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1 . INTRODUCTION 

The a im o f t h e t o t a l s t u d y i s t o have an o p e r a t i o n a l m a t h e m a t i c a l model 

w i t h w h i c h i t i s p o s s i b l e t o s t u d y t h e h y d r a u l i c and m o r p h o l o g i c a l 

consequences o f v a r i o u s i n t e r v e n t i o n s in t h e p r e s e n t s t a t e . T h i s f i r s t 

p a r t o f t h e s t u d y i s d e a l i n g w i t h t h e w a v e - p e n e t r a t i o n in t h e B u g i o -

reg i o n . 

The r e s u l t s p r e s e n t e d in t h i s r e p o r t can be used as a b a s i s f o r 

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

c a l c u l a t i o n s . But t h e y can a l s o be used as boundary v a l u e s f o r t h e 

d e s i g n p a r a m e t e r s f o r c o n s t r u c t i o n s p l anned in t h e B u g i o - a r e a . 

Hav ing an idea o f t h e w a v e - c l i m a t e in t h e o u t e r e s t u a r y , t he l a y - o u t 

o f h a r b o u r - b a s i n s , b e r t h s and j e t t i e s can be d e t e r m i n e d . A l s o t h e 

d e s i g n o f b r e a k w a t e r s depends on t h e waves t o be e x p e c t e d in t h e a r e a . 

T h i s r e p o r t g i v e s a s h o r t r e v i e w o f t h e app roach t o t h e p r o b l e m , t h e 

used boundary v a l u e s (deep w a t e r wave d a t a , c a l i b r a t i o n d a t a , g e o m e t r y ) , 

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

m a t h e m a t i c a l backg round o f t h e model i s p r e s e n t e d in Annex A. In Annex 

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



2 . SET-UP OF THE STUDY 

The s t u d y i s s p l i t - u p i n t o 3 d i f f e r e n t t y p e s o f m o d e l s : 

- wave p e n e t r a t i o n models 

- t i d a l c u r r e n t models 

- sed imen to l o g i c a l models 

T h i s r e p o r t d e s c r i b e s t h e r e s u l t s o f t h e main wave p e n e t r a t i o n m o d e l , 

w h i c h g i v e s a d e s c r i p t i o n o f t h e way ocean waves p e n e t r a t e i n t o t h e 

e s t u a r y . The c a l c u l a t i o n has been c a r r i e d o u t w i t h t h e use o f t h e 

computer programs a v a i l a b l e in o u r o f f i c e . These programs a r e u s i n g 

l i n e a r wave t h e o r y and t h e B o u w s / B a t t j e s method t o overcome t h e 

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

g round o f t hese programs i s g i v e n in annex A t o t h i s r e p o r t . 

The d e t a i l e d wave model i s n o t y e t r u n , because i t p roved f r o m 

t h e o v e r a l l m o d e l , t h a t r u n n i n g t h i s model i s o n l y u s e f u l ! , i f t h e 

p l anned p o r t - l a y - o u t f o r t he Bug io a rea i s e n t e r e d c o r r e c t l y in t h e 

m o d e l . For a d e s c r i p t i o n o f t h e nowadays s i t u a t i o n t h e o v e r a l l method 

p r o v i d e s enough i n f o r m a t i o n . T h e r e f o r e a l s o w a v e - h e i g h t c h a r t s and 

w a v e - d i r e c t i o n c h a r t s were made o f a l l t h e runs o f t h e o v e r a l l model; 

t h i s in a d d i t i o n t o t h e ray d i a g r a m s , as m e n t i o n e d in t h e te rms o f 

r e f e r e n c e . For t h e l o c a t i o n o f t h e o v e r a l l m o d e l , see f i g . 1 . 

i t i s s u g g e s t e d t h a t t h e runs f o r t h e d e t a i l e d model s h o u l d be 

d e t e r m i n e d in d i s c u s s i o n w i t h t h e c l i e n t . 

In t h i s r e p o r t a d e s c r i p t i o n o f t h e used i n p u t d a t a f o r t h e wave 

p e n e t r a t i o n model i s g i v e n and a d i s c u s s i o n o f t h e r e s u l t s . 

F i n a l l y , some c o n c l u s i o n s a r e d rawn . 



3. 

3. DETERMINATION OF INPUT DATA 

Wave da ta 

Bas is f o r the c a l c u l a t i o n a r e t h e deep -wa te r wave da ta as p r e s e n t e d 

by t h e I n s t i t u t e H i d r o g r a f i c o . These da ta c o n s i s t o f measurements 

near Costa Capar i ca and Largoa de I ' A l b u f e i r a . 

Because the da ta o f A l b u f e i r a a re measured on r e l a t i v i l y deep ^ater, 

t h e y a re used as i n p u t f o r t he m o d e l , w h i l e the Capar i ca da ta a re 

used f o r c a l i b r a t i o n . From A l b u f e i r a 702 o b s e r v a t i o n s a r e a v a i l a b l e , 

f rom August 2 7 t h , 1979 u n t i l A p r i l 3 0 t h , 1980. A l t h o u g h t hese da ta 

do no t cover a f u l l y e a r , one may assume, t h a t these da ta a r e , as a 

f i r s t a p p r o x i m a t i o n r e p r e s e n t a t i v e f o r t he wave c l i m a t e in the a r e a . 

When a f t e r some yea rs more l ong t e r m wave measurements a r e a v a i l a b l e 

i t i s p o s s i b l e t o r e a d j u s t t h e r e s u l t s o f t hese c a l c u l a t i o n s . 

For such a r e a d j u s t m e n t i t i s n o t necessa ry t o make a l l t he c o m p u t e r -

runs a g a i n . The r e s u l t s o f t h e da ta p r e s e n t e d in t h i s r e p o r t can be 

used , when some a d d i t i o n a l runs a re made f o r s p e c i a l c a s e s , f o l l o w i n g 

f r om the new measurements . 

The r e q u i r e d i n p u t - v a l u e s f o r t he model a re w a v e - h e i g h t , w a v e - p e r i o d 

and w a v e - d i r e c t i o n . For the w a v e - h e i g h t the s i g n i f i c a n t w a v e h e i g h t 

f r o m the measurements i s used . The z e r o - c r o s s i n g p e r i o d i s used 

as i n p u t f o r t he p e r i o d . 



In t he t a b l e be low t h e r e l a t i o n between H and T i s g i v e n , 

( t a b l e c o p i e d f r om da ta I . H . ) 

H 
3 k 5 6 7 8 9 10 11 12 13 14 15 

0 m O.kl 2 .42 1.99 2 .85 2 . 2 7 1.57 1.28 0 .43 0 .43 0 .14 

0 .5 m 1.^+2 5•k^ 5 .56 4 . 4 2 3.42 3 .28 2 .14 1.57 0 .43 0 .14 0 .14 

1.0 m O.IA 3.99 4 . 9 9 5 .70 5 .70 3 .85 2 .71 0 .85 0 .14 0 .14 0 .14 

1.5 m 0.43 3 .42 3.70 2 . 8 5 2 . 1 4 1.71 0 .43 0 .14 

2 .0 m 1 .28 1.85 1.57 1.57 0 .57 0 .43 0 .14 

2 .5 m 0 .43 0 .43 0 .57 0 .43 0 .14 

3 .0 m 0 .43 0 .14 

3 .5 m 0 .14 

i t .0 £ J 1 

f r e q u e n c y o f o c c u r r a n e e ( ^ ) 

In t h i s way t he w a v e - c l i m a t e i s s p l i t up in 59 e l e m e n t s . Because t h i s 

number o f e l e m e n t s i s t o o l a r g e , t h e e l e m e n t s a r e g r o u p e d . 

For c a l c u l a t i n g t he a v e r a g e v a l u e o f each g roup f o r t h e w a v e - h e i g h t 

t h e (we ighed) r o o t - m e a n - s q u a r e v a l u e i s u s e d . For t h e p e r i o d s t h e 

normal a r i t h m e t i c (we ighed ) mean i s u s e d . T h i s o p e r a t i o n r e s u l t s 

in t h e f o l l o w i n g t a b l e : 

H T % 

(m) ( sec ) 

0 .5 3 .8 6 .82 

1 .0 4 . 0 4 . 1 3 

1 0 .8 5 .0 9 .83 

1.6 5 .0 4 .70 

i 0 . 8 
1 

6 . 0 11 .26 

1.7 6 . 0 5 .98 

i 0 . 8 7 .0 10 .12 

i ' - 7 7.0 4 . 4 2 



5. 

H T % 

(m) ( sec ) 

0 .8 ! 8 .0 ' 1.11 

1.6 8 .0 3 .73 

0 .8 9 .0 5.99' 

1.6 9 .0 2 .27 

2 . 8 7-7 2 .28 

0 .6 10.5 5 .27 

3.5 10.2 1.28 

0 .7 14.3 0 .43 

The da ta o f t h i s t a b l e a re a l s o p r e s e n t e d in an exceedance -d iag ram 

(see f i g . 2) 

W i t h these 16 e lemen ts a l a r g e number o f c a l c u l a t i o n s has been made. 

Du r i ng t he c a l c u l a t i o n s i t p roved however t h a t s p l i t t i n g up the wave 

c l i m a t e in 16 e lements i s n o t n e c e s s a r y . T h e r e f o r e t h e l a s t c a l c u l a t i o n s 

have been made w i t h o n l y 8 e l e m e n t s , v i z : 

H T 

(m) (sec) 

0 .72 3 .8 10.96 

0,79 3.5 21 .09 

1.71 5.6 10.68 

1.15 7 .8 33.79 

2 .80 1.1 2 .18 

0.60 10.5 5 .27 

3.50 10.2 1.28 

0.70 14.3 0 .43 



6. 

A c c o r d i n g t he i n f o r m a t i o n f rom the I n s t i t u t e H i d r o g r a f i c o , the wave-

d i r e c t i o n s a re d i s t r i b u t e d as f o l l o w s : 

2 3 0 ° - 2 6 0 ° 8 2 °/ 
'0 

265° 13 9 °/ 

270° 24 6 °/ 
'a 

275° 19 0 °/ 
'0 

280° 21 3 9 

2 8 5 ° - 3 2 0 ° 12 9 9 
'0 

I t can be seen t h a t n e a r l y 80^ o f t h e waves come f rom t h e d i r e c t i o n s 

2 6 5 ° , 2 7 0 ° , 2 7 5 ° , 2 8 0 ° . T h e r e f o r e , i n . f i r s t i n s t a n c e o n l y t hese 

s i t u a t i o n s have been c o n s i d e r e d . A n a l y s i s o f t he r e l a t i o n between 

w a v e - p e r i o d and w a v e - h e i g h t i n d i c a t e d t h a t t h e r e i s a r a t h e r u n i f o r m 

d i s t r i b u t i o n o f p e r i o d s and w a v e - h e i g h t s ove r t h e d i r e c t i o n . 

So, in f i r s t i n t a n c e 4 x 16= 64 w a v e - p e n e t r a t i o n runs were made, 

( runs TG01 u n t i 1 TG64) . 

The f a c t t h a t a l l t he waves come f r om w e s t e r n d i r e c t i o n s i m p l i e s 

however t h a t t h e r e a re no waves f r om o t h e r d i r e c t i o n s . And because 

these da ta a r e supposed t o be deep w a t e r wave d a t a , i t i m p l i e s t h a t 

on t he w e s t e r n A t l a n t i c Ocean t h e r e a re no waves f r om o t h e r d i r e c t i o n s 

than w e s t . Of cou rse t h i s canno t be t r u e . 

An e x p l a n a t i o n f o r t h i s c o n t r a d i c t i o n can be found i n t he f a c t t h a t 

t he o b s e r v a t i o n s o f w a v e - h e i g h t and w a v e - p e r i o d a r e made w i t h a 

w a v e - r i d e r buoy , wh i ch as l o c a t e d a t r e l a t i v e l y deep w a t e r , w h i l e 

t he wave d i r e c t i o n s were obse rved v i s u a l l y f r om the s h o r e . 

Thus : w a v e - h e i g h t s and w a v e - p e r i o d s a re deep w a t e r da ta and wave 

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

To i l l u s t r a t e t h e e f f e c t o f t h e dep th on t h e wave d i r e c t i o n s i x l a r g e 

s c a l e w a v e - p e n e t r a t i on c a l c u l a t i o n s have been made (see f i g . 20 -25 ) • 

I t can be seen t h a t near t h e measur ing s t a t i o n t h e wave is no t v e r y 

much r e f r a c t e d , b u t t h a t near the coas t a l l t he waves come f rom 

w e s t e r n d i r e c t i o n s . 



Because o f t h i s f a c t i t is n o t p o s s i b l e t o use t he d i r e c t i o n a l 

i n f o r m a t i o n f r om the I . H . - d a t a . As a rep lacemen t t he da ta f rom 

the "Ocean Wave S t a t i s t i c s " (Hogben & Lumb, HMSO London, I967) have 

been used ; 

d i r . % 

180° ^% 

210° / 235° 3.2^0 

240° 240° 5 . 6 ^ 

270° lk% \ 245° 4 . 3 ^ 

300° 20^ \ 250° 4.9°^ 

330° 20^ 

Because d e t a i l e d c a l c u l a t i o n s f o r t he d i r e c t i o n s 235 - 250 were 

a v a i l a b l e f r om i n i t i a l runs t he 18^ f rom 240° has been s p l i t up 

i n more de ta i 1 . 

Because waves f rom the sou th o c c u r r e l a t i v e l y se ldom, no s p e c i a l 

c a l c u l a t i o n s has been made f o r t h i s d i r e c t i o n . But i n o r d e r t o g e t 

t he r i g h t r e s u l t s t he o c c u r r a n c e o f t he 210° -waves has been i n c r e a s e d 

w i t h 8^ . From f i g . 24 and 27 f o l l o w s c l e a r l y t h a t waves f r om 300° 

and 330° do n o t reach t he s t u d i e d a r e a , so t hey a re o m i t t e d t o o . 

The t o t a l number o f wave p e n e t r a t i o n c a l c u l a t i o n s is t h e r e f o r e 8 0 , 

n o t i n c l u d e d t he 6 c a l c u l a t i o n s i n the l a r g e s c a l e mode l . 

C a l i b r a t ion da ta 

Because no t v e r y much wave-measurements were a v a i l a b l e f rom the a rea 

i t s e l f , i t was d i f f i c u l t t o f i n d wave da ta f o r c a l i b r a t i o n o f t he 

mode l . The bes t da ta f o r t h i s pu rpose were wave-measurements made 

by the I n s t i t u t e H i d r o g r a f i c o j u s t o f f Costa Capa r i ca (426 o b s e r v a t i o n 

f rom 10-07-1979 u n t i l 1 5 - 0 4 - 1 9 8 0 ) . The da ta p r o v i d e d were 

rep rocessed and a re p r e s e n t e d in f i g . 3 . The d i r e c t i o n o f a l l t h e 

waves was 2 4 0 ° . 

Geometry 

The l o c a t i o n o f t he modeled a rea i s p r e s e n t e d in f i g u r e 1 . T h i s a rea 

i s dev i ded i n t o 40 x 66 = 2640 mesh p o i n t s , each on a d i s t a n c e o f 250 

The dep th i n f o r m a t i o n used i s t aken f r om the h y d r o g r a p h i c c h a r t s , 



su rveyed by t he I n s t l t u t o H i d r o g r a f i c o in 1965 ( s c a l e 1 : 5 0 0 0 ) . For 

t he Bug io a rea a su r vey f r om 197^ has been u s e d . The d a t a were 

e n t e r e d i n t o t h e c o m p u t e r , w i t h an a c c u r a c y o f 0.1 m. A p r i n t - o u t 

o f t h e e n t e r e d da ta i s added a t t h e back o f t h i s r e p o r t ( t a b l e 1 ) . 



9 . 

k. COMPUTATIONS 

F i r s t a l i m i t e d number o f t e s t r u n s were made in o r d e r t o check i f 

a i l programs d i d t h e i r j o b in t h e c o r r e c t way. Then f o r a l l t h e 

80 cases a w a v e - p e n e t r a t i o n c a l c u l a t i o n was c a r r i e d o u t , r e s u l t i n g 

i n w a v e - h e i g h t d a t a a l o n g t h e v a r i o u s w a v e - r a y s . For l a t e r r e f e r e n c e 

t h e s e da ta were p r i n t e d o u t and s t o r e d on compute r d i s c . The d a t a 

on d i s c were p l o t t e d , w h i c h r e s u l t e d in t h e w a v e - r a y d iag rams as 

p r e s e n t e d i n Annex B. Because t h e rays do c r o s s each o t h e r , 

f r e q u e n t l y , t h e b e h a v i o u r o f t h e waves i n such c a u s t i c s canno t be 

d e r i v e d f r o m the r a y - d i a g r a m s . 

T h e r e f o r e t h e s t o r e d d a t a were p rocessed a g a i n a c c o r d i n g t h e Bouws 

S B a t t j e s m e t h o d , w h i c h r e s u l t e d i n t o two m a t r i c e s . The f i r s t 

m a t r i x c o n t a i n s t h e ave rage d i r e c t i o n in each m e s h - p o i n t , t h e second 

one t h e ave rage w a v e - h e i g h t in each m e s h - p o i n t . These two m a t r i c e s 

were a l s o p l o t t e d . P l o t s a r e p r e s e n t e d i n Annex B. 

The p r i n t e d compute r o u t p u t ( a p p r o x . 200 pages per r u n , t hus i n 

t o t a l a p p r o x . 14000 pages) a re n o t added t o t h e r e p o r t , bu t a r e 

a v a i l a b l e upon r e q u e s t . 

In t e n s e p e r a t e p o i n t s ( f o r t h e i r l o c a t i o n s see f i g . 4) t h e wave-

c l i m a t e i s d e t e r m i n e d . The r e s u l t s were p r i n t e d o u t (see t a b l e 2 : 

"wave f r e q u e n c i e s i n s e l e c t e d p o i n t s " a t t h e end o f t h i s r e p o r t ) and 

p l o t t e d ( f i g . 5 - l 4 ) 

The r e s u l t s o f p o i n t 10 s h o u l d be more o r l e s s i d e n t i c a l t o t h e 

measured w a v e - c l i m a t e f r o m Costa C a p a r i c a . Both c u r v e s a r e p l o t t e d 

in f i g u r e 15-

From t h i s f i g u i t e one may c o n c l u d e t h a t t h e model d e s c r i b e s t he wave-

p e n e t r a t i o n in t h e Bug io a rea r a t h e r w e l l . 



12. 

6 . CONCLUSIONS 

The wave c l i m a t e i n t h e B u g i o - a r e a i s v e r y i r r e g u l a r due t o t h e 

i r r e g u l a r b o t t o m - t o p o g r a p h y . Rough seas may be e x p e c t e d a t any p o i n t 

sou th and s o u t h w e s t o f B u g i o . 

The n o r t h e r n s l o p e o f t h e Bugio-banl< i s h a r d l y exposed t o w a v e - i n f 1 uence . 

P o r t f a c i l i t i e s on t h i s s l o p e a r e n o t v e r y much i n f l u e n c e d by ocean 

waves . 

in t h e A l p e i d a o r e g i o n a v e r y t u r b u l e n t a rea i s . e x p e c t e d . Much sed imen t 

w i l l be b r o u g h t i n t o s u s p e n s i o n i n t h i s a r e a . Wave . l e i g h t s on t h e 

B u g i o - b a n k i t s e l f a r e v e r y l i m i t e d due t o sma l l w a t e r d e p t h s , a l t h o u g h 

d u r i n g h i g h w a t e r t h e w a v e h e i g h t may r i s e t o a c o n s i d e r a b l e v a l u e . 
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TGA54 .29% 1.70 1.62 1.06 1.16 

TGA55 .50% .79 1.05 .47 1.17 
TGA56 .22% 1.67 2 .23 1.01 1.57 

TGA57 .36% .77 1.60 .47 .70 
TGA58 .18% 1.54 3.19 .94 1.21 

TGA59 .29% .76 1.85 .59 .92 
TGA60 . 1 1 % 1.51 2 .36 1.17 1.83 

TGA61 . 1 1 % 2,72 3.33 1.46 1.41 
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TGA68 6.08% .00 .69 . 8 2 ,70 

TGA69 . 4 1 % .00 1.86 1.93 1.02 
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TGA76 8 . 1 1 % .00 1.49 1.33 1.70 

TGA77 .55% .00 3.83 3 .20 1.44 

TGA78 1.27% .00 .65 .80 .25 

TGA79 . 3 1 % .00 3.90 4 .63 .00 
TGA80 . 10% .00 .91 1.53 .40 

WAVE FREQUENCIES IN SELECTED PIONTS 
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