
each other. However, under those circumstances an analytical solution is not known and a 
numerical approach is necessary. 

As in the analytical case, the results of the one-line theory will be the starting-point for the 
two-line approach. The value of the gradient of the longshore transport 5 will be derived f rom 
the one-line approximation, but the subdivision in s , and S2 will be optimized. This provides 
an extra degree of f reedom. 
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The theory itself and the way of numerical elaboration is treated in Annex VI . The t ime step 

zlf and the distance between the gridpoints Ax are chosen as: 

At = 0.05year and Ax = 200 m. 

The positions of the initial parabolae for beach and inshore are taken equal to the ones, used 
for the analytical two-line approach. Thus, the area A confined between the measured line of 
the beach in its initial position (f= +0) and the beach-parabola is known. The Gauss-curve 
representing the initial beach position is optimized by varying its standard deviation, keeping 
the area between this Gauss-cun/e and the parabola equal to A. 

In the same way the Gauss- curve, representing the inshore is determined. Starting from the 
equation for the superposition of parabola and Gauss-curve, for the initial curves is found: 

y (Ipar) = 'A (-2dff^) x^ - 2-1 ff^ • (55-l(f)t + 77.7 

y (2,par) =y (l,par) + 336.6 

and for the initial Gauss curves: 

y (1,gauss) = 195.0 exp {-x^/(2 276')} 

y (2,gauss) = 60 7 exp{-x'/(2-398')} 

For the initial inaccuracy Sa defined according to (5.15) is found: 

Sa = 20.22 m 

Now the initial loss is taken into account by reducing the y-coordinates of the initial Gauss-
curves for beach and inshore with 25%. Next, the lines for beach and inshore are 
numerically calculated at t ime t= tz and t= t3. Here, the offshore transport is determined by the 
constant Sy, which is taken equal to 1.53 m/year, as treated in Section 5.2.3.5. curve-fitting 
takes place by optimization of the ratio between Sj and Sz. A min imum value of the 
inaccuracy is found when s , = Sz = 330,000 m^r/rad. 

The inaccuracy Sc defined according to (5.16) appears to be: 

Sj = 15.10 m 

Furthermore, the inaccuracy of beach and inshore are calculated separately, using Eq. (5.11) 
and (5.13) for the initial situation and for the combination of second and third moment 
respectively. The results are given in Table 5-4. 

Beach inshore 
initial situation (Sdi) 

second/ttiird moment (Sd) 
21.25 
10.20 

21.06 
19.16 

Table 54 Inaccuracy of numerical two-line computation for beacti and instiore respectively 

The lines of beach and inshore for f= + 0 , and f3 are given in Figure 5.41. 
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Figure 5.41: Comparison of measured and calculated line of tjeach and inshore using the numerical two-line theory 
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5.2.4 Cadzand 

5.2.4.1 G e n e r a l 

10^ m^of In the f ramework of the extension of the harbour of Zeebrugge, a beach fill of 8.4 
sand has been placed between this harbour and the border between Belgium and The 
Netherlands over a distance of approximately 8 km. This beach nourishment project was 
carried Out between December 1977 and March 1979. 

Prior to the execution of the beach nourishment various studies have been carried out, 
among which a series of coastline computations with the one-line coastal model. On the 

dy s d^y 
basis of wave observations the coastal constant s in the diffusion equation — - - — T -

dt h dx 

was determined. It was found that the value varied strongly along the coast, but the average 

value was approximately 1.5 • 10® m^/yr/rad. 

0 

In the present analysis the 
deformation of the eastern limit of 
the beach fill has been considered. 
Assuming that the original coastline 
in 1977 was straight and that the 
original schematized coastline of 
the beach fill is rectangular (see 
Figure 5.42), the following analytical 
solution of the one-line equation 
can be applied: 

yo 

Figure 5.42: Sctiematizatlon of beacti-fi! 

yo 
erf{ 

b-x 

4 7 ( / + / o ) 
h 

(5.39) 

where to is a constant and erf is the error function, yo is the width of the fill and b is half of the 

length of the fill. 

From the measured coastal profiles it was found that the height of the active profile /? = 12 m. 

The opf imum values of yo and b were determined by comparing the computational results 

with the measured schematized coastlines in the period 1978-1983. Wi th yo = 77 m and b = 

3970 m found in this way, the opf imum value of V(4(s/h)tQ) was determined for the year 

1979, taking td= 1 year. It was found that V(4(s/h)to) = 402.5 m and thus s= 0.5 x 10® 

m^/yr/rad. 
With this value of s, the coastlines for the years 1980 to 1983 were computed, and the 
results agreed reasonably well with the measured schematized coastlines. 

5 .2 .4 .2 Desc r i p t i on o f t h e a r e a 

5 .2 .4 .3 One - l i ne t h e o r y 

Computafion of beach fill deformation 

For the analysis of the deformation of the eastern limit of the beach fill the area between km. 
15.0 and km. 16.8 has been considered (see Figure 5.43). On the basis of beach levellings 
and sounding charts the coastal profiles for the yea 1 9 7 8 , 1 9 7 9 , 1 9 8 0 , 1 9 8 1 , 1 9 8 2 and 1983 
have been schematized according to the one-line theory. For that the average height of the 
acfive profile is 12 m. Figure 5.44 shows the schematized coasfiines plotted with respect to 
the 1977-posifion of the coast. The development is rather irregular, in particular in the secfion 
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km 5.4 and eastward thereof, where the morphologic evalutions are influenced by the tidal 
area Zwin. Therefore it was decided to restrict the analysis to the coastal zone between km. 
15.6 and km. 16.8. 

Figure 5.43: Location of analyzed beach replenistiment 

It is assumed that the coastline of 1977 was straight and that the original schematized 
coastline of the beach fill was rectangular. In that case the following analytical solution of the 
one-line equation can be applied: 

y = ^ W i ^ ) + e r f i ^ ) (5.40) 

where: 
y = position of schematized coastline 
Yo = initial width of the fill in seaward direction 
b = initial length of the fill, measured f rom the centre in along-shore 

direction 
X = position along the coast with respect to the centre of the fill 
t = t ime 
a = coefficient in diffusion equation = s/h 

s = coastal constant 
h = height of schematized profile 

Figure 5.44: Schematized coastlines with repect to coastline 1977 
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Figure 5.45 shows the 
schematic geometry of beach fill 

It has been assumed that the 
deformation of the eastern limit 
of the beach fill is not affected by 
its western limit. In that case the >, i 

In first instance the opt imum values of y o and b were detemnined b y comparing the 
computational results with the schematized coastlines in 1 9 7 8 , 1 9 7 9 , 1 9 8 0 , 1 9 8 1 , 1 9 8 2 and 
1983. For the considered coastal area between the sections km 15.6 and km 16.8, which 
correspond with the model coordinates 4600 and 3400, the following values were found 

Yo = 77 m 
b = 3970 m 

With these figures the opt imum value of V(4at) was determined for the year of 1979, for 

which it was assumed that t = 1 year, since the eastern part of the beach fill was placed in 

the period July 1977-June 1978. The optimization for this year yielded the following value 

V(4at) = 402.5 m 

Since f = 1 year it follows that a = 40.500 m^/year. 

The average value of /i = 12 m and then the coastal constant s « 500,000 m^/year/radian. 

Wi th the above values of y o = 77 m, ö = 3970 m and a = 40500 m^/year the coastlines for the 
subsequent years have been computed and compared with the measured, schematized 
coastlines. The results are shown in Figure 5.46 for the years 1 9 7 9 , 1 9 8 0 , 1 9 8 1 , 1 9 8 2 and 
1983. It should be observed that the measured positions of the coast east of km 15.6 have 
not been taken into account. 

analytical solution reduces to 
Figure 5.45: Sdiematic geometry of tjeacti fill 

(5.41) 
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Figure 5.46: Comparison of measured and predicted coastlines 

Evaluation 

Tt ie predicted coastlines for the years 1980 through 1983 agree reasonably well with the 
measured position of the coast. It should be borne in mind that the analysis has been limited 
to a relatively short coastal stretch and that only the alongshore deformation of the coast has 
been considered. In line with other cases it might be concluded that the theory gives a fair 
estimate. 

As far as the coastal constants concern, again large variations are encountered. In a 
previous study [1] the coastal constant s was determined on basis of the longshore 
transports computed with the CERC-formula. It was found that s « 1,500,000 m^/year/radian, 
but according to the computations the value varied strongly along the coast. If this value is 
introduced in the present computations instead of s = 500,000 nr/year/radian, then the 
predicted coastl ine position y would differ with roughly 2 0 % from the results presented in 
Figure 5.46. 
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5.2.4.4 Two-line theory 

The beach nourishment project at Zeebrugge has been used as a second example of the 
application of the two-line theory. As the two-line theory is more detailed than the one-line 
theory, it requires more detail with respect to the initial conditions and the boundary 
conditions. Therefore, in the two-line approach for Zeebmgge, the real situation is 
approximated better than in the case of the one-line theory ( s e e Section 5.2.4.3). The 
attention has been focussed on the east-boundary of the fill, which is located near the Dutch-
Belgian border, as shown in Figure 5.43. 

It may be revealed, that a good prediction of the behaviour of the supply, especially at the 
eastward boundary, was of great importance for the Belgian Government, since expensive 
additional coastal protection works, such as groynes with a length of 1 km, were taken into 
consideration to prevent longshore losses in an eastward direction. Wi th the aid of coastl ine 
theories, it has been possible to predict, that these groynes were not necessary. After the 
execution of the nourishment project, it appeared that the losses were even less than 
predicted. 

The area between km 15.6 and 16.8 has been considered in detail (see Figure 5.43). 
However, in a more approximative way, also the area between km 14.2 and 15.6, where the 
ancient, 15th century entrance to the harbour of Bruges, the "Zwin" debouches, has also 
been taken into consideration, as well as the discontinuity at the most easterly groyne along 
the Belgian coast. The supply originally ended at km 16.2. 

The coast near the Dutch-Belgian border consists of two groyne-protected areas, one on the 
Dutch and one on the Belgian side. These areas are connected by an unprotected area. In 
the deeper regions, the bottom topography is to a large extent determined by currents in the 
tidal channel, the so-called Appelzak. The wave influence is especially important at the 
beach. In the computations, only waves have been taken into account. 

The line of the beach has been defined by the region between MSL +4 m and MSL-2 m, 
while the region between MSL -2 m and MSL -8 m defines the line of the inshore. The initial 
situation before nourishment has been modeled by superposition of three stable situations; 

• The macro-coastl ine, where the resultant wave-driven longshore transport (Q) in 
eastward direction is decreased due to the groynes in the protected area, and by the 
turning of the coast to the direction of the wave crests in the unprotected area (see Figure 
5.47a). 

• The unprotected part of the coast is modeled by a line of the beach and a line of the 
inshore between the groynes (see Figure 5.47b and Bakker, 1968a). Just eastward of the 
last Belgian groyne, sand is transported to the beach, because the profile is flatter than 
the equilibrium profile. Just westward of the first Dutch groyne, the beach is located 
moreoffshore. The profile is here steeper than the equilibrium profile. 

• The Zwin has been schematized by a sink at the beach and a source at the inshore. Sink 
and source have the same strength (see Figure 5.47c and Bakker, 1968b). The reason 
for this schematization is, that during storm conditions the sand is dumped into the Zwin 
channel, where it is transported by tidal currents f rom the beach to the inshore zone. 
Since the lines of beach and inshore are located at a larger distance f rom each other 
than the equilibrium distance, an onshore transport results, returning the material f rom 
the inshore to the beach. 

In this way, the coastline of 1977 between k m 16.8 and 15.6 (before nourishment), as shown 
in the upper part of Figure 5.48, could be reproduced with an accuracy of 12 m. In order to 
model the fill just after nourishment, the two-line solution for the evolution of a rectangular 
beach nourishment ha been applied (see Background Report, Annex VI). 
It has been assumed, that in 1978 the inshore was not yet affected by the fill, while along the 
beach already a certain deformation of the rectangular shape had taken place. 

According to the theory, the deformation of the fill can be described by an error function. The 
optimal shape of the error function, found f rom curve fitting, gave an initial inaccuracy of 10.5 
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m (7.5 m for the beach and 13.5 m for the inshore). Starting f rom this initial condition and 

taking the transport constants for the beach and inshore as s ,= Sj = 250,000 m^/yr/rad (thus 

resulting in s = 500,000 m^/yr/rad, as found in Section 9.2.2), the lines of beach and inshore 

of 1980 and 1983 were calculated. The results are shown in Figure 5.48. An overall accuracy 

of 17 m was found. 

The value of the cross-shore sediment transport constant Sy =3 m/yr was chose in such a 

way, that the behaviour of beach and inshore at the wes tem boundary (km 16.8) 

corresponds with the behaviour observed in nature. This value has also been used for the 

modeling of the stationary line of beach and inshore along the unprotected area and for the 

modeling of the Zwin. 

Q 

O 

Figure 547a: A stable maCTO-coastline (ttie transport Q stiould be everywtiere tfie same) 

Figure 547b: Sctiematizatlon of ttie unprotected area between ttie Belgian and Dutcti groynes 

s o u r c e 

A 

s i n k 

Figure 547c: Schematization of the Zwin 
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a ) BEFORE NOURISWIENI 

(1977) 
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b ) JUST AFTER 

NOURISHtlENI (1978) 
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Figure 5-48: Results of two-line computations for Zeebmgge 
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5.2.5 Holland coast 

Abstract 
Tt ie Coastal Defence Study, as executed in the Netherlands, involved a 100-year prediction 
for the Coastl ine evolution of Specific parts of the Holland coast. In order to create this 
prediction a mathematical two-line model was used. In this model the effects of wave driven 
as well as tidal transports are incorporated, also cross-shore transport is implemented. The 
model is calibrated using sand balances, derived f rom measurements of coastal profiles. 
Qualitatively correspondence is reached, but quantitative differences between model and 
nature remain. 

5 .2 .5 .1 In t roduc t ion 

The mathematical prediction of the coastline 
evolution of the Holland coast for the Coastal 
Defence Study is based on a two-line model, 
as described by Bakker (1968) and in the 
Manual on Beach Nourishment 
(Pilarczyk,ed.,1986). The way of prediction is 
described by Di jkman Ct al. (1989); the 
present paper gives a condensed version of 
this report. 

The Holland coast is the central one of the 
three parts (Rhine/Scheldt estuary, 
uninterrupted Holland coast; Wadden 
islands) into which the Dutch coast can be 
divided (see figure 5.49). Three harbors 
(Hook of Holland, Scheveningen and 
Ijmuiden) partition the Holland coast. The 
harbor moles of Hook of Holland and 
Ijmuiden have a length of 3 km and therfore 
have a dominating effect on the coastal 
behaviour. 

5 .2 .5 .2 M o d e l b o u n d a r i e s 

For the model the Holland coast was divided into three areas: 

• Callantsoog to IJmuiden 

• IJmuiden to Scheveningen 

• Scheveningen to Hook Holland 
These areas all stretch f rom one harbor mole to the other, except for the most Nortern 
border. Here the model was limited to Callantsoog, because of the influence of the tidal 
inlet near Den Helder becoming to strong in the more Northern region. 

5 .2 .5 .3 M o d e l p a r a m e t e r s 

- Wave climate 

The wave cl imate used is derived f rom measurements in the period 1978-1984. These 
measurements lack direct information on the direction of wave propagation, only the wind 
direction is given. To overcome this problem a correction to the directions has been applied 
based on the correlation as proposed by Hokke and Roskam (1987), w h o found this 
correlation between the wind direction and the wave direction f rom measurements using 
Wavec-buoys. The so corrected wave climate significantly differs f rom the original 
'uncon"ected' one. 
Wave data originating from three different sites (Eierland, l lmuiden and LE Goeree) have 
been used. A comparison between these three sites gives an impression of the variation of 
the wave cl imate along the Holland coast, see figure 5.50. 

Figure 5.49: Ttie Holland coastt 
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Eierland (ELO) 

IJmuiden (YM 61 

L k h t e i l a n d Goeree (LEG) 

Figure 5.50: Variation of ttie wave climate 

Furtt iermore the wave climat as now determined is valid for deep water with a depth of appr. 
20-25m. In order to obtain the required wave climate at shallower water (of appr. 10 m depth) 
the ENDEC program (Energy DECay, Delft Hydraulics, 1988) was used. This program 
incorporates the effects of breaking waves, refraction, shoaling, bottom friction and wind. 

-Tidal influence 
The tidal data have been taken from the HOKU model (HOIIandse KUst, which stands for 
Holland Coast) (Delft Hydraulics,Hartsuiker, 1988). The non-linear relation between tidal 
velocities and sediment transports has been compensated by using a morphological tide, 
which is found by multiplying the average tide with a 'tidal factor* (here taken to be 1.1). 
In the direct surroundings of the harbors the influence of the tidal effects can be expected to 
be much more noticeable than at some distance from those harbors. This as a result of the 
converging/ diverging tidal flows, causing sediment transport gradients and accessory 
erosion/accretion patterns. Qualitatively the formation of an eddy at the leeside of a harbor 
mole causes a reversal of the longshore transport in this region. For the opposite tide the 
longshore transport directed to the mole will remain constant until a much smaller distance 
from the mole. The resulting effect of a complete tidal sequence will therefore be an 
accretion at a small distance to the mole, followed by an erosion that at growing distance 
from the mole becomes less noticeable. 

The tidal effects are calculated in the vicinity of the harbors up to the point where the effect of 
the harbor mole is negligible. In between the harbours a linear interpolation has been used. 
The tidal velocities at the points in the grid are calculated for an interval of 30 m m . (25 in 
total, covering 12 hours). The probabilityfunction for the orbital velocities caused by waves is 
determined for each grid point. For the fraction of t ime waves are breaking in this point there 
is assumed to be no contribution to the tidal transport for that particular combination of 
waterdepth, wave direction and wave height. Then with the Bijker formula, using both the 
orbital velocity distributions and the tidal velocities, a resulting tidal sediment transport is 
calculated. This tidal transport is assumed to be t ime independent. The results are shown in 
figure 4. 

- Diffraction near the harbors 
In the direct vicinity of the harbors the effect of diffracting waves around the harbor moles is 
an important factor. This effect is implemented in the model, however in a somewhat limited 
manner: the diffraction and refraction effects have been calaculated seperately. For the 
method used see Bakker et al. (1989). 
• Coastal constants 

These are the constants (constant only in t ime, but varying along the coast as a result of 
a variation of the wave conditions along the coast) which determine the longshore wave 
driven sediment transport (So,, and Si in eq. 2.1). Calculation of these constants is done 
using the following assumptions: 
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e The wave driven longshore transport between two depth contours is proportional to the 
longshore component of the energy-loss of the driving wave between those depth 
contours. 

two „ 

Sc<l« t'firupciU 
U I m3/m/yr 

Figure 5.51: Resulting tidal sediment transports near the hartxirs 

The equation used to calculate the longshore transport is a variation of the C E R C formula 

S = A-(nh,Hlc^^ sm((?,,Jcos((?,J (5.42) 

Wi th S : longshore sediment transport (m^ /yr) 
A : proportionality constant (-) 
the wave characteristics at the breaker line: 
n (-), H (m), c (m/s), <p (rad) 

For a more detailed description of the method used see Svasek (1968), Ballker (1969) and 
Bakker et al.(1989). 

The calculations were performed using the KC program (Kust Constanten, which stands for 
Coastal Constants, by Casteleyn, 1975) which includes diffraction and refraction effects. In 
order to compensate for the overestimated diffraction effects, caused by using 
monochromatic waves, a reduction factor for the calculated diffraction effect has been 
applied, this factor is taken to be 0.75. (The difference between the calculated values in the 
diffraction zone and the value outside this zone is multiplied by the reduction factor). 
Originally the KC program gives values for the coastal constants for a one-line model, the 
necessary two line values are derived f rom the one-line values by assuming a constant ratio 
between the values for beach and inshore respectively. From calculations a ratio (beach : 
inshore) of 1 : 4 was found. 

The only remaining unknown in the coastal constants is the proportionality constant A (see 
eq. 4.42). This will be determined in the calibration of the model, just like the cross-shore 
coastal constants Sy and 14̂  (see eq. 2.2). 
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5.2 .5 .4 T h e c o a s t a l d e f e n c e w o r k s 

There are three different defence methods in use along the Holland coast groynes, the 
Hondsbossche Seawall and sand supplies. 
The groynes partially block the longshore sediment transport. The effectiveness of the 
groynes has been roughly est imated by considering the depth to which they reach, in relation 
to the sediment transport distribution over the depth as found by Bakker (1969). In the model 
this has been accounted for by using a reduction factor for the coastal constants. Note that 
this method implies neglecting the impact the groynes may have on the tidal sediment 
transports : the tidal transports mainly take place at greater depths than the depths to which 
the groynes reach. 

The Hondsbossche Seawall is a rigid seawall, below MSL-1m it is covered by sediment. A t 
both sides of the seawall there are several groynes preventing this area f rom eroding too 
severely. In front of the Hondsbossche Seawall the beach zone does not really exist, in the 
model this has been accounted for by taking the coastal constants in this area equal to zero. 
In the inshore zone there can be some sediment transport. However, at both sides of the 
Hondsbossche seawall very strong curves in the coastlines occur, which are not varying too 
much in t ime. Therefore the coastal constant S2 must also be taken equal to zero for this 
area. This assumption can be backed up by the geological consistency of the bottom 
material in front of the Hondsbossche Seawall: there are some almost baring clay layers 
present there (de Mulder, 1983). This implies there can only be a constant transport along 
the Hondsbossche Seawall: what goes in on one side must go out the other. The model 
does not implement the sand supplies, but does take these into account in the calibration of 
the model, see the next paragraph. 

5 .2 .5 .5 Ca l ib ra t ion a n d ou tpu t 

The proportionality constant A, used in the calculation of the coastal constants (see eq 5.42), 
is used as the instrument to calibrate the model. The calibration is based on the 
measurements of the coastal profiles of the Dutch Coast on a yearly basis, as stored in the 
JARKUS database. These measurements are used to create sand balances for the specific 
parts of the Holland Coast. Some results are shown in figure 5.52, showing the relative 
amount of sand (relative to the first year) for three subareas. 

7e+06 

ee+oeh 

Y e a r 1> 

Figure 5.52: Sand balance for tfie Dutcti coast 
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By making some assumptions thiese sand balances can be used to give an idea of 
thieaverage sediment transports in the considered areas. The necessary assumptions: 

• No sand leaking around the harbor mole near Hook of Holland. 

• No sand f rom above the MSL-5m passes f rom one side of the harbor moles of 
Scheveningen and IJmuiden to the other. 

• Equally distributed sand supply f rom deeper water over the MSL-5m line for an area 
between two harbors. 

Wi th these assumptions the following conclusions can be derived: 

» Accretion of the area Hook of Holland-IJmuiden of 370.103 m^/yr, or 6 m^/m/yr.(=p2 in eq 
2.3). 

• For the area IJmuiden-callantsoog this accretion is 40.103 m^/yr, or 0.9 m^/m/yr. This 
value has been neglected in eq 2.3). This relatively low value (relative to the value in the 
area Hook of Holland-IJmuiden) can be explained by the increase (going Northward f rom 
IJmuiden) of the Northward tidal flow in deeper water, consuming' the sediment which 
would othenwise come to benefit the area above the MSL-5m level. 

The onshore transports found here compare reasonably well to those found by Stive 
(1990). The value Stive proposes, is a bit larger: approximately 10 m^/mlyr, almost 
constant over the entire Holland coast. However this value is derived for an onshore 
transport over the MSL-8m line, where in this paper the transport over the MSL-5 line is 
considered. 

• The opt imum value for the proportionality constant A is 500, determined for the area 
Hook of Holland IJmuiden. This value is about a third of the conventional values! Wi th the 
proportionality constant A now determined, the longshore transports can be calculated, 
the results are shown in figure 5.53. 

• Again, comparing the so found longshore transports to those found by Stive (1990) a 
reasonable agreement is found, see Di jkman et ai.(1989). 
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Figure 5.53: Calibration of ttie coastal constants 

e The coastal constant for the cross-shore transport, Sy (at a depth of MSL-1 m) is found to 
be in the order of 0.05 m/yr (for the region Hook of Holland - Scheveningen) tom/yr (for 
Scheveningen - IJmuiden). These results were found by using a value of 280 m for the 
equilibrium distance between beach and inshore line. In the modela constant value of 
0.10 m/yr is used. 

Other scenarios, for instance large offshore transport caused by rip-currents and tidal 
currents in the immediate vicinity of the harbor moles, have been elaborated with respect to 
their consequences for the coastal development. (The report by Di jkman et al. (1989) shows 
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results). However, these scenarios had to be rejected because of the coastal behavior 
according to these scenarios proved to be unrealistic. 

5 .2 .5 .6 Resu l t s 

Figure 5.54 shows the calibrated coastal development between 1973 and 1984, for the area 
Callantsoog to IJmuiden. On the left-hand side one observes the effect of the harbor mole of 
IJmuiden, and between the ranges 20 to 25 the effect of the Hondsbossche Seawall. 
Figure 5.55 shows predictions found in this way for the years 2020 and 2090. Finally the 
same results are presented in a different manner, namely with the reference as the initial 
situation. Figure 5.56 shows the development of the beach-line, figure 5.57 that of the 
inshore line. 

Results for the area IJmuiden to Hook of Holland are not presented here, they can be found 
in the report by Dijkman et al. 

CALLANTSOOQ - IJMUIDEN 
moael vs measurements 

D i s i » n c « 10 r o i o r e n c B i n m 
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Figure 5-54: calibrated coastal development for Callantsoog to IJmuiden 
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Figure 5.55: predictions coastal development for Callantsoog to IJmuiden 
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Figure 5.56: development of ttie tieadi-line 
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5.2 .5 .7 C o n c l u s i o n s 

• The results (certainly for an area with harbor moles) strongly depend on the wave cl imate 
used (Di jkman et al, 1989). Therefore not only the accuracy, with which the present wave 
climate is known, but also the accuracy, with which the future wave climate can be 
predicted highly determines the accuracy of a prediction of the coastline evolution. 
Accurate wave data (especially concerning wave directions) are vital for accurate coastal 
prediction. 

e The proportionality constant A (giving the ratio between the sediment transport and the 
longshore component of the wave energy flux, see eq 5.42) found here, is much lower 
(about a third) than more conventional values. 

• The use of the two-line model as an instrument to create a prediction of a coast-line 
evolution is in creating a qualitative picture giving eroding and accreting areas, but limited 
in its quantitative accuracy. 
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5.2.6 The NOURTEC cases (Terschelling; Norderney; Thorsminde) 

Figure 5.58: Location Tersdielling and Norderney 

T i ie NOURTEC- project is an EU-
researcti project in thie scope of 
t l ie program for Marine Science 
and Tecl inology (MAST II). 
Purpose is Innovative 
Nourishment Techniques 
Evaluation. For aim and scope is 
refen-ed to Mulder et al.(1994). 
National coastal authorities in 
three different countries around 
the North Sea (Germany, the 
Netherlands and Denmark) have 
carried out full-scale experiments 
with alternative coastal 

nourishment techniques (i.e. shoreface nourishments and combinations of shoreface and 
beach nourishments). These experiments are implemented under a range of environmental 
conditions. Extensive modelling and monitoring programmes form an essential part of the 
projects. 

One kind of models used for this goal are line-models. These will be applied on all selected 
supply sites in the three participating countries. 
The present paper deals with the prediction of the coastal behaviour with the aid of those 
models and comparison with prototype data for the Dutch and German supply: at 
Terschell ing and Norderney (fig.5.58) respectively. In the future, also an analysis of the 
Danish supply will be given. A more detailed description of the investigations is given by 
Bakker & Kersting (1994) and by Kersting, Bakker & Niemeyer (1995) respectively. 

5.2.6.1 Terschelling 

Situation 

Figure 5.59: Location study area Terschelling 

An undenwater supply of 
ca. 2 M m 3 has been 
carried out in spring and 
summer of 1993 on the 
Dutch W a d d e n isle of 
Terschell ing. Fig. 5.59 
shows the site. 
Three breaker bars are 
gradually moving seaward 
along the whole stretch; 
motion is periodic; the 
mutual distance between 

the breaker bars is 500 m; seaward propagation velocity is 50 m and period 10 years. 
Depth-averaged (between NAP + 3m and NAP - 2.75m; "NAP" denotes a level, which is 
about mean sea level) the area under consideration shows a coastal retreat of about 2.75 
m/year. 

Sseot 
suppV 

Figure 5.60: Schematization 3-line theory 

Three-line model 

For the principles of line modeling is referred to 
the literature (Bakker, 1968 etc.). 
In the three-line model (used here) the coastal 
zone is schematized in three zones (fig. 5.60), 
which will be called: "beach", "inshore" and 
"deeper part". 
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In each zone it is assumed that all contour lines remain parallel and that the profile in this 
zone only moves horizontally. It is sufficient to compute only an average line in each zone, 
because it characterizes this zone. There is assumed to be a horizontal separation plane 
between the zones. 

The sediment transport between the lines is assumed to be proportional to the difference 
between the equil ibrium distance and the actual distance between the characterizing lines. 
In the present application an initial equilibrium position (before any supply takes place) is 
assumed, where the three lines are straight and parallel (fig.5.60a). Distances y,, y2, ya are 
the deviations of the lines of the beach, inshore and deeper part, compared with this initial 
position. The y-value is computed by dividing the surplus vo lume in a zone (with respect to 
the initial position) by its height. In case y? = = ya, the profile again is an equilibrium slope. 
If longshore transport could be neglected (see Appendix) then the coast would tend to this 
equilibrium, if for instance sand on the inshore would have been supplied (fig. 5.60a). 

J 
y 3 -

I 
y 2 -

r 

Figure 5.60a: Definition //, y2, ys 

The process, sketched in the previous section results in cross-shore diffusion of sand. 
Adding longshore diffusion to the cross-shore diffusion, following the approach of Pelnard-
Considere (1954) and Bakker (1968), the following dynamic equations can be derived: 

dyi _ SJ_ 

dt hi 

dt 

I I 
dt h 

?> yi ^ . 
( y r y ^ ) 

h, 

s 
+ — 

^ ^ * ( y 2 - y s ) 
h} 

-*(y,-y2)-ir*(y^-y>^ 

(5.43a) 

(5.43b) 

(5.43c) 

On the lefthand side is the accretion of line of beach, inshore and deeper part respectively. 
On the righthand side the longshore transport is determined by the constants s,, Sz and S3 
respectively; the cross-shore transport ("beach to inshore" and "inshore to deeper part") by 
Syi and Sy2 respectively /?,,2,3 denotes the depth allotted to the three zones. 
Fig 5.61 shows the diffusion of the (originally rectangular) supply shape in longshore 
direction in the course of time. 

t=0 t=1year t= 2 years t= 3 years t=6 years t= 10 years 
Figure 5.61: Diffusion of supply 

5 .2 .6 .2 C o a s t a l c o n s t a n t s 

Cross-shore constants 
From the supply (befrjveen two breaker bars; fig. 5.60) the breaker bars get an "antropogenic 
distortion". It is assumed, that by a diffusion process the sand, involved in this distortion will 
diffuse to the neighbouring breaker bars. Furthermore, it is assumed, that the velocity of 
diffusion is related to the t ime laps between the replacement of one bar by the next landward 
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bar. Per cycle, a certain percentage (determined by "engineering judgement") is retained; the 

rest of the sand is transported to the two adjacent breaker bars. 

The engineering judgement is based upon the solution of Smit (1987) for the cross-shore 

diffusion, reproduced in the Appendix. 

From his equations it can be derived, that in a period Toi (defined in Appendix) the process 

of spreading the supply evenly over the profile is almost 80 % completed. It seems logical to 

assume, that the diffusion process to a similar rate is accompl ished during the propagation 

period of the bars. The periods Toi and T02 are therefore chosen both equal to 10 years. Wi th 

values for hi,2,3, as shown in fig. 5.60 (6m, 3m,3m), values of Syi and Sy2 of .2 and .15 m/year 

respectively are found. A higher cross-shore diffusitivity. At the upper part is found than at the 

lower part, which seems reasonable. 

It is assumed that processes, dominated by the diffusion of the supply can be linearly 

superponed to the natural longshore and cross-shore coastal processes. The latter 

processes are implemented by assuming an autonomous erosion of 2.75 m/yr for the zone 

between NAP -9m and NAP + 3m. 

In the mathematical model it is assumed that cross-shore transport of supply below a level of 

NAP -9m is neglegible (during the t ime of consideration) compared to the transport above 

this level. Thus, in the model no period averaged cross-shore transport by the periodical 

motion of the breaker bars is assumed. 

Longshore coastal constants. 
To determine the longshore constants for the l ine-model use is made of the CERC-formula 

and the assumptions of Svasek (1968): the local sediment transport between two contour 

lines is proportional to the longshore component of the decrease of the energy flux between 

those two lines. 

For detailed description is referred to Svasek (1968), Svasek & Bijker (1969), Bakker (1969), 

Bakker, ten Hoopen & Grieve (1972), Ten Hoopen & Bakker (1974) and to Bakker, V.d.Kerk 

& D e Vroeg (1988). 

h 0 h 1 

X 

Sloping shores have been 

assumed between terraces, 

separating beach, inshore 

and deeper zone; local wave 

height is taken proportional to 

local depth. 

Total wave cl imate has been 

taken into account, taking 

discrete wave classes, each 

defined by a certain wave 

height/-/, period T a n d 

direction (ziand a probability of 

occurrence: 

Figure 5.62: Sctiematizatlon used for transport computations 

•P,(HJ,(sf) (5.44) 

Fig. 5.63 shows the various classes of 

wave direction, translated into angles of 

incidence. 

Vertical tide has been taken into account 

by discretization in a number of levels, 

combined with probabilities; furthermore it 

has been taken into account, that high 

waves f rom certain directions are linked 

with water level rise (storm surge height). 

The black an-ows in fig. 5.64 give the 

transport rates when all contour lines are 

parallel. Under those circumstances the 

method results in a total depth-integrated 

longshore transport for a certain H, T, (j) 

Figure 5.63: Directions of wave approacti 
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as given by the CERC-fonnuia: 

= 0.040*Hi,,* m*cö*cosfif»,)*sinfcp,) (5.45) 

M 

60* j i r 0' •)0' 

(3 

«3 

T o U l 

E 3 > 

Figure 5.64: Transport rates along ttie ttiree zones as a function of tlie angle of approacti of ttie 
waves at deep water and ttie effect of ö=±2° 
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0* 0 0 5 S I . 0 •1.41I S 0 4.0* 

Tatiel: 5^: Transport rates {W m^lyr) Ttie volumes of ttie arrows in figure 5.64 are 
proportional to numtiers in table 5-6 

The columns in fig.5.64 denote the various angles of wave incidence; the "rules" the three 
zones. The volumes of the arrows are proportional to the transport (weighted with its 
probability of occurrence) integrated over all classes of H and T. Probability of occurrence 
has been derived f rom SON, a measurement station in the vicinity of Schiermonnikoog. 
Wave data have been made available by Rijkswaterstaat (Roskam 1988). 

Calculated numerical values of transport rates (in thousands m^ /year) are depicted in table 
5-6 (the lines "0 degree" ; for beach, inshore and deeper zone respectively). 

For both upper zones the longshore transport has been computed three t imes for each wave 
direction: apart f rom assuming parallel depth contours also the angle of the beach (inshore) 
has been turned over an angle delta with respect to the other contour lines. For instance: in 
fig 5.62 the angle of the beach is turned. The gray arrows in fig 64 show the effect, where 
delta has been chosen ± 2°. Table 5-6 shows the numerical results. 
The constants and Sz, which can be shown theoretically (Pelnard Considere, 1954) to be 
the derivative of the longshore transport to the coastal direction, are calculated f rom: 
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-«25° 

S [S>(<^> + ^)-S>(^r^)J 
+82.5° 

si'-

2 * 5 

804.2 - 551 ^ ^^^^ m3/year/rad (5.46) 

2 * 2 * — 
180 

^^^198.5-131.2 ^ 0.964id- m3/year/rad 

2 * 2 * ^ 
180 

Results. 
For Si and Sz values of 3.63*10^ and .96*10^ m^/year/rad were found; the calculation of the 

total longshore transport gave .85*10^ m^/year as result, it was found, that diffusitivity in 

longshore direction along the deeper part could be neglected. Effect of curvature of the 

inshore on the coastal constant for the beach (the inshore turns more or less in the same 

way at the same time as the beach) has not been taken into account. Neglecting this effect 

can give a rather important overestimate of the coastal constant of the beach (Bakker & 

Delver, 1986; Bakke re ta l . , 1988). 

Another extreme (no longshore diffusion) is given by the formulae of Smit (1987) (Appendix) 

Fig 5.65a,b,c shows (extreme high diffusitivity) a plan view of the expected development of 

beach, inshore and deeper part (mind the different vertical scales). The autonomous erosion 

of the coast is depicted on the righthand side of the figure. 

Figure 5.65:a,b,c: Unes of tjeadi, instiore and deeper part yi,i3 Figure 5.66a,b,c Site of tseacti, instiore, 
deeper part in ttie course of time (in 
center of supply) 

Fig.5.65a,b,c show the expected position (in the course of t ime) of the line of the beach, 

inshore and deeper part, in the center of the supply area. 

Both extremes (no c.q. extreme longshore diffusitivity) are shown, where autonomous 

erosion is not taken into account. A more seaward position is indicated in positive direction. 

The drawn lines show the development, if one ignores the autonomous coastal erosion. The 

beach would increase, the inshore (where the supply was applied at t= 0) would retreat from 

its exposed position. Finally, supply sand would spread evenly over the profile. 

The interrupted lines in fig. 5.66a,b,c show the rate of autonomous coastal erosion at the 

same scale, more exactly: the amount of cumulative supply, necessary to balance this kind 

of erosion. During the t ime the drawn line lies above (c.q. below) the interrupted line, the 

beach, c.q. inshore has a more seaward (c.q. landward) position than just before the 

application of the supply. It shows, that according to the computat ions the supply will stop the 

erosion of the beach during the order of a decennium, without causing considerable 

accretion. 
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5.2.6.3 Norderney 

Conditions at the site of supply. 
Near the west point of the 
German Wadden island of 

Nordemey, 450.000 m ^ of sand 
has been supplied in 1992 to 
the beach and the shore-face 
(fig. 5.67). 

The seaward limit of the 
nourishment coincides with the 
5 m depth contour. The 
coastline is protected by 
groynes, revetments and sea
walls. For the largest part the 
area is inside the "Riffbogen" 
(bars formed by the outer 
delta). W a v e attack is important 
on the North Wes t side. 

At the South Wes t side (Norderneyer Seegat) cun-ent dominates (c f Thilo & Kurzak (1952), 
Luck (1977) and Niemeier (1986 a,b,c, 1990 and 1992)). 

B s i c h nouriahmant 

Figure 5.67: Combined beadi and stioreface nourishment Coastal 
protection. 

Since the first artificial nourishment (1.25 M m in 1951/52) (major) sand supply in this area 
and its vicinity was repeated 6 t imes (incl.1992). Fig. 5.67 shows the area of coastal 
nourishment in 1992: an amount of ..5m^, of which 5 0 % supplied above NN-1m (as NAP 
the level NN is about mean water level). Ca. 2 0 % was supplied between NN-3m and NN-
Sm. 

Wave climate and wind set-up 

The outer delta largely shelters the considered area f rom the deep water wave field. 
However, even more than at Terschell ing, high waves and high surge levels are often linked 
together. Kersting et al. (1995) compute the sand transport using the S O N deep water wave 
climate as well .for Norderney as well as Terschell ing. However, storm surge levels at 
Nordemey are higher than at Terschell ing. Thus, if Norderney would have been located near 
Terschell ing, its (present) outer delta would give better protection; it would reduce wave 
height at the Westpoint shore more than in the present situation. Kersting et al. est imate that 
the effect of location on the surf height results (for the same wind, i.e. offehore wave height) 
in surge top water level rises, being 2 2 % higher at Norderney than at Terschell ing. They use 
as well theoretical considerations (Schalkwijk (1947) and Weenink (1958)) as well as 
analysis of the SON wind and wave data. 

Sand transport computations 

Schematization 

Figure 5.67a: Refraction pattern Figure 5,67b: Schematization and Figure 5.67c: Schematization (3D) 
points I to IV 
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Investigations concern the coastal area with a length of ca 5 km between the tidal inlet and 
the site where the outer delta merges with the island (between point I to IV; fig 5.67b).The 
wave climate on the inshore and the beaches in this area is strongly influenced by the bars of 
this outer delta. These bars reduce the energy of the incoming waves and also influence the 
propagation direction of the waves by refraction. 

Fig 5.67b,c shows the schematization chosen; contour lines are schematized to sets of 
parallel straight lines. Furthennore, fig. 5.67a displays the real contour lines and a refraction 
diagram, f rom Niemeyer (1986), which idicates an analogy in similarity of hydraulic response 
between schematization and prototype. Further research with respect to this aspect is 
proceeding. Convergence and divergence of wave rays are, in the schematization, partially 
taken into account: difference in direction of beach and inshore is implemented. However, 
the effect of the curvature of beach and inshore on the refraction coefficient is not taken into 
account. By the chosen schematization, the three parts of the outer delta together act as a 
convex lens, focussing the wave rays. From the refraction diagram of fig.5.67a the same 
picture arises. Because of this, a convex beach, making everywhere (about) the same angle 
with the wave crests will be stable, where for an offshore topography with totally straight 
contour lines, parallel to the beach, a straight beach would have been stable. This explains 
the convex character of the Westend of the island. 

Up to now, only the transport along the shore (beach and inshore) of the island has been 
calculated. The transport along the seaward shoreface of the outer delta will be calculated in 
the future. Again, the Svasek method of computation has been used (cf. ch.2 for literature). 
Effects of current are not taken into account. Preliminary computat ions concerning 
diffusitivity constants s,,2 vhave been carried out (for point IV; fig. 5.67b) by varying the 
direction of beach or inshore as done in ch.2. Apart f rom this, diffusitivity constants for 
Norderney will be calculated f rom measured data. 

Results 

N o r d e r n e y c i t y 

NN+2m 

NN-lm 

NN-3m 

Fig. 5.68 shows the calculated 
transport capacities in the 
points I to I V , which would 
occur, if the coastline is 
assumed straight. It showsE 
that accretion in the coastal area 
between points I and IV would 
result (according to the 
computations). Longshore 
diffusitivity constants s , and s , in 
point IV are .6*10® and 2.8*10^ 
m ^ e a r / r a d for beach and 
inshore respectively. From the 
values calculated one would 
find, that a convex coast with a 
difference in coastal direction of 

ca.9° to 12° between point I and point IV (fig. 5.67b) would give a stable coast. The present 
difference in coastal direction is ca 15° (which is greater) thus erosion (as occurs) can be 
expected the computat ions Referred to Kersting et al. (1995) As the accuracy is low, the 
result has only qualitative importance. 

Because of the existing groynes the real transport, along the inshore, will be much less than 
the transport capacity. Bakker & Joustra (1970), comparing coastal erosion along the dutch 
coast before and after the construction of groynes, indicate, that groynes might reduce 
coastal transport with a factor of 4. This would reduce the value of S2 case of erosion) in the 
same way. 

Figure 5.68: Transport capacity (wittiout groynes) if the coast is assumes 
straight 
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Line modeling 

Coastal constants; relation between curvature~and erosion 

Bakker (1968b) describes another way find the coastal constants: f rom coastal 

measurements. The data for volumetric change and curvature are related; latter taken as 

difference of coastal direction A<f) between left side and right side of the stretch. In order to 

obtain unifonmity of data, a stretch of (only) 890 m (between groynes "A" and "H1") near the 

Western end of Norderney has been analyzed. Fig. 5.69 displays this relationship; f rom this 

figure Kersting e ta l . (1995) derive values of s,= 1.2.10® and S2=.9'106 m ^ e a r / r a d . As for the 

first observation (encircled in fig.14b) leading to Sz the groynes will have been less effective 

(the supply extended further seaward than the groynes), this observation has been 

discarded, leading to S2=.2A(f m^/year/rad. Based upon fig. 69d, S3 has been taken zero. 

The constants Sy),2(both assumed as 4 m/year) have been found by estimating T01 f rom the 

measurements and by iterative approximation, using the numerical three-line model (ch.2.2). 

Initial- and boundary conditions are imposed by prototype data. 

Total volume decrease and curvature Volume decrease and curvature zone 1 

•ItMOl ^ , r , , - ' » « " 1 ' ' 

0 0,1 OJ 0-J 0,4 " 
DslU phi {ndl D«llii phi (md) 

Volume decrease and curvature zone 2 
SDOOOO 1 

a o 
> . Ï0O000 

,00000 

UJ .,00000 

.300000 

.100000 

Delta phi (rad) 

Figure 5.69a,b,c,d: volume deaease & cun/ature 

Volume decrease and curvature zone 3 
sooooo 

•JOOOOO 

.100000 

Results 

In the Norderney case, "yf,2,3" will be defined as the surplus volume remaining after the 

supply, (expressed in m /m'/m depth) between 2 successive separation planes (see fig.68). 

Compar ison between measurement and computat ion gives (yt,z3-^M '< f as parameter) and 

fig 5.70 (y^ ^ = f(t); x in the center of the field). For y , and yz good agreement is found; ys, 

which in the model can only change because of cross-shore transport, appears to remain too 

large in the model. This suggests scour by current in the area below the groynes. 
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Fig.15a. Interpolated measurements 
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W 
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NN-Sm < h < NN-3m 

TViM tnarvals: 0.2 y w 

f ig 15b.Computations 

AttK AugK Dn«2 AortO AugBS D n n 

Fig 16a.Measured 

*pr92 Ai«M Dk«2 A(irS3 Aug«3 D n » 
Vn» 

Fig 16b.C0(nxited 

Figure 5.70a,b,c,d; Volumes In central groyne section 

5 .2 .6 .4 D i s c u s s i o n a n d conc lus i ons . 

Terschelling 

Depending on the assumptions (of which the extremes are: "only cross-shore diffusitivity" 

and "cross-shore plus unfavorable high value of longshore diffusion", a "life t ime" of the 

supply can be estimated, This varies respectively between 13 and 7 years (estimating the 

autonomous erosion as 2.75 m/year). 

Norderney 

• Concerning Norderney only preliminary conclusions and some indications can be given. 

Comparing longshore coastal constants.derived from transport formulae and from 

evaluation of topographic field data the s^value, found from those field data is lower than 

expected (even considering the effect of the groynes), where the Sr value is considerably 

larger. The total of s ,+S2) is in the expected range. 

• The coastal measurements indicate much larger longshore diffusitivity on the beach 

(above N N - l m ) than on the inshore (NN-3 m<h<NN-1 m). 

• In the future effects of currents should be carefully examined, especially concerning the 

zone seaward of the groynes. Three-l ine model (which is able to reproduce the 

development of beach and inshore rather well) underestimates (without current effects) 

the erosion of the deeper zone. 

General 
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e Compar ison of coastal constants in general for various stretches of coast is given by 
Bakker et al. (1988). In that scope, the max imum values of the longshore diffusitivity 
assumed for Terschelling are rather high: values of 1 to 2-10® are more common. 

» The cross-shore transport constants Sy,.2 are (physically) strongly dependent upon the 
depth of the separation plane, as well on the schematization. Compared to the values, 
mentioned by Bakker et al. (1988), the cross-shore transport constants assumed for 
Terschell ing are somewhat low. For instance, using Kalman filtering, de Vroeg (1987) 
finds Sy« .7 m/year at NAP 

• .72m (7o,« 7 years) for the Dutch Rijniand-coast. Compared to this, the value of of 4 
m/year at NAP 

e -3m (Tof= 0.4 year and To2= 0.25 year) seems extremely high. Up to now, To-values of 
the order of 1 year were the smallest ever found (in Cadzand, CUR et al.,1986; Sy= 3 
m/year at NAP -2m). As in Norderney, in Cadzand a tidal channel is near to the coastal 
area. In the Norderney case, the wave attack is probably larger than in Cadzand. 

The difference in character between the supplies of Terschell ing and Norderney is 
remarkable 

« Supplying high on the beach instead of on the inshore would have been favorable for the 
Terschell ing case if the costs of supplying on beach or inshore would have been equal. In 
Norderney however this is different because (most probably) the groynes largely reduce 
the longshore diffusitivity of the inshore (compared to the beach). 

• Probably the deeper zone in Norderney will show to be more active (cun-ent effects near 
to the Norderneyer Seegatt) than at Terschell ing. 

• Different as well is the goal of both supplies, which emphasizes the importance of the 
offshore nourishment in Norderney::Were the supply forms an essential part as a 
maintenance measure for the coastal protection by reducing the damage to the coastal 
defence works (sea-walls and groynes). This goal was formulated in 1952 (Arbeitsgruppe 
Norderney) and it has been shown to be very cost effective since then. 
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