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I n t r o d u c t i o n 
A f t e r the storm surge d i s a s t e r of 1953 (1855 death c a s u a l t i e s and an damage o f 
approx. 14 % of the N a t i o n a l Product) a l l sea defense s t r u c t u r e s have been 
improved i n the Netherlands. This d i d not only mean an improvement o f the 
dikes, but also an improvement of the dune coast. The program i s completed i n 
1990. A l l sea defense s t r u c t u r e s f u l f i l l the requirements. 
However, the 320 km long sandy coast along the North Sea i s a dynamic coast. At 
some l o c a t i o n s i t i s a c c r e t i n g , but at other places there i s erosion. The loca­
t i o n of the erosion v a r i e s during the years. The erosion endangers the s t r e n g t h 
of the dunes as a sea-defense. Behind the dunes are low l y i n g polders (very 
o f t e n w i t h a surface l e v e l even below the low water l i n e ) , i n which m i l l i o n s o f 
people are l i v i n g . Erosion of narrow dunes can t h e r e f o r e not be t o l e r a t e d i n 
the Netherlands. At 40 km of the c o a s t l i n e the dunes have no more than 10 m 
e x t r a w i d t h a v a i l a b l e t o cope w i t h the erosion problem. A y e a r l y erosion o f 
approx. 1 m/year causes b i g problems w i t h i n a few years. 
But also a t l o c a t i o n s were the dunes are wide erosion causes problems. Of 
course a t those p o i n t s there i s no danger f o r inunda t i o n of polders d u r i n g 
storm surges. But were the dunes are wide, the dune area has important values. 
At a few places people l i v e i n the dunes. But the dunes are mainly n a t u r a l 
reserves. I n a densely populated country l i k e the Netherlands the few n a t u r a l 
reserves are of h i g h importance. The dunes have also a high r e c r e a t i o n a l value, 
not only f o r the 14 m i l l i o n Dutch i n h a b i t a n t s , but also f o r approx. an equal 
number of people l i v i n g i n the German Ruhr area. For them, the Dutch coast i s 
the nearest c o a s t a l r e c r e a t i o n area. 
I n the Netherlands the dunes are also used f o r the p r o d u c t i o n of d r i n k i n g wa­
t e r . Because ground water i n large p a r t s of the Netherlands i s b r a c k i s h , i s 
cannot be used f o r d r i n k i n g water. I n the 19th century the p u b l i c water works 
of the b i g Dutch towns s t a r t e d t o pump d r i n k i n g water from the fresh-water 
lenses i n the dunes. At t h i s moment the n a t u r a l supply from these lenses i s not 
enough any more, and the lenses are supplied w i t h r i v e r water (mainly from the 
Rhine r i v e r ) , which i s i n f i l t r a t e d i n the dunes and recovered l a t e r . 

h i s t o r y 
I n the past only the sea-defense aspect was very important. The a u t h o r i t i e s 
responsible f o r sea-defense t h e r e f o r e improved the dunes by p l a c i n g more sand 
behind the dunes on the landward side, causing considerable damage t o nature. 
I n order t o c o n t r o l the erosion many groins have been b u i l d . I n some cases the 
dunes became so narrow t h a t i s was necessary t o co n s t r u c t a seawall or a sea 
dike. The consequences o f the c o n s t r u c t i o n of seawalls and dikes was t h a t the 
sa f e t y of the polders was guaranteed, but the beaches i n f r o n t of the construc­
t i o n s disappeared. Also the e f f e c t of groins was not q u i t e s a t i s f a c t o r y . I n 
cases were they were lo c a t e d near t i d a l g u l l i e s they were able t o keep the 
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t i d a l c u r r e n t out of the c o a s t l i n e , and preventing e x t r a erosion of the beach 
i n t h a t way. I n those cases were the t i d a l c u r r e n t was not so s t r o n g , the ef­
f e c t of groins i n c o n t r o l l i n g erosion was minimal. 
Because of these problems and because of the improvements i n the dredging indu­
s t r y the l a s t decade erosion was mainly c o n t r o l l e d by means of a r t i f i c i a l beach 
nourishment. The nourishment p r o j e c t s were executed on a ad-hoc basis by the 
n a t i o n a l government and not by the sea-defense a u t h o r i t i e s . This i s caused by 
the f a c t t h a t i t are g e n e r a l l y b i g p r o j e c t s and t h a t sea-defense i s only some 
aspect. 
Because also the s e a - l e v e l i s r i s i n g (now 20 cm/century, because o f the green­
house-effect i n f u t u r e i t w i l l be more) i t i s t o be expected t h a t the e r o s i o n 
problems along the coast w i l l increase. At the same moment the e c o l o g i c a l and 
r e c r e a t i o n a l pressure on the dune area w i l l increase. 
These p o i n t s made i t necessary to define a n a t i o n a l p o l i c y on c o a s t a l defense 
and erosion management. 

plan of a c t i o n 
I n the new "Law on the Sea-defense and F l o o d - c o n t r o l " ( o p e r a t i o n a l i n 1991) the 
r e s p o n s i b i l i t i e s o f the n a t i o n a l government and the sea-defense a u t h o r i t i e s i s 
described. The n a t i o n a l government i s responsible f o r erosion c o n t r o l along the 
c o a s t l i n e . 
I n order to have an adequate coastal p o l i c y i n 1991, the M i n i s t e r of Public 
Works asked f o r a p o l i c y analysis on c o a s t a l management. The study f o r t h i s 
p o l i c y analysis was performed by R i j k s w a t e r s t a a t , a s s i s t e d by s p e c i a l i z e d i n ­
s t i t u t e s ( l i k e D e l f t Hydraulics) and u n i v e r s i t i e s . An i n v e n t o r y of a l l a v a i l a ­
b l e knowledge regarding the Dutch c o a s t l i n e was made, f o r e c a s t were made on the 
expected sealevel r i s e and on the development of the c o a s t l i n e f o r the next 
century. Maintenance methods and costs were analyzed. This study took approx. 
one year and r e s u l t e d i n a set of 20 t e c h n i c a l r e p o r t s . On the basis of the 
t e c h n i c a l r e p o r t s , a discussion memorandum was produced i n which 4 d i f f e r e n t 
management s t r a t e g i e s were presented. These s t r a t e g i e s are presented t o p a r l i a ­
ment and other groups f o r discussion. Public hearings w i l l be h e l d . A f t e r the 
discussion the m i n i s t e r w i l l make a choice from the a l t e r n a t i v e s and present 
the d e c i s i o n t o parliament f o r approval. When approval (and the budget) i s 
granted by parliament, the n a t i o n a l c o a s t a l management p o l i c y i s e f f e c t i v e . 

a l t e r n a t i v e 1: withdrawal (terugtrekken) 
I f n o thing i s done, the c o a s t l i n e w i l l erode. This i s not acceptable on loca­
t i o n s where the dunes have only marginal s a f e t y . Everywhere where the dunes are 
wider, erosion can be allowed u n t i l the minimal dune w i d t h i s reached. 
This a l t e r n a t i v e i s the minimal a l t e r n a t i v e . The c o a s t l i n e of the Netherlands 
w i l l be determined by the n a t u r a l erosion. Only at those l o c a t i o n s were the 
s a f e t y of the polders i s i n danger, a c t i o n w i l l be taken. Generally the a c t i o n 
w i l l be a beach nourishment, but also other s o l u t i o n s are p o s s i b l e ( l i k e the 
c o n s t r u c t i o n of a heavy sea-dike), A f t e r some years a r t i f i c i a l headlands w i l l 
be formed along the coast (the coast between the headlines continues t o erode). 
The costs t o defend these headlands w i l l increase i n due course. 
I f erosion continues, there i s the p o s s i b i l i t y t h a t v i l l a g e s i n the dunes (not 
i n the polder-area) have to be removed t o a more i n l a n d l o c a t i o n . This has 
happened o f t e n i n the past c e n t u r i e s . Also damage w i l l be caused t o r e c r e a t i o ­
n a l areas, n a t u r a l reserves and the d r i n k i n g water production. The loss o f land 
i n the next decade w i l l be i n the order of 350 ha (800 acres) and 20 km o f 
c o a s t l i n e has t o be defended by beach nourishment or other means. 
I n a few cases also the dunes has t o be improved on the landward side. This 
improvement w i l l cost approx. 100 ha (220 acres). I n t h i s a l t e r n a t i v e a l l sea-
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dikes and groins w i l l be maintained i n the same way as i t was done u n t i l today. 
A landward r e c o n s t r u c t i o n of these s t r u c t u r e s has proven to be more expensive 
than maintenance on the present l o c a t i o n . This a l t e r n a t i v e w i l l cost 35 m i l ­
l i o n g u i l d e r s per year (16 m i l l i o n US $/year). 

a l t e r n a t i v e 2: s e l e c t i v e erosion c o n t r o l ( s e l e c t i e f handhaven) 
The second a l t e r n a t i v e i s c o n t r o l the erosion i n a s e l e c t i v e way. Here also 
s a f e t y i s the primary aspect. But erosion i s not only c o n t r o l l e d i n case of 
danger f o r i n u n d a t i o n of polders, but also when important other f u n c t i o n s are 
endangered. Because there are many fu n c t i o n s i n the dune area, some choices 
have to be made. What has t o be p r o t e c t e d , what i s "important" ? I n t h i s a l t e r ­
n a t i v e the f o l l o w i n g choices have been made: 
- a l l v i l l a g e s i n the dune area w i l l be protected; 
- n a t u r a l reserves w i t h an ( i n t e r n a t i o n a l ) high value w i l l be p r o t e c t e d ; 
- i n f i l t r a t i o n p l a n t s f o r d r i n k i n g water production w i l l be p r o t e c t e d ; 
- investments f o r r e c r e a t i o n w i l l be p r o t e c t e d ( h o t e l s , e t c . ) . 

The expected loss o f land i n the next decade w i l l be approx. 100 ha (220 
acres) , 60 km of c o a s t l i n e has to be p r o t e c t e d and the coast are 45 m i l l i o n 
g u i l d e r s per year (20 m i l l i o n US $/year). 

The d e t a i l s of t h i s a l t e r n a t i v e have to be worked out on a r e g i o n a l l e v e l , 

a l t e r n a t i v e 3: f u l l erosion c o n t r o l (handhaven) 

The c o a s t l i n e of 1990 w i l l be maintained. Erosion w i l l be compensated f u l l y by 
beach nourishment. A small s t r i p w i l l be a v a i l a b l e f o r n a t u r a l f l u c t u a t i o n s of 
the beach. Nourishments w i l l be performed on the beach, but probably also j u s t 
i n f r o n t of the beach, on the inshore zone. There w i l l be no l o s t of land, 140 
km of c o a s t l i n e has to be p r o t e c t e d by nourishment. The costs are 60 m i l l i o n 
g u i l d e r s per year (27 m i l l i o n US $/year). 
a l t e r n a t i v e 4: seaward expansion (zeewaarts) 
This a l t e r n a t i v e i s a more a c t i v e one than the other a l t e r n a t i v e s . I n t h i s 
a l t e r n a t i v e the dunes which have a marginal s a f e t y are improved by making more 
beach i n f r o n t of them. This w i l l be done by the c o n s t r u c t i o n of very long 
groins and other c o n s t r u c t i o n i n the sea. This a l t e r n a t i v e has not yet worked 
out i n such d e t a i l as the other ones, t h e r e f o r e the c o s t - i n d i c a t i o n s are more 
t e n t a t i v e . The main purpose of t h i s a l t e r n a t i v e i s not the c r e a t i o n of e x t r a 
land. Most of the constructed accretions are on l o c a t i o n s were the do not have 
a h i g h economic value. The purpose i s improving the sea-defense. I t i s a more 
o f f e n s i v e p o l i c y than the other ones. 
Also 140 km of c o a s t l i n e requires p r o t e c t i o n i n t h i s a l t e r n a t i v e . The costs are 
approx. 80 m i l l i o n g u i l d e r s per year (35 m i l l i o n US $/year). 

sealevel r i s e 
I n the above a l t e r n a t i v e s the present r a t e o f sea-level r i s e (20 cm/century) i s 
used. I t i s expected t h a t t h i s may be more. Two sea-level r i s e scenarios have 
been studied. One w i t h a sea-level r i s e of 60 cm/century and one w i t h a sea­
l e v e l r i s e of 85 cm/century plus an a d d i t i o n a l change i n the wind-climate 
(mainly a change i n the wind d i r e c t i o n ) . 
This r e s u l t e d i n the f o l l o w i n g data: 

20 cm/cent 60 cm/cent 85 cm/cent+wind 
1, withdrawal 
2, s e l e c t i v e c o n t r o l 
3, f u l l c o n t r o l 

100 % 
100 % 
100 % 

110 % 
110 % 
115 % 

155 % 
160 % 
165 % 
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To: 
The chairman of the Second Chamber 
of the Parliament ("House of Commons") 
l a Binnenhof 
2513 AA The Hague 

The Hague, May 9th, 1989 

subject: Memorandum Sea Defense a f t e r 1990 

Mr. Chairman, 

The p r o t e c t i o n of our country against the sea i s of g r e a t e s t importance. This 
i s e s p e c i a l l y so f o r the more s p e c i f i c f i e l d of p r o t e c t i o n o f the North Sea 
Coast. Now i t becomes more and more c l e a r t h a t the r a t e of s e a l e v e l r i s e w i l l 
increase i n the f u t u r e years, i t i s to be expected t h a t also the a t t a c k o f the 
sea on our c o a s t l i n e s w i l l increase. F i r s t of a l l the higher w a t e r l e v e l causes 
a higher pressure on our sea defense along the c o a s t l i n e . Also f o l l o w s from 
recent research t h a t probably also the r a t e of erosion of the c o a s t l i n e w i l l 
increase. This was one o f the arguments of my conclusion t h a t Water A u t h o r i t i e s 
had t o manage the sea defense s t r u c t u r e s along the coast, but t h a t the care of 
the p o s i t i o n of the c o a s t l i n e i t s e l f should be the r e s p o n s i b i l i t y o f the 
N a t i o n a l Government. I informed you on t h i s subject i n my l e t t e r of May 7th, 
1985 (TK 18975, n o . l ) . I n the Commission Meeting of A p r i l 6 t h , 1987 Parliament 
supported t h i s choice. The task of the N a t i o n a l Government r e l a t e d t o the care 
of the c o a s t l i n e w i l l have a l e g a l basis i n the Law on the Sea Defense and 
Flood Control (Wet op de Waterkering), on which the High Council o f State w i l l 
advise i n s h o r t terms. 

I t i s necessary t h a t , before the Law on Sea Defense takes e f f e c t , a long term 
p o l i c y has been developed f o r the management of the c o a s t l i n e . A s t r a t e g i c 
choice has t o be made regarding the sea defense p o l i c y , also regarding the 
increased r a t e of sea l e v e l r i s e and the increased erosion r a t e caused by t h a t 
f a c t . For t h a t purpose i n my department the memorandum "Sea Defense a f t e r 1990" 
(kustverdediging na 1990) has been prepared. 
The p r e p a r a t i o n takes place i n three phases: 

a. Production o f a discussion-memorandum, i n which an a n a l y s i s i s presented 
of the problems of sea defense and on which basis four p o l i c y a l t e r n a t i v e s 
are presented. 

b. Advise by the Advisory Council f o r Watermanagement and by the Technical 
Advisory Committee on Water defenses. Also there w i l l be discussions w i t h 
the r e p r e s e n t a t i v e s of the provinces and the Waterboards. 

c. Making a choice by the government from the a l t e r n a t i v e s . This choice w i l l 
be presented t o t parliament i n a policy-memorandum. This memorandum w i l l 
be send to you at the end of t h i s year. 

Phase a i s completed now. Today I have send questions f o r advise t o the Adviso­
r y Council f o r Watermanagement and t o the Technical Advisory Committee on Water 
Defenses. I have asked the Advisory Council t o make arrangements f o r p u b l i c 
hearings on t h i s s ubject. 

p o l i c y a l t e r n a t i v e s 
The p o l i c y a l t e r n a t i v e s presented i n the discussion-memorandiim are roughly 
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worked out on a n a t i o n a l l e v e l . This i s done because a f t e r s e l e c t i n g one a l t e r ­
n a t i v e by the government on a n a t i o n a l l e v e l , f u r t h e r d e t a i l i n g has to be done 
on a r e g i o n a l l e v e l , using l o c a l know-how of provinces and water boards. This 
can be done by p r e p a r a t i o n o f ac t u a l c o a s t a l plans by s p e c i a l i z e d r e g i o n a l 
(discussion) boards. The memorandum "The sea defense along the Dutch coast" 
(parliamentary year 1976-1977, no. 14481) d i d already describe these boards and 
the Law on Sea Defense w i l l give them a l e g a l basis. 
The p o l i c y - a l t e r n a t i v e s give the boundaries w i t h i n which the d e t a i l s have to be 
worked out. By making the a l t e r n a t i v e s a t t e n t i o n has been focused on those 
p a r t s of the c o a s t l i n e which are eroding. This has been done because the pro­
blems of eroding c o a s t l i n e s which possible t h r e a t t o s a f e t y or loss of impor­
t a n t dune areas i s more important than the problems of a c c r e t i n g c o a s t a l 
sections. For the same reason reclamation i s also not placed i n t o the discus­
sion. Reclamation p r o j e c t s r e q u i r e - i f demands on a good c o a s t a l management are 
f u l f i l l e d - mainly a s p a t i a l planning process. 

The a l t e r n a t i v e s can be cha r a c t e r i z e d as f o l l o w s : 
I . WITHDRAWAL. Coastal erosion i s p r i n c i p a l l y accepted. Only i n those c o a s t a l 

sections were erosion may cause inundation o f l o w - l y i n g polders behind the 
dunes, c o a s t a l erosion w i l l be c o n t r o l l e d . 

I I . SELECTIVE EROSION CONTROL. Besides l o c a t i o n s were the polders are 
threatened, erosion i s also c o n t r o l l e d at those l o c a t i o n s where 
considerable values i n the dune area or on the beach are threatened by 
coas t a l erosion. 

I I I . EROSION CONTROL. Everywhere the c o a s t l i n e w i l l be maintained a t i t s 
present l o c a t i o n . 

IV. SEAWARD. On some very eroding areas and r e l a t i v e l y weak spots 
c o n s t r u c t i o n s w i l l be b u i l d i n the sea, which change the eroding t r e n d o f 
the coast i n t o a more a c c r e t i n g t r e n d . Everjwhere else the c o a s t l i n e w i l l 
be maintained a t i t s present l o c a t i o n . 

Consolidation o f the reached l e v e l o f saf e t y -the purpose of the B i l l on the 
Sea Defense- im p l i e s t h a t withdrawal i s the minimal a l t e r n a t i v e . The a l t e r n a ­
t i v e Erosion Control i s i d e n t i c a l to er o s i o n - s t o p - p o l i c y , sketched i n my l e t t e r 
TK18975/3 of March 25th, 1988. The basic thoughts behind the f i s t three a l t e r ­
n a t i v e s i s t h a t c o a s t a l erosion has to be decreased or stopped. De basic 
thoughts behind the l a s t a l t e r n a t i v e s i s t h a t c o a s t a l e r o s i o n l o c a l l y i s 
changes i n c o a s t a l a c c r e t i o n . This requires s p e c i f i c c o n s t r u c t i o n s to be b u i l t 
i n f r o n t o f h i g h l y attacked c o a s t a l sections. These c o n s t r u c t i o n s are also 
complementary to the other a l t e r n a t i v e s . These works have the only purpose t o 
p r o t e c t the c o a s t l i n e against erosion. They may have an i n t e r e s t i n g "by­
product" , such as some reclaimed area, l i k e the areas on both sided o f the 
harbor moles of IJmuiden. The construc t i o n s can be b u i l d adjacent t o reclama­
t i o n works, which are mainly s i t u a t e d on sta b l e or a c c r e t i n g c o a s t l i n e s ; there 
c o a s t a l defense i s not the primary o b j e c t i v e . 

present p o l i c y 
I n the f o l l o w i n g the various a l t e r n a t i v e s are compared w i t h the present p o l i c y . 
The present p o l i c y consists o f the components: 

1. By the c o n s t r u c t i o n of dune improvement works according to the Delta Law 
(Law which s t a t e s t h a t a l l sea defenses has to be r e i n f o r c e d i n order t o 
guarantee a c e r t a i n l e v e l of sa f e t y ) always a c e r t a i n sand-buffer has been 
formed to cope w i t h the erosion f o r a number of years. I m p l i c i t l y the 
a l t e r n a t i v e Withdrawal was used i n those cases. 

2. A d d i t i o n a l l y on ad-hoc basis a number of beach replenishment p r o j e c t s were 
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executed on c o a s t a l sections w i t h h i g h values i n the dune area or on the 
beach. As examples can be mentioned the nourishment works on Texel, near 
Westerschouwen and a d d i t i o n a l t o the sea defense works near Cadzand. 

Both components together form the " b o t t l e n e c k - p o l i c y " , sketched i n my l e t t e r 
TK18975/3 of march 25th, 1988. The philosophy behind the present b o t t l e n e c k -
p o l i c y i s equal t o the a l t e r n a t i v e S e l e c t i v e Erosion C o n t r o l . Executing t h i s 
p o l i c y was l i m i t e d by shortage of budgets, and had t h e r e f o r e a s t r o n g l y ad-hoc 
character. Future p o l i c y should have a more s t r u c t u r a l basis. 

no p o l i c y choice y e t 
A l l s o c i a l e f f e c t s of the a l t e r n a t i v e s have t o be considered. A choice has t o 
be made between more e f f o r t f o r coa s t a l defense and l o s i n g less dunes w i t h h i g h 
values f o r s o c i e t y , or making less e f f o r t and l o s i n g more dunes. Safety against 
inundation o f polders i s guaranteed i n any case. I have not y e t made a choice. 
To prepare a choice a p e r i o d of c o n s u l t a t i o n and discussion i s foreseen. I t i s 
my i n t e n t i o n t h a t the c o u n c i l of m i n i s t e r s makes a choice a t the end of t h i s 
year, which choice w i l l be presented to parliament i n a policy-memorandum. 

Sincerely, 

The M i n i s t e r of Transport and Public Works, 

N. Smit-Kroes 
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k u s t g e d e e l t e s e c t o r s e g m e n t c e 1 nufnme r s r 1 j k s s t r a n d p a 1 en 

Z e e u w s - V l a a n d e r e n 1 1.5 1 • 4 11 - 15 
1. 4 5 • 7 8 • 11 
1. 3 8 • 10 5 • 8 
1.2 
1. 1 

11 • 12 
13 • 15 

3 • 5 
0 • 3 

Wa 1 c h e r e n 2 2. 5 16 - 17 34 - 3 6 
( z u i d ) 2.4 18 • 19 32 • 34 

2. 3 20 • 24 27 • 32 
2, 2 2 5 2 6 - 2 7 
2. 1 26 • 2 8 23 • 2 6 

Wa1c h 8 r e n 3 3. 3 29 • 4 6 5 • 2 3 
( n o o r d ) 3. 1 4 7 1 - 2 

S c h o u w e n 4 4. 2 48 • 51 13 • 17 
( z u i d ) 4. 1 52 - 54 10 - 13 

S c h o u w e n 5 5. 2 55 • 59 5 • 10 
( n o o r d ) 5. 1 60 • 64 0 • 5 

G o e r ee 6 6. 3 6 5 18 • 19 
6. 2 66 • 70 13 - 18 
6. 1 71 • 81 2 - 13 

V o o r n e 7 7. 2 82 • 8 7 10 • 16 
7. 1 88 • 91 6 • 10 

S l u f t e r 8 8. 1 92 • 1 0 0 5 • >9 
E u r o p o o r t 9 9. 1 101 • 108 <0 • 5 
D e l f l a n d 10 10, 12 109 • 1 1 3 • 114 • 1 1 9 

10. 11 114 • 1 2 9 98 • 114 
R i i n l a n d ( z u i d ) 11 11. 1 130 • 1 5 9 ^68 • 9 8 
1Jmu i d e n 12 12, 4 160 • 167 6 0 • 68-

12. 3 168 • 1 7 0 57 • 6 0 
12. 2 171 • 174 53 • 5 7 
12 1 175 • 1 8 9 38 • 5 3 

Nopr d-Ho 11 a n d 13 13. 1 190 • 201 2 6 - 3 8 
( m i d d e n ) 

N o o r d - H o 11 a n d . H 14. 3 2 0 2 • 2 0 6 21 • 2 6 
( n o o r d ) , 14, 2 2 0 7 • 2 2 5 2 • 21 

14. 1 2 2 6 • 2 3 2 <0 • 2 
T e x e l 15 15. 1 2 3 3 - 2 3 7 4 • 9 

15. 2 2 3 8 • 2 4 8 9 - 2 0 
15. 3 2 4 9 • 2 5 9 2 0 - 3 1 
15. 4 2 6 0 31 • 32 

VI l e l a n d 16 16. 1 261 • 2 6 7 35 • 4 2 
16, 2 2 6 8 • 2 7 4 42 • 4 9 
16, 3 2 7 5 - 2 8 0 49 • 5 5 

T e r s c h e i 1ing 17 17, 1 281 • 2 8 4 0 • 4 
17, 2 2 8 5 • 2 9 6 4 • 16 
17, 3 2 9 7 • 301 16 • 21 
17, 4 3 0 2 - 3 0 8 21 • 2 8 
17. 5 3 0 9 • 3 1 0 28 • 3 0 

Ame1 a n d 18 18. 1 311 - 3 1 3 1 - 4 
18. 2 314 • 3 2 0 4 - 1 1 
18. 3 321 • 3 2 7 11 • 18 
18. 4 3 2 8 • 3 3 3 18 - 5 4 
18. 5 334 24 - 2 5 

. S c h i e r m o n n i k o o g 19 19. 1 3 3 5 • 3 4 1 1 • 8 
19. 2 3 4 2 • 3 4 4 8 - 1 1 
19. 3 3 4 5 • 3 4 9 11 • 16 

Ro 11 um 2 0 2 0 . 1 3 5 0 • 3 5 2 3 • 6 
20. 2 3 5 3 11 • 12 



Technical r e p o r t s prepared as a background to the Coastal Memorandum: 

1. Sandsystem of the coast; a morphological c h a r a c t e r i z a t i o n 
2. S i t u a t i o n i n 1990; type of coast and l o c a t i o n of the coast 
3. Coastal maintenance; costs of basic maintenance 
4. Inventory of dune-functions 
5. Coastal p r e d i c t i o n s ; p r e d i c t e d c o a s t l i n e s 1990-2090 
6. Sea l e v e l r i s e ; hydro-meteo scenarios 
7. Dunes as a sea defense; the impact of c o a s t a l changes on s a f e t y 
8. Dune f u n c t i o n s ; impact of co a s t a l dynamics 
9. Inventory f u n c t i o n s of the inshore area; i n t e r a c t i o n w i t h sea defense 

10. Mining sea sand; the i n f l u e n c e of borrow-areas on the coast 
11. Beach and dune nourishment; e f f e c t i v i t y and costs 
12. Groins and p i l e - g r o i n s ; e v a l u a t i o n of t h e i r e f f e c t 
13. Big c i v i l works; i n f l u e n c e on the c o a s t l i n e 
14. Inshore nourishment; an a l t e r n a t i v e f o r c o a s t a l defense 
15. M o n i t o r i n g the coast; present s i t u a t i o n and f u t u r e 
16. Hard sea defense; seadikes, harbor areas and beach w a l l s 
17. P o l i c y - a n a l y s i s model 
18. Results of c a l c u l a t i o n s w i t h the p o l i c y - a n a l y s i s model 
19. Innovative c o a s t a l defense 
20. Coastal defense seaward of the c o a s t l i n e 
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Sandsystem of the c o a s t i a morphological c h a r a c t e r i z a t i o n 
Technical r e p o r t nr. 1 f o r Coastal Memorandum 
A. Sto l k 

U n i v e r s i t y of Utre c h t 

Morphology 

The Dutch coast i s a p a r t of the coast a l p l a i n between n o r t h e r n France and 
Denmark. The c o a s t a l p l a i n i s bordered a t the seaside by a sandy b a r r i e r , on 
which dune developed. The coast a l b a r r i e r i s p a r t l y closed. On some places i t 
i s i n t e r r u p t e d by i n l e t s . This leads to a d i v i s i o n o f the Dutch coast i n t o 
three sections: 

a. The Delta area, w i t h peninsulas separated by est u a r i e s 
b. The coast of Holland, w i t h a closed row of dunes, w i t h o u t i n l e t s and i s ­

lands 
c. The Wadden areas, w i t h b a r r i e r - i s l a n d s and wide i n t e r t i d a l areas behind 

the i s l a n d s . 
The morphology of the Dutch coast i s described q u i t e w e l l by the y e a r l y c o a s t a l 
measurements. Between a waterdepth of approx. 25 m and the landward border of 
the dunes four morphological u n i t s can be d i s t i n g u i s h e d : 

a. The f l a t sea-bottom 
b. The inshore area 
c. The beach 
d. The dunes. 

The boundary between the f l a t sea-bottom and the inshore area i s defined by the 
p o i n t where the slope of the bottom becomes steeper than 1:1000. The average 
low water l i n e i s the boundary between the inshore area and the beach. 
On the f l a t seabottom i n f r o n t of the coast there are two areas w i t h sand r i d ­
ges. A southern complex near the Delta area and a nort h e r n complex from K a t w i j k 
aan Zee u n t i l the i s l a n d of Schiermonnikoog. The l e n g t h of the ridges v a r i e s 
from a few u n t i l several k i l o m e t e r s . They have a w i d t h of one t o 10 km. The 
ridges o f the southern complex are deeper (20-30 m below MSL) than the n o r t h e r n 
ridges (14-20 m below MSL). The southern ridges have a hei g h t of 4-20 m, the 
north e r n ridges are 3-6 m high. I n both complexes ridges can be found w i t h 
connections t o the inshore area. This i s very c l e a r i n the Centr a l p a r t of 
Holland ( f i g . 1 . 1 ) 
The f l a t sea-bottom changes near to the coast i n a more s l o p i n g bottom. The 
boundary i s g e n e r a l l y near 20 m below MSL, , except i n the c e n t r a l p a r t of Hol­
land, where the boundary i s at approx. 15 m depth. Near the i n l e t s o f the Delta 
and Wadden area the bottom i s dominated by outer deltas w i t h t h e i r channels and 
bars. The slope of the bottom increases i f one comes nearer t o the c o a s t l i n e , 
at the coast of Holland and the c e n t r a l p a r t of the Wadden area. I t i s remarka­
b l e t h a t the average slope i s a t maximum i n the c e n t r a l p a r t of Holland (1:136 
near Egmond aan Zee). The s e c t i o n above the 10 m depth contour, however, i s 
steeper i n the southern and nort h e r n s e c t i o n than i t i s i n the c e n t r a l s e c t i o n . 
I n the upper s e c t i o n g e n e r a l l y one or more breaker ridges can be observed. The 
most landward bank g e n e r a l l y d r i e s during low water, and forms small, shallow 
channels on the beach. The dry beach i s bordered a t the landward side by one or 
more rows of dunes. 
The dune area v a r i e s i n w i d t h form a narrow dune row, l i k e i t i s near Monster, 
to a vast area of 4 km, l i k e i t i s near Haarlem and Schoorl. I n these l a s t 
areas also the high e s t dunes can be found (up t o 50 m) . These "younger dunes" 
were formed between 1000 and 1400 A.D. The are s i g n i f i c a n t l y higher than the so 
c a l l e d "older dunes". I n t o t a l a q u a n t i t y of 2*10 cubic meter of sand has been 
tra n s p o r t e d from the beach towards the dunes i n the p e r i o d between 1000 and 
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1850 A.D. i n the western s e c t i o n of the Netherlands. 
The morphology of the Dutch coast shows sudden changes. The w i d t h and the slope 
of the various zones vary very much, as w e l l as the g r a i n s i z e and the composi­
t i o n of the beach sand. See t a b l e 1.1. 
t a b l e captions: 

1. Coastal sector 
2. Segment number 
3. O r i e n t a t i o n o f the LW-line (degrees) 
4. average w i d t h of the beach (m) 
5. average w i d t h of the dry beach (m) 
6. average w i d t h of the i n t e r t i d a l beach (m) 
7. l e v e l of the average low water (m above MSL) 
8. l e v e l of the average h i g h water (m above MSL) 
9. average slope of the i n t e r t i d a l beach 

10. average dune width (m) 
11. g r a i n - s i z e i n the inshore area ( u n t i l 1000m from the c o a s t l i n e ) (mu) 
12. g r a i n - s i z e on the dry beach (mu) 
13. g r a i n - s i z e on the i n t e r t i d a l beach (mu) 
14. g r a i n - s i z e on the beach (mu) 

15. g r a i n - s i z e i n the dunes (near the s e a f r o n t ) (mu) 

genesis 

The c o a s t a l area o f the Netherlands d i d develop i n the l a s t 6000 years behind a 
more or less closed beachwall. I n periods w i t h a strong marine i n f l u e n c e a 
lagoon-environment (wetland environment) developed. I n t h i s environment i n 
channels sand was deposited. Outside the channels clay was deposited, sometimes 
w i t h sandy l a y e r s . I n periods w i t h less marine a c t i v i t y , the water i n the coas­
t a l area was f r e s h and freshwater marshes were formed. This i s the o r i g i n o f 
the wide peat layers i n the Netherlands. 
I n the west of the Netherlands a sandy c o a s t a l s t r i p developed a f t e r approx. 
3700 B.C. The developments stopped around 700 B.C. A f t e r t h a t year c o a s t a l 
erosion s t a r t e d again. I n the p e r i o d between 1000 A.D. and 1400 A.D. a new dune-
s t r i p developed along the west coast, the Young Dunes. At the same time i n the 
n o r t h and i n the southwest o f the Netherlands there was an expansion of the 
marine i n f l u e n c e v i a the i n l e t s and e s t u a r i e s . 
From an a n a l y s i s of h i s t o r i c a l maps f o l l o w s t h a t since 1600 the coast i n the 
Delta area has eroded n e a r l y everywhere w i t h several hundreds o f meters. De 
movements o f the low water l i n e vary from i s l a n d t o i s l a n d . Generally the i s ­
lands eroded a t the w e s t e r l y "heads" and accreted a t the n o r t h e r n side. 
The coast o f Holland i s c h a r a c t e r i z e d f o r centuries by erosion i n the n o r t h and 
the south and by a s t a b l e s i t u a t i o n i n the c e n t r a l p a r t . The erosion was 
strongest near 's-Gravenzande and near Den Helder, where since 1600 an e r o s i o n 
of 1400 m, r e s p e c t i v e l y 1500 m was ascertained. From Zandvoort to Castricum the 
c o a s t l i n e i s r a t h e r s t a b l e a f t e r 1600. This d i v i s i o n i n three sections i s con­
f i r m e d by the d e t a i l e d c o a s t a l measurements of the l a s t one and a h a l f century. 
South of Scheveningen the erosion i s 0.35 m/year. Between Scheveningen and 
Egmond aan Zee there i s an a c c r e t i o n of 0.25 m/year and n o r t h of Egmond aan Zee 
there i s an erosion of 0.92 m/year. 
I n the Wadden area the coast was eroded since 1600. The development of the t i p s 
of the i s l a n d s was h i g h l y v a r i a b l e . I n the l a s t century e s p e c i a l l y Texel and 
V l i e l a n d showed strong erosion r a t e s . On T e r s c h e l l i n g and Ameland there was 
erosion i n the c e n t r a l p a r t and a c c r e t i o n on the west side. Schiermonnikoog d i d 
accrete i n the l a s t century. 

processes 
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BIJLAGE 2a i KuBtaegmenten ! morfometrle 

kustgedeelte 

(sector) 

eegosnt 

strand (GLWigemiddeld l a a g w a t e r l i j n i GHW:gemiddeld hoogwaterlljn) 

gem. 
duin­

breedte 

(m) 

kustgedeelte 

(sector) 

eegosnt 
expositie 

GLH 
(kompas-
ri c h t i n g ) 

gem. 
br e ed te 
strand 

(m) 

gem. 
breedte 
droge 
strand 

(m) 

gem. 
breedte 
natte 
strand 

(m) 

gem. 
hoogte 
GLW 

(m HAP) 

gem. 
hoogte 
GHU 

(m NAP) 

gem. 
h e l l i n g 
natte 
8 trand 

gem. 
duin­

breedte 

(m) 

Zeeuws-Vlaanderen 1.5 327 _ 341 177 19 157 -1 75 1 96 l i 4 2 165 

(1) 1.4 338 - 21 244 33 211 -1 77 2 00 1:56 -(1) 
1.3 327 - 349 175 13 163 -1 77 2 04 l l 4 3 -

1.2 350 - 10 182 25 157 -1 78 2,'07 l!40 -
1.1 9 - 27 - - - - - - -

Walcheren 2.5 224 _ - -. - - -

(zuid) 2.4 214 100 6 95 -1 76 1 97 l!26 -

(2) 2.3 225 - 241 • 167 24 142 -1 70 1 90 l i 4 0 170 (2) 
2.2 209 90 2 90 -1 66 1 85 1:26 -

2.1 217 - 236 133 17 116 -1 63 1 80 l!33 90 

Walcheren .3.3 323 _ 64 174 74 135 -1 43 1 59 1:45 376 

(noord) (3) 3.1 340 - - - - - - -

Schouwen 4.2 216 270 125 30 96 -1 23 1 42 1:36 1917 

(zuid) («) 4.1 270 - 303 144 48 95 -1 19 1 38 1:37 468 

Schouwen 5.2 307 4 418 203 214 -1 14 1 34 1:83 660 

(noord) (5) 5.1 343 - 15 138 39 98 -1 17 1 30 1:40 161 

Goeree 6.3 251 145 53 93' -1 01 1 34 1:40 400 

(6) 6.2 251 - 10 218 83 134 -1 00 1 33 1:59 424 

6.1 338 - 37 412 251 160 -0 95 1 30 1:83 479 

Voorne 7.2 237 270 162 81 81 -0 72 1 20 1:42 972 

(7) 7.1 290 - 298 452 294 158 -0 66 1 15 1:91 1510 

Sluf t e r (8) 8.1 - - - - - - - -

Europoort (9) 9.1 - - - •• 

Delfland 10.12 305 324 137 65 74 -0 65 1 04 1:43 490 

(10) 10.11 310 - 319 96 35 61 -0 69 • 1 02 1:36 540 

Rijnland (zuid) 11.1 293 - 312 105 69 67 -0 73 0 96 1:40 2102 

(11) 
Umuiden 12.4 292 97 36 63 -0 74 0 92 1:38 4943 

(12) 12.3 270 - 287 281 189 92 -0 74 0 92 1:56 4802 (12) 
12.2 231 306 188 93 95 -0 75 0 90 1:59 -

12.1 277 •- 291 114 45 70 -0 78 0 85 1:43 2298 

Noord-Holland 13.1 276 _ 282 114 42 71 -0 81 0 77 1:45 2704 

(midden)(13) 
Hoord-Holland 14.3 282 299 - - - - - - -

(noord) 14.2 273 - 290 103 46 57 -0 84 0 63 1:38 587 

(1«) 14.1 274 - 290 - - - - - -

Texel 15.1 138 _ 256 _ - - - - - -

(15) 15.2 269 - 303 148 59 87 -0 91 0 67 1:55 1388 

15.3 301 _ 321 133 53 81 -1 01 0 74 1:45 1396 

15.4 340 - 25 128 39 84 -1 07 0 78 1:45 -

VUeland 16.1 258 328 _ - - - - - -

(16) 16.2 312 - 326 148 57 91 -1 08 0 78 1:50 -(16) 
16.3 338 - 126 159 83 76 -1 08 0 78 1:42 1149 

Terschelling 17.1 221 _ 317 - - - - - - -

(17) 17.2 280 - 350 455 297 156 -1 11 0 ,82 1:83 2167 (17) 
17.3 338 - 348 224 98 126 -1 15 0 ,86 1:63 1889 

17.4 357 - 57 625 480 145 -1 ,17 0 ,89 1:71 -

17.5 - - - - - - - -

Aineland 18.1 262 _ 24 537 321 223 -1 ,08 0 ,79 1:125 807 

(18) 18.2 356 - 24 564 329 233 -1 ,10 0 ,81 1:125 1004 

18.3 352 - 356 218 72 146 -1 ,13 0 ,85 1:71 1363 

18.4 354 - 2 290 123 170 -1 ,16 0 ,88 1 ;83 -

18.5 10 - 45 - - - - - - -

Schiermonnikoog 19.1 274 _ 0 - - - - - - 1646 

(19) 19.2 350 614 422 194 -1 ,26 0 ,98 1:83 -
19.3 350 - 25 - - - - - -

Rottum 20.1 _ - - - - - - -

(20) 20.2 - - - - -



BULAGZ 2b Ita^taegmenten I kor r e l grootte 

kustgedeelte 

(sector) 

segment 

klassen gemiddelde 
korrelgrootte 

onderwateroever 
(tot 1 km u i t de k u s t l i j n ) 

(̂ nn) 

gemiddelde 
korrelgrootte 
droge strand 

^^m) 

gemiddelde 
korrelgrootte 
natte strand 

iym) 

gemiddelde 
Icorrelgrootte 

strand 

gemiddelde 
korrelgrootte 

zeereep 

(im) 

Zeeuvs-Vlaanderen 1.5 250-500 258 208 233 236 

( U 1.4 250-500 225 210 218 212 ( U 
1.3 250-500 200 183 192 -

1.2 250-500 - - - 188 

1.1 250-500 165 120 143 218 

Walcheren 2.5 250-500 .. - - -

(zuid) 2.4 250-500 325 275 300 -

(2) 2.3 250-500 280 245 263 254 (2) 
2.2 125-250 295 225 260 -

2.1 250-500 290 235 263 248 

Walcheren 3.3 125-250 323 304 314 294 

(noord) (3) 3.1 125-250 - *° 

Schouwen 4.2 125-250 220 210 215 214 

(zuid) (4) 4.1 125-250 205 200 203 211 

Schouwen 5.2 125-250 213 222 218 210 

(noord) (5) 5.1 125-250 208 215 212 209 

Goaree 6.3 125-250 „ - - 248 

(6) 6.2 250-500 245 252 249 240 (6) 
6,1 125-250 218 198 208 201 

Voorne 7.2 125-250 223 162 193 194 

(7) 7.1 - 203 132 168 169 

S l u i t e r (8) 8.1 - - - -

Europoort (9) 9.1 -

Delfland 10.12 125-250 268 260 264 234 

(10) 10.11 63-125(125-250 '273 266 270 214 

Rijnland (zuid) 11.1 125-250 252 269 261 218 

(11) 
201 IJnuiden 12.4 125-250 207 354 281 201 

(12) 12.3 125-250 240 305 . 273 238 (12) 
12.2 - - - - 192 

12.1 125-250 269 261 265 229 

Hoord-Holland 13.1 125-250(250-500 275 315 295 246 

(aidden) (13) 
Hoord-Holland 14.3 250-500 - - -
(noord) (14) 14.2 l25-250i250-500!500-2000 292 289 291 243 

14.1 250-500 - - -

Texel 15.1 125-250 - - -

(15) 15.2 125-250 199 232 216 197 (15) 
15.3 125-250(250-500 221 255 238 202 

15.4 125-250 - - " ~ 

Vlieland 16.1 125-250 180 245 213 197 

(16) 16.2 125-250 200 274 237 199 (16) 
16.3 125-250 215 193 204 194 

Terschelling 17.1 125-250(250-500 205 220 213 206 

(17) 17.2 125-250 191 209 200 187 (17) 
17.3 125-250 185 248 217 188 

17.4 125-250 180 229 205 190 

17.5 125-250 - - ~ 192 

Ameland 18.1 125-250 165 190 178 -

(18) 18.2 125-250 178 193 186 178 (18) 
18.3 125-250 178 187 183 165 

18.4 125-250 178 185 182 168 

18.5 125-250 - - ~ 170 

Schiermcmnikoog 19.1 125-250 173 182 178 162 

(19) 19.2 125-250 168 173 171 164 (19) 
19.3 125-250 160 168 164 161 

Rottum 20.1 125-250 - - - -

(20) 20.2 -



On the Dutch coast both t i d a l currents as wave induced currents have an i n f l u ­
ence on the c o a s t l i n e . Generally the i n f l u e n c e of the t i d e i s most important on 
deep water, and decreases towards the c o a s t l i n e , w h i l e the i n f l u e n c e of the 
wave a c t i o n increases near to the c o a s t l i n e . I n the i n l e t s i n the Delta and 
Wadden area the t i d a l i n f l u e n c e i s also s i g n i f i c a n t near to the c o a s t l i n e . 
Wind i s also an important parameter f o r c o a s t a l development. Wind causes cur­
rents and waves and also d i r e c t l y influences the formation of dunes. The coas­
t a l processes are h i g h l y connected w i t h the waterdepth. Because of the morpho­
l o g i c a l d i f f e r e n c e s and the hydro-dynamic d i s t r i b u t i o n of energy along the 
c o a s t l i n e there i s a v a r i a t i o n i n the e f f e c t of the various processes on sedi­
ment t r a n s p o r t . A gradient i n sediment t r a n s p o r t may occur, causing d i f f e r e n c e s 
i n erosion and a c c r e t i o n . 

dynamics 
The c o a s t l i n e as a border between sea and land i s continuously changing. These 
changes happen on various scales, both i n time and space. Besides n a t u r a l 
causes, along the Dutch coast there i s also a s i g n i f i c a n t antropogene i n f l u e n ­
ce . 
On a scale of several centuries the whole coast i s i n f l u e n c e d by the r e l a t i v e 
sea l e v e l r i s e (0.20 m/century i n the l a s t decades), c l i m a t i c changes and the 
a v a i l a b i l i t y of sediment. I n the p e r i o d between 3700 B.C. t o 700 B.C. the sea 
l e v e l rose w i t h approx. 3 meters. Because there was s u f f i c i e n t supply of sand 
the coast accreted i n t h i s p e r iod. 
On the scale of 10 - 100 years the n a t u r a l c o a s t a l development i s , besides the 
n a t u r a l t r e n d , determined by temporary minor c l i m a t i c changes and by more or 
less c y c l i c processes, l i k e the movement of h o r i z o n t a l sand waves along the 
coast and the movements of the t i d a l channels i n the e s t u a r i e s . Examples are 
the sandwaves along the coast o f Walcheren. They cause c o a s t l i n e changes up to 
300 m and move northward w i t h a c e l e r i t y of approx. 45 m per year. 
The human i n f l u e n c e on t h i s time scale i s caused by dune management, construc­
t i o n of dikes and b i g c i v i l works, l i k e the closure of the e s t u a r i e s i n the 
Delta area ( D e l t a p l a n ) . Because of the Deltaplan s i g n i f i c a n t changes d i d occur 
i n the southwest of the Netherlands. Because of the decreased t i d a l i n f l u e n c e 
and consequently the ( r e l a t i v e l y )increased i n f l u e n c e of the waves on the f o r ­
mer outer d e l t a sandbanks p a r a l l e l to the coast were formed, which p a r t l y dry 
during low water. 
Also other c i v i l works have b i g influences,- l i k e the harbor moles of IJmuiden. 
There i n f l u e n c e can be observed on a wide p a r t of the c e n t r a l coast of Holland. 
Changes on the short term (a few years) are caused by small v a r i a t i o n s i n hy­
d r a u l i c an meteorologie co n d i t i o n s and minor human a c t i o n s , l i k e beach nourish­
ments . 
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s i t u a t i o n i n 1990i type of coast and l o c a t i o n of the c o a s t 
Technical r e p o r t nr. 2 f o r Coastal Memorandum 
F.M.J, Hoozemans and P. van Vessum 
Ri j k s w a t e r s t a a t (DGW), Den Haag 

Summary and Conclusions 
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C o a s t a l maintenance! c o s t s of b a s i c maintenance 
Technical r e p o r t nr. 3 f o r Coastal Memorandum 
M.M. Schoor 

R i j k s w a t e r s t a a t (DGW), Den Haag 

approach 

This Technical Report i s a summary of an i n v e s t i g a t i o n commissioned by Rijkswa­
t e r s t a a t and the Union of Waterboards to the c o a s t a l maintenance costs i n the 
Netherlands. The o r i g i n a l i n v e s t i g a t i o n was done by mr. A. Burger of the D e l f t 
Hydraulics Laboratory. The whole Dutch sandy coast was d i v i d e d i n 82 u n i t s 
w i t h a l e n g t h v a r y i n g from 1 t o 16 km. The inventory was made i n t h i s u n i t s . 
W i t h i n a u n i t i t i s assumed t h a t the costs are homogeneous. The i n v e n t o r y co­
vered the years 1975-1984. A l l coast are corrected f o r i n f l a t i o n s . The base 
year f o r the presented data i s 1984. For the dune coast (47 u n i t s ) i s has been 
i n v e s t i g a t e d i f there was i n i t i a l erosion and the type of p r o t e c t i o n . I n i t i a l 
e rosion i s the average erosion of the dune f o o t i n the p e r i o d 1964-1984. The 
type of p r o t e c t i o n can be n a t u r a l dunes, dunes w i t h g r o i n s , dunes w i t h dune-
f o o t p r o t e c t i o n or dunes w i t h p i l e - g r o i n s . I f i n one u n i t several types of 
p r o t e c t i o n were present, only the most important one was used. 
present management 
The Dutch coast i s managed by 16 d i f f e r e n t a u t h o r i t i e s . Some of them ar p a r t of 
R i j k s w a t e r s t a a t (65 % of the c o a s t l i n e ) , others managing-authorities are water-
boards (35 % of the c o a s t l i n e ) . I n the next years the whole management of the 
coast w i l l be done by waterboards, except the management of the Wadden i s l a n d s , 
which w i l l remain a management area of R i j k s w a t e r s t a a t . 
Generally the management was d i r e c t e d t o f o l l o w the c o a s t a l dynamics. The aim 
of c o a s t a l maintenance work was t o decrease the negative e f f e c t s of n a t u r a l 
changes i n the c o a s t l i n e . Mainly the purpose of maintenance was t o decrease the 
amount of f u t u r e maintenance. 
The management philosophy i n the l a s t years was, t r y i n g t o m a i n t a i n the most 
seaward row of dunes, and t r y i n g t o keep as much as p o s s i b l e sand i n t h i s row. 
A movement of t h i s row of dunes i n a landward d i r e c t i o n was g e n e r a l l y accepted. 
The f o l l o w i n g k i n d of maintenance were d i s t i n g u i s h e d : 
bottom p r o t e c t i o n replacement and expansion of e x i s t i n g bottom p r o t e c t i o n 

works (mattresses and other stone f i l t e r s ) 
g roins p e n e t r a t i o n of stones w i t h asphalt, r e p a i r and reconstruc­

t i o n of the groins 
p i l e - g r o i n s replacement of p i l e s , p l a c i n g p i l e s deeper i n the sand, 

extend the l e n g t h of the g r o i n (landward, because o f ero­
sion) 

beach cleaning up the beach, maintenance of monuments 
dune f o o t p l a c i n g fences and screens (reed, brushwood) f o r t r a p p i n g 

e o l i a n sand t r a n s p o r t 
dunefoot p r o t e c t i o n r e p a i r of stones, p e n e t r a t i o n of stones w i t h asphalt 
dune p l a n t i n g beach grass, fencing, p l a c i n g screens f o r t r a p p i n g 

e o l i a n t r a n s p o r t , maintenance of paths 
seadike r e p a i r of stone p r o t e c t i o n , maintenance o f grass cover 
beach w a l l r e p a i r of masonry work 

basic maintenance costs 
The basic costs ( i n c l u d i n g taxes, t e c h n i c a l overhead, but excluding beach nou­
rishment) were 13 m i l l i o n US $ per year. The main p a r t (10 m i l l i o n US $) i s 
spent on the dune coast. Following t a b l e gives the d i s t r i b u t i o n : 
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l e n g t h (km) 
Delta 

108 
Holland 

124 
Wadden 
121 

T o t a l 
353 

dunes 254 1.8 4.1 4.4 10. 3 
beach-plains 38 - - 0.6 0.6 
dikes 34 0.7 1.4 - 2.1 
others 27 0.3 0.2 0.1 0.6 

t o t a l 353 2.8 5.6 5.1 13.4 

t a b l e 3.1; T o t a l y e a r l y maintenance costs of the sandy coast i n m i l l i o n US $. 
Beach-plains are at the end of i s l a n d s , w i t h o u t any land behind them 
Dikes along e s t u a r i e s , etc. are not included 

The basic cost can also expressed as average cost per meter of c o a s t l i n e . This 
allows comparison of coasts. However one has t o take i n t o account t h a t there i s 
a wide d e v i a t i o n i n the costs. The standard d e v i a t i o n i s of the same order as 
the average. The costs per meter are given i n the next t a b l e : 

Delta Holland Wadden T o t a l 
l e n g t h (km) 108 124 121 353 

dunes 254 27 39 54 40 
beach-plains 38 - - 16 16 
dikes 34 33 I l l - 60 
others 27 15 22 43 18 

t o t a l 353 26 45 42 38 

t a b l e 3.2: Yearly maintenance e costs of the sandy coast i n US $/meter 

From t a b l e 3.1 and 3.2 one may conclude t h a t : 
* The basic maintenance costs i n the Delta area are lower than i n the r e s t 

of the Netherlands 
* Also the t o t a l maintenance costs of seadikes i s low, they are r e l a t i v e l y 

very expensive 

* The basic maintenance costs of beach-plains are very low. 

the dune coast 

A p a r t o f the d e v i a t i o n i n the costs of basic maintenance of the dune coast can 
be explained by the presence of p r o t e c t i o n works, l i k e g r o i n s . E s p e c i a l l y the 
costs of groins are considerably. This i s mainly caused by the f a c t t h a t i n 
eroding c o a s t a l sections groins have to be enlarged i n a landward d i r e c t i o n , 
and also need p r o t e c t i o n a t both sides when the beach lowers. Maintenance of 
p i l e - g r o i n s i s considerably cheaper, but more expensive than a beach w i t h o u t 
groins. From t a b l e 3.3 one may conclude t h a t : 

* The basic maintenance costs of dunes w i t h groins i s three times as hi g h as 
undefended dunes 

* The basic maintenance costs of dunes w i t h p i l e - g r o i n s i s 1.5 times as hi g h 
as undefended dunes 
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Delta I Holland | Wadden | T o t a l 
cost km I cost km | cost km | cost km 

undefended dunes 17 30 | 21 33 | 34 61 | 25 157 
dunes w i t h groins 38 20 j 69 38 | 112 21 | 72 79 
dunes w i t h p i l e - g r o i n s 32 17 | 23 I j - - j 32 18 

whole coast 17 67 | 39 105 | 54 82 | 40 254 

t a b l e 3.3: average basic maintenance cost of the dune coast i n US $/meter/year 

From a s t a t i s t i c a l a n a l y s i s the d i f f e r e n c e s between defended and undefended 
dunes are s i g n i f i c a n t . The d i f f e r e n c e s between dunes w i t h groins and dunes w i t h 
p i l e - g r o i n s are s t a t i s t i c a l l y not s i g n i f i c a n t . This i s probably caused by the 
f a c t t h a t only a small p a r t of the coast i s defended w i t h p i l e - g r o i n s . 

Because the maintenance cost are mainly caused by the type of defense, i t i s 
i n v e s t i g a t e d i f there i s a r e l a t i o n between the erosion r a t e and the costs of 
maintenance. 
From a re g r e s s i o n a n a l y s i s f o l l o w s t h a t f o r dunes w i t h groins the maintenance 
cost increase w i t h 23 US$ per meter c o a s t l i n e per year f o r an increase of the 
erosion r a t e w i t h 1 m/year. These costs are mainly caused by the f a c t t h a t h i g h 
cost are necessary f o r lengthening the groins i n a landward d i r e c t i o n at an 
eroding beach. 
Regression a n a l y s i s of undefended dunes gives a f u l l y d i f f e r e n t f i g u r e . Here 
the maintenance costs do not depend on the erosion r a t e . However one should 
consider t h a t n e a r l y a l l the h i g h l y eroding beaches i n the Netherlands are i n 
one way or another p r o t e c t e d . For undefended dunes 30 - 90 % of the costs are 
caused by p l a c i n g fences and screens, as w e l l as p l a n t i n g grass. This i s done 
both on a c c r e t i n g and eroding beaches. 

The increase of erosion on the maintenance costs of p i l e rows c o u l d not be 
i n v e s t i g a t e d , because not enough data are a v a i l a b l e to make a s t a t i s t i c a l ana­
l y s i s . 
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C o a s t a l p r e d i c t i o B S i p r e d i c t e d c o a s t l i n e s 1990-2090 
Technical r e p o r t nr, 5 f o r Coastal Memorandum 
M.J.F. St i v e 

D e l f t Hydraulics Laboratory 

Summary and Conclusions 
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Groins and p i l e - g r o i n s 
Technical r e p o r t nr. 12 f o r Coastal Memorandum 
Hendrik J. Verhagen 
R i j k s w a t e r s t a a t (DWW), D e l f t 

Evaluation o f t h e i r i n fluence o f morphology 
Along the Dutch coast i n the l a s t c enturies a great number of groins and ( a f t e r 
1965) a minor nxamber of p i l e - g r o i n s were b u i l t . P i l e - g r o i n s are groins which 
c o n s i s t of a row of p i l e s only, w i t h a spacing of approx. 30 cm between the 
p i l e s . I n the south of the Netherlands also stone groins w i t h p i l e s on top are 
present. I n the Technical Reports these groins are not c a l l e d p i l e g r o i n s , 
because there morphological e f f e c t i s equal to normal gr o i n s . The purpose of 
the groins was t o decrease the c o a s t a l erosion. Besides the c o n s t r u c t i o n of 
sea-dikes groins were during many years the only p o s s i b i l i t y t o act against 
c o a s t a l erosion, many groins were planned and b u i l t based upon experience and 
e v a l u a t i o n of c o a s t a l behavior over a r e l a t i v e l y short p e r i o d of time. 
The t h e o r e t i c a l concepts developed i n the l a s t 20 years were not able to give 
good q u a n t i t a t i v e d e s c r i p t i o n s o f the behavior of a c o a s t l i n e w i t h groins over 
a long p e r i o d . 
By analyzing the behavior of groins along the Dutch coast, i n t h i s r e p o r t i t i s 
t r i e d to say something on the e f f e c t i v e n e s s of the e x i s t i n g g r o i n f i e l d s and on 
the question i f i t i s u s e f u l to b u i l d new g r o i n s . 
I t has been ascertained t h a t groins are i n f l u e n c i n g the c o a s t l i n e i n the d i f f e ­
r e n t ways, by i n f l u e n c i n g the wave-induced longshore c u r r e n t and by i n f l u e n c i n g 
the a t t a c k of the t i d a l c u r r e n t on the coast. I n the l a s t case the working of a 
beach g r o i n i s comparable to a r i v e r g r o i n . 
From the analysis f o l l o w e d t h a t on those l o c a t i o n s were groins kept the t i d a l 
c u r r e n t away from the c o a s t l i n e (thus a c t i n g l i k e a r i v e r g r o i n ) , they f u n c t i ­
oned g e n e r a l l y very w e l l . These groins are q u i t e c o s t l y , because deep scouring 
holes are formed i n f r o n t of the g r o i n , which r e q u i r e on t h e i r t u r n a heavy 
stone p r o t e c t i o n of the head of the g r o i n . Maintaining these groins i s compul­
sory. Removal of the groins w i l l a u t o m a t i c a l l y cause withdrawal of the coast­
l i n e . 
On l o c a t i o n s where groins act as resistance elements to the longshore c u r r e n t , 
there e f f e c t i v e n e s s i s less c l e a r . I n those cases were the r e s u l t i n g longshore 
c u r r e n t i s small (e.g. because o f wave impact from various d i r e c t i o n s ) groins 
were not able t o i n f l u e n c e the c o a s t a l erosion. Perhaps the c o a s t a l p r o f i l e 
became somewhat more steep. Removal of these groins w i l l t h e r e f o r e causing a 
somewhat more gentle c o a s t a l p r o f i l e , causing some temporary erosion. At most 
coast a l sections where these k i n d of groins e x i s t s t h i s temporary er o s i o n can­
not be allowed, because the dune-row i s already very narrow. Removal of the 
groins i s t h e r e f o r e only possible a f t e r a thorough and d e t a i l e d study of the 
l o c a l c o a s t a l morphology. 
I n those cases were a c l e a r l y dominant wave d i r e c t i o n occurs, groins decrease 
the erosion, e s p e c i a l l y above the low-water l i n e . Generally t h i s causes lee-
erosion. Lee-erosion can be combated by b u i l d i n g more gro i n s . The o b j e c t of 
decreasing the e r o s i o n - r a t e i s a t t a i n e d , but the costs are q u i t e h i g h , because 
of the n e c e s s i t y t o construct more "l e e - g r o i n s " . Removal of these groins i s 
dissuaded, because the c o a s t l i n e has been adapted to the new s i t u a t i o n ( i s more 
steep). Removal w i l l always lead to increased erosion. 

Hardly any new groins w i l l have t o be constructed i n The Netherlands. Construc­
t i o n of new groins can be considered along c o a s t a l sections w i t h heavy a t t a c k 
by t i d a l c u r r e n t s . But a l l c o a s t l i n e s i n The Netherlands w i t h such an a t t a c k 
are already p r o t e c t e d by g r o i n - f i e l d s . 

16 



I n case of surf-induced longshore currents the c o n s t r u c t i o n of new groins 
should only be considered i f a c l e a r l y dominant wave d i r e c t i o n e x i s t s . However 
i n those cases p e r i o d i c a l l y beach nourishments might be economically more a t ­
t r a c t i v e , e s p e c i a l l y along longer ( s t r a i g h t ) c o a s t a l sections. 
I n those cases where no dominant wave d i r e c t i o n e x i s t s (waves enter the coast 
more or less perpendicular) groins should not be considered. 

A general problem of groins i s t h a t they are q u i t e s t a t i c , and cannot f o l l o w 
the dynamic movement of the c o a s t l i n e , e s p e c i a l l y i n case of moving longshore 
sand waves. 

The e f f e c t i v e n e s s of p i l e - g r o i n s proved t o be minimal. Only i n those cases w i t h 
a c l e a r l y dominant wave d i r e c t i o n , the had some i n f l u e n c e on the erosion , main­
l y by decreasing the e f f e c t s of lee-erosion. The e f f e c t s of the f i e l d are d i s ­
t r i b u t e d over a longer distance. The general conclusion i s t h a t p i l e - g r o i n s 
should h a r d l y be considered as a means t o prevent erosion. 

More research to the behavior of groins i s not recommended. Research i s only 
advised on the i n t e r a c t i o n between e x i s t i n g groins and beach nourishment works. 
I t i s expected t h a t the l i f e - t i m e of a nourishment may be somewhat longer i n an 
e x i s t i n g g r o i n f i e l d . No q u a n t i t a t i v e data on t h i s subject are a v a i l a b l e y e t . 
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