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Report on i n v e s t i g a t i o n s 
I n t r o d u c t i o n 

I n t r o d u c t i o n and j u s t i f i c a t i o n 

I n August 1987 a "Manual on A r t i f i c i a l Beach Nourishment" has 

been p u b l i s h e d by t h e Dutch Department o f P u b l i c Works, 

R i j k s w a t e r s t a a t , and D e l f t H y d r a u l i c s [RWSDH87]. (For s h o r t ­

ness i n t h e r e s t o f t h i s r e p o r t t h i s p u b l i c a t i o n w i l l be 

r e f e r r e d t o as j u s t " t h e Manual".) 

The t h e o r e t i c a l and e x p e r i m e n t a l background o f the recommenda­

t i o n s g i v e n i n t h i s manual i s e l a b o r a t e d i n a number o f 

annexes. Of these annexes t h e numbers V and V I are o f impor­

tance t o t h i s s t u d y . Annex V d i s c u s s e s t h e " H i n d c a s t computa­

t i o n s o f some p r o j e c t s " and Annex V I l o o k s a t " C o a s t a l mor­

phology t h e o r i e s " ( l i n e m o d e l l i n g ) . 

The Department o f C i v i l E n g i n e e r i n g o f t h e D e l f t U n i v e r s i t y o f 

Technology, s e c t i o n C o a s t a l E n g i n e e r i n g , has c o n s i d e r e d i t 

u s e f u l t o have a c r i t i c a l l o o k a t t h e c o m p u t a t i o n s o f annex V. 

T h e r e f o r e the o b j e c t i v e s o f t h i s s t u d y have been t o : 

Reexamine the c o m p u t a t i o n s o f t h e case s t u d y o f S y l t and 

e v a l u a t e e s p e c i a l l y t h e assumptions used t h e r e . 

Since l i n e models have been the most i m p o r t a n t t o o l s i n t h e 
c a l c u l a t i o n s o f Annex V, t h e f i r s t c h a p t e r o f t h i s r e p o r t w i l l 
d i s c u s s o n e - l i n e t h e o r y . I n p a r t i c u l a r t h e a t t e n t i o n w i l l be 
f o c u s e d on two f a c t o r s t h a t can l i m i t t h e a p p l i c a t i o n o f t h e 
o n e - l i n e model: t h e p r o f i l e h e i g h t and t h e a n g l e o f wave i n c i ­
dence. I n the second c h a p t e r t h e c o m p u t a t i o n s o f Annex V as 
f a r as t h e y i n v o l v e o n e - l i n e s c h e m a t i z a t i o n f o r t h e case o f 
S y l t are reviewed and commented. I n t h e c o n c l u d i n g c h a p t e r 
(Chapter 3) the r e s u l t s o f t h e a n a l y s i s w i l l be summarized. 
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Report on i n v e s t i g a t i o n s O n e - l i n e t h e o r y 

1 O n e - l i n e t h e o r y 

The most s i m p l e form o f l i n e m o d e l l i n g can be a c h i e v e d by the 

s o - c a l l e d o n e - l i n e t h e o r y . The c o a s t a l p r o f i l e i s schematized 

by one l i n e a c c o r d i n g t o the f i g u r e below. 

C R O S S S E C T I O N 

PLAN V I E W 

SEfl 

SCHEMRTr^ED BEflCHPROFILE F I G U R E l . Q l 

D e t a i l e d d e s c r i p t i o n s o f t h i s k i n d o f m o d e l l i n g w i l l no • be 

g i v e n here b u t can be fou n d i n Annex V I [RWSDH87] or i n the 

l i t e r a t u r e , f o r example [DUT80], [DH82] or [ P e l 5 6 ] . I n t h i s 

r e p o r t t h e r e o n l y w i l l be g i v e n a r e c a p i t u l a t i o n and d i s c u s ­

s i o n o f the aspects o f t h e t h e o r y as f a r as necessary f o r t h i s 

s t u d y . 
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Report on i n v e s t i g a t i o n s 
O n e - l i n e t h e o r y 

1.1 General 

Equations 

i t 1 e a d s \ r ; i e " n ' r ^ ' ^'^^^^"^ consequence, t h a t 
I t l e ads t o t h e w e l l known d i f f u s i o n e q u a t i o n f o r d e s c r i b i n q 

Z ^ ^ ^ r - - ^ — - -me. 

Sy s S'y 

St " h * ^ (1-01) 

where h : h e i g h t o f t h e schematized beach p r o f i l e 

s : c o a s t a l c o n s t a n t f o r the l o n g s h o r e t r a n s p o r t 
t : t i m e ^ 

X : x - c o o r d i n a t e a l o n g the s h o r e l i n e 

y : c o o r d i n a t e p e r p e n d i c u l a r t o t h e x - a x i s 

I n words: the p r o g r e s s or t h e r e t r e a t o f t h e s h o r e l i n e i s p r o ­
p o r t i o n a l t o t h e c u r v a t i o n o f the s h o r e l i n e i n x - d i j ' t x ' o n 

T h i s d i f f u s i o n e q u a t i o n i s d e r i v e d f r o m combining t h e e q u a t i o n 
o f c o n t i n u i t y f o r t h e t r a n s p o r t e d sand, e q u a t i o n 

SS 6y 
— + h * — = 0 
s x a t (1-02) 

w i t h t he e q u a t i o n o f m o t i o n f o r the t r a n s p o r t e d sand, 

6y 
S(B) = SO - s * — 

ax '̂-''̂  

where fl : c o a s t l i n e d i r e c t i o n w i t h r e s p e c t t o t h e x - a x i s 

S : l o n g s h o r e sand t r a n s p o r t c a p a c i t y (a f u n c t i o n o f 

the c o a s t l i n e d i r e c t i o n ) 
SO : l o n g s h o r e sand t r a n s p o r t c a p a c i t y a l o n g a s t r a i g h t 

c o a s t l i n e p a r a l l e l t o x - a x i s 
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Report on i n v e s t i g a t i o n s O n e - l i n e t h e o r y 

Assumptions 

E q u a t i o n (1.02) i s a s t r a i g h t f o r w a r d e q u a t i o n w i t h which t h e r e 

i s n o t any f a u l t t o f i n d . The o n l y a s s u m p t i o n used here i s 

t h a t t h e r e i s no t r a n s p o r t o f sand f r o m t h ^ c o n s i d e r e d area 

t r a n s v e r s a l t o t h e c o a s t . 

E q u a t i o n (1.03) however c o n s i s t s o f q u i t e a number o f assump­

t i o n s b r o u g h t t o g e t h e r i n one e q u a t i o n . 

The f i r s t i m p o r t a n t s i m p l i f i c a t i o n i s t h a t t h e l o n g s h o r e 

t r a n s p o r t i s a f u n c t i o n o f t h e c o a s t l i n e d i r e c t i o n o n l y , 

S(B) (1.04) 

Some ( f r o m c o a s t a l e n g i n e e r i n g p o i n t o f v i e w ) l e s s i m p o r t a n t 
m a t h e m a t i c a l assumptions about d i f f e r e n t i a b i l i t y and n e g l e c t ­
i n g second (and h i g h e r ) o r d e r terms l e a d t o a T a y l o r s e r i e s , 

S(B) 
dS 

+ fl * — 

dfl 

fl=0 - I - B=0 

+ O ( f l ' ) (1.05) 

The second s i m p l i f i c a t i o n o f import a n c e i s t h a t t h e angle fl i s 

c o n s i d e r e d s m a l l . So i t can be posed. 

Sy 
fl = t a n [ fl ] = — 

Sx 
(1.06) 

As a d i r e c t e f f e c t o f t h e a p p r o x i m a t i o n o f t h e t r a n s p o r t 
c a p a c i t y by a T a y l o r s e r i e s (1.05) t h e f o l l o w i n g r e l a t i o n can 
be posed. 

a s 

afl 
-s (1.07) 

When as (1.05) suggests t h e c o a s t a l c o n s t a n t s h o u l d be d e f i n e d 
o n l y f o r fl=0, t h i s would be n o t as much as a s i m p l i f i c a t i o n , 
b u t i t s v a l u e t o the model s h o u l d be dependent upon t h e 
a c c e p t a b i l i t y o f t h e a p p r o x i m a t i o n o f ( 1 . 0 5 ) . However t h e 
d e f i n i t i o n i s a l i t t l e d i f f e r e n t . By (1.07) a more g e n e r a l 
r e l a t i o n has been posed. Formula (1.07) expresses a l i n e a r 
r e l a t i o n s h i p between changes i n c o a s t l i n e d i r e c t i o n and 
changes i n sand t r a n s p o r t c a p a c i t y w i t h o u t any r e s t r i c t i o n s t o 
t h e c o a s t l i n e d i r e c t i o n . 

When t h e r e l a t i o n s (1.06) and (1.07) a re s u b s t i t u t e d i n (1.05) 
t h e e q u a t i o n o f m o t i o n f o r t h e t r a n s p o r t e d sand (1.03) i s 
o b t a i n e d . 
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Report on i n v e s t i g a t i o n s 
O n e - l i n e t h e o r y 

A n a l y t i c a l s o l u t i o n ^ ^ „ m 
5F ^ t l ^ ï ^ ^ l h ï ^ ^ m p l i f i c a t i o n s have t h e x r d i s a d v a n t a g e s I n 
f a c t i t i s one o f t h e o b j e c t i v e s o f t h i s s t u d y t o e v a l u a t e t h e 
e f f e c t s o f these on t h e u s e f u l n e s s o f the model. But a sub­
s t a n t i a l advantage o f t h i s approach i s the p o s s i b i l i t y t o f i n d 
an a n a l y t i c a l s o l u t i o n o f e q u a t i o n ( 1 . 0 1 ) . 

D e t a i l e d d e s c r i p t i o n o f a n a l y t i c a l s o l u t i o n s m t h e case o t 

c o a s t a l e n g i n e e r i n g l i n e m o d e l l i n g can be f o u n d i n Annex V I 

[RWSDHSV] or i n t h e l i t e r a t u r e [CERC87], [DH82]. A more gen­

e r a l r e v i e w o f a n a l y t i c a l s o l u t i o n s o f a d i f f u s i o n e q u a t i o n 

can be o b t a i n e d f r o m t h e m a t h e m a t i c a l handbooks on p a r t i a l 

d i f f e r e n t i a l e q u a t i o n s , f o r i n s t a n c e by Smirnow [ S m i 6 4 ] . 

Here t h e d e s c r i p t i o n w i l l be c o n f i n e d t o t h e s o l u t i o n , w h i c h 

r e p r e s e n t s t h e case o f a g i v e n i n i t i a l shape o f a s t o c k p i l e -

t y p e b e a c h f i l l , w h i c h m a t h e m a t i c a l l y can be r e p r e s e n t e d by a 

D i r a c f u n c t i o n (see Appendix A f o r more d e t a i l s ) . T h i s s o l u ­

t i o n which has t h e shape o f a Gaussian curve i s g i v e n by. 

* 1 (1-08) y = CA * exp[ -CB * X 

Vf 

w i t h CA = — ; " 
s q r t [ 4 * P i * h * s * ( t + T l ) ] 

and CB 
( t + T i ) 

where CA 

CB 

h 

P i 

T i 

Vf 

t i m e dependent c o e f f i c i e n t A 

t i m e dependent c o e f f i c i e n t B 

schematized p r o f i l e h e i g h t 
w e l l known c o n s t a n t w i t h v a l u e 3.14159... 

c o a s t a l c o n s t a n t a c c o r d i n g t o (1.07) 

t i m e 

i n i t i a l p e r i o d between t=0 o f t h e D i r a c - f u n c t i o n 

( f i c t i v e ) and t h e t i m e o f placement o f t h e f i l l 

t o t a l volume o f t h e f i l l 

x - c o o r d i n a t e o f a s h o r e l i n e p o i n t 

s h o r e l i n e p o s i t i o n 

More i n f o r m a t i o n about t h i s p a r t i c u l a r s o l u t i o n can be 

o b t a i n e d f r o m Appendix A, where the m a t h e m a t i c a l terms a r e 

e x p l a i n e d i n more d e t a i l . 
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Report on i n v e s t i g a t i o n s O n e - l i n e t h e o r y 

1.2 D i f f i c u l t i e s .n o n e - l i n e s c h e m a t i z a t i o n 

H e i g h t o f the a c t i v e p r o f i l e 

F i r s t i t w i l l be s p e c i f i e d what i s meant by t h e a c t i v e c o a s t a l 
p r o f i l e h e i g h t . I t i s the h e i g h t over which t h e r e i s e r o s i o n 
or a c c r e t i o n . Because t h e p r o f i l e i s schematized t o o n e - l i n e 
a l s o the e x p r e s s i o n h e i g h t o f t h e schematized p r o f i l e w i l l be 
used. To d e t e r m i n e a p r o p e r v a l u e f o r the schematized c o a s t a l 
p r o f i l e h e i g h t "h" i s a problem, which has i t s o r i g i n i n the 
so s o l i d seeming e q u a t i o n o f c o n t i n u i t y . For a c o r r e c t use o f 
t h i s e q u a t i o n i t i s n e c e s s a r y t o f i n d a f a i r l y a c c u r a t e v a l u e 
of the a c t i v e p r o f i l e h e i g h t . 

Because the e q u a t i o n o f c o n t i n u i t y i s a budget e q u a t i o n i t i s 
i m p o r t a n t t o know how much sand i s t r a n s p o r t e d t h r o u g h the 
b o u n d a r i e s o f t h e c o n s i d e r e d a r e a . I n t h i s model t h e t r a n s p o r t 
of sand t h r o u g h t h e upper and t h e lower boundary i s assumed t o 
be z e r o . Thus a c c r e t i o n or e r o s i o n r e s u l t s d i r e c t l y f rom g r a ­
d i e n t s i n t r a n s p o r t t h r o u g h t h e s i d e b o u n d a r i e s ( i . e . g r a ­
d i e n t s i n l o n g s h o r e t r a n s p o r t c a p a c i t y ) . 

Seeing t h i s one c o u l d suggest t o t a k e a s a f e ( e x a g g e r a t e d ) 
h e i g h t . A l t h o u g h i n t h i s way i t i s assured t h a t no sand 
passes t h r o u g h the upper and lower boundary o f the budget 
a r e a , the c a l c u l a t e d r e t r e a t or p r o g r e s s o f t h e s h o r e l i n e w i l l 
n o t be a c c u r a t e . T h i s i s shown below i n F i g u r e 1.02. 

The r a t i o o f the a c c r e t e d area o f sand [m^] and the chosen 
p r o f i l e h e i g h t [m] g i v e s t h e p r o g r e s s o f t h e s h o r e l i n e [ m ] . 
Since t h e h e i g h t i s assumed to o l a r g e the p r o g r e s s w i l l be 
c a l c u l a t e d t o o s m a l l . 

Through i t s c o e f i c i e n t s "CA" and "CB" the chosen v a l u e o f "h" 

a l s o a f f e c t s the s h o r e l i n e p o s i t i o n computed by means o f the 

a n a l y t i c a l s o l u t i o n ( 1 . 0 8 ) . T h i s i n f l u e n c e w i l l be a n a l y s e d 

f u r t h e r i n Secc.'on 2.3 (Par. p r o f i l e h e i g h t ) . For now t h e 

t r e a t m e n t o f t h i s e f f e c t w i l l be c o n f i n e d t o t h e remark t h a t 

C R O S S S E C T I O N 

ORIGINRL 
PRflFILE 

INflCCURflTE PROFILE HEIGHT F I G U R E 1.02 
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O n e - l i n e t h e o r y 

t h e a c c u r a c y o f the p r o f i l e h e i g h t has an i m p o r t a n t i n f l u e n c e 
on t h e accuracy o f t h e c o m p u t a t i o n as a whole. 

From the above mentioned i t i s c l e a r t h a t t h e d e t e r m i n a t i o n o f 
t h e a c t i v e p r o f i l e h e i g h t has t o be done w i t h c a r e . T r y i n g t o 
express i t m a f o r m u l a the f o l l o w i n g has been s u g g e s t e d , 

h = 
(1.09) 

Where d : depth f r o m t h e u n d i s t u r b e d w a t e r - l e v e l t o t h e p o i n t 
where t h e c o a s t a l p r o f i l e becomes about h o r i z o n t a l 

h : h e i g h t o f t h e a c t i v e c o a s t a l p r o f i l e 
e : maximum e l e v a t i o n o f t h e beach above t h e u n d i s ­

t u r b e d w ater l e v e l 

IZ.lll ; ^ t u r b e d w a t e r l e v e l t h e mean s e a - l e v e l can be used. 
F u r t h e r e l a b o r a t i o n o f (1.09) s t i l l l e a v e s two problems. 

F i r s t l y t h e somewhat s u b j e c t i v e judgement on what s l o p e i s 
about h o r i z o n t a l " . E s p e c i a l l y i n t h e case o f f l a t s l o p e s t h i s 

judgement can n o t be v e r y c r i t i c a l . A few c o n d i t i o n s however 
have t o be s a t i s f i e d , 

* The depth "d" has t o be t a k e n a t a p o i n t wide o u t s i d e t h e 
bre a k e r zone t o e n c l o s e a l l wave induced l o n g s h o r e c u r ­
r e n t s w i t h m t h e budget a r e a . 

* But as mentioned b e f o r e one can n o t s h i f t t h i s p o i n t t o o 
f a r seaward because t h a t would decrease t h e v a l u e o f t h e 
c a l c u l a t i o n s . 

Secondly t h e d e t e r m i n a t i o n o f t h e maximum e l e v a t i o n o f t h e 
w a t e r l i n e . Hereby a d i s t i n c t i o n has t o be made between an 
e r o d i n g and an a c c r e t i n g s h o r e l i n e . 

For an e r o d i n g beach t h e v a l u e o f "e" can be o b t a i n e d r a t h e r 
s i m p l e . Since t h e process o f e r o s i o n a f f e c t s t h e whole f r o n ­
t a l p a r t o f the sand dune, the e l e v a t i o n o f t h e beach up t o 
the dune h e i g h t has t o be used. 

I n t h e case o f a c c r e t i o n t h r e e components c o n t r i b u t e t o "e" 
t h e t i d a l range, t h e wave s e t - u p and the wave run-up. Besides 
w ? n / \ °' t r a n s p o r t o f sand i n landward d i r e c t i o n by 

wind s h o u l d be accounted f o r . T h i s f a c t o r i s r a t h e r d i f f i c u l t 
t o q u a n t i f y . 

For a l l t h r e e components a r e a s o n a b l e e s t i m a t i o n has t o be 
g i v e n . A l i m i t e d a c c u r a c y i s n o t c r i t i c a l . 

The t i d a l range as a component i s n o t v e r y d i f f i c u l t t o d e t e r -

c a ^ b e used^'''^'"^"^^ a v a i l a b l e . The mean h i g h t i d e v a l u e 

The s e t - u p and the wave-run up can b o t h be c o n s i d e r e d a f u n c ­

t i o n o f wave c h a r a c t e r i s t i c s and s l o p e c h a r a c t e r i s t i c s . Impor­

t a n t f a c t o r s are t h e s i g n i f i c a n t wave h e i g h t , t h e wave l e n g t h 

and the angle o f i n c i d e n c e as f a r as i t concerns wave c h a r a c ­

t e r i s t i c s and the a n g l e o f t h e beach s l o p e and t h e roughness 

( g r a m s i z e ) of t h e beach m a t e r i a l f o r t h e s l o p e c h a r a c t e r i s -
L i e s * 
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For the wave run-up Hunt has g i v e n a f o r m u l a w h i c h can be 
found i n t h e Manual ( S e c t i o n 4.2.3) as f o r m u l a ( 4 . 1 6 ) . So t h e 
wave run-up can s i m p l y be c a l c u l a t e d when i s known what k i n d 
o f wave c o n d i t i o n match t h e average l o n g s h o r e t r a n s p o r t 
p r o c e s . 

For t h e wave s e t - u p a s i m i l a r " s i m p l e " approach can be c a r r i e d 
o u t , u s i n g f o r m u l a (4.15) o f the same s e c t i o n o f t h e Manual. 

I f s e v e r a l measurements ( i n t i m e ) o f t h e c o a s t a l p r o f i l e a r e 
a v a i l a b l e one c o u l d f o r g e t about e v e r y t h i n g posed above and 
i n s t e a d t r y t o e s t i m a t e the h e i g h t "h" by comparison o f mea­
sured p r o f i l e s o f t h e same p l a c e f o r d i f f e r e n t p o i n t s o f t i m e . 
But t h e n one has t o be p r e p a r e d t o v e n t u r e upon t h e hazardous 
f i e l d o f measurement e r r o r s and measurement i n a c c u r a c y . I n the 
Manual [RWSDHSV], S e c t i o n 4.5.3 such a method i s d e s c r i b e d . 
I n f a c t t h e d e s c r i b e d method needs y e t another a s s u m p t i o n , 
v i z . t h a t t he c o a s t a l p r o f i l e i s assumed t o move h o r i z o n t a l l y 
over i t s whole a c t i v e h e i g h t as a r e s u l t o f a c c r e t i o n and e r o ­
s i o n . T h i s i s an assumption t h a t i s u s u a l l y c o n s i d e r e d essen­
t i a l f o r l i n e models i n g e n e r a l . I n t h e ne x t p a r a g r a p h ( h o r i ­
z o n t a l t r a n s l a t i o n o f t h e a c t i v e p r o f i l e ) t h i s a s sumption w i l l 
be d i s c u s s e d f u r t h e r . 

I f t h e r e a re o n l y a l i m i t e d number o f measurements a v a i l a b l e 
t h e r e i s a l s o t h e p o s s i b i l i t y o f d o i n g an " e x p e r t " e s t i m a t i o n 
a t t h e h e i g h t "h" by s t u d y i n g t h e c o a s t a l p r o f i l e . Hereby i t 
i s u s e f u l t o keep i n mind the c o n s i d e r a t i o n s mentioned a t t h e 
b e g i n n i n g o f t h i s p a r a g r a p h . 

Things become v e r y c o m p l i c a t e d i f one t r i e s t o combine t h e s e 

l o n g s h o r e t r a n s p o r t c a l c u l a t i o n s w i t h t r a n s v e r s a l t r a n s p o r t 

c a l c u l a t i o n s . Using t h e t h e o r y o f Swart f o r d e t e r m i n i n g t h e 

v a l u e o f "h" b r i n g s on more problems t h a n i t s o l v e s . 

As a c o n c l u s i o n i t can be posed t h a t a w o r k i n g s o l u t i o n can be 

found most e f f e c t i v e l y i n a r u l e o f t h e thumb. A d e t a i l e d c a l ­

c u l a t i o n does n o t seem t o be more r e l i a b l e . 

The f o l l o w i n g p r o c e d u r e i s necessary, 

==i> Choose a wave h e i g h t , which o c c u r s once or t w i c e a y e a r . 

> C a l c u l a t e t h e d e p t h a t which t h i s chosen wave b r e a k s . 

> E s t i m a t e t h e v a l u e o f "d" fr o m f o r m u l a (1.09) by t a k i n g 

t h r e e t i m e s t h i s d e p t h . 

> Determine whether the beach i s l i k e l y t o erode o r t o 

a c c r e t e . 

—*• E s t i m a t e t h e v a l u e o f "e" i n case o f an e r o d i n g beach by 

t a k i n g t h e dune h e i g h t above t h e u n d i s t u r b e d w a t e r -

l e v e l . 

— > E s t i m a t e the v a l u e o f "e" i n case o f an a c c r e t i n g beach 

by c a l c u l a t i n g t h e wave s e t - u p and t h e wave run-up f o r 

the chosen wave h e i g h t and t h e t i d a l a m p l i t u d e . I f 

i m p o r t a n t add an e x t r a h e i g h t t o account f o r t h e sand 

t r a n s p o r t by w i n d . 

==ï> The sura o f these two f a c t o r s g i v e s t h e v a l u e o f t h e 

h e i g h t o f the schematized c o a s t a l p r o f i l e . 
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The method i s s i m p l e and n o t v e r y i n t e n s i v e . The c a l c u l a t i o n s 
can be c a r r i e d o u t w i t h o n l y a few f o r m u l a s . The c r u c i a l 
p o i n t however i s t o d e t e r m i n e a r e p r e s e n t a t i v e v a l u e f o r t h e 
wave h e i g h t . I t seems best t o choose r h e i g h t t h a t o c c u r s n o t 
to o o f t e n i n a year ( f o r i n s t a n c e t w i c e a y e a r ) . 
The a n g l e o f i n c i d e n c e can be an average a n g l e . One c o u l d a l s o 
c o n s i d e r t o a p p l y a v a l u e o f zer o (wave i n c i d e n c e p e r p e n d i c u ­
l a r t o t h e c o a s t l i n e ) . 

I t s h o u l d be r e a l i z e d however t h a t t h i s p r o c e d u r e i s a c c e p t a ­
b l e when i n s u f f i c i e n t d a t a i s a v a i l a b l e on t h e a c t u a l beach 
p r o f i l e . When t h e geometry o f the beach p r o f i l e i s known a 
good a p p r o x i m a t i o n o f "h" s h o u l d be a c h i e v e d by j u d g i n g t h e 
p r o f i l e s c r i t i c a l l y , w h i l e the s u g g e s t i o n s o f t h i s p a r a g r a p h 
can be h e l p f u l . 
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H o r i z o n t a l t r a n s l a t i o n o f t h e a c t i v e p r o f i l e 

As mentioned e a r l i e r the assumption t h a t t h e a c t i v e c o a s t a l 
p r o f i l e as a whole s h i f t s o n l y h o r i z o n t a l l y (see f i g u r e below) 
i s u s u a l l y c o n s i d e r e d an e s s e n t i a l one. 

HORIZONTRL SHIFT OF THE ENTIRE COflSTRL PROFILE 

HORIZONTn i SHIFT OF PROFILE 
F I G U R E 1 . 0 3 

B a s i c a l l y t h i s i s a v e r y m e a n i n g f u l c o n s i d e r a t i o n , because the 
i d e a b e h i n d i t i s . the e x i s t e n c e o f a c h a r a c t e r i s t i c p r o f i l e 
f i t t i n g the average wave c o n d i t i o n s . One can n o t c a l l i t an 
e q u i l i b r i u m p r o f i l e i n case o f a g r a d u a l l y a c c r e t i n g ( p l e a s e 
n o t i c e t h a t f u r t h e r on i n t h i s p aragraph t h e t e r m a c c r e t i o n 
w i l l be used, but e v e r y t h i n g i s a l s o v a l i d f o r e r o s i o n ) p r o ­
f i l e , w hich by d e f i n i t i o n i s n o t i n e q u i l i b r i u m . 

Problems a r i s e when a measured p r o f i l e has t o be j u d g e d . I t 
i s d i f f i c u l t t o t e l l what r e l a t i o n e x i s t s between th e measured 
p r o f i l e and the s o - c a l l e d " c h a r a c t e r i s t i c p r o f i l e " . T h i s l a s t 
p r o f i l e can be r e g a r d e d as t h e outcome o f l o n g - t e r m average 
wave c o n d i t i o n s , w h i l e a measurement can o n l y be seen as a 
snapshot o f the c o a s t a l p r o f i l e . The p rocess o f a c c r e t i o n i s 
l i k e l y t o be i n f l u e n c e d by e r r a t i c d i s t u r b a n c e s . These may 
o n l y i n v o l v e a p a r t o f t h e a c t i v e p r o f i l e and cause a r e d i s ­
t r i b u t i o n o f sand w i t h i n t h e p r o f i l e on a more d e l a y e d t i m e 
s c a l e . 

The assumption o f h o r i z o n t a l t r a n s l a t i o n i s o n l y t r u e f r o m a 
v e r y g l o b a l p o i n t o f view. So a l o t o f r e a s o n i n g c a r r i e d o u t 
w i t h t h i s a s sumption i n mind can o n l y be r e g a r d e d as e s s e n t i a l 
i n a k i n d o f m e n t a l model. However i n F i g u r e 1.04 t h e r e i s 
shown a n o t h e r way t o l o o k a t a l i n e model w i t h o u t c o n s i d e r i n g 
t h i s assumption as an e s s e n t i a l one. 
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The f i r s t i n ^ e r p r e t a t i o n o f the l i n e model l e a d s t o t h e 

i n s i g h t t h a t t he p l a c e o f the schematized c o a s t l i n e i s unim­

p o r t a n t . The p r o g r e s s o f the c o a s t l i n e has the same v a l u e 

everywhere i n the a c t i v e p r o f i l e . But t h e second i n t e r p r e t a ­

t i o n a t t a c h e s an i m p o r t a n t meaning t o t h e p o s i t i o n o f the 

schematized c o a s t l i n e . The p r o g r e s s o f t h i s l i n e , which i s n o t 

by d e f i n i t i o n e q u a l t o t h a t o f the a c t i v e p r o f i l e as a whole, 

can be c o n s i d e r e d as a c h a r a c t e r i s t i c v a l u e t o d e s c r i b e the 

pr o g r e s s o f the a c t i v e c o a s t a l p r o f i l e . 

C R O S S S E C T I O N 

V T 1 

• R I G I N F I LX X 
PRBFILE H \ A C C R E T E D 

\ PROFILE 
\ A C C R E T E D 
\ PROFILE 

L\ \ L\ 

^ 1 

ONE-L INE INTERPRETATION 
. 1 .— 

F I G U R E 1 . 0 ^ 

I n F i g u r e 1.04 t h e o r i g i n a l p r o f i l e s chematized by t h e l e f t ­

most v e r t i c a l dashed l i n e i s a c c r e t e d t o t h e dashed p r o f i l e , 

which i s r e p r e s e n t e d t h r o u g h t h e r i g h t m o s t v e r t i c a l dashed 

l i n e . The p r o g r e s s o f t h e schematized p r o f i l e can be r e g a r d e d 

as an average p r o g r e s s o f t h e whole c o a s t a l p r o f i l e . 

As a c o n c l u s i o n i t can be posed t h a t t h e second view i s p e r ­

haps l e s s e l e g a n t , b u t c e r t a i n l y more a p p l i c a b l e t o t h e d a t a 

as i t i s g a t h e r e d . 
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O n e - l i n e t h e o r y 

E q u a t i o n o f m o t i o n 

As e x p l a i n e d b e f o r e the e q u a t i o n o f m o t i o n f o r the t r a n s p o r t e d 
sand (1.03) has been d e r i v e d from t h e s e t o f e q u a t i o n s (1.04) 
t h r o u g h ( 1 . 0 7 ) . From t h i s set a l l f o u r e q u a t i o n s can be seen 
as assumptions and the v a l i d i t y o f a t l e a s t t h r e e o f these i s 
dependent upon the magnitude o f t h e g r a d i e n t o f the c o a s t l i n e 
i n l o n g s h o r e d i r e c t i o n . 

To i l l u s t r a t e t h i s a l i t t l e more two d i f f e r e n t s i t u a t i o n s o f a 
c o a s t l i n e are g i v e n i n t h e f i g u r e below. 

- V ^ K ^ "'̂ "'̂  C R E S T S H A V E C R E S T S 

^ ^ ^ ^ S L I G H T L Y C U R V E D 
^ S H O R E L I N E 

A 
/ \ 

S T O N G L T C U R V E D 
S H O R E L I N E 

S I T U f l T K ^ N I M P R E S S I O N 

USUAL AND REPLENISHMENT USUAL AND REPLENISHMENT F I G U R E 1 . 0 5 

The p i c t u r e on the l e f t - h a n d s i d e can be c o n s i d e r e d as a 
" u s u a l " s i t u a t i o n o f a c o a s t l i n e w i t h a s m a l l g r a d i e n t i n 
l o n g s h o r e d i r e c t i o n . For the c o a s t l i n e p i c t u r e d on t h e 
r i g h t - h a n d s i d e the o p p o s i t e i s v a l i d . Such a s i t u a t i o n can 
r e s u l t from a s t o c k p i l e type r e p l e n i s h m e n t as mentioned i n 
S e c t i o n 1.1 (Par. a n a l y t i c a l s o l u t i o n ) . 

I n t h i s p a ragraph b o t h s i t u a t i o n s w i l l be r e f e r r e d t o as t h e 
" u s u a l " and the " r e p l e n i s h m e n t " s i t u a t i o n . T h i s i s o n l y a mat­
t e r o f r e f e r e n c i n g these s i t u a t i o n s , i t i s n o t meant t o gener­
a l i z e . 

I t w i l l be e x p l a i n e d below t h a t t h e s i m p l i f i c a t i o n (1.04) 
t h r o u g h (1.07) are o n l y v a l i d f o r t h e " u s u a l " s i t u a t i o n w i t h 
a d d i t i o n a l r e s t r i c t i o n t h a t o n l y wave i n f l u e n c e i s r e g a r d e d . 

As i t i s expressed by e q u a t i o n (1.04) t h e l o n g s h o r e t r a n s p o r t 
IS c o n s i d e r e d a f u n c t i o n o f the c o a s t l i n e d i r e c t i o n o n l y . T h i s 
i s an i m p o r t a n t s i m p l i f i c a t i o n s i n c e i t l i m i t s the a p p l i c a t i o n 
of t h e l i n e models t o t h e case o f sand t r a n s p o r t induced by 
waves o n l y . I t w i l l be c l e a r t h a t t h e sand t r a n s p o r t i s n o t a 
f u n c t i o n o f t h e c o a s t l i n e d i r e c t i o n i n case o f t i d e induced 
sand t r a n s p o r t . One o n l y has t o l o o k a t t h e s k e t c h o f t h e 
" r e p l e n i s h m e n t " s i t u a t i o n t o reason t h a t o u t . Since t h e 
t r a n s p o r t o f sand i s h i g h l y dependent on t h e shear s t r e s s (and 
thus o f the v e l o c i t y ) a t the b o t t o m , the c o n t r a c t i o n o f t h e 
s t r e a m l i n e s a t the t o p o f the f i l l ( a n g l e i s z e r o ) w i l l d e f i n ­
i t e l y l e a d t o another q u a n t i t y o f l o n g s h o r e t r a n s p o r t t han 
b e s i d e the f i l l where a l s o a zero angle can be f o u n d . 
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But even i f the a p p l i c a t i o n of the l i n e model i s r e s t r i c t e d to 

areas where t i d a l i n f l u e n c e s are n e g l i g i b l e , equation (1.04) 

g i v e s some problems when one t r i e s to use i t for the " r e p l e n ­

ishment" s i t u a t i o n . 

Due to r e f r a c t i o n and d i f f r a c t i o n the d i s t r i b u t i o n of the wave 

height along the b r e a k e r l i n e w i l l show g r a d i e n t s . A more or 

l e s s constant wave height along the b r e a k e r l i n e as i n the 

" u s u a l " s i t u a t i o n can not be expected. I t i s obvious t h a t a 

l a r g e r wave height working over the same l i m i t e d depth w i l l 

r e s u l t i n a l a r g e r v e l o c i t y (and shear s t r e s s ) component at 

the sea bottom and t h e r e f o r e w i l l induce a l a r g e r amount of 

sand t r a n s p o r t . I n a d d i t i o n the g r a d i e n t s i n wave height w i l l 

cause g r a d i e n t s i n wave set-up and thus l o c a l c u r r e n t s which 

might not be n e g l i g i b l e . 

Thus s e r i o u s a t t e n t i o n has to be given to the assumptions used 

when applying a l i n e theory f o r the "replenishment" s i t u a t i o n . 

The s i m p l i f i c a t i o n s (1.05) through (1.07) are a f u r t h e r elabo­

r a t i o n of equation (1.04) and they have to be evaluated tho­

roughly too. 

Seeing a l l the problems with the b a s i c concept according to 

(1.04) a v a l i d l i n e a r approach to t h i s problem should be a 

good achievement. I t seems good p o l i c y to cut o f f second and 

higher order -erms from the T a y l o r - s e r i e s . Also the longshore 

t r a n s p o r t can be considered a smooth (about s i n u s o i d a l ) func­

t i o n of the c o a s t l i n e d i r e c t i o n (see Figure 1.06). Therefore 

d i f f e r e n t i a b i l i t y i s not i n qu e s t i o n . 

So i f equation (1.04) i s accepted equation (1.05) f o l l o w s from 

i t when i s r e a l i z e d that such an approximation i s v a l i d only 

fo r small changes i n the c o a s t l i n e d i r e c t i o n " f l " w i th r e s p e c t 

to Q=0. I n the " u s u a l " s i t u a t i o n t h i s c o n d i t i o n can be s a t i s ­

f i e d by choosing a convenient system of a x i s . 

The v a l i d i t y of s i m p l i f i c a t i o n (1.06) i s dependent on t h i s 

same c o n d i t i o n , that the angle of the c o a s t l i n e with the 

x - a x i s has to be s m a l l . I n t h i s context " s m a l l " has to be 

understood as l e s s than about 20 degrees (0.35 r a d ) . 

I n that r e s p e c t (1.06) w i l l not be a s u r p r i s e , i t i s a w e l l 

known approximation i n mathematics. 
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The j u s t i f i c a t i o n o f (1.07) can be fou n d i n F i g u r e 1.06, where 

the l o n g s h o r e t r a n s p o r t c a p a c i t y i s p l o t t e d a g a i n s t the a n g l e 

of wave i n c i d e n c e . T h i s r e l a t i o n can be d e r i v e d from the CERC 

f o r m u l a , 

S = 0.020 * HO' * cbr * s i n [ ( t ) 0 r ] * cos[(J)0r] (1.10) 

w h i c h , u s i n g the e x p r e s s i o n f o r t h e double angle can a l s o be 

w r i t t e n as, 

S = 0.010 * HO' * cbr * s i n [ 2 * ( j ) 0 r ] (1.11) 

where S : l o n g s h o r e sand t r a n s p o r t c a p a c i t y 

HO : deep water s i g n i f i c a n t wave h e i g h t 

cbr : wave speed a t the b r e a k e r l i n e 

(j)Or : a n g l e o f wave i n c i d e n c e a t deep water r e l a t i v e 

t o t h e c o a s t l i n e d i r e c t i o n 

cc o a. cn 
cn 
az 

LrNERIR 
flPPROXIMflT;.e)N 

/ 

LONGSHORE TRANSPORT C f l P R C I T Y 
flS fl F U N C T I O N OF 
THE R N G L E OF NRVE I N C I D E N C E 

ANGLE 90 

LONGSHORE TRANSPORT GAPAGITTl 
I 

F I G U R E 1.06 

A l t h o u g h s t r i c t l y f o r m u l a (1.07) i s d e f i n e d by s u b s t i t u t i o n o f 

B=0, i t can be n o t i c e d from F i g u r e 1.06 t h a t a somewhat w i d e r 

range i s a l s o p e r m i t t e d . But fr o m t h e s i n u s o i d a l shape o f t h e 

cur v e as a whole i t can a l s o be seen t h a t , when a p p l i e d on t h e 

f u l l range o f a n g l e s the d e f i n i t i o n o f (1.07) has t o g i v e 

problems. W i t h i n i t s f u l l range t h e g r a d i e n t o f t h e c u r v e i s 

not a c o n s t a n t . 

B a s i c a l l y (1.06) and (1.07) a re two d i f f e r e n t s i m p l i f i c a t i o n s . 

The f i r s t one approximates the c o a s t l i n e a n g l e w i t h r e s p e c t t o 

the X - a x i s , t h e second one g i v e s an a p p r o x i m a t i o n o f t h e 

change o f l o n g s h o r e t r a n s p o r t under v a r y i n g c o a s t l i n e d i r e c ­

t i o n , assuming t h i s v a r i a t i o n i s s m a l l . T h e i r s i m i l a r i t y i s 

t h a t t h e y a re b o t h v a l i d o n l y when s m a l l changes are c o n s i d ­

ered . 
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To e v a l u a t e the i n f l u e n c e o f these s i m p l i f i c a t i o n s the f o l l o w ­

i n g s i t u a t i o n i s a n a l y s e d . A r e p l e n i s h m e n t w i t h the shape o f 

a Gaussian curve i s p l a c e d on a h o r i z o n t a l s h o a l . That the t o e 

o f the t o p o f t h e f i l l does not e x t e n d o u t s i d e t h e s h o a l i s 

c o n s i d e r e d e s s e n t i a l f o r t h i s model. Otherwise t h e s c h e m a t i z e d 

p r o f i l e h e i g h t "h" can n o t be d e f i n e d p r o p e r l y . 

To s t a r t the a n a l y s i s t h e b a s i c concept behind t h e e q u a t i o n o f 

m o t i o n has t o be r e v i e w e d . F i g u r e 1.07 p r o v i d e s two d e f i n i t i o n 

s k e t c h e s . 

D E F I N I T I O N SKETCHES F I G U R E 1 .07 

The l e f t m o s t p i c t u r e o f F i g u r e 1.07 shows the b a s i c s i t u a t i o n 

o f a s t r a i g h t c o a s t l i n e p a r a l l e l t o the x - a x i s , w h i c h i s 

a t t a c k e d by waves i n c i d e n c i n g o b l i q u e l y . I n t h i s case an e q u i ­

l i b r i u m l o n g s h o r e t r a n s p o r t can be d e f i n e d as. 

SO (1.12) 

B=0 

Where S : l o n g s h o r e t r a n s p o r t c a p a c i t y as a f u n c t i o n o f t h e 

c o a s t a l d i r e c t i o n 

SO : t r a n s p o r t f o r B=0 under a g i v e n ( c o n s t a n t ) a n g l e 
o f wave i n c i d e n c e 

B : c o a s t l i n e d i r e c t i o n w i t h r e s p e c t t o the x - a x i s 

When a s m a l l r o t a t i o n ( p o s i t i v e c o u n t e r c l o c k w i s e ) i s a p p l i e d 

on t h e c o a s t l i n e t h e f o l l o w i n g a p p r o x i m a t i o n can be made u s i n g 

a T a y l o r s e r i e s . 

S(B) = S 

dS 

B * — 

dB 

B=0 

(1.13) 

B=0 

T h i s i n f a c t i s the same approach as i n ( 1 . 0 5 ) . Here the terms 

of second (and h i g h e r ) o r d e r have been n e g l e c t e d a l s o . 
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Formula (1.13) i s v a l i d f o r a f i x e d a n g l e o f wave i n c i d e n c e 

and g i v e s a good a p p r o x i m a t i o n o f the l o n g s h o r e t r a n s p o r t when 

the changes i n c o a s t l i n e d i r e c t i o n a r e s m a l l . 

The i n f l u e n c e o f t h e s i n u s o i d a l shape o f F i g u r e 1.06 on t h e 

be h a v i o u r o f a b e a c h f i l l m o d e l l e d by (1.08) w i l l be a n a l y s e d 

i n f u r t h e r d e t a i l i n a s e p a r a t e r e p o r t (Computer programme 

GaussL i n e ) . There a n u m e r i c a l method i s used t o a n a l y s e t h e 

d i f f e r e n c e s t h a t a r e i n t r o d u c e d by t a k i n g i n account the s i n u ­

s o i d a l r e l a t i o n o f F i g u r e ( 1 . 0 6 ) . 

Consider a l s o t h e r i g h t m o s t p i c t u r e o f F i g u r e 1.07. I n t h i s 

case t h e angle o f wave i n c i d e n c e (J) e q u a l s z e r o , b u t t h e c o a s t ­

l i n e d i r e c t i o n has a f i x e d v a l u e o f "-B0". 

As f a r as i t concerns t h e l o n g s h o r e t r a n s p o r t t h e two s i t u a ­

t i o n s a r e i d e n t i c a l . T h i s y i e l d s t h a t r o t a t i n g o f t h e c o a s t ­

l i n e a t g i v e n a n g l e o f i n c i d e n c e has t h e same e f f e c t on t h e 

t r a n s p o r t as r o t a t i n g t h e a n g l e o f wave i n c i d e n c e a t a f i x e d 

c o a s t l i n e d i r e c t i o n . So o n l y t h e d i f f e r e n c e between these two 

angl e s i s i m p o r t a n t . 

D e f i n i n g "Br" as, 

Br = B- 00 (1-14) 

t h e a n g l e o f wave i n c i d e n c e r e l a t i v e t o t h e c o a s t l i n e d i r e c ­

t i o n , t h e l o n g s h o r e t r a n s p o r t can be r e g a r d e d a f u n c t i o n o f 

"Br": S = S ( B r ) . Thus i n s t e a d o f (1.13) i t i s c o n v e n i e n t t o 

ap p r o x i m a t e as f o l l o w s . 

S ( B r ) + Br 

dS 

dBr 

Br = 0 

(1.15) 

flr = 0 

Since Br=())Or ,the a n g l e o f wave i n c i d e n c e r e l a t i v e t o t h e 

c o a s t l i n e d i r e c t i o n , now t h e f i r s t t e r m o f (1.15) equals z e r o 

by d e f i n i t i o n and (1.15) t h e r e f o r e reduces t o . 

S ( Br) Br * 

dS 

dBr 

(1.16) 

Br = 0 
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To a n a l y s e t h i s a l i t t l e f u r t h e r a t f i r s t a case o f wave i n c i ­

dence p e r p e n d i c u l a r t o th e u n r e p l e n i s h e d c o a s t l i n e i s c o n s i d ­

e r e d . For t h i s s i t u a t i o n t h e T a y l o r - s e r i e s o f (1.16) reduces 

t o , 

dS 

S(B) = B * — 
dfl 

-4 B=0 

(1.17) 

A p p l y i n g as an a p p r o x i m a t i o n f o r s m a l l v a l u e s o f "B" th e l e f t ­

most p a r t o f a p p r o x i m a t i o n ( 1 . 0 6 ) , i n s t e a d o f the r i g h t m o s t 

p a r t , and s u b s t i t u t i n g r e l a t i o n (1.07) as used i n S e c t i o n 1.1 

y i e l d s , 

S(B) = -s * t a n [ B ] (1.18) 

From t h e CERC f o r m u l a (1.11) the n e x t r e l a t i o n f o l l o w s , 

dS d 

— = — [ 0.010 * HO' * cbr * s i n [ 2 * ( t ) 0 r ] ] (1.19) 

dfl dfl 

Since t h e waves i n c i d e n c e p e r p e n d i c u l a r t o th e ( o r i g i n a l ) 

c o a s t l i n e "(jjOr" may be s u b s t i t u t e d by fl, 

dS d 

— = — [ 0.010 * HO' * cbr * s i n [ 2 * f l ] ] (1.20) 

dfl dfl 

D i s r e g a r d i n g t h e i n f l u e n c e o f " c b r " by c o n s i d e r i n g i t s v a l u e 

c o n s t a n t under v a r y i n g " f l " an e x p r e s s i o n f o r t h e c o a s t a l con­

s t a n t "s" can be foun d t h r o u g h combining i t s d e f i n i t i o n o f 

(1.07) w i t h ( 1 . 2 0 ) , 

0.010 * HO' * cbr * 2 * c o s [ 2 * f l ] (1.21) 

-• B=0 

and s u b s t i t u t i o n o f B=0 y i e l d s , 

s = -0.010 * HO' * cbr * 2 (1.22) 

The CERC f o r m u l a t h e r e f o r e can be w r i t t e n as, 

S(fl) = -s * 0.5 * s i n [ 2 * f l ] (1.23) 

L o o k i n g a t (1.23) and (1.18) an e v a l u a t i o n can be made by com­

p a r i n g t h e v a l u e o f t h e e x p r e s s i o n s "0.5*sinC2B]" and " t a n [ f l ] " 

f o r d i f f e r e n t v a l u e s o f "B". 
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The comparison i s elaborated i n the f o l l o w i n g t a b l e , 

B [DEG] a [RAD] One-line CERC 

0.0 0.00000 0.00000 0.00000 

5.0 0.08727 0.08749 0.08682 

10.0 0.17453 0.17633 0.17101 

15.0 0.26180 0.26795 0.25000 

20.0 0.34907 0.36397 0.32139 

25.0 0.43633 0.46631 0.38302 

30.0 0.52360 0.57735 0.43301 

35.0 0.61086 0.70021 0.46985 

40.0 0.69813 0.83910 0.49240 

45.0 0.78540 1.00000 0.50000 

50.0 0.87266 1.19175 0.49240 

55.0 0.95993 1.42814 0.46985 

60.0 1.04720 1.73205 0.43301 

65.0 1.13446 2,14450 0.38302 

70.0 1.22173 2.74747 0.32139 

75.0 1.30900 3.73203 0.25000 

80.0 1.39626 5.67124 0.17101 

85.0 1.48353 11.42982 0.08683 

Tabel 1.1 - I n f l u e n c e of c o a s t l i n e d i r e c t i o n 

The t a b l e shows the value of the o n e - l i n e approximation, 

" t a n [ B ] " , and that of the CERC schematization, " 0 . 5 * s i n [ 2 * B ] " 

for i n c r e a s i n g "B". The angle "B" i n t h i s comparison has to 

be i n t e r p r e t e d as the c o a s t l i n e d i r e c t i o n . 

I t can be n o t i c e d t h a t f o r angles l e s s than 20 degrees the 

one- l i n e and the CERC approximation y i e l d almost the same 

r e s u l t . The d i f f e r e n c e i n c r e a s e s above 20 degrees. The 

accepted a c c u r a c y t h e r e f o r e i s an important f a c t o r , when ques­

t i o n s are asked about the s u i t a b i l i t y of a l i n e model. 

Now the case of waves i n c i d e n c i n g o b l i q u e l y w i l l be regarded. 

The d i f f e r e n c e with the s i t u a t i o n j u s t analysed i s not e s s e n ­

t i a l , but the s i t u a t i o n i s a l i t t l e more complicated. 

U n l i k e the f i r s t case the r e l a t i v e angle "Br" i s not equal 

anymore to the c o a s t l i n e d i r e c t i o n "R" and (1.14) has to be 

used. Again s t a r t i n g from (1.11) and (1.16) a s e t of formulas 

can be d e r i v e d e q u i v a l e n t to (1.17) through (1.23) only w i t h 

"Br" i n s t e a d of "B". I n f a c t t h i s new s e t can be seen as the 

general c a s e , while the f i r s t s i t u a t i o n (wave p e r p e n d i c u l a r to 

the o r i g i n a l s h o r e l i n e ) has to be considered a s p e c i a l c a s e . 

Thus i t can be concluded that the previous a n a l y s i s r e s u l t i n g 

i n Table 1.1 i s v a l i d here a l s o , when " f l " i s r e p l a c e d by " f l r " . 
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The i n t e r p r e t a t i o n however o f t h e numeric v a l u e s i s a l i t t l e 

more d i f f i c u l t , because t h e v a l u e o f "(j)0" i n f l u e n c e s t h e scope 

of t o l e r a b l e c o a s t l i n e a n g l e s , 

-Ba < Br < +Ba < = > -Ba+(t)0 < B < +Ba+(J)0 (1.24) 

Where B : c o a s t l i n e d i r e c t i o n w i t h r e s p e c t t o the x - a x i s 

Ba : a n g l e up t o whi c h t h e i n a c c u r a c y o f t h e o n e - l i n e 

s c h e m a t i z a t i o n i s accepted 

Br : a n g l e o f wave i n c i d e n c e r e l a t i v e t o the c o a s t l i n e 

d i r e c t i o n 

(j)0 : deep water a n g l e o f wave i n c i d e n c e 

The r i g h t m o s t e x p r e s s i o n o f (1.24) can mean a s e r i o u s r e s t r i c ­

t i o n on t h e a p p l i c a b i l i t y t h e l i n e model. 

Whether i t can be used or n o t i s n o t o n l y dependent on t h e 

acce p t e d i n a c c u r a c y "Ba", b u t a l s o on t h e a c t u a l a n g l e o f wave 

i n c i d e n c e "$0". 

-19-



Report on i n v e s t i g a t i o n s O n e - l i n e c a l c u l a t i o n s 

2 O n e - l i n e c a l c u l a t i o n s 

2.1 General 

On S y l t , an i s l a n d i n t h e n o r t h e r n p a r t o f West-Germany, two 

r e p l e n i s h m e n t s have been u n d e r t a k e n . The f i r s t one i n 1972, 

th e second one i n 1978, b o t h t o be c o n s i d e r e d as s t o c k p i l e -

t y p e beach f i l l s . 

Of each r e p l e n i s h m e n t t h r e e s e r i e s o f measured d a t a have been 

g a t h e r e d f r o m Führböter [Füh74] f o r the 1972 nourishment 

and from P a t z o l d [ P a t 8 0 ] f o r t h e 1978 n o u r i s h m e n t . Table 

2.1 shows t h e t h r e e measurement d a t e s f o r the 1972 - ( l e f t ) 

and t h e 1978 r e p l e n i s h m e n t ( r i g h t ) . 

Measurement 

No date 

Lapse 

day ( y r ) 

Measurement 

date 

Lapse 

day ( y r ) 

1 

2 

3 

Oct 1 1 , 1972 
May 17, 1973 
Feb 28, 1974 

217 (0.59) 
506 (1.38) 

J u l 30, 1978 

Sep 9, 1978 

Oct 1, 1979 

38 (0.10) 

427 (1.17) 

Table 2.1 - Measurement datcS 

I r Annex V o f t h e Manual [RWSDH87] these data have been e l a b o ­
r a t e d f u r t h e r . The o b j e c t i v e s o f t h a t a n a l y s i s have been t o : 

* E v a l u a t e t h e u s e f u l n e s s o f t h e o n e - l i n e model f o r p r e d i c ­

t i v e purposes ( i n Annex V c a l l e d " r e l e v a n c e " ) . 

* E v a l u a t e t h e a c c u r a c y o f t h e o n e - l i n e model when a p p l i e d 

on the a v a i l a b l e d a t a ( i n Annex V c a l l e d "accuracy" c o o ) . 

The c a l c u l a t i o n s as t h e y appear i n Annex V are r e v i e w e d i n 

S e c t i o n 2.2 and t h e y w i l l be d i s c u s s e d i n S e c t i o n 2.3. 
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2,2 C a I c u l a t i o n s f r o m Annex V 

I n t h i s s e c t i o n i t w i l l be a t t e m p t e d t o s t r e a m l i n e t h e c a l c u ­

l a t i o n s d e s c r i b e d i n Annex V i n o r d e r t o o b t a i n a c l e a r v i e w 

n o t o n l y on t h e r e s u l t s t h e y produce b u t a l s o on t h e problems 

t h a t remain. 

P r e s e n t e d i n t h e i r o r i g i n a l f o r m t h e y can be found i n Annex V, 

pages 2-35. 

Conventions 

F i r s t a few c o n v e n t i o n s used i n t h i s - and t h e n e x t s e c t i o n 

w i l l be e x p l a i n e d . 

The t h r e e s e r i e s o f measured d a t a w i l l be r e f e r r e d t o as t l , 

t 2 and t 3 , where t h e d i g i t s 1 t h r o u g h 3 denote c h r o n o l o g y . I f 

th e r e p l e n i s h m e n t year i s o f importance i t w i l l be r e f e r r e d t o 

as f o r i n s t a n c e 7 2 . t l or 7 8 . t 3 . 

E l a b o r a t i o n o f t h e measured d a t a 

The i n s i t u measured d a t a has been g a t h e r e d by a d e v i s i o n o f 

th e German Department o f P u b l i c Works l o c a t e d i n Husum. A 

f u r t h e r e l a b o r a t i o n has been c a r r i e d o u t by means o f a compu­

t e r programme o f t h e Braunschweig U n i v e r s i t y o f Technology 

a b l e t o d e a l w i t h c u b i c c a l c u l a t i o n s . 

Hereby t h e volume o f sand above s e v e r a l chosen p l a n e s o f 

r e f e r e n c e has been computed per 100m c o a s t l i n e . The c a l c u l a t e d 

sand volumes have been r e l a t e d t o t h e l a s t a v a i l a b l e measured 

d a t a b e f o r e n o u r i s h m e n t ( t h u s n o t n e c e s s a r i l y t h e same f o r 

each p ^ r t o f t h e c o a s t l i n e ) . 

So t h e v o l u m e t r i c changes per 100m c o a s t l i n e have been 

o b t a i n e d . A more d e t a i l e d d e s c r i p t i o n o f t h i s p r o c e d u r e can be 

found i n t h e l i t e r a t u r e [Füh76]. 

I n Annex V these computed changes have been t h e s t a r t i n g p o i n t 

o f t h e a n a l y s i s . Thus b o t h t h e above mentioned r e f e r e n c e s 

( h o r i z o n t a l p l a n e as w e l l as i n i t i a l s i t u a t i o n ) have been 

ac c e p t e d . For t h e h o r i z o n t a l p l a n e o f r e f e r e n c e though each 

t i m e t h e deepest a v a i l a b l e l e v e l has been s e l e c t e d . 

The v o l u m e t r i c changes (m' per 100m) have been c o n v e r t e d t o a 

c o a s t l i n e p o s i t i o n t h r o u g h d e v i d i n g them by 100m and t h e n 

a g a i n by t h e p r o f i l e h e i g h t "h". The c h o i c e o f "h" w i l l be 

p o i n t o f f u r t h e r d i s c u s s i o n , l a t e r on i n t h i s s e c t i o n ( P ar. 

c a l c u l a t i o n method A) and a l s o i n S e c t i o n 2.3 (Par. p r o f i l e 

h e i g h t ) . 

I n t h i s way a schematized c o a s t l i n e has been o b t a i n e d a c c o r d ­

i n g t o t h e second i n t e r p r e t a t i o n mentioned i n S e c t i o n 1.2 

(Par. h o r i z o n t a l t r a n s l a t i o n o f t h e a c t i v e p r o f i l e ) . 
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Survey 
The e l a b o r a t e d c o m p u t a t i o n s a c c o r d i n g t o the o n e - l i n e schema­
t i z a t i o n can r o u g h l y be d e v i d e d i n f o u r t y p e s : 
A: Using t h e d e f o r m a t i o n o f t h e t o p o f t h e beach f i l l between 

t = t l and t = t 2 as r e f e r e n c e d a t a i t i s a t t e m p t e d t o c a l c u ­
l a t e a v a l u e o f t h e c o a s t a l c o n s t a n t " s " , which c o u l d be 
used t o p r e d i c t t h e r e g r e s s i o n o f t h e c o a s t l i n e a t t i m e 
t = t 3 . 

B: The same a t t e m p t w i t h r e s p e c t t o the c o a s t a l c o n s t a n t " s " , 
bu t now by u s i n g t h e d i s p l a c e m e n t i n t i m e o f t h e c o n t r a -
f l e x u r e p o i n t s o f t h e Gaussian c u r v e as e s s e n t i a l d a t a . 

C: From a v a i l a b l e wave d a t a i t has been t r i e d t o c a l c u l a t e 
the c o a s t a l c o n s t a n t "s" a c c o r d i n g t o i t s d e f i n i t i o n , 
e q u a t i o n (1.07) . 

D: I n o r d e r t o i n c l u d e known b e h a v i o u r o f t h e c o a s t l i n e i n 
t h e model the o r i g i n a l c o a s t l i n e has been d e s c r i b e d as a 
r e t r e a t i n g p a r a b o l a . The Gaussian c u r v e as a r e s u l t o f a 
s t o c k p i l e - t y p e r e p l e n i s h m e n t has been superposed on t h i s 
f o r m . The accura c y o f t h e r e p r e s e n t a t i o n o f the i n i t i a l 
shape a t t = 7 8 . t l and t h e accuracy o f the c o m p u t a t i o n a l 
r e s u l t s a t t = 7 8 . t 3 has been e v a l u a t e d t h r o u g h comparison 
w i t h t h e measured d a t a . 

For t h e 1972 nourishment t h e methods t y p e d A,B and C have been 

a p p l i e d . The wave d a t a used f o r method C have been g a t h e r e d 

by D e t t e [ D e t 7 4 ] . 

For t h e 1978 nourishment c a l c u l a t i o n s have been made a c c o r d i n g 

t o t h e methods A,B and D. 
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C a l c u l a t i o n method A 

S t a r t i n g p o i n t has been the idea t o schematize the s t o c k p i l e -

t y p e beach f i l l as a D i r a c - f u n c t i o n . As a s o l u t i o n o f t h e d i f ­

f u s i o n e q u a t i o n (1.01) f o r m u l a (1.08) becomes v a l i d . 

T h i s f o r m u l a and the e x p r e s s i o n s f o r i t s c o e f f i c i e n t s are 

r e p e a t e d here below as f o r m u l a (2.01) t h r o u g h ( 2 , 0 3 ) , 

y = CA * exp[ -CB * x' ] 

w i t h c o e f f i c i e n t s "CA" and "CB" a c c o r d i n g t o , 

Vf 

(2,01) 

CA = 

CB 

s q r t [ 4 * P i * h * s * ( t + T i ) ] 

h 

4 * s * ( t + T i ) 

(2,02) 

(2.03) 

where CA 

CB 

h 

P i 

s 

t 

T i 

Vf 
X 

y 

t i m e dependent c o e f f i c i e n t A 

t i m e dependent c o e f f i c i e n t B 
schematized p r o f i l e h e i g h t 

w e l l known c o n s t a n t w i t h v a l u e 3.14159... 
c o a s t a l c o n s t a n t a c c o r d i n g t o (1.07) 

t i m e 

i n i t i a l p e r i o d between t=0 o f t h e D i r a c - f u n c t i o n 
( f i c t i v e ) and t h e t i m e o f placement o f t h e f i l l 
t o t a l volume o f the f i l l 
x - c o o r d i n a t e o f a s h o r e l i n e p o i n t 
p o s i t i o n o f t h e schematized c o a s t l i n e 

The r e g r e s s i o n i n t i m e o f the t o p o f the the f i l l i s o b t a i n e d 

by s u b s t i t u t i n g x=0 i n f o r m u l a ( 2 . 0 1 ) , which l e a v e s . 

Vf 
CA = 

s q r t [ 4 * P i * h * s * ( t + T i ) ] 

(2.04) 

I n t h i s method i t i s assumed t h a t the volume o f t h e f i l l "Vf" 

i s known and t h a t t h e v a l u e o f t h e schematized p r o f i l e h e i g h t 

"h" can be e s t i m a t e d . So i f a t two d i f f e r e n t p o i n t s i n t i m e 

the p o s i t i o n o f t h e t o p o f t h e f i l l i s known, t h e v a l u e s o f 

the (assumed) c o n s t a n t s and " T i " can be c a l c u l a t e d . 

I n Annex V t h e measured d a t a has been used t o e s t i m a t e t h r o u g h 
curve f i t t i n g t h e c o e f f i c i e n t s "CA" and "CB" o f t h e Gaussian 
c u r v e . T h i s c u r v e f i t t i n g p r o cedure has been c a r r i e d o u t f o r 
b o t h t h e d a t a o f t = t l and t = t 2 s e p a r a t e l y . 

The c u r v e f i t t i n g p r o c e d u r e a p p a r e n t l y has i n v o l v e d a l e a s t -
squares method on t h e a v a i l a b l e s h o r e l i n e p o i n t s . As mentioned 
b e f o r e i n t h i s s e c t i o n (Par. e l a b o r a t i o n o f the measured d a t a ) 
these p o i n t s have been o b t a i n e d each 100m by e l a b o r a t i o n o f 
v o l u m e t r i c changes. The a p p l i e d method does not i n v o l v e a 
check on t h e budget o f sand volume. I t p u r e l y m i n i m i z e s the 
squares o f t h e d e v i a t i o n i n s h o r e l i n e p o s i t i o n . 
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As a r e s u l t the v a l u e s a t t = t l and t = t 2 o f the c o e f f i c i e n t s 
"CA" and "CB" have been o b t a i n e d . The e s t i m a t e d v a l u e s o f "CA" 
are o f importance f o r t h i s c a l c u l a t i o n method, t h e v a l u e s o f 
"CB" w i l l be used i n t h e next paragraph ( C a l c u l a t i o n 
method B ) . 

Since t h e volume o f t h e f i l l has not been an i n f l u e n c i n g f a c ­
t o r i n t h e curve f i t t i n g p r o c e d u r e , the r e p r e s e n t a t i o n o f t h e 
f i l l can be used as a s t a n d a r d f o r a c c e p t a t i o n o f the e s t i m a ­
t i o n . I n Annex V an i n a c c u r a c y o f l e s s t han 10% has been 
a c c e p t e d . As a consequence t h e volume o f t h e b e a c h f i l l i s n o t 
e x a c t l y a c o n s t a n t . T h i s can be n o t i c e d from Table 2.2. The 
d i f f e r e n c e s found i n Table 2.3 have besides t h i s aspect o f 
i n a c c u r a c y a l s o a n o t h e r cause, as w i l l be e x p l a i n e d l a t e r on 
i n t h i s p a r a g r a p h . 

For t h e 1972 nourishment a p r o f i l e h e i g h t "h" o f h=6.0m has 
been posed. The volume o f t h e b e a c h f i l l "Vf" as f o l l o w s f r o m 
the observed v o l u m e t r i c changes has the v a l u e o f Vf=770,OOOm^. 

The r e s u l t s o f t h e c o m p u t a t i o n s f o r the 1972 nourishment are 
shown i n Table 2.2. The v a l u e s o f "CA" and "CB" r e s u l t i n g f r o m 
the f i t t i n g p rocedure are g i v e n as w e l l as the r e s u l t i n g 
v a l u e s o f "Vf", which indeed show a l e s s t h a n 10% d i f f e r e n c e . 

197: I . h=f 3 . Om, Vf=77( 3,000m^ 

Time a f t e r t l 

[ d a y s ] [ y r ] 

CA 

[m] 
CB 

[ l / m ' ] 

Vf 

[mM 

t l 
t 2 217 0.59 

222 

104 
1.07E-5 

1.85E-6 

721,000 

813,000 

Table 2.2 - Curve f i t t i n g 1972 

These r e s u l t s a re a l s o g r a p h i c a l l y p r e s e n t e d i n F i g u r e 2.01. 

T=72.T2 

ESTIMATION 1972 F I G U R E 2 . 0 1 
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For t h e 1978 nourishment the same procedure has been a p p l i e d . 

I n t h i s case a p r o f i l e h e i g h t of h=8.5ra has been used and f o r 

t h e r e p l e n i s h e d volume a v a l u e o f Vf=1,160,OOOm^ a p p l i e s . The 

r e s u l t s can be found i n Table 2.3, 

197f i : h=i i.5m, V f = l , ] .60,000m^ 

Time a f t e r t l 
[ d a y s ] [ y r ] 

CA 

[m] 

CB 

[l/mM 

Vf 
[m'] 

t l 

t 2 38 0.10 
159 
83.5 

0.60E-5 

0.32E-5 
978,000 

683,000 

Table 2.3 - Curve f i t t i n g 1978 

A p l o t o f b o t h e s t i m a t i o n s can be found i n F i g u r e 2.02. 

/ 
/ ^ 

T = 7 8 . T l 
/ 

/ ^ 

X 
^ T = 7 8 . T 2 

• 1 

ESTIMATION 1978 
1 

F I G U R E 2 . 0 2 

Comparing Table 2.2 and 2.3 t h e d i f f e r e n c e i n the v a l u e s o f 

t h e p r o f i l e h e i g h t "h" i s r e m a r k a b l e . I n S e c t i o n 1.2 (Par. 

h e i g h t o f t h e a c t i v e p r o f i l e ) t h e meaning o f t h e schematized 

p r o f i l e h e i g h t has been d i s c u s s e d and l a t e r on i n S e c t i o n 2.3 

(Par. p r o f i l e h e i g h t ) t h e i n f l u e n c e o f such a v a r i a t i o n on t h e 

r e s u l t s w i l l be a n a l y s e d . 

An o t h e r s u b s t a n t i a l ( b u t i n Annex V r e c o g n i z e d ) problem has 

been the o c c u r r e n c e o f l o s s e s . I n Annex V they are c o n s i d e r e d 

seaward l o s s e s , s i n c e a l o n g t h e s h o r e l i n e a s u f f i c i e n t i n t e r ­

v a l (up t o 8000m) has been i n c l u d e d i n the v o l u m e t r i c computa­

t i o n s . 

T h i s type o f l o s s vanishes beyond the b o u n d a r i e s o f t h e model 

and no compensation can be found w i t h i n the model. I n f a c t i t 

c r e a t e s the s u s p i c i o n t h a t the v a l u e o f the p r o f i l e h e i g h t "h" 

has been chosen t o o s m a l l . T h i s w i l l be d i s c u s s e d f u r t h e r i n 

S e c t i o n 2.3 (Par. l o s s e s ) . 

-25-



Report on i n v e s t i g a t i o n s O n e - l i n e c a l c u l a t i o n s 

As a consequence one has t o go t o e x t r a e f f o r t s t o i n c l u d e 

those l o s s e s i n the c o m p u t a t i o n . I t even c o u l d be posed t h a t 

t h e i r o c c u r r e n c e i s i n c o n t r a d i c t i o n w i t h t h e model so t h a t 

the u s e f u l n e s s o f a f u r t h e r a n a l y s i s o f t h i s d a t a becomes 

q u e s t i o n a b l e . However i n Annex V i t i s d e c i d e d t o c o n t i n u e t h e 

a n a l y s i s . There i t i s a l s o a t t e m p t e d t o account f o r t h e l o s s e s 

as much as p o s s i b l e . 

I n t h e case o f S y l t the r e s u l t o f the l o s s e s has been t h a t t h e 

t h r e e s e r i e s o f measured d a t a have become i n s u f f i c i e n t f o r 

p r e d i c t i v e purposes as meant i n t h e b e g i n n i n g o f t h i s s e c t i o n . 

The l o s s e s where observed f o r b o t h n o u r i s h m e n t s , between 72.t2 

and 72.t3 f o r t h e 1972 f i l l . For the 1978 f i l l l o s s e s o c c u r r e d 

i n t h e i n i t i a l phase, between 7 8 . t l and 78.t2 and a l s o between 

78.t2 and 7 8 . t 3 . 

T h i s i s the main reason f o r t h e d i f f e r e n c e s i n t h e v a l u e s o f 

"Vf" f o r the 1978 r e p l e n i s h m e n t (see Table 2 .3). I n Sec­

t i o n 2.3 (Par. l o s s e s ) these l o s s e s w i l l be d i s c u s s e d f u r t h e r . 

For t h e 1972 nourishment t h e method t o account f o r these 

l o s s e s has been the f o l l o w i n g : 

* The curve f i t t e d e s t i m a t i o n on t = 7 2 . t 2 (see Table 2.2) has 

been used as a s t a r t i n g p o i n t . 

* However t h e volume o f t h e f i l l has been s e t t o 

Vf=846,000m', a c c o r d i n g t o a u n e x p l a i n e d i n c r e a s e o f t h e 

f i l l volume r e p o r t e d by D e t t e [ D e t 7 7 ] . I n the l i t e r a t u r e 

[ F i i h 7 6 ] t h i s i n c r e a s e i s c o n s i d e r e d t o be caused by t h e 

i n t e r c e p t i o n o f sand f r o m t h e n a t u r a l l i t t o r a l t r a n s p o r t . 

* An amount o f l o s s ( o b s e r v e d by D e t t e a l s o ) o f about 

259,000m^ over a beach l e n g t h o f about 3000m and a p r o f i l e 

h e i g h t o f 6m co r r e s p o n d s w i t h a r e t r e a t o f t h e schematized 

c o a s t l i n e o f 14.3m. 

* The measured s e r i e 72. t 3 has been s h i f t e d seawards over a 

d i s t a n c e o f 14.3m t o compensate f o r t h e l o s s . 

* The s h i f t e d c o a s t l i n e 72.t3 has been curve f i t t e d . 

* The found c u r v e has been s h i f t e d back landwards over t h e 

same d i s t a n c e o f 14.3m t o f i x i t s r e a l p o s i t i o n . 

* W i t h b o t h t h e e s t i m a t i o n s o f 72.t2 and 7 2 . t 3 , and u s i n g 

( 2 . 0 4 ) , i t i s p o s s i b l e t o compute t h e v a l u e o f t h e c o a s t a l 

c o n s t a n t "s" based on t h i s (second) o b s e r v a t i o n p e r i o d . 
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For t h e 1978 nou r i s h m e n t the c o n c l u s i o n was drawn o f o m i t t i n g 
t h e f i r s t s e r i e o f measured d a t a " 7 8 . t l " f r o m t h e c a l c u l a ­
t i o n s , because the i n t e r v a l o f t h i r t y - e i g h t days w i t h c o n s i d ­
e r a b l e l o s s was regar d e d t o o u n r e l i a b l e f o r a a c c u r a t e e s t i m a ­
t i o n o f the c o a s t a l c o n s t a n t " s " . 

The p e r i o d between 78. t 2 and 78. t 3 has been a n a l y s e d a c c o r d i n g 
t o t he same method a p p l i e d t o t h e 1972 f i l l : 

* The curve f i t t e d e s t i m a t i o n on t = 7 8 . t 2 (see Table 2.3) has 
been t a k e n as the s t a r t i n g p o i n t . 

The f i l l volume has been Vf=683,OOOm^. 

* The amount o f observed l o s s o f about 204,000 m̂  over a 
beach l e n g t h o f 1600m and a p r o f i l e h e i g h t o f 8.5m c o r r e s ­
ponds w i t h a r e t r e a t o f 15m o f the schematized c o a s t l i n e . 

* The measured s e r i e 78.t3 has been s h i f t e d seawards over a 
d i s t a n c e o f 15m t o compensate f o r the l o s s . 

* The s h i f t e d c o a s t l i n e 78.t3 i s curve f i t t e d . 

* The found curve i s s h i f t e d back landwards over t h e same 

d i s t a n c e o f 15m t o f i x i t s r e a l p o s i t i o n . 

* W i t h b o t h t h e e s t i m a t i o n s o f 78.t2 and 7 8 . t 3 , and u s i n g 

( 2 . 0 4 ) , i t i s p o s s i b l e t o compute the v a l u e o f t h e c o a s t a l 

c o n s t a n t "s" based on t h i s o b s e r v a t i o n p e r i o d . 

From t h i s p r o c e d u r e i t becomes c l e a r t h a t t he p r o c e d u r e t o 

compensate f o r t h e l o s s e s b r i n g s q u i t e some t r o u b l e , w h i l e t h e 

v a l u e o f t h e r e s u l t s remains u n c e r t a i n . E s p e c i a l l y t h e p r e d i c ­

t i v e v a l u e o f the model d i s a p p e a r s . I t can be n o t i c e d a l s o 

t h a t i n Annex V t h i s purpose i s n o t mentioned any f u r t h e r . So 

th e c a l c u l a t i o n method A has p r o v i d e d t h r e e v a l u a t i o n s o f t h e 

c o a s t a l c o n s t a n t " s " , whic h a re summarized i n t h e n e x t t a b l e . 

Data o f A p p l i e d method s 
[ m ^ / y r / r a d ] 

7 2 . t l - 72.t2 
72.t2 - 72 . t 3 

e q . ( 2 . 0 4 ) , o r i g i n a l 

e q . ( 2 . 0 4 ) , w i t h s h i f t 

0.96E6 

1.20E6 

7 8 . t l - 78.t2 
78.t2 - 78.t3 

d a t a n o t c o n s i d e r e d 

e q . ( 2 . 0 4 ) , w i t h s h i f t 0.58E6 

Table 2.4 - R e s u l t s c a l c u l a t i o n method A 
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C a l c u l a t i o n method B 
Another way t o use t h e a v a i l a b l e d a t a i s t o a n a l y s e the d i s ­
placement i n time o f t h e p o i n t s o f c o n t r a f l e x u r e o f t h e Gaus­
s i a n c u r v e . 

By curve f i t t i n g t he measured d a t a can be r e p r e s e n t e d by a 
Gaussian c u r v e . The p r e v i o u s paragraph has a l r e a d y shown some 
examples o f t h a t . From t h e f o r m u l a o f t h e Gaussian c u r v e 
(2.01) t h e p o s i t i o n o f t h e p o i n t s o f c o n t r a f l e x u r e can be d e r ­
i v e d by d i f f e r e n t i a t i o n t o t h e p l a c e "x" t w i c e and e q u a l i z i n g 
t h e r e s u l t t o z e r o . T h i s y i e l d s , 

y" = (2*CB*x' - 1) * 2*CA*CB * exp[ -CB*x' ] = 0 (2.05) 

A f t e r u s i n g f o r m u l a (2.03) t o e l i m i n a t e c o e f f i c i e n t "CB" i t 

can be concluded t h a t t h e t h e p o s i t i o n o f t h e p o i n t s o f con-

t r a f l e x u r e i s independent o f the volume o f t h e f i l l and can be 

d e s c r i b e d by, 

1 2 * ( t + T i ) * s 

x c f = s q r t [ ] = s q r t [ ] (2.06) 

2 * CB h 

where CB : t i m e dependent c o e f f i c i e n t a c c o r d i n g t o (2.03) 

h : schematized p r o f i l e h e i g h t 

s : c o a s t a l c o n s t a n t a c c o r d i n g t o (1.07) 

t : t i m e 

T i : i n i t i a l p e r i o d between t=0 o f t h e D i r a c - f u n c t i o n 

( f i c t i v e ) and the t i m e o f placement o f the f i l l 

x c f : x - c o o r d i n a t e o f t h e c o n t r a f l e x u r e p o i n t 

For t h e schematized p r o f i l e h e i g h t "h" an assumption i s made 

and t h e c u r v e f i t t e d c o a s t l i n e s p r o v i d e p a i r s o f ( " t " , " x c f " ) 

d a t a f o r each n o u r i s h m e n t . 

I n Annex V t h e p o l i c y o f e l a b o r a t i n g a h i n d c a s t c o m p u t a t i o n 

w i t h t h e f i r s t two measured s e r i e s ( t = t l and t = t 2 ) and a f t e r 

t h a t a f o r e c a s t c o m p u t a t i o n t o p r e d i c t t h e s h o r e l i n e p o s i t i o n 

a t t = t 3 i s n o t c o n t i n u e d anymore. I n s t e a d f o r t h i s c a l c u l a ­

t i o n method the a v a i l a b l e d a t a has been r e g a r d e d a l l i n one, 

where t h e f o l l o w i n g p r o c e d u r e has been chosen. 

A c c o r d i n g t o f o r m u l a (2.06) the d i s p l a c e m e n t i n t i m e o f t h e 

c o n t r a f l e x u r e p o i n t i n x - d i r e c t i o n i s p r o p o r t i o n a l t o t h e 

square r o o t o f t h e t i m e . T h e r e f o r e by p l o t t i n g 

1 s t : " x c f " a g a i n s t " s q r t [ t ] " 

or 2nd: " x c f " a g a i n s t " t " 

and by l i n e a r r e g r e s s i o n on t h i s d a t a a v a l u e f o r "s" (and 

" T i " ) can be f o u n d . 
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As t h e r i g h t m o s t e x p r e s s i o n o f e q u a t i o n (2.06) can be w r i t t e n 
as f o l l o w s , 

2*s 2*s 

x c f ' = * t + * T i (2.07) 
h h 

the s l o p e o f t h e r e g r e s s i o n l i n e r e p r e s e n t s t h e q u o t i e n t o f 

"2*s" and "h". Since a v a l u e o f "h" i s posed the v a l u e o f t h e 

c o a s t a l c o n s t a n t "s" can be computed. The i n t e r s e c t i o n o f the 

r e g r e s s i o n l i n e and t h e t i m e - a x i s p r o v i d e s a v a l u e f o r " - T i " . 

I n Annex V t h e second o f the p r e v i o u s two a l t e r n a t i v e s has 
been e l a b o r a t e d , " x c f ' " has been p l o t t e d a g a i n s t " t " . 
The p r o p o s i t i o n t h a t t h e c o m p u t a t i o n i s independent o f t h e 
f i l l volume w i l l be d i s c u s s e d i n f u r t h e r d e t a i l i n S e c t i o n 
2.3, b u t i n Annex V t h e method o f r e g a r d i n g the d i s p l a c e m e n t 
o f t he p o i n t s o f c o n t r a f l e x u r e i s c o n s i d e r e d t h e r e a v e r y 
p l e a s a n t one because t h e n the l o s s e s do n o t have t o be 
accounted f o r . 

N e v e r t h e l e s s t h e r e i s a p o s s i b i l i t y o f e l a b o r a t i n g t h e mea­
sured d a t a i n two d i f f e r e n t ways: 

* The p o s i t i o n o f t h e c o n t r a f l e x u r e p o i n t s i s d e r i v e d f r o m 
d i r e c t c u r v e f i t t i n g o f t h e measured c o a s t l i n e . T h i s 
o p t i o n can be c o n s i d e r e d as "not t a k i n g i n account the 
l o s s e s " . 

* The p o s i t i o n o f t h e c o n t r a f l e x u r e p o i n t s can a l s o be d e r ­
i v e d from a curve f i t t e d c o a s t l i n e , which i s s h i f t e d sea­
wards and landwards t o account f o r t h e l o s s e s . T h i s p r o c e ­
dure o f s h i f t i n g t he c o a s t l i n e has been d e s c r i b e d i n t h e 
p r e v i o u s p a r a g r a p h ( C a l c u l a t i o n method A ) . S t r i c t l y con­
s i d e r e d t h i s i s i n c o n t r a d i c t i o n t o t h e p l e a s a n t p r o p e r t y 
(no i n f l u e n c e o f l o s s e s ) mentioned above. 

The c o m p u t a t i o n s have been made i n b o t h ways f o r b o t h n o u r i s h ­
ments . 

The c u r v e f i t t e d e s t i m a t i o n s o f t h e c o a s t l i n e f o r the d a t a 
measured a t t = 7 2 . t l , 7 2 . t 2 , 7 8 . t l and 78.t2 have been t r e a t e d 
b e f o r e . They can be found i n Table 2.2 and Table 2.3 (see C a l ­
c u l a t i o n method A ) . 

I n a d d i t i o n t o t h i s d a t a the cu r v e f i t t e d e s t i m a t i o n s o f 
t = 7 2 . t 3 and 78.t3 a r e l i s t e d below. 

t i m e method CA CB CS 

72 . t 3 
72.t3 

a c t u a l 

s h i f t e d 
60.1 
72.3 

0.14E-5 

0.83E-6 14.3 

78.t3 

78.t3 
a c t u a l 
s h i f t e d 

44.5 
59.2 

0.14E-5 

0.97E-6 15.0 

Table 2.5 - Curve f i t t i n g f o r t = t 3 
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I n Table 2.5 b o t h ways o f a n a l y s i s have been l i s t e d . W i t h 
" a c t u a l " i s meant a d i r e c t f i t o f the measured d a t a , w h i l e 
" s h i f t e d " i n d i c a t e s a f i t o f a s h i f t e d c o a s t l i n e . 
The c o e f f i c i e n t "CS" ( i n [m]) r e p r e s e n t s the s h i f t e d d i s t a n c e 
and the f o r m u l a o f the Gaussian curve i s supplemented w i t h 
t h i s e x t r a term. 

CA * exp[ -CB * X' CS (2.08) 

Using t h e c o e f f i c i e n t s "CB" from Table 2.2, 2.3 and 2.5 the 
l e f t m o s t p a r t o f e q u a t i o n (2.06) p r o v i d e s f o u r v a l u e s o f t h e 
p o s i t i o n o f the c o n t r a f l e x u r e p o i n t s f o r b o t h r e p l e n i s h m e n t s . 
The square o f these v a l u e s can be p l o t t e d a g a i n s t the t i m e , 
which has been done i n F i g u r e 2.03. T h i s f i g u r e i s a r e p r o d u c ­
t i o n o f o r i g i n a l l y two f i g u r e s i n Annex V ( f i g . 2 . 3 , page 8 and 
f i g . 2 .5, page 1 4 ) . 

200 400 600 600 OOO 

lima (days) 

POINTS OF CONTRRFLEXURE F I G U R E 2 . 0 3 

I n Annex V f o r each r e p l e n i s h m e n t two r e g r e s s i o n l i n e s a r e 

c a l c u l a t e d , each based on t h r e e o f t h e f o u r a v a i l a b l e d a t a 

p o i n t s . The dashed l i n e s r e p r e s e n t t h e d a t a not s h i f t e d , w h i l e 

t h e f u l l l i n e s c o r r e s p o n d w i t h t h e case o f s h i f t e d c o a s t l i n e s . 

The r e s u l t s o f the c a l c u l a t i o n s a re summarized i n the f o l l o w ­

i n g t a b l e . 

F i l l Method s 

[ m ' / y r / r a d ] 

1972 o r i g i n a l 0.68E6 

1972 s h i f t e d 1.20E6 

1978 o r i g i n a l 0.88E6 

1978 s h i f t e d 1.50E6 

Table 2.6 - R e s u l t s c a l c u l a t i o n method B 
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C a l c u l a t i o n method C 

Wave data can a l s o be used to compute a value for the c o a s t a l 

constant " s " . The procedure to estimate i t s value i n v o l v e s 

using the wave data as a s t a r t i n g p o i n t . Through a r e f r a c t i o n 

(and i f nec e s s a r y a d i f f r a c t i o n ) computation the wave c h a r a c ­

t e r i s t i c s at the edge of the breaker zone can be c a l c u l a t e d . 

Henceforward the longshore t r a n s p o r t c a p a c i t y can be d e r i v e d 

as a f u n c t i o n of the p l a c e . Now using the d e f i n i t i o n of 

(1.07) i t i s p o s s i b l e to compute the c o a s t a l constant by ta k ­

ing the r a t i o of the change i n sand t r a n s p o r t c a p a c i t y and the 

change i n d i r e c t i o n ( r o t a t i o n ) of the c o a s t l i n e . 

I n Annex V a computer programme (KC programme) has been used 

to e l a b o r a t e n u m e r i c a l l y the c a l c u l a t i o n s j u s t mentioned. 

The programme i s based on the o n e - l i n e theory and uses a CERC 

formula, ( 1 . 1 5 ) , a l i k e approach of computing the t r a n s p o r t 

c a p a c i t y . I t does only account f o r p a r a l l e l depth-contours. 

But as a whole the KC programme o f f e r s a rather wide choice of 

p o s s i b i l i t i e s (see [Cas75] f o r documentation) such as f o r 

in s t a n c e the option of taking i n account the i n f l u e n c e of d i f ­

f r a c t i o n around a breakwater. Between the wave data can be 

d i f f e r e n t i a t e d with respect to t h e i r d i r e c t i o n , wave peri o d s 

and wave h e i g h t s . T i d a l i n f l u e n c e and wave set-up can a l s o be 

included i n the c a l c u l a t i o n , which f i n a l l y produces a value of 

" s " based on a l l requested c a l c u l a t i o n options. 

However s i n c e the treatment i n Annex V of t h i s type of compu­

t a t i o n s i s not very e x t e n s i v e i t i s not p o s s i b l e to point out 

e x a c t l y , which options of the KC programme have been used. But 

from S e c t i o n 2.2.3 of Annex V i t becomes c l e a r t h a t the wave 

data have been gathered from wave height meters, placed on 

d i f f e r e n t d i s t a n c e s from the shore. S i x d i r e c t i o n s e c t o r s of 

22.5 degrees have been taken i n account, from South-South-West 

through West u n t i l North-West. For s e v e r a l periods the s i g n i ­

f i c a n t wave height has been c a l c u l a t e d , but an o v e r a l l average 

has been used as input for the programme. No remarks are made 

about the bottom sche m a t i z a t i o n , which has to be done i n 

accordance with the assumption of p a r a l l e l depth-contours. 

Therefore i t i s not c l e a r how e x a c t l y the r e f r a c t i o n c a l c u l a ­

t i o n has been executed. 

C a l c u l a t i o n s have been made f o r the nothern part of S y l t and 

for the southern p a r t s e p a r a t e l y . The r e s u l t s are l i s t e d i n 

the f o l l o w i n g t a b l e . 

L o c a t i o n s 

[m^/yr/rad] 

northern p a r t of S y l t 

southern p a r t of S y l t 

0.37E6 

0.82E6 

Table 2.7 - R e s u l t s c a l c u l a t i o n method C 
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C a l c u l a t i o n method D 

I n Annex V a l s o an a t t e m p t has been made t o develop a more 

r e f i n e d method o f a n a i y s i s f o r the case o f S y l t . 

T h i s i n v o l v e s a d e s c r i p t i o n o f t h e r e g r e s s i o n i n t i m e o f t h e 

o r i g i n a l c o a s t l i n e by a r e t r e a t i n g p a r a b o l a . When b e s i d e s t h e 

r e p l e n i s h e d volume o f sand i s mod e l l e d by t h e shape o f a f l a t ­

t e n i n g Gaussian c u r v e , b o t h e f f e c t s can be analy s e d t o g e t h e r 

u s i n g t h e method o f s u p e r p o s i t i o n . 

However s e e i n g a l l problems w i t h t h e p r e v i o u s t h r e e c a l c u l a ­

t i o n methods such an a n a l y s i s has t o be regar d e d as t o o ambi­

t i o u s . The methods t h a t a r e used i n Annex V seem a r t i f i c i a l 

and remarkable r e s u l t s a r e n o t o b t a i n e d a l s o . 

T h e r e f o r e t h i s method w i l l n o t be t r e a t e d i n f u r t h e r d e t a i l i n 

t h i s r e p o r t . The c o m p u t a t i o n s i n t h e i r o r i g i n a l form can be 

foun d i n Annex V, pages 16-35. 
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2.3 Comment on t h e o n e - l i n e c a l c u l a t i o n s 

I n t h i s s e c t i o n t h e cc p u t a t i o n s o f Annex V w i l l be d i s c u s s e d 

f u r t h e r i n o r d e r t o e v a l u a t e t h e u s e f u l n e s s o f the a p p l i e d 

methods. F i r s t a few g e n e r a l remarks w i l l be made, l a t e r com­

ment on t h e c a l c u l a t i o n methods w i l l f o l l o w . 

Losses 
F i r s t s t r i k i n g problem has been t h a t o f the s u b s t a n t i a l sand 
l o s s e s f r o m t h e c o n s i d e r e d a r e a . Not o n l y t h e i r o c c u r r e n c e 
i t s e l f b u t a l s o t h e r e l a t i o n o f t h e l o s s e s t o t h e number o f 
measurement s e r i e s has appeared t o be u n f o r t u n a t e . 
As e x p l a i n e d i n S e c t i o n 2.2 t h e c a l c u l a t i o n o f a v a l u e f o r t h e 
c o a s t a l c o n s t a n t "s" r e q u i r e s measured d a t a a t two d i f f e r e n t 
p o i n t s i n t i m e . So t h e o r e t i c a l l y a number o f t h r e e measurement 
s e r i e s i s s u f f i c i e n t f o r a h i n d c a s t c o m p u t a t i o n o f "s" u s i n g 
th e f i r s t two and w i t h t h i s c a l c u l a t e d r e s u l t a f o r e c a s t com­
p u t a t i o n , which can be compared w i t h t h e t h i r d s e r i e s . However 
th e o c c u r r e d l o s s e s confuse t h e whole p r o c e d u r e . 

As mentioned i n S e c t i o n 2.2 (Par. c a l c u l a t i o n method A) s e r i ­

ous l o s s e s have been observed f o r b o t h n o u r i s h m e n t s . Between 

72.t2 and 7 2 . t 3 f o r the 1972 f i l l , i n t h e i n i t i a l phase, b e t ­

ween 7 8 . t l and 78.t2 and a l s o between 78.t2 and 78.t3 f o r t h e 

1978 f i l l . 

The 1972 l o s s e s seem t o be caused by heavy s t o r m c o n d i t i o n s , 

w h i l e those o f 1978 ( f i r s t p e r i o d ) have t o be r e g a r d e d as i n i ­

t i a l l o s s e s i n c o m b i n a t i o n w i t h a more t h a n average amounc o f 

wave a t t a c k . For t h e second o b s e r v a t i o n p e r i o d o f 1978 n o u r ­

ishment no e x p l a n a t i o n o f t h e l o s s e s i s g i v e n . 

T h i s k i n d o f r e a s o n i n g which can be found i n Annex V and i n 

the l i t e r a t u r e [Füh76] i s not v e r y s a t i s f y i n g . As a l r e a d y 

e x p l a i n e d i n S e c t i o n 1.2 (Par. h e i g h t o f t h e a c t i v e p r o f i l e ) 

t h e a p p l i c a t i o n o f the t h e o n e - l i n e model demands a p r o p e r 

t r e a t m e n t o f t h e e q u a t i o n o f c o n t i n u i t y ( 1 . 0 2 ) . I n t h i s equa­

t i o n t h e t r a n s p o r t o f sand t h r o u g h t h e upper and t h e lower 

boundary o f the budget area i s assumed t o be z e r o . D i s r e g a r d ­

i n g s p e c i a l s i t u a t i o n s ( e . g . d r e d g i n g f r o m t h e budget a r e a ) 

l o s s e s o t h e r t h a n t h r o u g h t h e ( f a r ) s i d e b o u n d a r i e s o f t h e 

budget area might n o t o c c u r . 

Thus t h e d e s c r i b e d seaward l o s s e s a r e i n c o n f l i c t w i t h t h e 

p r o p o s i t i o n s o f t h e used model. No v a l i d reasons seem a v a i l a ­

b l e t o i d e n t i f y a " s p e c i a l " s i t u a t i o n i n t h i s case. 

The observed l o s s e s can be e x p l a i n e d by p o s i n g t h a t t h e v a l u e 

o f t h e p r o f i l e h e i g h t "h" has been chosen t o o s m a l l . Then 

sand p a s s i n g t h r o u g h f o r i n s t a n c e t h e lower boundary o f t h e 

budget area d i s a p p e a r s f r o m t h e model c a u s i n g a l o s s . 

I t i s e x a c t l y t h i s e s s e n t i a l c h o i c e o f t h e p r o f i l e h e i g h t t h a t 

p l a y s an i m p o r t a n t r o l e t h r o u g h o u t t h e whole c a l c u l a t i o n . I t s 

i n f l u e n c e on t h e c o m p u t a t i o n s t h e r e f o r e w i l l be i n v e s t i g a t e d 

i n f u r t h e r d e t a i l i n the n e x t p a r a g r a p h . 
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P r o f i l e h e i g h t 

I n S e c t i o n 2.2 (Par. c a l c u l a t i o n method A) t h e d i f f e r e n c e s i n 

the v a l u e o f the schematized p r o f i l e h e i g h t "h" have been n o t ­

i c e d a l r e a d y . 

I n Annex V o f t h e Manual t h r e e d i f f e r e n t v a l u e s have been used 

f o r what s h o u l d be regarded as t h r e e s i m i l a r c a l c u l a t i o n s : 

a c o m p u t a t i o n o f "s" a c c o r d i n g t o t h e s c h e m a t i z a t i o n o f t h e 

o n e - l i n e model. 

To be more s p e c i f i c : 

* For t h e 1972 nourishment a p r o f i l e h e i g h t o f h=6m has been 

posed w i t h o u t any e x p l a n a t i o n . P r o b a b l y t h i s c h o i c e has 

been f o r c e d upon by the n a t u r e o f t h e measured d a t a . Only 

d a t a has been a v a i l a b l e o f v o l u m e t r i c changes above 

MSL-4.0m. 

* For t h e 1978 nourishment ( c a l c u l a t i o n method A and B) a 

v a l u e o f h=8.5m (MSL+4.5m - MSL-4.0m) has been chosen 

because t h e l o s s percentage f o r a p r o f i l e h e i g h t of h = l l m 

(MSL+4.5m - MSL-7.0m) appeared t o be o n l y 3% h i g h e r . 

* For the 1978 nourishment ( c a l c u l a t i o n method D) h=12m 

(MSL+4.0m - MSL-8.0m) has been used i n o r d e r t o t a k e a l l 

a v a i l a b l e d a t a i n account. 

I t t h u s becomes c l e a r t h a t t he problem o f f i n d i n g an a c c u r a t e 

p r o f i l e h e i g h t has been c o n s i d e r e d p r i m a r i l y as a d i f f i c u l t y 

w i t h i n each s e p a r a t e c a l c u l a t i o n . No a t t e n t i o n has been g i v e n 

t o t h e f a c t t h a t t h e d i f f e r e n c e s between those v a l u e s mount up 

a f a c t o r two. 

A p p a r e n t l y when a lower boundary o f t h e budget area had t o be 

chosen, t h e s t a n d a r d o f a c c e p t a t i o n o n l y has been, whether t h e 

r e p r e s e n t a t i o n o f t h e f i l l volume j u s t a f t e r nourishment i s 

a c c u r a t e enough. The p o s s i b i l i t y o f f u t u r e r e d i s t r i b u t i o n o f 

sand a l o n g t h e c r o s s - s e c t i o n a l p r o f i l e has n o t been t a k e n i n 

c o n s i d e r a t i o n . I n t h i s way an i m p o r t a n t p o s s i b i l i t y f o r t h e 

o c c u r r e n c e o f seaward l o s s e s has been c r e a t e d . 

I n S e c t i o n 1.2 (Par. h e i g h t o f t h e a c t i v e p r o f i l e ) t he impor­

tance o f u s i n g a f a i r l y a c c u r a t e v a l u e o f "h" has been 

e x p l a i n e d . I t i s necessary f o r a pr o p e r a p p l i c a t i o n o f t h e 

e q u a t i o n o f c o n t i n u i t y , which i s a budget e q u a t i o n . 

From t h e e v a l u a t i o n o f t h e 1972 r e p l e n i s h m e n t by Führböter 

[Füh76] i t can be seen t h a t t h e a p r o f i l e h e i g h t o f h=6m i s 

to o s m a l l . T h i s can be examined f r o m v o l u m e t r i c c o m p u t a t i o n s , 

w h i c h show a decrease i n t i m e , and a l s o from t h e c r o s s - s e c ­

t i o n a l p r o f i l e s . 
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To i l l u s t r a t e t h i s t he f o l l o w i n g f i g u r e has been c o p i e d f r o m 
[Füh76], page 41. 
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From F i g u r e 2.04 i t can be n o t i c e d t h a t a p r o f i l e h e i g h t o f 
h=6m (MSL+2.0m - MSL-4.0m) i s not s u f f i c i e n t . O b v i o u s l y t h e 
p a r t o f the p r o f i l e under MSL-4.0m i s a f f e c t e d t o o by t h e 
nour i s h m e n t . 

A l s o i n the "Plan f o r c o a s t a l p r o t e c t i o n o f S y l t " [ALWH85] i t 
i s shown t h a t t h e r e i s a s u b s t a n t i a l t r a n s p o r t o f sand t o t h e 
p a r t o f the c o a s t a l p r o f i l e under MSL-5m. T h i s a p p l i e s t o 
i n v e s t i g a t i o n s c a r r i e d out i n t h e p e r i o d 1978-1982. 
As a r e s u l t i n t h i s p e r i o d a f t e r t he 1978 nourishment volume­
t r i c changes a re observed i n t h e area between MSL-6.Om and 
MSL-8.0m. T h e r e f o r e i n t h i s p l a n f u r t h e r i n v e s t i g a t i o n s w i t h 
a boundary o f MSL-lO.Om are suggested. T h i s would g i v e a p r o ­
f i l e h e i g h t o f about 14m. 

I t can be posed t h a t t he a v a i l a b i l i t y o f the p r o p e r measured 
data i s a n e c e s s i c i t y f o r the c o r r e c t a p p l i c a t i o n o f t h e one-
l i n e model. I n Annex V t h i s a p p a r e n t l y has n o t f u l l y been 
r e a l i z e d . Knowledge o f behaviour o f the v o l u m e t r i c changes 
above a l e v e l o f MSL-4.0m o n l y , y i e l d i n g a p r o f i l e h e i g h t o f 
h=6m, has t o be c o n s i d e r e d as i n s u f f i c i e n t . 
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Looking at the p r o f i l e s of F i g u r e 2.04 and regarding a l s o the 

a v a i l a b l e l i t e r a t u r e [Füh76], [ALWH85] i t becomes c l e a r t h a t 

the lower boundary of the budget area should be taken at 

MSL-B.Om at l e a s t . The upper boundary of the budget ar e a i s 

dependent on the height up to which the nourishment has been 

c o n s t r u c t e d (MSL+4.0m). A r e a l i s t i c p r o f i l e height t h e r e f o r e 

should be h=12m r a t h e r than h=6m. 

Since the a p p l i e d v a l u e s of the p r o f i l e height show a c o n s i d ­

e r a b l e divergence i t i s u s e f u l to analyse the i n f l u e n c e of 

these d i f f e r e n c e s on the r e s u l t s of the c a l c u l a t i o n s . At 

f i r s t t h i s w i l l be c a r r i e d out by means of a n a l y s i n g the sen­

s i t i v i t y of the a n a l y t i c a l s o l u t i o n (2.01) for the value of 

the p r o f i l e height "h". 

Therefore the formulas (2.01) through (2.03) have to be 

regarded. The p r o f i l e height c o n t r i b u t e s to the c o e f f i c i e n t s 

"CA" (2,02) and "CB" ( 2 . 0 3 ) . Using these formulas a s h o r e l i n e 

p o s i t i o n can be c a l c u l a t e d , when for a l l i n f l u e n c i n g f a c t o r s a 

value i s chosen. Since t h i s a n a l y s i s i s meant to i n v e s t i g a t e 

the i n f l u e n c e of "h" on the s h o r e l i n e p o s i t i o n , only "h" w i l l 

be v a r i e d during the process, while a l l other f a c t o r s w i l l 

have to remain constant. 

Here the v a r i a t i o n of the p r o f i l e height has been achieved by 

choosing a constant r e f e r e n c e value (h=12m) and d e f i n i n g a 

p r o p o r t i o n a l disturbance "dh" (%) with respect to t h i s r e f e r ­

ence v a l u e . With a l l other f a c t o r s constant the c o a s t l i n e 

p o s i t i o n "y" becomes a f u n c t i o n of the p r o f i l e height only, so 

y=y(h). The c o a s t l i n e p o s i t i o n for the reference value h=12m 

can be w r i t t e n now as "y(12m)" and for an introduced d i s t u r ­

bance of dh% as "y( 12m- 0,01 * dh * 12m)", 

For "h" the value of h=12m has been chosen as a r e f e r e n c e , 

because the i n v e s t i g a t i o n s mentioned above l e a d to the c o n c l u ­

s i o n that out of the three used v a l u e s t h i s i s probably the 

most r e a l i s t i c one. The minus s i g n i n above e x p r e s s i o n denotes 

a decrease of "h" w i t h respect to i t s r e f e r e n c e v a l u e . T h i s 

because a l s o smaller v a l u e s of "h" have been used i n Annex V. 

To express i n a dimensionless form the d i f f e r e n c e s i n c o a s t ­

l i n e p o s i t i o n that are introduced by a disturbance of dh% the 

f o l l o w i n g formula can be used, 

y( 12m* (l-0.01*dh) ) - y(12m) 

devy(h) = * 100% (1.01) 

y(12m) 

Formula (2.09) g i v e s the d e v i a t i o n i n the s h o r e l i n e p o s i t i o n 

"y" as a r e s u l t of a decrease of "h" of dh%. Hereby "devy(h)" 

i s expressed as a percentage of d e v i a t i o n with r e s p e c t to the 

undisturbed (dh=0) s i t u a t i o n . 
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Formula (2.09) can be e v a l u a t e d f o r d i f f e r e n t v a l u e s o f "dh", 

when f o r a l l o t h r f a c t o r s a ( c o n s t a n t ) r e f e r e n c e v a l u e i s 

chosen. The f o l l o w i n g v a l u e s have been used i n t h i s a n a l y s i s : 

h = 12.0 [m] 

s = l.OOE+6 [ m V y r / r a d ] 

t + T i = 1.0 [ y r ] 

Vf = l.OOE+6 [m^] 

X = 0 (400) [m] 

Combining (2.01) - (2.03) and (2.09) i t can be n o t i c e d t h a t 

t h e v a l u e o f the volume o f t h e b e a c h f i l l "Vf" i s u n i m p o r t a n t . 

But t o a c h i e v e r e a l i s t i c c o a s t l i n e p o s i t i o n s t h i s f a c t o r i s 

no t o m i t t e d . 

For t he c o a s t a l c o n s t a n t " s " , t h e t i m e f a c t o r " t + T i " and t h e 

f i l l volume "Vf" r e f e r e n c e v a l u e s have been chosen, w h i c h a re 

r a t h e r "neat" and which l i e w i t h i n t h e range o f t h e i r own 

o c c u r r e n c e . Hereby i t has be n o t i c e d t h a t i n t h i s way t h e 

v a l u e o f " T i " w i l l be a c o n s t a n t i n t h i s a n a l y s i s . When t h e 

v a l u e o f "h" i s changed t h i s perhaps i s n o t a r e a l i s t i c s t a r t ­

i n g p o i n t . However the combined i n f l u e n c e o f " T i " and "h" w i l l 

be t h e n e x t i t e m o f i n v e s t i g a t i o n (see next page). 

As mentioned b e f o r e a r e f e r e n c e v a l u e o f h=12m has been chosen 

f o r t he p r o f i l e h e i g h t . 

The a n a l y s i s has been c a r r i e d o u t f o r t h e t o p o f the b e a c h f i l l 
(x=0) and f o r x=400m, whic h i s about the x - p o s i t i o n o f a p o i n t 
o f c o n t r a f l e x u r e ( t h e e x a c t x - p o s i t i o n : xcf=408.24m). The 
r e s u l t s can be found i n t a b l e 2.8. 

x= Om x= 400m 

dh devy y devy y 
[%] [%] [m] [%] [m] 

0 0 81.4 0 50.4 

1 0.5 81.8 1.0 50.9 

5 2.6 83.5 5.1 53.0 

10 5.4 85.8 10.6 55.7 
25 15.5 94.0 30.2 65.6 

40 29.1 105.1 56.4 78.8 

50 41.4 115.2 79.8 90.6 

75 100.0 162.9 186.7 144.5 

90 216.2 257.5 387.1 245.4 

Table 2.8 — I n f l u e n c e o f dh 

For t h e case o f x=0m can be n o t i c e d t h a t a 50% lower v a l u e o f 

dh ( t h u s dh=6m) y i e l d s a 4 1 % h i g h e r v a l u e o f "y". For dh=25% 

( t h u s h=9m) the d e v i a t i o n amounts 16%. These are r a t h e r sub­

s t a n t i a l d i f f e r e n c e s . 

For i n c r e a s i n g "x" the a b s o l u t e d e v i a t i o n caused by a g i v e n 

p ercentage o f "dh" i s about ( n o t e x a c t l y ) c o n s t a n t . However 

because the v a l u e o f "y" decreases t h e r e l a t i v e d e v i a t i o n o n l y 

i n c r e a s e s . 
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R e t u r n i n g t o the case o f x=Om i t can be concluded t h a t when a 
d e v i a t i o n o f about 5% i s accepted f o r t h i s p a r t i c u l a r s i t u a ­
t i o n a p r o f i l e h e i g h t has t o be known w i t h an accur a c y o f 
about 10%. 

The r e s u l t s g i v e n i n Table 2.8 are r a t h e r r e m a r k a b l e . A non­
l i n e a r r e l a t i o n between "dh" and "devy" i s found. T h i s i s a 
l i t t l e unexpected because the method i n w h i c h t h e c o a s t l i n e 
p o s i t i o n "y" i s u s u a l l y d e t e r m i n e d suggests a l i n e a r r e l a t i o n . 
T h i s i s i l l u s t r a t e d i n F i g u r e 2.05. 

CROSS SECTION SHORELINES 

A r e p l e n i s h e d volume o f sand d i s t r i b u t e d over a p r o f i l e h e i g h t 
t w i c e as s m a l l y i e l d s a c o a s t l i n e w i t h y - c o o r d i n a t e s t w i c e as 
l a r g e . 

T h e r e f o r e the same problem i s looked a t i n somewhat d i f f e r e n t 
way. I n s t e a d s t a r t i n g a t a v a r i a t i o n i n "h", w h i l e a l l 

o t h e r f a c t o r s remain c o n s t a n t , a c o n d i t i o n o f p r o p o r t i o n a l i t y 
w i l l be s e t on t h e i n i t i a l s i t u a t i o n a t t = 0 . Thus i t i s posed 
t h a t on t=0 the y - p o s i t i o n o f the s h o r e l i n e has t o be p r o p o r ­
t i o n a l t o the p r o f i l e h e i g h t , j u s t as F i g u r e 2.05 s u g g e s t s . 
As can be seen by c o n s i d e r i n g f o r m u l a (2.01) t h i s c o n d i t i o n 
can be s a t i s f i e d by p o s i n g t h a t r e g a r d l e s s t h e v a l u e o f "h" 
the c o e f f i c i e n t "CB" (2.03) a t t=0 has t o have a c o n s t a n t 
v a l u e . I n f a c t t h i s d e s c r i b e s a s i t u a t i o n denoted as " s i t u a ­
t i o n 2 ) " , which w i l l be t r e a t e d i n f u l l d e t a i l l a t e r on i n 
t h i s s e c t i o n (Par. about c a l c u l a t i o n method B ) . 

For now the f o l l o w i n g example w i l l i l l u s t r a t e t he p l a u s i b i l i t y 
o f t h i s approach. Given a re two chosen v a l u e s f o r the p r o f i l e 
h e i g h t , h l = h and h2=2*h. 

Under t h e c o n d i t i o n t h a t "CB" i s a c o n s t a n t , f o r m u l a (2.03) 
y i e l d s , when t=0 and "s" i s a c o n s t a n t , a t w i c e as l a r g e v a l u e 
o f " T i 2 " w i t h r e s p e c t t o " T i l " ( T i 2 = 2 * T i l , " T i l " and " T i 2 " 
c o r r e s p o n d t o " h i " and " h 2 " ) . With t h i s r e s u l t and under the 
i m p o r t a n t assumption t h a t t h e f i l l volume "Vf" i s a c o n s t a n t 
i t can be seen from f o r m u l a (2.04) t h a t a t t=0 the v a l u e o f 

nCCRETEO 
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the c o e f f i c i e n t "CA2" (and thus o f t h e s h o r e l i n e p o s i t i o n ) has 

a v a l u e s q r t [ 4 ] = 2 times s m a l l e r , which corresponds e x a c t l y t o 

the c o n d i t i o n o f p r o p o r t i o n a l i t y . 

I t i s c l e a r now t h a t a chosen v a l u e o f "h" has a c o n s i d e r a b l e 

i n f l u e n c e on t h e v a l u e o f " T i " and thus a l s o a f f e c t s t h e ana­

l y t i c a l s o l u t i o n ( 2 . 0 1 ) . 

I n o r d e r t o ana l y s e the i n f l u e n c e o f the combined changes i n 

"h" and " T i " on t h e c a l c u l a t e d s h o r e l i n e p o s i t i o n the b e h a v i ­

our o f the a n a l y t i c a l s o l u t i o n f o r t h r e e d i f f e r e n t v a l u e s o f 

"h" has been computed. The v a l u e s used are g i v e n i n 

Table 2.9. 

h T i other constants 

[m] [ y r ] 

6.0 0.15 s =1.00E6 mVyr/rad 

8.0 0.20 Vf=1.00E6 m̂  

12.0 0.30 

Table 2.9 — Used v a l u e s o f h 

So i n t h i s a n a l y s i s t h r e e d i f f e r e n t v a l u e s o f "h" have been 

used, which c o r r e s p o n d c l o s e l y t o those a p p l i e d i n Annex V. 

Hereby t h e v a l u e s o f " T i " have been a p p r o p r i a t e l y a d j u s t e d i n 

o r d e r t o s a t i s f y the c o n d i t i o n o f p r o p o r t i o n a l i t y . 

I n t h e i n i t i a l s i t u a t i o n a t t=0 a l l t h r e e a n a l y t i c a l s o l u t i o n s 

are e q u i v a l e n t . They can e a s i l y be compared when m u l t i p l i e d by 

a c o r r e c t i o n f a c t o r . The s o l u t i o n o f h=6m has been t a k e n as a 

s t a r t i n g p o i n t . Thus t h e v a l u e s o f t h e s o l u t i o n s o f h=8m and 

h=12m have been m u l t i p l i e d by t h e f a c t o r s "4/3" and "2" r e s ­

p e c t i v e l y i n o r d e r t o o b t a i n q u a n t i t a t i v e l y comparable 

r e s u l t s . 
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The b e h a v i o u r i n time o f the t h r e e d i f f e r e n t s o l u t i o n s has 
been computed. The r e s u l t s can be found i n t h e Tables 2.10 
and 2.11. They are g r a p h i c a l l y i l l u s t r a t e d i n t h e F i g u r e s 2.06 
t h r o u g h 2.09. 

SHORELINE POSITIONS 

F i g u r e 2.06 shows the s i t u a t i o n a t t-^0.5yr and a l s o f o r 
t = 1 . 0 y r a s i m i l a r p l o t can be made ( F i g u e 2.07). 
As mentioned b e f o r e the s h o r e l i n e y - c o o r d i n a t e s c o r r e s p o n d i n g 
t o h=8m have been m u l t i p l i e d by a c o r r e c t i o n f a c t o r o f "4/3" 
i n o r d e r t o o b t a i n q u a n t i t a t i v e l y comparable r e s u l t s . For t h e 
case o f h=6m a c o r r e c t i o n f a c t o r "2" has been used. 
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And a l s o f o r t = I . 5 y r ( F i g u r e 2.08) these t h r e e v a l u e s o f the 

p r o f i l e h e i g h t show the same t e n d e n c i e s . I n each f i g u r e t he 

s h o r e l i n e a t t=0 has a l s o been p l o t t e d i n o r d e r t o g i v e a more 

c l e a r i m p r e s s i o n o f the a b s o l u t e d i f f e r e n c e s . 

F i g u r e 2.09 shows the s i t u a t i o n a t t = 2 . 0 y r . 

SHORELINE POSITIONS 

T=2.0: A H = 6M 
X H=8M 
• H=12M 

'^^ÖÖ lb. DO 20.00 30.00 Ï57ÖÖ 50.00 , o'o.OO 7b.OO SToO 80.00 I'OO.OO 

X-flXIS Mio' 

COMPflRISION AT T=2.GTR 1 

F I G U R E 2 . 0 9 
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The p r e v i o u s f i g u r e s g i v e a good i m p r e s s i o n o f t h e i n f l u e n c e 

o f the p r o f i l e h e i g h t . At x=Om a l a r g e r v a l u e o f "h" causes 

t h e s h o r e l i n e t o be p o s i t i o n e d more seawards. For t h e f a r 

s i d e s o f t h e f i l l ( f o r i n s t a n c e x=1000m) a r e v e r s e d e f f e c t can 

be n o t i c e d . T h i s b e h a v i o u r can be u n d « r . s t o o d when i s r e a l i z e d 

t h a t t h e s h o r e l i n e m o d e l l e d w i t h t h e s m a l l e s t v a l u e o f "h" 

shows t h e l a r g e s t g r a d i e n t s i n x - d i r e c t i o n . Thus a l a r g e r 

r e g r e s s i o n o f the t o p o f t h i s s h o r e l i n e can be e x p e c t e d . 

The d i f f e r e n c e s i n c o a s t l i n e p o s i t i o n can be e v a l u a t e d q u a n t i ­

t a t i v e l y f rom Table 2.10 f o r x=0. 

t ime s h o r e l i n e p o s i t i o n ( y ) a t x=0 

h=6m h=8m h=12m 

[ y r ] [m] [m] [m] 

0.0 297.36 297.36 297.36 

0.5 142.48 158.94 182 .09 

1.0 107.39 121.39 142.84 

1.5 89.66 101.99 121.39 

2.0 78.54 89.66 107.39 

Table 2.10 — Numeric v a l u e s f o r x=0 

I n T a b l e 2.11 t h e r e s u l t s f o r X=1000ÏÏ> <--e g i v e n n u m e r i c a l l y . 

t i m e y a t x=1000m 

h=6m h=8m h=12m 

[ y r ] [m] [m] [m] 

0.0 0.01 0.01 0.01 

0.5 14.21 9.13 4.28 

1.0 29.14 22 .93 14.21 

1.5 36.12 31.45 22.93 

2.0 39.03 36.12 29.14 

Table 2.11 — Numeric v a l u e s f o r x=1000m 

Table 2.10 and 2.11 show once a g a i n the e q u i v a l e n c e o f t h e 

s o l u t i o n s a t t = 0 . However t h e d i f f e r e n c e s between them t h a t 

d e v e l o p i n time are r a t h e r s u b s t a n t i a l . 

At x=0 t h e y come t o about 30 meters ( = 1 0 % ) . Moving s i d e w a r d s 

a l o n g t h e x - a x i s t h e i n f l u e n c e o f t h e p r o f i l e h e i g h t decreases 

a t f i r s t , but i n c r e a s e s a g a i n as soon as the p o i n t s o f c o n t r a -

f l e x u r e have been passed. At x=1000m d i f f e r e n c e s a r e f o u n d o f 

about 15 meters, which y i e l d s a c o n s i d e r a b l e r e l a t i v e e r r o r . 

I t t h u s can be concluded t h a t t h e i n f l u e n c e o f v a l u e o f t h e 

p r o f i l e h e i g h t on the b e h a v i o u r o f the a n a l y t i c a l s o l u t i o n i s 

r a t h e r s u b s t a n t i a l . The computed s h o r e l i n e p o s i t i o n i s 

s t r o n g l y dependent on t h e v a l u e o f "h". 
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A d i f f e r e n c e i n t h i s value of a f a c t o r two introduces a com­

puted d i f f e r e n c e i n s h o r e l i n e p o s i t i o n of about 10%. Since 

t h i s i s of the ame order as the found inaccuracy of the c a l ­

c u l a t i o n methods, i t i s very important to give good a t t e n t i o n 

to the choice of "h". 

From t h i s r e s u l t i t a l s o becomes obvious that a c a l c u l a t i o n 

method based on the displacement i n time of the p o i n t s of con-

t r a f l e x u r e has to be p r e f e r r e d to a method that uses the beha­

viour of the top of the b e a c h f i l l as e s s e n t i a l data. The f i r s t 

one w i l l not be i n f l u e n c e d by the p r o f i l e height. 

The previous a n a l y s i s shows the e r r o r i n the s h o r e l i n e p o s i ­

t i o n when an i n a c c u r a t e value of the p r o f i l e height i s used 

and a l l other v a l u e s are known ( e x a c t l y ) . E s p e c i a l l y t h i s 

a p p l i e s to the value of the f i l l volume "Vf", which i s assumed 

to have a constant value i n time. 

Thus the previous a n a l y s i s i s v a l i d for the f o l l o w i n g c a s e . 

* A c o r r e c t p r o f i l e height has been chosen and the budget 

area e n c l o s e s the nourished volume of sand during the 

whole o b s e r v a t i o n period. 

* An a c c u r a t e s h o r e l i n e p o s i t i o n can be found using the ana­

l y t i c a l s o l u t i o n of ( 2 . 0 1 ) . 

* The a n a l y s i s shows the e f f e c t of an enlarged p r o f i l e 

height with r e s p e c t to t h i s c o r r e c t value. 

However when as has been the case i n Annex V a too small value 

of "h" has been used the s i t u a t i o n i s a l i t t l e d i f f e r e n t . 

Because the budget area i s taken too small now, t r a n s p o r t of 

sand through the upper and ( o r ) lower boundary can occur. When 

t h i s happens, as has been apparently i n the case of S y l t i n 

Annex V, the volume of the f i l l can not be considered a con­

s t a n t anymore. The previous a n a l y s i s then looses a p a r t of i t s 

value. 

That the p r o f i l e height i s a f a c t o r , which has to be d e t e r ­

mined with c a r e , remains v a l i d , but the i n f l u e n c e of t h i s too 

small p r o f i l e height on the accuracy of the computations 

becomes u n p r e d i c t a b l e . The moment at which the l o s s o c c u r s , 

the p l a c e from where i t i s eroded and the volume of the eroded 

sand become important. The one-line model can not be p r o p e r l y 

a p p l i e d i n such a s i t u a t i o n . 

There i s a l s o another e f f e c t that confuses a proper a n a l y s i s 

of such a s i t u a t i o n . I n Annex V two d i f f e r e n t s h o r e l i n e p o s i ­

t i o n s have been compared using the same i n a c c u r a t e value f o r 

both of the s i t u a t i o n s . So the question could be asked how 

bad i t w i l l be to do i t wrong c o n s i s t e n t l y . Unfortunately a l s o 

t h i s e f f e c t i s not easy to q u a n t i f y . 
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S mall a n g l e o f wave i n c i d e n c e 

As e x p l a i n e d i n S e c t i o n 1.2 (Par. e q u a t i o n o f m o t i o n ) t h e con­
d i t i o n t h a t t h e angle o f wave i n c i d e n c e r e l a t i v e t o t h e c o a s t ­
l i n e d i r e c t i o n can be regar d e d s m a l l i s an i m p o r t a n t one when 
emp l o y i n g a l i n e - t y p e k i n d o f m o d e l l i n g . The j u s t i f i c a t i o n o f 
the s i m p l i f i c a t i o n s (1.06) and (1.07) i s dependent on the v a l ­
i d i t y o f t h i s assumption. 

The a c c e p t e d i n a c c u r a c y o f the c o m p u t a t i o n l i m i t s t h e a p p l i c a ­
b i l i t y o f t h e t h e o r y . C o n s i d e r i n g t h e g e n e r a l l y r a t h e r g l o b a l 
n a t u r e o f the c o a s t l i n e c a l c u l a t i o n s a v a l u e o f about 30 
degrees (0.52 r a d ) i s o f t e n a c c e p t e d , b u t a more s t r i c t l i m i ­
t a t i o n can a l s o be used. I n Table 1.1 ( S e c t i o n 1.2 a l s o ) an 
i n d i c a t i o n has been g i v e n o f t h e i n t r o d u c e d e r r o r t h r o u g h com­
p a r i s o n w i t h t he CERC f o r m u l a . 

I n t h e same s e c t i o n some remarks have been made about a 
" r e p l e n i s h m e n t s i t u a t i o n " ( F i g u r e 1.05). 

Indeed when l o o k i n g a t F i g u r e 1.05 t h e s t r o n g s u g g e s t i o n i s 
r a i s e d o f s u b s t a n t i a l a n g l e s o f wave i n c i d e n c e . So s e r i o u s 
doubts a r i s e about t h e c o r r e c t n e s s o f t h e used c a l c u l a t i o n 
methods. 

When i n t h e case o f S y l t t h e o c c u r r i n g r e l a t i v e a n g l e s have 
been t o o l a r g e i n deed, t h e a p p l i c a t i o n o f t h e o n e - l i n e t h e o r y 
i s n o t a l l o w e d or u s a b l e o n l y under t h e acceptance o f c o n s i d ­
e r a b l e i n a c c u r a c y . 

To i n v e s t i g a t e how bad the s i t u a t i o n r e a l l y has been i t i s 

most c o n v e n i e n t t o r e t u r n t o t h e c u r v e f i t t e d a p p r o x i m a t i o n s 

o f t h e c o a s t l i n e o f c a l c u l a t i o n method A. 

Tabl e 2.2, 2.3 and 2.5 p r o v i d e t h e c u r v e f i t t e d e s t i m a t i o n s o f 

th e c o a s t l i n t " ^ assuming a Gaussian c u r v e shape. 

As i s known from mathematics t h e extreme v a l u e s o f t h e s l o p e 

o f a f u n c t i o n occur a t t h e p o i n t s o f c o n t r a f l e x u r e . Since a 

Gaussian c u r v e can be expressed i n f o r m u l a ( 2 . 0 1 ) , t h e neces­

s a r y v a l u e s can be d e r i v e d easy. 

The l e f t m o s t p a r t o f e q u a t i o n (2.06) g i v e s an e x p r e s s i o n f o r 

the x - p o s i t i o n o f the p o i n t s o f c o n t r a f l e x u r e , 

1 

x c f = s q r t [ ] (2.10) 
2 * CB 

T h i s f o r m u l a i s v a l i d f o r t h e r i g h t m o s t p a r t o f the Gaussian 

c u r v e ( p o s i t i v e v a l u e s o f " x " ) . For t h e l e f t m o s t p a r t o f t h e 

b e a c h f i l l t h e d i f f e r e n c e i s j u s t a minus s i g n . Because t h a t 

produces p o s i t i v e a n g l e s , here the l e f t m o s t p a r t o f t h e f i l l 

w i l l be r e g a r d e d . D i f f e r e n t i a t i o n o f (2.01) t o the p l a c e once 

and s u b s t i t u t i n g " - x c f " f o r "x" y i e l d s w i t h ( 2 . 1 0 ) , 

y ' c f = CA * s q r t [ 2*CB ] * exp[ -0.5 ] (2.11) 

By t a k i n g t h e i n v e r s e - t a n g e n t f u n c t i o n t h i s s l o p e can be 

reduced t o an a n g l e , 

Bcf = a r c t a n [ y ' c f ] (2.12) 
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W i t h the c o e f f i c i e n t s "CA" and "CB" from t h e Tables 2,2, 2,3 

and 2.5 and u s i n g the f o r m u l a s (2,11) and ( 2 . 1 2 ) , t h e maximum 

o c c u r r i n g a n g le o f the c o a s t l i n e w i t h r e s p e c t t o t h e x - a x i s 

can be computed. Of course t h i s r e l a t e s t o an angle a c c o r d i n g 

t o t he modelled c o a s t l i n e . 

time dt 

[ y r ] 

CA CB 

[m] [1/mM 

y ' c f Bcf 
[deg] 

7 2 . t l 
72.t2 0.59 
72.t3 1.38 

222 1.07E-5 

104 1.85E-5 

60.1 0.14E-5 

0.623 31.9 

0.384 21.0 

0.061 3.5 

7 8 . t l 
78.t2 0.10 
78.t3 1.17 

159 0.60E-5 
83.5 0.32E-5 
44.5 0.14E-5 

0.334 18.5 

0.128 7.3 

0.045 2.6 

Table 2.12 - Maximum a n g l e o f c o a s t l i n e 

I n Table 2.12 an i n d i c a t i o n can be o b t a i n e d o f t h e o c c u r r i n g 

a n g l e s . I t g i v e s a r a t h e r l o g i c a l p i c t u r e o f g r a d u a l l y f l a t ­

t e n i n g Gaussian c u r v e s . The v a l u e o f t h e c o e f f i c i e n t s "CA" and 

"CB" decreases i n time and so does t h e maximum c o a s t l i n e 

a n g l e . 

As a f i r s t o b v i o u s r e s u l t i t can be n o t i c e d t h a t t h e 

(modelled) c o a s t l i n e a n g l e s ( w i t h r e s p e c t t o t h e x - a x i s ) a r e 

t o l e r a b l y s m a l l . T h i s i s c e r t a i n l y v a l i d f o r the 1978 n o u r ­

ishment, where t h e angles a re s m a l l e r t h a n t w e n t y degrees, b u t 

a l s o f o r the 1972 nourishment a l t h o u g h t h i s s i t u a t i o n i s a 

l i t t l e l e s s f a v o u r a b l e . 

Of course t h e a n g l e o f wave i n c i d e n c e w i t h r e s p e c t t o t h e 

a c t u a l c o a s t l i n e i s a l s o dependent on t h e angle o f wave i n c i ­

dence i t s e l f (on deep w a t e r ) , t h e r e f r a c t i o n p a t t e r n and t h e 

r e a l shape o f t h e c o a s t l i n e ( t h e r e i s a d e v i a t i o n f r o m t h e 

mod e l ) . 

To e v a l u a t e t h e a p p l i c a b i l i t y o f t h e o n e - l i n e model t h e a n g l e 

of wave i n c i d e n c e r e l a t i v e t o t h e c o a s t l i n e d i r e c t i o n (1.14) 

has t o be c o n s i d e r e d . As a s t a n d a r d (1.24) can be used. 

I n Appendix B t h e wave da t a as p r e s e n t e d i n S e c t i o n 2.2.3 o f 

Annex V has been used t o compute an average angle o f wave 

i n c i d e n c e "<^0". From t h i s appendix i t can be seen t h a t t h i s 

average angle y i e l d s about (j)0 = 39 degrees. 

A c c e p t i n g o n l y a range o f Ba=20 degrees t h e o n e - l i n e model i s 

v a l i d o n l y f o r t h a t p a r t o f t h e Gaussian curve w i t h i n t h e 

i n t e r v a l o f 19 degrees t o 59 degrees. T h i s r e s t r i c t s t h e 

a p p l i c a t i o n o f t h e one l i n e model t o the s t a r t i n g s i t u a t i o n o f 

the 1972 nourishment and y e t o n l y f o r a l i m i t e d p a r t o f t h a t 

s t a r t i n g c u r v e . A more generous acceptance, fla=30 degrees f o r 

i n s t a n c e , does n o t improve t h e p o s s i b i l i t y t o use t h i s schema­

t i z a t i o n . 

Using (1.24) as a s t a n d a r d i t t h u s can be concluded t h a t t h e 

a p p l i c a t i o n o f o n e - l i n e model f o r t h i s p a r t i c u l a r s i t u a t i o n o f 

S y l t i s not a l l o w e d . 
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About c a l c u l a t i o n method A 

S t a r t i n g p o i n t o f method A i s t h e b e h a v i o u r i n t i m e o f f o r m u l a 

( 2 . 0 4 ) . I t i s a r a t h e r o b v i o u s method, whi c h i n t h e case o f 

S y l t i s o b s t r u c t e d by t h e o c c u r r i n g l o s s e s . These change n o t 

o n l y the volume o f the f i l l b u t may i n f u e n c e a l s o t h e v a l u e o f 

the i n i t i a l p e r i o d " T i " (see ne x t p a r a g r a p h f o r a f u r t h e r d i s ­

c u s s i o n on t h i s l a s t p o i n t ) . 

An a c c e p t a b l e way o f compensating f o r t h e d e c r e a s i n g volume o f 

the f i l l "Vf" i s the method o f s h i f t i n g t h e c o a s t l i n e . I n f a c t 

such an approach c o n s i s t s o f c o n s i d e r i n g t h e o r i g i n a l c o a s t ­

l i n e as g r a d u a l l y r e t r e a t i n g , w h i l e t h e f i l l volume s t a y s con­

s t a n t . 
I n f o r m u l a t h i s can be expressed as a m o d i f i c a t i o n o f ( 2 . 0 8 ) , 

P 
y = CA * exp[ -CB*x^ ] - - * t (2.13) 

h 

Where P : volume o f l o s s per meter c o a s t l i n e per year 

The l e f t m o s t p a r t o f t h e f o r m u l a r e p r e s e n t s t h e Gaussian c u r v e 

and t h e r i g h t m o s t p a r t expresses a u n i f o r m e r o s i o n o f t h e 

c o a s t l i n e i n t i m e . 

As l o n g as t h e e r o s i o n i s d i s t r i b u t e d u n i f o r m l y a l o n g t h e 

e n t i r e f i l l ^ h i s i s a v a l i d s c h e m a t i z a t i o n . I f however t h e 

l o s s e s occur l o c a l l y , c o n c e n t r a t e d a t a c e r t a i n p a r t ( f o r 

i n s t a n c e t h e t o p ) o f t h e f i l l , such a s c h e m a t i z a t i o n g i v e s 

problems. 

As mentioned b e f o r e i n t h i s s e c t i o n (Par. p r o f i l e h e i g h t ) t h e 

a p p l i c a t i o n o f t h i s method demands an a c c u r a t e v a l u e o f the 

p r o f i l e h e i g h t "h". T h i s has been a s e r i o u s problem i n the 

co m p u t a t i o n s o f Annex V. When t h e v a l u e o f "h" i s n o t known 

too w e l l or when t h e necessary d a t a a r e n o t a v a i l a b l e c a l c u l a ­

t i o n method B s h o u l d be p r e f e r r e d . 
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About c a l c u l a t i o n method B 

T h i s method l o o k s a t t h e d i s p l a c e m e n t i n t i m e o f t h e p o i n t s o f 

c o n t r a f l e x u r e o f t h e Gaussian c u r v e . As a l r e a d y s t a t e d i n Sec­

t i o n 2.2 f o r m u l a (2.06) suggests t h a t the x - p o s i t i o n o f these 

p o i n t s " x c f " i s independent o f t h e volume o f t h e b e a c h f i l l . 

T h e r e f o r e i n Annex V t h i s method i s c o n s i d e r e d t o be u n i n f l u ­

enced by the l o s s e s . O b v i o u s l y t h i s s h o u l d be a v e r y conven­

i e n t method. 

U n f o r t u n a t e l y t h i s p o i n t o f view i s n o t f u l l y c o r r e c t . Because 

a n a l y s i n g f u r t h e r t h e v a l u e o f " x c f " s h o u l d n o t change i n t h e 

case o f o c c u r r i n g l o s s . There are two s i t u a t i o n s i n w h i c h 

such a s c h e m a t i z a t i o n i s j u s t i f i e d . 

1) The f i r s t one i s a l r e a d y d i s c u s s e d i n t h e p r e v i o u s p a r a ­

graph. The l o s s i s assumed t o be u n i f o r m l y d i s t r i b u t e d 

a l o n g the e n t i r e f i l l . Now i t can be posed t h a t t h e o r i g i ­

n a l c o a s t l i n e erodes w h i l e t h e b e a c h f i l l keeps i t s u p p l e ­

mented volume. The development o f t h e f i l l i n t i m e t h e n 

f o l l o w s the b e h a v i o u r o f t h e a n a l y t i c a l (Gaussian c u r v e d ) 

s o l u t i o n . An o t h e r way t o l o o k a t i t i s t h a t t h e c o a s t l i n e 

can be s h i f t e d as a c o r r e c t i o n f o r t h e l o s s e s . 

2) The second one can be d e r i v e d f r o m t h e f o r m u l a s (2.01) 

t h r o u g h LIh.03) and , ( 2 . 0 6 ) . I f i t i s proposed t h a t the 

v a l u e o f '"xcf"- remains unchanged when l o s s e s occur a t a 

g i v e n t i m e " t " , f o r m u l a (2.06) i m p l i e s t h a t "CB" has t o be 

a c o n s t a n t . R e t u r n i n g t o (2.03) t h e v a l u e o f " T i " has t o 

be c o n s t a n t a l s o , because "s" and "h" are c o n s t a n t s . Now 

e v a l u a t i n g (2.02) and (2.01) a change i n f i l l volume "Vf" 

has a d i r e c t e f f e c t on t h e v a l u e o f "y", s i n c e a l l o t h e r 

v a r i a b l e s are c o n s t a n t . T h i s means t h a t t h e y - p o s i t i o n o f 

t h e s h o r e l i n e ( f o r a l l x) i s p r o p o r t i o n a l t o t h e volume o f 

t h e f i l l . T h e r e f o r e when l o s s e s cause a decrease o f "Vf" 

(say w i t h z%) t h e y - p o s i t i o n o f t h e e n t i r e Gaussian c u r v e 

changes p r o p o r t i o n a l l y ( z % w i t h r e s p e c t t o i t s p r e v i o u s 

v a l u e ) . So t h i s i s a way t o compensate f o r t h e l o s s , 

where the b e a c h f i l l i s posed t o be eroded w h i l e t h e o r i g i ­

n a l s h o r e l i n e i s r e g a r d e d immovable. 

Both s i t u a t i o n s a r e i l l u s t r a t e d i n F i g u r e 2.10, l e f t f o r t h e 

f i r s t s c h e m a t i z a t i o n , an e r o d i n g o r i g i n a l c o a s t l i n e and a f i x 

a t e d f i l l volume, r i g h t f o r t h e second s c h e m a t i z a t i o n , an 

e r o d i n g b e a c h f i l l and a f i x a t e d o r i g i n a l c o a s t l i n e . 
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S I T U A T I O N 1 S I T U R T I O N 2 

SITURTION 1 AND 2 F I G U R E 2. 10 

Again i t can be c o n c l u d e d t h a t t h e n a t u r e o f the e r o s i o n p r e ­

s c r i b e s whether c a l c u l a t i o n method B can be used or n o t . I f a 

s c h e m a t i z a t i o n a c o r d i n g one o f t h e two s i t u a t i o n s above i s n o t 

v a l i d t h e f a c t o r " T i " becomes i m p o r t a n t . 

From (2.02) i t can be n o t i c e d t h a t " T i " i s a parameter o f t h e 

model, which f i t s t h e r e l a t i o n between t h e used m a t h e m a t i c a l 

s o l u t i o n and t h e measured data a t a g i v e n p o i n t o f t i m e , when 

"Vf", "h", "s" and t h e c o a s t l i n e p o s i t i o n "y" are known. 

Unless one o f t h e two p r e v i o u s ways o f compensating t h e l o s s 

can be a p p l i e d a change i n "Vf" w i l l a f f e c t " T i " a l s o . I t s 

v a l u e t h e n has t o be r e c a l c u l a t e d and method B can n o t be 

used. 
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About c a l c u l a t i o n method C 

D e r i v i n g a v a l u e o f t h e ^ c o a s t a l c o n s t a n t "s" f r o m t h e wave 

dat a t h r o u g h t h e KC programme i s a known method, wh i c h i s 

v a l i d when a p p r o p r i a t e s c h e m a t i z a t i o n i s p o s s i b l e . 

AS f a r as i t concerns t h e wave d a t a t h e r e seems l i t t l e p r o b ­

lem. The wave d a t a cover an e x t e n s i v e p e r i o d o f t i m e and are 

( p a r t l y ) measured c l o s e t o t h e area o f no u r i s h m e n t . 

About t h e bottom s c h e m a t i z a t i o n , as a l r e a d y mentioned i n Sec­

t i o n 2.2, no e x p l a n a t i o n i s g i v e n i n Annex V. However the com­

p u t a t i o n s have been c a r r i e d o u t n o t f o r the exa c t n o u r i s h m e n t 

s i t u a t i o n , but j u s t f o r two d i f f e r e n t c o a s t a l d i r e c t i o n s (one 

r e p r e s e n t a t i v e f o r the n o r t h e r n p a r t o f S y l t , t h e o t h e r f o r 

the s o u t h e r n p a r t ) . So problems w i t h r e s p e c t t o t h e geometry 

of t h e a p p l i e d model are n o t t o be expe c t e d . 

A n o t a b l e r e s u l t can be a c h i e v e d when the v a l u e s f o r t h e 

t r a n s p o r t c a p a c i t i e s necessary t o d e r i v e a c o a s t a l c o n s t a n t 

( a c c o r d i n g t o ( 1 . 0 7 ) ) a re c o n s i d e r e d . I n Annex V these a re 

g i v e n (see a l s o Appendix B ) : 
S = 580,000mVyr f o r the n o r t h e r n p a r t 

S = 410,000mVyr f o r the s o u t h e r n p a r t 

A l s o g i v e n i s a d i f f e r e n c e o f 17 degrees (0.30 r a d ) i n c o a s t a l 

d i r e c t i o n . Since t h e r e p l e n i s h m e n t a rea i s about i n t h e mid 

d i e p a r t o f t h e i s l a n d t h e c o a s t a l c o n s t a n t can be a p p r o x i ­

mated by a p p l y i n g i t s d e f i n i t i o n (1.07) on t h i s d a t a . T h i s 

y i e l d s , 

d i f f e r e n c e i n "S" 170,000 
g _ , = = 0.57E6 m V y r / r a d 

d i f f e r e n c e i n "B" 0.30 

T h i s i s a r e s u l t t h a t agrees r a t h e r w e l l w i t h t h e v a l u e s o f 

c a l c u l a t i o n method D (1978) and a l s o w i t h some o f t h e o t h e r 

r e s u l t s (see Table 2.13 and 2.14). 

Both t h e r e s u l t s f r o m Table 2.5 and a l s o t h i s l a s t e s t i m a t i o n 

r e f l e c t t h e i n f l u e n c e o f the s i n u s o i d a l shape o f F i g u r e 1.06 

on t h e d e f i n i t i o n o f t h e c o a s t a l c o n s t a n t "s" a c c o r d i n g t o 

( 1 . 0 7 ) . . ^ . 

Only when i t s v a l u e i s d e f i n e d more s t r i c k t l y (as mentioned m 

S e c t i o n 1.1, Par. assumptions and as suggested i n t h e c o n c l u 

s i o n s . Chapter 3) the c o a s t a l c o n s t a n t "s" can r e a l l y be a 

" c o n s t a n t " . 
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Comparison 

I n t h e f o l l o w i n g t a b l e s t h e r e s u l t s o f the c a l c u l a t i o n methods 

w i l l be compared. For t h e 1972 n o u r i s h m e n t , 

C a l c u l a t i o n 

method 

C o a s t a l c o n s t a n t 
s [ m ' / y r / r a d ] 

Remarks 

A 0.96E6 u n s h i f t e d 

A 1.20E6 s h i f t e d 

B 0.68E6 u n s h i f t e d 

B 1.20E6 s h i f t e d 

C 0.37E6 n o r t h e r n 

C 0.82E6 s o u t h e r n 

Table 2.13 — Comparison o f 1972 nourishment 

And f o r t h e 1978 n o u r i s h m e n t , 

C a l c u l a t i o n 

method 

C o a s t a l c o n s t a n t 

s [ m ^ / y r / r a d ] 

Remarks 

A — u n s h i f t e d 

A 0.58E6 s h ^ f >d 

B 0.88E6 u n s n i r t e d 

B 1.50E6 sh' f d 

D 0.66E6 t o t a l 

T able 2.14 — Comparison o f 1978 nourishment 

F i r s t a l l computed v a l u e s can be regarded i n o r d e r t o o b t a i n 

an o v e r a l l view o f t h e r e s u l t s . 

I t becomes c l e a r t h a t t h e d e v i a t i o n i s r a t h e r wide, v i z . f r o m 

"0.37E6" f o r t h e 1972 .C o p t i o n t o "1.50E6" f o r t h e 1978.B 

o p t i o n . T h i s i s about a f a c t o r f o u r . Through l e a v i n g t h i s l a s t 

two ( i n f a c t extreme) v a l u e s o u t , a range from "0.58E6" t o 

"1.20E6" r e s u l t s , which i s about a f a c t o r two. 

Secondly the comparison can be made between t h e 1972 and t h e 

1978 n o u r i s h m e n t . Hereabout t h e r e i s l i t t l e s p e c i f i c i n f o r m a ­

t i o n t o e x t r a c t . 

The i m p r e s s i o n t h a t t h e v a l u e s o f 1972 are r e l a t i v e l y h i g h e r 

i s f r u s t r a t e d by t h e low v a l u e o f "0.37E6" and f o r t h e 1978 

nourishment t h e o p p o s i t e i s v a l i d . The v a l u e s seem r e l a t i v e l y 

lower b u t t h e r e a l s o o c c u r s a c a l c u l a t e d v a l u e o f "1.50E6". 

Thus a c o n c l u s i o n about whether the c o a s t a l c o n s t a n t behaves 

r e a l l y as a " c o n s t a n t " i n t i m e or n o t can n o t be drawn. 

T h i r d l y t h e r e s u l t s w i t h r e s p e c t t o one r e p l e n i s h m e n t can be 

c o n s i d e r e d . 

For b o t h nourishments i t can be n o t i c e d t h a t s h i f t i n g o f t h e 

c o a s t l i n e r e s u l t s i n h i g h e r v a l u e s o f "s". W i t h method A t h i s 

i s a r e l a t i v e l y s m a l l i n c r e a s e , w i t h method B t h e i n c r e a s e 

amounts about a f a c t o r two. 

-50-



Report on i n v e s t i g a t i o n s O n e - l i n e c a l c u l a t i o n s 

As has been p r e v i o u s l y e x p l a i n e d 

ermines t h e s u i t a b i l i t y o f t h e 

( s h i f t i n g or n o t s h i f t i n g ) . 

From t h e d a t a g a t h e r e d i n Table 

f i c u l t t o draw f u r t h e r s p e c i f i c 

s h o u l d be p r e f e r r e d . 

t h e n a t u r e o f t h e l o s s e s óc-';-
method and o f t h e submethod 

2.13 and Table 2.14 i t i s d i f -

c o n c l u s i o n s about wh i c h method 
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S e n s i t i v i t y a n a l y s i s 
The f i s t comparison has shown a s u b s t a n t i a l d e v i a t i o n i n com­
p u t e d v a l u e s f o r t h e c o a s t a l c o n s t a n t " s " . 

To a n a l y s e t h e i n f l u e n c e o f t h e i n a c c u r a c y o f "s" t h e same 
method can be used as has been a p p l i e d f o r "h" e a r l i e r i n t h i s 
s e c t i o n (Par. p r o f i l e h e i g h t ) . The e f f e c t o f a d i s t u r b a n c e i n 
"s" can be e v a l u a t e d t h r o u g h r e g a r d i n g the combined r e s u l t o f 
the f o r m u l a s (2.01) t h r o u g h ( 2 . 0 3 ) . The c o n s t a n t "s" appears 
i n "CA" and i n "CB". S i m i l a r t o (2.09) t h e e f f e c t o f a d i s ­
t u r b a n c e o f "ds%" o f "s" on t h e s h o r e l i n e p o s i t i o n "y" can 
t h e r e f o r e be d e r i v e d f r o m (2.01) as, 

y( s * ( l + 0 . 0 1 * d s ) ) - y ( s ) 

d e v y ( s ) = * 100% (2.14) 

y ( s ) 

For d i f f e r e n t v a l u e s o f "ds" a v a l u e o f t h e e x p r e s s i o n (2.14) 

can be computed, when f o r a l l o t h e r f a c t o r s a c o n s t a n t r e f e r ­

ence v a l u e i s chosen. Hereby t h e e f f e c t o f p o s i t i v e ( d e n o t i n g 

an i n c r e a s e o f "s") and n e g a t i v e v a l u e s o f "ds" ( d e n o t i n g a 

decrease) has been i n v e s t i g a t e d . I n t h i s a n a l y s i s t h e f o l l o w ­

i n g v a l u e s have been used: 

h = 12.0 [m] 

s = 1.0"0E6 [ m ^ / y r / r a d ] 

t + T i = 1.0 [ y r ] 

Vf = 1.00E6 [ m ^ 

X = 0 [m] 

The r e s u l t s can be found i n Table 2.15. 

'̂S devy Y 

[%] [%] [m] 

-50 41.4 115.2 

-25 15.5 94.0 

-10 5.4 85.8 

-5 2.6 83.5 

- 1 0.5 81.8 

0 0 81.4 

1 -0.5 81.0 

5 -2.4 79.5 

10 -4.7 77.6 

25 -10.6 72 .8 

50 -18.4 66.5 

Table 2.15 — I n f l u e n c e o f ds 

From Tab l e 2.15 i t can be seen t h a t a 50% h i g h e r v a l u e o f "s" 

causes a 18% s m a l l e r v a l u e o f "y", whic h i n t h e case o f S y l t 

c o r r e s p o n d s w i t h a d i f f e r e n c e i n c o a s t l i n e p o s i t i o n o f about 

10m t o 20m. T h i s a l s o i s o f t h e same o r d e r as t h e found i n a c ­

c u r a c y o f t h e used c a l c u l a t i o n methods. 
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3 C o n c l u s i o n s and recommendations 

Now t h e r e s u l t s o f the a n a l y s e s o f c h a p t e r 1 and 2 w i l l be 

summarized, A s h o r t m o t i v a t i o n o f each c o n c l u s i o n w i l l be 

g i v e n , b u t f u r t h e r j u s t i f i c a t i o n can be f o u n d i n t h e i n d i c a t e d 

s e c t i o n s . 

C o n c l u s i o n s 

1) I t i s most c o n v e n i e n t t o c o n s i d e r t h e l o n g s h o r e t r a n s p o r t 

c a p a c i t y "S" a f u n c t i o n o f "Br" o n l y . Hereby "Br" i s t h e 

angle o f wave i n c i d e n c e r e l a t i v e t o t h e c o a s t l i n e d i r e c ­

t i o n ( 1 . 1 4 ) . 

e x p l a n a t i o n : I t i s n o t i m p o s s i b l e t o l o o k a t "S" as a f u n c t i o n 

o f "B" but t h a t c o m p l i c a t e s the a n a l y s i s , because t h e a n g l e 

o f wave i n c i d e n c e "^0" has t o be regarded a l s o . 
<Sect. 1.2, Par. e q u a t i o n o f motion> 

2) By (1.07) t h e v a l u e o f t h e c o a s t a l c o n s t a n t "s" i s n o t 

d e f i n e d u n i q u e l y . A b e t t e r d e f i n i t i o n s h o u l d be. 

dS 

dBr 
-s 

Br = 0 

(3.01) 

e x p l a n a t i o n : By t h i s d e f i n i t i o n t h e v a l u e o f t h e c o a s t a l con­

s t a n t i s r e l a t e d t o t h e t a n g e n t i n Br=0 o f t h e t r a n s p o r t 

c a p a c i t y f u n c t i o n ( F i g u r e 1.06). 
<Sect. 1.1, Par. assumptions> 
<Sect. 1.2, Par. e q u a t i o n o f m otion> 

3) For the a n a l y s i s o f t h e 1972 n o u r i s h m e n t a t S y l t i n 

Annex V an i n a c c u r a t e p r o f i l e h e i g h t has been used. The 

r e s u l t s t h e r e f o r e may not be c o n s i d e r e d as r e l i a b l e , a l t ­

hough t h e y do n o t have be t o i n a c c u r a t e . 

e x p l a n a t i o n : A p r o f i l e h e i g h t o f h=6.0m has been used i n t h a t 

a n a l y s i s . I n t h e l i t e r a t u r e [Füh76] and [ALWH85] i t has been 

shown t h a t t h i s v a l u e i s t o o s m a l l . The computed v a l u e s how­

ever are w i t h i n t h e range o f t h e 1978 r e s u l t s . 
<Sect. 2.3, Par. p r o f i l e h e i g h t > 

4) I n o r d e r t o a c h i e v e an accuracy o f 5% i n t h e p o s i t i o n o f 

t h e s h o r e l i n e t h e p r o f i l e h e i g h t has t o be known w i t h an 

accuracy o f about 10%. 

e x p l a n a t i o n : T h i s r e s u l t i s v a l i d f o r t h e t o p o f t h e f i l l . 

For i n c r e a s i n g or d e c r e a s i n g "x" the s i t u a t i o n i s worse. 
<Sect. 2.3, Par. p r o f i l e h e i g h t > 
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5) The s h o r e l i n e p o s i t i o n c a l c u l a t e d by means o f t h e a n a l y t i ­
c a l s o l u t i o n (2.01) i s s t r o n g l y dependent on the chosen 
v a l u e o f t h e p r o f i l e h e i g h t "h". I t s v a l u e t h e r e f o r e has 
t o be d e t e r m i n e d w i t h c a r e . When t h e v a l u e o f "h" i s i n 
doubt c a l c u l a t i o n method B s h o u l d be a p p l i e d r a t h e r t h a n 
c a l c u l a t i o n method A. 

e x p l a n a t i o n : The i n f l u e n c e i s e s p e c i a l l y s i g n i f i c a n t a t t h e 

t o p o f t h e b e a c h f i l l ( x = 0 ) . The s h o r e l i n e p o s i t i o n a t t h e 

p o i n t s o f c o n t r a f l e x u r e i s u n i n f l u e n c e d by "h". 

<Sect. 2.3, Par. p r o f i l e h e i g h t > 

6) The a p p l i c a t i o n o f the o n e - l i n e model i n t h e case o f S y l t 

i s n o t a l l o w e d when (1.24) i s accepted as a s t a n d a r d . 

e x p l a n a t i o n : The r e p r e s e n t a t i v e a n g l e o f wave i n c i d e n c e r e l a ­
t i v e t o t h e d i r e c t i o n o f t h e u n r e p l e n i s h e d s h o r e l i n e y i e l d s 
39 degrees. So t h e o c c u r r i n g r e l a t i v e a n g l e s a r e t o o wide. 

<Sect. 2.3, Par. s m a l l angle o f wave i n c i d e n c e > 

7) I f t h e o c c u r r i n g l o s s e s can be mode l l e d a c c o r d i n g t o s i t u ­
a t i o n 1 ) , an e r o d i n g o r i g i n a l c o a s t l i n e and a f i x a t e d f i l l 
volume, or 2 ) , an e r o d i n g b e a c h f i l l and a f i x a t e d o r i g i n a l 
c o a s t l i n e , o f F i g u r e 2.10, c a l c u l a t i o n method B can be 
used. 

e x p l a n a t i o n : T h i s method i s a v e r y c o n v e n i e n t one s i n c e i t s 
r e s u l t s a r e n o t i n f l u e n c e d by t h e exac t amount o f l o s s . How­
ever t h e n a t u r e o f the l o s s e s d e t e r m i n e s t h e s u i t a b i l i t y o f 
t h i s method. 

<Sect. 2.3, Par. about c a l c u l a t i o n method B> 

8) The s e n s i t i v i t y o f t h e c a l c u l a t e d c o a s t l i n e p o s i t i o n s a t 
S y l t t o t h e computed v a r i a t i o n i n the v a l u e o f t h e c o a s t a l 
c o n s t a n t "s" appears t o be o f t h e same o r d e r as the i n a c ­
c u r a c y f o u n d . 

e x p l a n a t i o n : T h e r e f o r e i t i s n o t c l e a r i f t h e i n a c c u r a c y o f 

the model causes the d e v i a t i o n i n "s" or t h a t o t h e r f a c t o r s 

a r e r e s p o n s i b l e . 

<Sect. 2.3, Par. s e n s i t i v i t y a n a l y s i s > 

Recommendat i o n 

F u r t h e r a n a l y s i s w i t h r e s p e c t t o t h e d e f i n i t i o n o f t h e 

o n e - l i n e model i s necessary. 

e x p l a n a t i o n : Then i t w i l l be e a s i e r t o d e t e r m i n e the s t a n ­

d a r d s , which have t o be used when the a p p l i c a b i l i t y o f a one 

l i n e model i s i n q u e s t i o n . 
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N o t a t i o n 

The symbols used i n t h e main r e p o r t ( c h a p t e r s 1-3) have t h e 

f o l l o w i n g meaning: 

C a p i t a l s 
CA Top o f t h e b e a c h f i l l , t i m e dependent c o e f f i c i e n t 

a c c o r d i n g t o (2.02) 
CB C u r v a t u r e o f the Gaussian c u r v e , t i m e dependent 

c o e f f i c i e n t a c c o r d i n g t o (2.03) 
CS S h i f t e d d i s t a n c e o f t h e c o a s t l i n e 

HO Deep water s i g n i f i c a n t wave h e i g h t 
p Volume o f l o s s per meter c o a s t l i n e per year 

P i W e l l known c o n s t a n t w i t h v a l u e 3.14159... 

S Longshore sand t r a n s p o r t c a p a c i t y 
SO Longshore sand t r a n s p o r t c a p a c i t y along a s t r a i g h t 

c o a s t l i n e p a r a l l e l t o x - a x i s 
T i I n i t i a l p e r i o d between t=0 o f t h e D i r a c - f u n c t i o n 

( f i c t i v e ) and t h e t i m e o f placement o f the f i l l 

Vf T o t a l volume o f t h e f i l l 

Lowercase 
cbr Wave speed a t t h e b r e a k e r l i n e 
d Depth f r o m t h e u n d i s t u r b e d w a t e r - l e v e l t o the p o i n t , 

where t h e c o a s t a l p r o f i l e becomes about h o r i z o n t a l 

devy D e v i a t i o n o f t h e s h o r e l i n e p o s i t i o n caused by a 

d i s t u r b a n c e 
dh D i s t u r b a n c e i n "h", p r o f i l e h e i g h t 
ds D i s t u r b a n c e i n " s " , c o a s t a l c o n s t a n t 

e Maximum e l e v a t i o n o f t h e beach above the u n d i s t u r b e d 

w a t e r - l e v e l 
h Schematized p r o f i l e h e i g h t 
s C o a s t a l c o n s t a n t a c c o r d i n g t o (1.07) 

t Time 

x x - p o s i t i o n o f a s h o r e l i n e p o i n t 

x c f x - c o o r d i n a t e o f t h e c o n t r a f l e x u r e p o i n t 

y y - p o s i t i o n o f a s h o r e l i n e p o i n t 

y ' c f S h o r e l i n e s l o p e w i t h r e s p e c t t o t h e x - a x i s a t t h e 

p o i n t o f c o n t r a f l e x u r e 

Greek 

B C o a s t l i n e d i r e c t i o n w i t h r e s p e c t t o the x - a x i s 

Ba Angle up t o which t h e i n a c c u r a c y o f the o n e - l i n e 

s c h e m a t i z a t i o n i s a c c e p t e d 

Bcf C o a s t l i n e d i r e c t i o n a t t h e p o i n t o f c o n t r a f l e x u r e 

Br Angle o f wave i n c i d e n c e r e l a t i v e t o the c o a s t l i n e 
d i r e c t i o n 

(})0 Deep water a n g l e o f wave i n c i d e n c e 
(J)Or Angle o f wave i n c i d e n c e a t deep water r e l a t i v e t o 

t h e c o a s t l i n e d i r e c t i o n 
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Appendix A 

I n t h i s appendix the a n a l y t i c a l s o l u t i o n o f s e c t i o n 1.1 ( p a r . 

a n a l y t i c a l s o l u t i o n ) w i l l be e x p l a i n e d f u r t h e r . 

D i r a c f u n c t i o n 
To g e t an i m p r e s s i o n o f the n a t u r e o f the D i r a c f u n c t i o n ( a l s o 
c a l l e d d e l t a f u n c t i o n ) F i g u r e A.01 has t o be c o n s i d e r e d . 

LIMIT YIELDS 
DELTR FUNCTION 

1/2L 

DIRnC FUNCTION F I G U R E fl.Ol 

I n F i g u r e A.01 a f u n c t i o n has been p l o t t e d which i s g i v e n by, 

g ( x ) = — f o r -L < X < +L 

2L 

(A.01) 

and g ( x ) = 0 f o r X < -L or X > +L (A.02) 

I t can be n o t i c e d t h a t t n e area under t h e curve equals one. I n 

m a t h e m a t i c a l terms t h i s can be expressed by f o r m u l a t i n g t h a t 

the i n t e g r a l from minus i n f i n i t e t o p l u s i n f i n i t e i s e q u a l t o 

one, 

+ i n f 

I n t [ g ( x ) ] dx = 1 

- i n f 

(A.03) 

T h i s p r o p e r t y i s v a l i d f o r each v a l u e o f "L" as l o n g as "L" 

does n o t equal z e r o . But one c o u l d t a k e (A.03) as a demand and 

the n f o r c e the f u n c t i o n " g ( x ) " t o a c t on a s h o r t e r and s h o r t e r 

i n t e r v a l . 
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PiC^ a r e s u l t o f t h i s l i m i t i n g o p e r a t i o n an i d e a l i z e d s i t u a t i o n 

can be o b t a i n e d , which can be expressed as, 

d e l t a [ X ] = + i n f f o r x=0 (A.04) 

and d e l t a [ x ] = 0 f o r x<0 or x>0 (A.05) 

where (A.03) i s s t i l l v a l i d . I n t h i s i d e a l i z e d s i t u a t i o n a 

s o r t o f s p i k e remains, b u t w i t h an area e q u a l t o one. 

A l t h o u g h one c o u l d c o n s i d e r t h i s as nonsense or a t l e a s t as 

i n c o n s i s t e n t t h i s concept can be u s e f u l . I n f a c t such i d e a l ­

i z e d s i t u a t i o n s a r e used q u i t e o f t e n i n mechanics, f o r 

i n s t a n c e t h e concept o f a c o n c e n t r a t e d l o a d on a beam, whic h 

a p p l i e s on an area e q u a l t o z e r o . 

I n t h i s case the D i r a c f u n c t i o n can be used t o advantage, 

because a t f i r s t i t i s expected t o d e s c r i b e t h e geometry o f 

th e p a r t i c u l a r b e a c h f i l l o f S y l t ( s t o c k p i l e t y p e ) r a t h e r w e l l . 

On t h e o t h e r hand i t i s p o s s i b l e t o f i n d an a n a l y t i c a l s o l u ­

t i o n f o r t h i s i n i t i a l shape so t h a t m o d e l l e d b e h a v i o u r can be 

compared w i t h measured d a t a t o o . 

One o f the p r o p e r t i e s o f t h e D i r a c f u n c t i o n , w h i c h i s a conse­

quence o f i t s s p e c i a l n a t u r e , i s g i v e n by, 

+ i n f 

l n t [ d e l t a [ x ] * g ( x ) ] dx = g ( 0 ) (A.Oo) 

- i n f 

where " g ( x ) " i s a g i v e n f u n c t i o n . E x p r e s s i o n (A.06) can be 

u n d e r s t o o d when i s r e a l i z e d t h a t t he D i r a c f u n c t i o n has been 

d e f i n e d i n such a way t h a t o n l y the p o i n t x=0 c o n t r i b u t e s t o 

the i n t e g r a l . I n a d d i t i o n t h e magnitude o f t h i s c o n t r i b u t i o n 

e q u a l s one, s i n c e t h e area under t h e D i r a c f u n c t i o n has been 

d e f i n e d as equa l t o one i n (A . 0 3 ) . Formula (A.06) w i l l be 

used i n t h e f o l l o w i n g p a r a g r a p h . 

D e r i v a t i o n o f the s o l u t i o n 

To o b t a i n t h e a n a l y t i c a l s o l u t i o n o f t h e d i f f u s i o n e q u a t i o n 

(1.01) i n the case o f a D i r a c f u n c t i o n as an i n i t i a l shape t h e 

F o u r i e r t r a n s f o r m method can be used. 

T h i s t e c h n i q u e i n v o l v e s c o n v e r t i n g a g i v e n p a r t i a l d i f f e r e n ­

t i a l e q u a t i o n i n t o an o r d i n a r y d i f f e r e n t i a l e q u a t i o n , u s i n g a 

F o u r i e r t r a n s f o r m a t i o n . Hereby a l s o t h e i n i t i a l and boundary 

c o n d i t i o n s have t o be t a k e n i n account. 

Such an o r d i n a r y d i f f e r e n t i a l e q u a t i o n i s o f t e n much e a s i e r t o 

s o l v e . When a s o l u t i o n has been found t h i s f u n c t i o n has t o be 

i n v e r s e t r a n s f o r m e d t o o b t a i n t h e s o l u t i o n o f t h e o r i g i n a l 

p r oblem. T h i s s t e p i s u s u a l l y t h e most bothersome one, because 

i n i t s g e n e r a l f o r m i t r e q u i r e s a r a t h e r e x t e n s i v e knowledge 

o f m a t h e m a t i c a l complex f u n c t i o n t h e o r y . 

-A.2-
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L u c k i l y t h i s a c t u a l case i s a known problem which i s t r e a t e d 

i n t he handbooks. The s o l u t i o n o f the d i f f u s i o n e q u a t i o n 

(1.01) w i t h t h e D i r a c f u n c t i o n o f (A.03) t h r o u g h (A.05) as an 

i n i t i a l shape i s g i v e n by a f u n c t i o n c a l l e d t h e "normal d i s ­

t r i b u t i o n " f u n c t i o n known fr o m m a t h e m a t i c a l s t a t i s t i c s . 

I t has t h e shape o f a " h a t " as can be seen f r o m F i g u r e A.02 

and has o r i g i n a l l y been d i s c o v e r e d by De M o i v r e . Then i t has 

been n e g l e c t e d f o r about a hundred y e a r s b u t was r e d i s c o v e r e d 

by Gauss. T h e r e f o r e e s p e c i a l l y h i s name i s connected t o t h i s 

f u n c t i o n . I n t h i s r e p o r t a l s o t h e name "Gaussian c u r v e " i s 

used t o r e f e r e n c e i t . 

The d e r i v a t i o n o f t h i s a n a l y t i c a l s o l u t i o n w i l l n o t be 

e x p l a i n e d i n f u l l d e t a i l , o n l y the main l i n e s w i l l be t r e a t e d . 

More s p e c i f i c i n f o r m a t i o n on t h e F o u r i e r t r a n s f o r m method can 

be o b t a i n e d f r o m t h e m a t h e m a t i c a l handbooks, f o r i n s t a n c e by 

Smirnow [ S m i 6 4 ] . 

The F o u r i e r t r a n s f o r m o f a g i v e n f u n c t i o n " y ( x , t ) " t o t h e 

p l a c e i s denoted by " y ( u , t ) " and can be expressed as, 

1 + i n f 

y ( u , t ) = * i n t [ y ( x , t ) * e x p [ - i u x ] ] dx (A.07) 

s q r t [ 2 * P i ] '^mf 

Where i : i m a g i n a r y number d e f i n e d by i ' = - l 

t : t i m e 

u : parameter 

X : p l a c e 

As can be n o t i c e d t h e dependency o f "x" and " t " has been 

t r a n s f o r m e d t o a dependency o f " t " o n l y , w h i l e a parameter "u" 

has been i n t r o d u c e d . 

The d i f f u s i o n e q u a t i o n (1.01) can be w r i t t e n as, 

öy a'y 
— = D * (A.08) 
St Sx' 

w i t h as i n i t i a l c o n d i t i o n : y ( x , 0 ) = d e l t a [ x ] 
and as boundary c o n d i t i o n s : y ( + i n f , t ) = 0 

y ( - i n f , t ) = 0 

For s h o r t n e s s t h e d i f f u s i o n c o e f f i c i e n t i s denoted by "D". The 

e q u a t i o n can be F o u r i e r t r a n s f o r m e d u s i n g (A.07) and p a r t i a l 

i n t e g r a t i o n . The r e s u l t y i e l d s , 

dy 

— = -D * u' y (A.09) 

d t 
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E q u a t i o n (A.09) i s a o r d i n a r y d i f f e r e n t i a l e q u a t i o n i n " t " , 

w h i c h can be s o l v e d r a t h e r e a s i l y , 

y ( u , t ) = C(u) * exp[ -D * u' * t ] (A.10) 

Where C(u) i s a i n t e g r a t i o n c o n s t a n t dependent on "u". Hereby 

t h e boundary c o n d i t i o n s have been used. 

At f i r s t a g e n e r a l i z e d i n i t i a l c o n d i t i o n w i l l be used. 

y ( x , 0 ) = g ( x ) (A.11) 

F o u r i e r t r a n s f o r m a t i o n o f t h i s i n i t i a l c o n d i t i o n g i v e s , 

y ( u , 0 ) = g ( u ) (A.12) 

The f u n c t i o n " g ( x ) " i s n o t y e t s p e c i f i e d , l a t e r on t h e D i r a c 

f u n c t i o n w i l l be s u b s t i t u t e d . W i t h t h i s i n i t i a l c o n d i t i o n the 

i n t e g r a t i o n c o n s t a n t " C ( u ) " can be f o u n d , 

C(u) = g ( u ) (A.13) 

So t h e s o l u t i o n o f the t r a n s f o r m e d d i f f u s i o n e q u a t i o n (A.09) 

y i e l d s , 

y ( u , t ) = g ( u ) * exp[ -D * u' * t ] (A.14) 

Now t h e i n v e r s e t r a n s f o r m a t i o n has t o be c a r r i e d o u t . T a b l e s 

fo u n d i n t h e m a t h e m a t i c a l handbooks on F o u r i e r t r a n s f o r m a t i o n 

s u p p l y t h e g l o b a l f o r m o f t h e s o l u t i o n , w h i l e theorems can be 

used t o f i t t h e c o e f f i c i e n t s . The e l a b o r a t i o n w i l l n o t be 

g i v e n i n d e t a i l , b u t w i t h a l i t t l e e f f o r t t h e f o l l o w i n g s o l u ­

t i o n o f t h e o r i g i n a l d i f f u s i o n e q u a t i o n can be d e r i v e d , 

1 + i n f - ( x - k ) ' 

y ( x , t ) = * i n t [ g ( k ) * e x p [ - ] ] dk (A.15) 

s q r t [ 4 * P i * D * t ] - i n f 4*D*t 

T h i s s o l u t i o n c o n t a i n s an i n t e g r a l w i t h "k" as an i n t e g r a t i o n 

parameter. 

Here t h e g e n e r a l i z e d i n i t i a l c o n d i t i o n can be r e p l a c e d by t h e 

a c t u a l i n i t i a l c o n d i t i o n o f a D i r a c f u n c t i o n , 

g ( k ) = d e l t a [ k ] (A.16) 

At t h i s p o i n t f o r m u l a (A.06) can be used and the i n t e g r a t i o n 

o f (A.15) y i e l d s . 

y ( x , t ) = * exp[ ] (A.17) 

s q r t [ 4 * P i * D * t ] 4*D*t 

T h i s e q u a t i o n r e p r e s e n t s t h e normal d i s t r i b u t i o n f u n c t i o n 

known f r o m m a t h e m a t i c a l s t a t i s t i c s . 

-A.4-
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Gaussian curve 

The Gaussian curve has been p l o t t e d i n F i g u r e A.02 

G f l U S S I f l N C U R V E 

NORMRL D I S T R I B U T I O N CURVE F I G U R E fl.02 

As t r e a t e d b e f o r e the D i r a c f u n c t i o n i s a s o r t o f s p i k e w i t h 
an area e q u a l t o one (A . 0 3 ) . I t can be n o t i c e d t h a t because o f 
the Gaussian curve i s a normal d i s t r i b u t i o n f u n c t i o n the area 
under t h e c u r v e i s equa l t o one by d e f i n i t i o n . 

The normal d i s t r i b u t i o n f u n c t i o n i s c h a r a c t e r i s e d by two p a r ­
ameters, i t s mean and i t s s t a n d a r d d e v i a t i o n . 

The f u n c t i o n i s s y m m e t r i c a l w i t h r e s p e c t t o i t s mean. I n F i g ­
u re A.02 t h e mean o f t h e d i s t r i b u t i o n i s found f o r x=0 and t h e 
y - a x i s i s the a x i s o f symmetry. The v a l u e o f t h e f u n c t i o n a t 
x=0 i s about 0.4 (0.39894) p r o v i d e d t h e s t a n d a r d d e v i a t i o n 
e q u a l s one. The s t a n d a r d d e v i a t i o n i s an i n d i c a t i o n o f the 
w i d t h o f the d i s t r i b u t i o n . I t r e p r e s e n t s the d i s t a n c e from t h e 
a x i s o f symmetry t o the p o i n t s o f c o n t r a f l e x u r e . A p p r o x i m a t e l y 
t w o - t h i r d s ( 6 8 % t o be p r e c i s e ) o f the area under t h e f u n c t i o n 
f a l l s w i t h i n one s t a n d a r d d e v i a t i o n d i s t a n c e o f t h e mean. For 
two and t h r e e times the s t a n d a r d d e v i a t i o n these p e r c e n t a g e s 
y i e l d about 95% and 99% r e s p e c t i v e l y . 

Since t h i s b a s i c s o l u t i o n r e p r e s e n t s the case o f a u n i t a r e a , 

f o r m u l a (A.16) s h o u l d be c o r r e c t e d f o r the a c t u a l area o f t h e 

f i l l . R e t u r n i n g t o the d e r i v a t i o n o f the a n a l y t i c a l s o l u t i o n 

i t can be seen t h a t a m u l t i p l i c a t i o n f a c t o r "Af" s h o u l d be 

added t o the D i r a c f u n c t i o n ( a r e a e q u a l t o one) i n ( A . 1 6 ) . 

T h i s y i e l d s i n s t e a d o f ( A . 1 7 ) , 

Af 

y ( x , t ) = 
s q r t [ 4 * P i * D * t ] 

exp[ 

4*D*t 

(A.18) 
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To i n t r o d u c e t h e f i l l volume i n t h i s l a s t r e s u l t i t s h o u l d be 

r e a l i z e d t h a t i n t h e model a schematized p r o f i l e h e i g h t "h" i s 

used. Thus the volume o f t h e b e a c h f i l l "Vf" can be d e f i n e d as, 

Vf = Af * h (A.19) 

A l s o t h e d i f f u s i o n c o e f f i c i e n t "D" f r o m (A.08) has t o be sub­
s t i t u t e d by, 

s 

D = - (A.20) 
h 

Using (A.19) and (A.20) the a n a l y t i c a l s o l u t i o n f o r an a c t u a l 

case o f a s t o c k p i l e - t y p e b e a c h f i l l can be expressed as, 

y = CA * exp[ -CB * x' ] (A.21) 

w i t h c o e f f i c i e n t s "CA" and "CB" a c c o r d i n g t o , 

Vf 

CA = (A. 22) 
s q r t [ 4 * P i * h * s * t ] 

h 

CB = (A. 23) 

4 * s * t 

Now a good s o l u t i o n i s o b t a i n e d , b u t u n f o r t u n a t e l y f o r a 
r a t h e r u n r e a l problem. The i d e a l i z e d s i t u a t i o n o f a D i r a c 
f u n c t i o n w i l l never o c c u r , b u t i t i s p o s s i b l e t o model an 
a c t u a l s t o c k p i l e - t y p e b e a c h f i l l by t h i s f u n c t i o n . 
Because t h e i n i t i a l s i t u a t i o n o f t h e f i l l w i l l n o t be a D i r a c 
f u n c t i o n , b u t may resemble a Gaussian c u r v e , a new a x i s o f 
time can be i n t r o d u c e d s t a r t i n g f r o m t h e moment o f placement 
of t h e f i l l . Then t h e a c t u a l i n i t i a l s i t u a t i o n can be f i t t e d 
i n t o t h e model by p o s i n g t h a t f i c t i v e l y a D i r a c f u n c t i o n was 
p l a c e d a p e r i o d o f ti m e " T i " p r e v i o u s t o the a c t u a l placement. 
I n t r o d u c i n g " T i " and t h e new t i m e a x i s y i e l d s t h e f o l l o w i n g 
f o r m u l a s , 

y = CA * exp[ -CB * x' ] (A.24) 

w i t h c o e f f i c i e n t s "CA" and "CB" a c c o r d i n g t o , 

Vf 

CA = (A.25) 
s q r t [ 4 * P i * h * s * ( t + T i ) ] 

h 

CB = (A.26) 

4 * s * ( t + T i ) 

-A.6-
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where CA : tim e dependent c o e f f i c i e n t A 

CB : t i m e dependent c o e f f i c i e n t B 

h : s c h e m a t i z p i p r o f i l e h e i g h t 

P i : w e l l known c o n s t a n t w i t h v a l u e 3.14159... 

s : c o a s t a l c o n s t a n t a c c o r d i n g t o (1.07) 

t : ti m e 

T i : i n i t i a l p e r i o d between t=0 o f t h e D i r a c - f u n c t i o n 

( f i c t i v e ) and the tim e o f placement o f the f i l l 

Vf : t o t a l volume o f t h e f i l l 

y : p o s i t i o n o f t h e schematized c o a s t l i n e 

T h i s s e t o f e x p r e s s i o n s (A.24) t h r o u g h (A.26) can be found i n 

s e c t i o n 1.1 ( p a r . a n a l y t i c a l s o l u t i o n ) and has been used i n 

t h i s r e p o r t . 

-A.7-
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Appendix B 

I n t h i s appendix t h e wave d a t a as p r e s e n t e d i n s e c t i o n 2.2.3 
o f Annex V w i l l be used t o o b t a i n a r e p r e s e n t a t i v e a n g l e o f 
wave i n c i d e n c e f o r t h e p r o j e c t area a t S y l t . 

Wave d a t a 

I n Annex V the d i s t r i b u t i o n o f wave energy over s i x d i r e c t i o n 
s e c t o r s i s g i v e n . These s e c t i o n s o f 22.5 degrees each have 
t h e i r range ( c o u n t e r c l o c k w i s e ) f r o m Nort-West t o South-South 
West. The d i s t r i b u t i o n o f wave energy over these s e c t i o n s can 
be f o u n d i n Table B . l . 

d i r e c t i o n wave energy [ % ] 

NW 5 
WNW 15 

W 15 

WSW 26 
SW 13.5 

SSW 13.5 

Table B . l — Wave energy 

As can be v e r i f i e d t h e t o t a l p e r c e n t a g e o f wave energy over 
t h i s s i x d i r e c t i o n amounts 88%. 

R e p r e s e n t a t i v e wave d i r e c t i o n . 

As a l r e a d y n o t i c e d i n s e c t i o n 2.2 ( p a r . C a l c u l a t i o n method C) 
one o v e r a l l average s i g n i f i c a n t wave h e i g h t has been used as 
an i n p u t f o r t h e c o m p u t a t i o n s o f Annex V. H o l d i n g t o t h i s 
approach o n l y an average d i r e c t i o n o f wave i n c i d e n c e has t o be 
d e t e r m i n e d t o f i n d a r e p r e s e n t a t i v e wave d i r e c t i o n . T h i s 
i n v o l v e s t h e c o m p u t a t i o n o f t h e median o f t h e wave energy d i s ­
t r i b u t i o n w i t h r e s p e c t t o i t s d i r e c t i o n s . 

As a r e s u l t an average d i r e c t i o n o f wave p r o p a g a t i o n can be 
foun d o f 72 degrees w i t h r e s p e c t t o t h e n o r t h (so about WSW). 
Since the angle o f wave i n c i d e n c e i s d e f i n e d p e r p e n d i c u l a r t o 
t h i s d i r e c t i o n a v a l u e o f (|)0 = 72-90=-18 degrees ( w i t h r e s p e c t 
t o t h e n o r t h ) i s f o u n d . 

- B . l -
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R e l a t i v e angle 

The s i t u a t i o n a t S y l t i s g r a p h i c a l l y i l l u s t r a t e d i n f i g ­

u r e B.Ol. 

ANGLE OF NAVE INGIDENCE F I G U R E B . O l 

I n t h i s s k e t c h a l s o t h e c o a s t l i n e o f S y l t i s p l o t t e d . As can 
be seen from F i g u r e B.02 (,which i s c o p i e d from [ALWH85], 
page 4,) t h e c o a s t l i n e d i r e c t i o n o f S y l t w i t h r e s p e c t t o t h e 
n o r t h amounts 4 degrees f o r the s o u t h e r n h a l f o f the i s l a n d 
and 21 degrees f o r t h e n o r t h e r n h a l f o f .the i s l a n d . 
Because the area o f r e p l e n i s h m e n t i s l o c a t e d i n t h e " n o r t h e r n 
h a l f " , i t s c o a s t l i n e d i r e c t i o n w i t h r e s p e c t t o t h e n o r t h i s 
21 degrees. 

Thus f o r t h e angle o f wave i n c i d e n c e r e l a t i v e t o t h e c o a s t l i n e 
a v a l u e i s found o f flr=39 degrees. T h i s r e s u l t i s used i n t h e 
a n a l y s i s o f s e c t i o n 2.3 ( p a r . s m a l l a n g l e o f wave i n c i d e n c e ) . 

D i r e c t i o n o f the sand t r a n s p o r t 
From the average a n g l e o f wave i n c i d e n c e i t can a l s o be con­
c l u d e d t h a t the t r a n s p o r t d i r e c t i o n o f t h e sand f o r b o t h t h e 
the n o r t h e r n and t h e s o u t h e r n p a r t o f S y l t w i l l be f r o m t h e 
so u t h t o the n o r t h . T h i s i s i m p l i c i t l y used i n s e c t i o n 2.3 
( p a r . About c a l c u l a t i o n method C), where a s i m i l a r t r a n s p o r t 
d i r e c t i o n has been assumed f o r b o t h p a r t s o f the i s l a n d . 
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