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1. INTRODUCTION 

As a c o n t i n u a t i o n o f the i n i t i a l s t u d y on t h e morphology o f t h e Douro 

mouth, perf o r m e d by Hydronamic i n 1 9 8 2 , t h e A d m i n i s t r a c a o dos P o r t o s 

do Douro e Leixoes commisioned Hydronamic bv t o c o n s t r u c t a mathe

m a t i c a l h y d r o - m o r p h o l o g i c a l model o f t h e Douro mouth. 

T h i s second p a r t o f t h e m o r p h o l o g i c a l s t u d y o f t h e Douro mouth i s 

d i v i d e d i n t o t h r e e phases, v i z . : 

a. A d d i t i o n a l measurements d u r i n g a p e r i o d o f low r i v e r d i s c h a r g e . 

The r e s u l t s a r e p r e s e n t e d i n r e p o r t p a r t 7 . 
b. A s t a t i s t i c a l a n a l y s i s o f t h e t o p o g r a p h y o f t h e Cabedelo f r o m 1 8 7 2 

u n t i l 1 9 8 3 . The r e s u l t s a r e p r e s e n t e d i n r e p o r t p a r t 8 . 
c. The c o n s t r u c t i o n o f a m a t h e m a t i c a l model o f t h e Douro mouth. 

T h i s r e p o r t p r e s e n t s a d e s c r i p t i o n o f t h e component p a r t s , t h e o p e r a 

t i o n and t h e c a l i b r a t i o n o f t h e m a t h e m a t i c a l model. 
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2 . GENERAL DESCRIPTION OF THE HYDRO-MORPHOLOGICAL MODEL 

2 . 1 . Type of th e model 

A h y d r o - m o r p h o l o g i c a l model c o n s i s t s o f a h y d r a u l i c p a r t (wave 

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

The m o r p h o l o g i c a l p a r t i s a program t h a t c a l c u l a t e s sediment move

ments as a f u n c t i o n o f w a t e r d e p t h s , c u r r e n t v e l o c i t y and a number o f 

l o c a l p a r a m e t e r s . In t h e h y d r a u l i c p a r t t h e c u r r e n t v e l o c i t i e s a r e 

c a l c u l a t e d . 

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

m o r p h o l o g i c a l models, b u t t h e c h o i c e o f t h e ty p e o f th e h y d r a u l i c 

p a r t l a r g e l y depends on t h e c h a r a c t e r i s t i c s o f t h e e s t u a r y . 

One-dimensional h y d r a u l i c models ( f o r areas w i t h a c l e a r l y branched 

s t r u c t u r e ) and t w o - d i m e n s i o n a l h y d r a u l i c models ( f o r areas w i t h o u t 

b ranches) a r e most COTwnonly used. 

For many e s t u a r i e s i t i s r a t h e r c l e a r w h i c h t y p e o f model has t o be 

used. The Douro e s t u a r y , however, i s more c o m p l i c a t e d , and t h e r e f o r e 

f i r s t a d e t a i l e d s t u d y o f t h e morphology o f the e s t u a r y has been c a r 

r i e d o u t . 

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

th e morphology o f t h e Douro e s t u a r y has been e v a l u a t e d and t h e main 

c o n c l u s i o n s a r e summarized b r i e f l y below: 

a. The m o r p h o l o g i c a l changes i n t h e mouth o f the r i v e r a r e l i m i t e d t o 

a r e l a t i v e l y s m a l l a r e a . 

b. At p r e s e n t t h e sediment movement i n t h i s area tal<es p l a c e i n a 

r e l a t i v e l y c l o s e d system ( l i t t l e sand i s t r a n s p o r t e d i n t o t h e area 

or moved o u t s i d e t h e a r e a ) . The Douro e s t u a r y seems t o be I n a 

dynamic e q u i 1 i b r i u m . 

c. The m o r p h o l o g i c a l changes o c c u r w i t h a h i g h f r e q u e n c y ( t h e map i n 

r e p o r t 8 , ' A n a l y s i s o f o l d c h a r t s ' , showing v a r i o u s s i t u a t i o n s o f 

the r i v e r mouth a f t e r t h e e x t r e m e l y h i g h f l o o d o f Ch r i s t m a s 1 9 0 9 , 
d e m o n s t r a t e s t h i s v e r y c l e a r l y ; b e i n g washed away c o m p l e t e l y i n 

January 1 9 1 0 , t h e Cabedelo has been r e b u i l t i n June t h e same 

y e a r ! ) . 

d. The p r i n c i p a l phencsnena g o v e r n i n g t h e sediment movement i n t h e 

area a r e t h e r i v e r d i s c h a r g e , t h e t i d a l c u r r e n t s and t h e a c t i o n o f 

waves. 

Due t o t h e wave a c t i o n t h r e e c u r r e n t phenomena a r e i m p o r t a n t i n 

r e l a t i o n t o t h e sediment movement, v i z . : 

- Longshore c u r r e n t s caused by o b l i q u e l y b r e a k i n g waves. T h i s c u r 

r e n t I s m o s t l y d i r e c t e d t o t h e s o u t h . 

- C u r r e n t s towards t h e c o a s t caused by s o l i t a r y waves. 

Long waves w i t h p e r i o d s o f 12 seconds or more, w h i c h p e n e t r a t e a 

s h a l l o w area a r e t r a n s f o r m e d i n t o a s p e c i a l t y p e o f wave, v i z . a 

s o l i t a r y wave. S o l i t a r y waves, i n c o n t r a s t w i t h normal waves, 

g e n e r a t e an average n e t v e l o c i t y and t h e r e f o r e t h i s t y p e o f 
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wave i s a b l e t o t r a n s p o r t sediment. Measurements ex e c u t e d 400 m 

west o f the Cabedelo have c o n f i r m e d t h i s t r a n s p o r t towards t h e 

c o a s t . 

- Longshore c u r r e n t s due t o d i f f e r e n c e s i n wave s e t - u p a l o n g t h e 

Cabedelo c o a s t . 

Wave set-up i s a change i n t h e average w a t e r l e v e l a l o n g a 

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

es i n wave h e i g h t by r e f r a c t i o n , d i f f r a c t i o n , s h o a l i n g and 

breal<ing when waves approach t h e c o a s t . D i f f e r e n c e s i n wave s e t 

up a l o n g t h e c o a s t g e n e r a t e c u r r e n t s p a r a l l e l t o t h e c o a s t . 

D u r i n g the measurement campaigns c o n s i d e r a b l e d i f f e r e n c e s i n 

wat e r l e v e l s have been observed a l o n g t h e Cabedelo c o a s t . In 

the area n o r t h o f Fogamanadas t h e r e i s no s e t - u p o f t h e wa t e r 

l e v e l . South of Fogamanadas heavy wave breal<ing o c c u r s and con

s e q u e n t l y t h e r e i s a c o n s i d e r a b l e s e t - u p . So t h e w a t e r l e v e l 

s o u t h o f Fogamanadas i s h i g h e r than i n t h e r i v e r mouth and t h i s 

causes a c u r r e n t d i r e c t e d t o t h e n o r t h . 

The l o n g s h o r e t r a n s p o r t due t o wave s e t - u p exceeds t h e l o n g s h o r e 

t r a n s p o r t due t o o b l i q u e l y b r e a i c i n g waves, 

e. In 'normal' y e a r s t h e shape o f t h e head o f t h e Cabedelo shows a 

seasonal c y c l e i n accordance t o the f o l l o w i n g p a t t e r n (see f i g . 

b e l o w ) . 

At t h e end o f t h e sutmier t h e Cabedelo head has a l e n g t h e n e d shape, 

d i r e c t e d n o r t h w a r d ( t y p e 5 ) - The channel w i d t h i s v e r y narrow. 

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

Cabedelo head has been t u r n e d back westward ( t y p e 7 ) and t h e 

channel w i d t h has been widened. I n s p r i n g and sumner the Cabedelo 

head i s t r a n s f o r m e d a g a i n i n t o t h e l e n g t h e n e d shape ( t y p e 5 ) . 
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The a n a l y s i s o f o l d c h a r t s ( i n p a r t 8) has shown c l e a r l y t h a t , 

though the Cabedelo has w i t h d r a w n c o n s i d e r a b l y t o t h e e a s t s i n c e 

r i v e r r e g u l a t i o n s t a r t e d i n t h e Douro, t h e p a t t e r n o f t h e seasonal 

c y c l e has not changed d u r i n g t h e a n a l i z e d p e r i o d . 

B e f o r e r i v e r r e g u l a t i o n s t a r t e d i n 1910, when t h e average p o s i t i o n 

o f t he Cabedelo was more westward than a t p r e s e n t , sand was 

t r a n s p o r t e d southward by t h e waves a l o n g Seca do Bacalhao, o u t o f 

the e s t u a r y a r e a . S t i l l t h i s southward t r a n s p o r t d i d n o t cause a 

g r a d u a l e a s t w a r d m i g r a t i o n o f t h e Cabedelo because t h e Douro r i v e r 

s u p p l i e d s u f f i c i e n t sand t o f i l l t h e l o s e s . Due t o t h e c o n s t r u c 

t i o n o f dams i n t h e r i v e r , l e s s sediment i s s u p p l i e d and t h e 

Cabedelo moved e a s t w a r d t o i t s p r e s e n t p o s i t i o n . The seasonal 

c y c l e of t h e shape o f t h e Cabedelo head s t i l l o c c u r i n 'normal' 

y e a r s , but t h e sand movements a r e c o n f i n e d w i t h i n a r a t h e r c l o s e d 

area now; l i t t l e sand i s s u p p l i e d by t h e r i v e r , b u t l i t t l e sand i s 

moving o u t s i d e t h e areas as w e l l , because t h e r o c k s o f Seca do 

Bacalhao p r e v e n t s t r a n s p o r t t o t h e s o u t h . 

The above f a c t s i n d i c a t e t h a t t o d e s c r i b e t h e movements o f t h e s e d i 

ments i n t h e Douro mouth, a t w o - d i m e n s i o n a l m a t h e m a t i c a l model w i t h a 

r e l a t i v e l y small mesh-size must be a p p l i e d . The chosen model c o v e r s 

an area o f 1450x1950 meters and has a mesh-size o f 50 meters and con

s i s t s o f 30x40=1200 m e s h - p o i n t s . I n f i g u r e 1 t h e l o c a t i o n o f t h e g r i d 

i s i n d i c a t e d . 

The model must be a s t o c h a s t i c model, s i n c e t h e r i v e r d i s c h a r g e and 

t h e waves are s t o c h a s t i c v a r i a b l e s . 

F i n a l l y the model must have t h e a b i l i t y t o s i m u l a t e bottcxn changes 

d u r i n g a l a r g e number o f t i d a l c y c l e s and c o n s e q u e n t l y t h e model 

r e q u i r e s many t i m e s t e p s f o r a s i m u l a t i o n r u n . T h i s means t h a t t h e 

computing t i m e , r e q u i r e d t o make one t i m e s t e p , must be as low as pos

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

t h e r e f o r e be used. For b o t h t h e 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 and t h e 

c a l c u l a t i o n of t h e c u r r e n t p a t t e r n t h i s i s r e a l i z e d . Since wave-

p e n e t r a t i o n o c c u r s over s h o r t d i s t a n c e s , t h e b o t t o m f r i c t i o n i s 

n e g l e c t e d and because a l l t h e waves come f r o m t h e n o r t h - w e s t / s o u t h 

west s e c t o r the c a l c u l a t i o n method i s done i n a s i m p l e way. 

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

d i s c h a r g e i s done i n a s i m p l e way. The area o f t h e model i s v e r y 

r e s t r i c t e d , and t h e r e f o r e t h e phase d i f f e r e n c e s between t h e boun

d a r i e s o f t h e model as w e l l as t h e w a t e r l e v e l d i f f e r e n c e s between 

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

c a l c u l a t i o n c o n s i d e r a b l y and t h i s means t h a t t h e r i v e r d i s c h a r g e s , 

known a t the boundary, needs o n l y t o be r e d i s t r i b u t e d over t h e model. 

S u r m i a r i z i n g , t h e h y d r o - m o r p h o l o g i c a l model i s a r e l a t i v e l y f a s t com

p u t e r program, d e s c r i b i n g t h e m o r p h o l o g i c a l changes i n t h e mouth o f 

the Douro e s t u a r y adequate. 
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2.2. C o n f i g u r a t i o n o f t h e model 

The Douro m a t h e m a t i c a l model has been b u i l t up a c c o r d i n g t h e con

f i g u r a t i o n p r e s e n t e d i n f i g u r e 2. Three p a r t s can be d i s t i n g u i s h e d ^ 

v i z . t h e d a t a i n p u t p a r t , t h e c a l c u l a t i o n p a r t ( t h i s i s t h e main p a r t 

o f t h e program) and f i n a l l y t h e o u t p u t p a r t . 

The i n p u t p a r t c o n t a i n s t h e f o l l o w i n g d a t a : 

1. boundary d a t a : - wave p e r i o d s , wave h e i g h t s and wave d i r e c t i o n s 

f o r t h e wave sub-module, 

- t i d a l w a ter l e v e l s , 

- d i s c h a r g e s ( r i v e r + t i d a l ) f o r t h e d i s c h a r g e d i s 

t r i b u t i o n sub-module. 

2. i n i t i a l d a t a : - b o t t o m l e v e l a t each g r i d p o i n t a t t i m e t=bo 

3. r e m a i n i n g d a t a : - g r a i n s i z e s , bed l e v e l roughness, e t c . 

The c a l c u l a t i o n p a r t c o n s i s t s o f : 

1. c u r r e n t module, s u b d i v i d e d i n t o : 

1,3 d i s c h a r g e d i s t r i b u t i o n 

sub-module - d i s t r i b u t e s r i v e r and t i d a l d i s 

charge over t h e model and c a l c u 

l a t e s c u r r e n t v e l o c i t i e s and d i r e c 

t i o n s a t each g r i d p o i n t . 

I . b wave sub-module - c a l c u l a t e s wave h e i g h t , wave l e n g t h 

and wave d i r e c t i o n a t each g r i d 

p o i n t , 

- c a l c u l a t e s c u r r e n t v e l o c i t i e s and 

c u r r e n t d i r e c t i o n s a t each g r i d 

p o i n t due t o wave a c t i o n . 

2. sediment t r a n s p o r t module - c a l c u l a t e s sediment t r a n s p o r t r a t e 

a t each g r i d p o i n t . 

3. bed l e v e l module - c a l c u l a t e s new b o t t o m l e v e l a t each 

g r i d p o i n t . 

The o u t p u t p a r t p r e s e n t s t h e f o l l o w i n g r e s u l t s : 

1. new b a t h y m e t r y a t each moment chosen b e f o r e h a n d , 

2. c u r r e n t p a t t e r n s and sediment t r a n s p o r t r a t e s ( i f d e s i r e d ) . 

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

t i c i n p u t v a l u e s . 

T i d e s and t i d a l w a t e r l e v e l s a r e d e t e r m i n i s t i c , w h i c h means t h a t 

t h e s e v a l u e s can be p r e d i c t e d a c c u r a t e l y . The v a l u e s o f t h e t i d a l 

w a t e r l e v e l s a r e s t o r e d i n i n p u t f i l e s . 

The wave pa r a m e t e r s and t h e r i v e r d i s c h a r g e s a r e s t o c h a s t i c i n p u t 

v a l u e s . These v a l u e s cannot be p r e d i c t e d ; h<»*everjwhen l o n g t e r m d a t a 

a r e a v a i l a b l e t h e n t h e p r o b a b i l i t y d i s t r i b u t i o n o f each i n p u t 

v a r i a b l e can be d e t e r m i n e d . 
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The f r e q u e n c y o f o c c u r r e n c e o f b o t h t h e wave parameters and t h e r i v e r 

d i s c h a r g e s v a r y t h r o u g h o u t t h e seasons, and t h e r e f o r e t h e d i s t r i b u 

t i o n s must be d e t e r m i n e d per month. I n t h i s way a r e a s o n a b l e r e a l i s 

t i c s i m u l a t i o n o f t h e sediment movements can be o b t a i n e d . 

The c u r r e n t module i s s u b d i v i d e d i n t o a d i s c h a r g e d i s t r i b u t i o n sub-

module, which c a l c u l a t e s t h e c u r r e n t s due t o t h e r i v e r d i s c h a r g e and 

a wave sub-module whi c h c a l c u l a t e s t h e c u r r e n t s due t o wave a c t i o n . 

Each o f the phenomena c o n t r i b u t e s t o t h e f i n a l c u r r e n t p a t t e r n ( t h a t 

i s o b t a i n e d by v e c t o r i a l a d d i n g ) . 

The f i n a l c u r r e n t p a t t e r n serves as i n p u t f o r t h e sediment t r a n s p o r t 

module. T h i s module c a l c u l a t e s t h e sediment t r a n s p o r t c a p a c i t y i n 

each g r i d p o i n t . By means o f these c a l c u l a t e d v a l u e s t h e new b o t t o m 

l e v e l i s d e t e r m i n e d i n t h e bed l e v e l module. The s i m u l a t i o n p r o c e s s 

proceeds then f o r t h e n e x t t i m e s t e p w i t h t h e new bottom l e v e l as 

i n p u t . 

In c h a p t e r s 3, h and 5 f i r s t t h e t h e o r e t i c a l backgrounds o f t h e 

modules o f the c a l c u l a t i o n p a r t w i l l be d i s c u s s e d i n d e t a i l . 

In c h a p t e r 6 a d e s c r i p t i o n i s g i v e n o f t h e s t o c h a s t i c and d e t e r m i n i s 

t i c i n p u t d a t a . The s e l e c t i o n o f t h e s t o c h a s t i c i n p u t d a t a i s 

d e s c r i b e d as wel 1. 

The r u n n i n g of t h e m a t h e m a t i c a l model i s d e a l t w i t h i n c h a p t e r 7 . 
In c h a p t e r 8 t h e c a l i b r a t i o n o f t h e model i s d e s c r i b e d and t h e 

r e s u l t s o f some f i n a l t e s t runs a r e d i s c u s s e d . 

A l i s t i n g o f t h e computer program i s i n c l u d e d a t t h e back o f t h e 

r e p o r t . 
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3. CURRENT MODULE 

3.1. R i v e r d i s c h a r g e d i s t r i b u t i o n sub-module 

T h i s module has been s p l i t up i n t o two n e a r l y i d e n t i c a l s u b r o u t i n e s . 

D u r i n g low t i d e ( i n case o f ebb c u r r e n t s ) t h e d i s t r i b u t i o n o f t h e 

d i s c h a r g e over t h e model i s done by s u b r o u t i n e FL0WDS1 and d u r i n g 

h i g h t i d e by FL0WDS3 (see f l o w c h a r t i n f i g . 2 ) . The reason f o r 

s p l i t t i n g up t h e module I s e x p l a i n e d f u r t h e r i n t h i s s e c t i o n . 

In b o t h s u b r o u t i n e s t h e d i s t r i b u t i o n system i m p l i e s t h e f o l l o w i n g : 

- t o t r a n s f e r t h e d i s c h a r g e f r o m each mesh-point t o t h e a d j a c e n t 

mesh-poi n t s 

- t o gu i d e t h e d i s c h a r g e s a l o n g t h e quays between C a n t a r e i r a and 

F e l g u e i r a s and a l o n g t h e head o f t h e Cabedelo 

- t o expand the o u t g o i n g f l o w i n t h e o f f s h o r e p a r t o f t h e model 

- t o ta k e i n t o account t h e bo t t o m c o n f i g u r a t i o n , i n o t h e r words t h e 

program t a k e s c a r e t h a t streams a re a b l e t o f o l l o w g u l l i e s . 

The procedure o f t h e d i s t r i b u t i o n w i l l be d e s c r i b e d i n t h e remainder 

o f t h i s s e c t i o n . T h i s p r o c e d u r e i s exe c u t e d a t each t i m e - s t e p . B e f o r e 

t h e d i s t r i b u t i o n can s t a r t , f i r s t a new v a l u e f o r t h e r i v e r and t i d a l 

d i s c h a r g e a t t h e model boundary has t o be s e l e c t e d . 

The p o s i t i o n o f t h e head o f t h e Cabedelo changes r e g u l a r l y , and 

t h e r e f o r e t h e f i r s t t h i n g t h a t has t o be done i s t o d e t e r m i n e t h i s 

p o s i t i o n . T h i s p o s i t i o n i s expr e s s e d i n t h e g r i d - p o i n t s o f t h e most 

e a s t e r l y t i p and t h e most w e s t e r l y t i p o f t h e head o f t h e Cabedelo 

( p o i n t 3 and k i n f i g . 3a and 3 . b ) . These p o i n t s a r e f o u n d by means 

o f a search r o u t i n e , w h i c h s t a r t s i n f i x e d p o i n t 1 ( C a n t a r e i r a ) f o r 

f i n d i n g t i p 3 and i n f i x e d p o i n t 2 ( F e l g u e i r a s ) f o r f i n d i n g t i p k 
(see f i g . 3 ) . 

The next s t e p i s t o d i v i d e t h e t o t a l d i s c h a r g e a l o n g t h e c r o s s -

s e c t i o n o f t h e r i v e r mouth a t t h e row upon whi c h t h e d i s t r i b u t i o n has 

t o s t a r t . The d i s c h a r g e p a t t e r n a l o n g t h e concerned c r o s s - s e c t i o n i s 

o b t a i n e d by d e t e r m i n i n g d i s c h a r g e v e c t o r s q(N, M) f o r f l o w - l a n e s w i t h 

a w i d t h equal t o t h e mesh-size o f 50 m. The d i s c h a r g e v e c t o r s a r e 

c a l c u l a t e d by means o f t h e S t r i c k l e r f o r m u l a i n t h e f o l l o w i n g way: 

a c c o r d i n g t o S t r i c k l e r t h e unknown d i s c h a r g e q ( N , M) i s : 

( 5 . 0 
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i n w h i c h : £̂1 = mesh-size 

l< = a c o n s t a n t 

D(N, M)= w a t e r d e p t h i n (N, M) 

i = s l o p e o f w a t e r l e v e l 

The sum o f the d i s c h a r g e v e c t o r s must be equal t o t h e r i v e r d i s c h a r g e 

Qr, so: 

In f a c t o r f , the^unknown v a l u e s f o r i and k a r e g a t h e r e d . The t e r m 

D(N, M) ^ however, can be c a l c u l a t e d , and t h u s : 

51 Q r 

F i n a l l y each d i s c h a r g e v e c t o r a l o n g t h e c r o s s - s e c t i o n can be computed 

w i t h : 

The p o s i t i o n o f t h e c r o s s - s e c t i o n i n whic h t h e d i s t r i b u t i o n s t a r t s , 

i s d i f f e r e n t f o r FL0WDS1 and FL0WDS3. In FL0WDS1 d i s t r i b u t i o n s t a r t s 

a t row M=1 ( e a s t boundary) and c o n t i n u e s t o row M=40 (west b o u n d a r y ) . 

The c r o s s - s e c t i o n a t M=1 runs f r o m N=3 up t o N=13 (Pedras do L i m a ) , 

see a l s o f i g u r e 3A. 

In FL0WDS3 d i s t r i b u t i o n s t a r t s a t t h e c r o s s - s e c t i o n i n t h e gap be

tween the most w e s t e r l y t i p o f t h e head o f t h e Cabedelo and t h e quay 

a l o n g Avenida Don C a r l o s (see f i g u r e 3B). The program f i r s t d i s 

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

i n n e g a t i v e M - d i r e c t i o n ) up u n t i l M=1. Then d i s t r i b u t i o n c o n t i n u e s 

i n t o t he o f f s h o r e area o f t h e model, s t a r t i n g a g a i n f r o m t h e c r o s s -

s e c t i o n i n t h e gap b u t now i n t o o p p o s i t e d i r e c t i o n o f t h e f l o w , up 

u n t i l M=40. S e p a r a t i o n o f t h e p r o c e d u r e I n t o two phases i s done be

cause o f t h e f a c t , t h a t i t I s e a s i e r t o gu i d e t h e f l o o d s t r e a m a l o n g 

t h e head o f t h e Cabedelo i n t o t h e e s t u a r y by d i s t r i b u t i o n i n t o t h e 

f l o w d i r e c t i o n . 

I n t he next p a r t o f the s u b r o u t i n e t h e d i r e c t i o n o f t h e d i s c h a r g e 

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

o b s t a c l e s . For FL0WDS1 c o r r e c t i o n o f a d i s c h a r g e v e c t o r i s c a r r i e d 
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o u t i f t h e c o n c e r n i n g mesh-point i s s i t u a t e d i n t h e areas A ( e a s t o f 
C a n t a r e i r a ) , B ( e a s t o f e a s t e r n t i p o f Cabedelo h e a d ) , C ( e a s t o f 
F e l g u e i r a s ) and D ( e a s t o f w e s t e r n t i p o f Cabedelo h e a d ) . See a l s o 
f i g u r e 3A. 

For FL0WDS3 i t concerns o n l y t h r e e areas (see f i g . 3B). 

C o r r e c t i o n o f a v e c t o r - d i r e c t i o n i s done as d e s c r i b e d i n t h e 

f o l l o w i ng: 
Consider i n area B ( f i g u r e 3A) a v e c t o r q (N, M) w i t h component qN i n 
N - d i r e c t l o n and component qM i n M - d i r e c t i o n . A d e f l e c t i o n f a c t o r Aq 
i s c a l c u l a t e d w i t h f o r m u l a : 

a. 

in w k ick t i ( 5 > , M , c o o r d i n a W of e a s i e r n Up ol il:ie.Cal3ecl?.lo h e a d . 

so A q i s i n i n v e r s e p r o p o r t i o n t o a power f u n c t i o n o f t h e d i s t a n c e 

between row M and t h e e a s t t i p o f t h e Cabedelo head. 

V e c t o r q has t o be r o t a t e d t o t h e l e f t , t h e r e f o r e t h e ccmponent c^t^ 

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

c|tt=V4l+^c\ ^^^^ 

and t h e component ĉ |̂  i s decreased t o : 

^'n - V V W (3.-}) 

The r e s u l t i s t h a t v e c t o r q i s r o t a t e d t o t h e l e f t . The magnitude o f 

t h e d e f l e c t e d v e c t o r <^ remains equal t o t h e magnitude o f t h e 

o r i g i n a l v e c t o r q ( c o n t i n u i t y i s e n s u r e d ) . 

C o r r e c t i o n o f d i s c h a r g e v e c t o r s i n t h e o t h e r areas i s done i n t h e 

same way, o n l y t h e d i r e c t i o n o f t h e r o t a t i o n can d i f f e r . 

In a d d i t i o n t o t h i s c o r r e c t i o n t h e same p r o c e d u r e i s r e p e a t e d b u t now 

f o r o b s t a c l e s r u n n i n g i n M - d i r e c t i o n ( f o r i n s t a n c e t h e quays upstream 

C a n t a r e i r a up t o F e l g u e i r a s ) . 

A f t e r t h i s t h e d i s c h a r g e v e c t o r s a r e d e f l e c t e d a g a i n , b u t ncM due t o 

t h e b o t t o n c o n f i g u r a t i o n . C u r r e n t s t e n d t o f o l l o w g u l l i e s ( o r chan

n e l s ) and t h i s e f f e c t p l a y s a l s o a r o l e i n t h e Douro e s t u a r y . 

D e f l e c t i o n of a d i s c h a r g e v e c t o r i s done i n t h e foIl<»rfing way. Due 

t o t he channel s l o p e t h e d i s c h a r g e v e c t o r w i l l d e f l e c t i n t o t h e 

d i r e c t i o n o f t h e b o t t o m c o n t o u r . I t i s assimed t h a t t h e d e f l e c t i o n 
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I s p r o p o r t i o n a l t o t l i e s l o p e o f t h e g u l l y and I n v e r s e p r o p o r t i o n a l t o 

t h e d e p t h . 

The a n g l e o f d e f l e c t i o n I s c a l c u l a t e d w i t h : 

i n w h i c h : K = a c o n s t a n t = 10.5 
m(N, M) = bottom s l o p e i n p o i n t (N, M) 
0(N, M) = d e p t h i n p o i n t (N, M) 

= a n g l e o f d e f l e c t i o n ( r a d i a n ) 

The o r i g i n a l a n g l e between t h e d i s c h a r g e v e c t o r and t h e l o c a l b o t t o m 

c o n t o u r i s then decreased w i t h - 4 ^ . 

A f t e r these c o r r e c t i o n p r o c e d u r e s has been e x e c u t e d , t h e d e f l e c t e d 

d i s c h a r g e v e c t o r s a r e f i n a l l y d i t r i b u t e d t o t h e a d j a c e n t m e s h - p o i n t s . 

Four cases can be d i s t i n g u i s h e d , v i z . two cases w i t h t h e N-component 

i n t o n e g a t i v e N - d i r e c t i o n and two cases w i t h t h e N-component d i r e c t e d 

i n t o p o s i t i v e N - d i r e c t i o n (see f i g u r e 4A ) : 

case 1a:3ï;<-1 • d i s c h a r g e v e c t o r i s d i s t r i b u t e d t o mesh-points 

( N - 1 , M+1) and (N, M+1): 

case 1 b : ' ^ - 1 
c^tn) 

• d i s c h a r g e v e c t o r i s d i s t r i b u t e d t o m e s h - p o i n t s 

( N - 1 , M) and ( N - 1 , M+1): 

C | ( N . . , n + l ) = : ^ ^ C ^ C ^ H ) 

case 2a;^^'")> 1 - d i s c h a r g e v e c t o r i s d i s t r i b u t e d t o m e s h - p o i n t s 

(N+1, M+1) and (N, M+1): 
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case 2b:^^^<1 - d i s c h a r g e v e c t o r i s d i s t r i b u t e d t o mesh-points 

t""^ (N+ 1 , M) and (N+1 , M+1) 

The t r a n s f e r r e d v e c t o r s i n t h e a d j a c e n t p o i n t s have t h e same d i r e c 

t i o n s as the v e c t o r i n p o i n t (N, M). 

The d i s t r i b u t i o n p r o c e d u r e proceeds now as f o l l o w s . Consider a c e r 

t a i n row M w i t h d i s c h a r g e v e c t o r s as i n d i c a t e d i n f i g u r e 4B. The 

program s t a r t s t o t r a n s f e r v e c t o r Q\ f r o m p o i n t N=1 i n t o c^ja i n 

mesh-point (N=2, M) and i n t o q.L i n mesh-point (N=2, M+1) (case 

2 b ) . ^ 

V e c t o r ci^ti_ i s v e c t o r i a l added t o v e c t o r q2 i n p o i n t (N=2, M). The 

r e s u l t a n t i s c^^f^. The o r i g i n a l v e c t o r q, i s m a i n t a i n e d i n (N=1, M). 

V e c t o r q^r\ 's now d i s t r i b u t e d i n t o q^na mesh-point (N=3, M+1) 

and i n t o q j ^ i n mesh-point (N=2, M+1) (case 2 a ) . V e c t o r q^^^tih 
t h e n v e c t o r i a l added t o t h e v e c t o r qjts > a l r e a d y b e i n g d i s t r i b u t e d 

f r o m N=1. Then v e c t o r q^ i n p o i n t (Na'S, M) can be h a n d l e d . 

In t h i s way a l l t h e v e c t o r s i n row M a r e d i s t r i b u t e d t o t h e a d j a c e n t 

p o i n t s , a f t e r w h i c h t h e new c r e a t e d d i s c h a r g e v e c t o r s i n row M=M+1 

can be d i s t r i b u t e d . 

In FL0WDS3 t h e same p r o c e d u r e i s a p p l i e d , however, i n t h e o f f s h o r e 

area o f t h e model t h e d i s c h a r g e v e c t o r s a r e d i s t r i b u t e d i n o p p o s i t e 

f l o w - d i r e c t i o n . 

In t h e l a s t p a r t o f t h e sub-module t h e expanding r o u t i n e i s e x e c u t e d . 

T h i s i s o f imp o r t a n c e e s p e c i a l l y i n t h e o f f s h o r e a r e a . When t h e f l o w 

l e a v e s t h e r i v e r mouth, t h e stream w i l l spread o v e r t h e a r e a . T h i s 

e f f e c t has been t a k e n i n t o a c c o u n t as f o l l o w s (see f i g . 5 ) . 
A p a r t o f t h e M-component o f d i s c h a r g e v e c t o r q i n p o i n t (N, M) i s 

t r a n s f e r r e d t o t h e p o i n t s i m m e d i a t e l y l e f t and r i g h t f r o m (N, M). The 

remainder o f q_ i n p o i n t (N, M) i s : 
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i n which C = a number near t o 0 

Both t h e l e f t and t h e r i g h t p o i n t r e c e i v e : 

F u r t h e r the expanded d i s c h a r g e s d i v e r g e w i t h a sm a l l a n g l e (*3 f r o m 

t h e reduced v e c t o r q' i n p o i n t (N, M). The v a l u e s f o r £, and 

CJ i n FL0WDS1 d i f f e r f r o m those used i n FL0WDS3. In FL0WDS3 even 

a d i s t i n c t i o n i s made between t h e v a l u e s f o r t h e e s t u a r y area and f o r 

t h e o f f s h o r e a r e a . I n t h e c a l i b r a t i o n phase t h e v a r i o u s v a l u e s f o r 

£. and a) a r e d e t e r m i n e d i n such a way t h a t a c c e p t a b l e f l o w 

p a t t e r n s a r e o b t a i n e d . 

The same expanding p r o c e d u r e i s a p p l i e d f o r t h e N-components o f t h e 

d i s c h a r g e v e c t o r s . 

I t i s e v i d e n t t h a t t h e exp a n d i n g e f f e c t i s g r e a t e r as t h e f a c t o r £, 

and t h e angle CO a r e chosen l a r g e r . 

The r e s u l t o f the d i s t r i b u t i o n p r o c e d u r e d e s c r i b e d above i s , t h a t a 

d i s c h a r g e p a t t e r n i s c r e a t e d over t h e whole model. In e v e r y phase o f 

t h i s d i s t r i b u t i o n p r o c e d u r e t h e c o n s e r v a t i o n o f mass i s g u a r a n t e e d so 

t h a t no water i s l o s t o r added d u r i n g t h e c a l c u l a t i o n . 

From t h i s d i s c h a r g e p a t t e r n t h e c u r r e n t p a t t e r n i s o b t a i n e d by d i v i d 

i n g t h e magnitude o f t h e d i s c h a r g e v e c t o r s by t h e mesh-size and t h e 

r e s p e c t i v e w a t e r d e p t h s . 
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3.2. Wave sub module 

3.2.1. The s u b r o u t i n e s o f t h e wave sub-module 

The wave sub module i s composed o f t h r e e s u b r o u t i n e s . In each sub

r o u t i n e c u r r e n t s due t o a s p e c i f i c wave a c t i o n phenomenon a r e c a l c u 

l a t e d . The t h r e e s u b r o u t i n e s a r e : 

1. REFRAC : - c a l c u l a t e s wave h e i g h t and wave d i r e c t i o n a t each 

mesh-point 

- c a l c u l a t e s l o n g s h o r e c u r r e n t caused by o b l i q u e l y 

b r e a k i n g waves 

2. EENLING : - c a l c u l a t e s c u r r e n t s caused by s o l i t a r y waves 

3. SETUP : - c a l c u l a t e s s e t - u p c u r r e n t s caused by l o c a l wave h e i g h t 

d i f f e r e n c e s 

The t h e o r e t i c a l background o f t h e t h r e e s u b r o u t i n e s a r e d e s c r i b e d i n 

th e f o l l o w i n g s e c t i o n s . 

3.2.2. The s u b r o u t i n e REFRAC 

S u b r o u t i n e REFRAC p r o v i d e s t h e necessary d a t a f o r t h e d e t e r m i n a t i o n 

o f t h e l o n g s h o r e c u r r e n t s (caused by o b l i q u e l y b r e a k i n g waves and by 

wave s e t - u p d i f f e r e n c e s ) and t h e s o l i t a r y wave c u r r e n t s by c a l c u l a t 

i n g the wave h e i g h t and wave d i r e c t i o n i n each m e s h - p o i n t . The c a l 

c u l a t i o n method i s based on l i n e a r wave t h e o r y w h i c h i s u s u a l l y ap

p l i e d i n wave p e n e t r a t i o n models. 

Because o f t h e f a c t t h a t n e a r l y a l l waves come f r o m SW-W-NW d i r e c 

t i o n s (between 225° and 315 ) t h e wave p e n e t r a t i o n c a l c u l a t i o n c o u l d 

be s i m p l i f i e d c o n s i d e r a b l y . 

The c a l c u l a t i o n s t a r t s a t t h e seaward boundary o f t h e model (M=40) 

and proceeds i n t o t h e d i r e c t i o n o f wave p r o p a g a t i o n . The s u b r o u t i n e 

c a l c u l a t e s wave h e i g h t s and wave d i r e c t i o n s o n l y a t t h e m e s h - p o i n t s 

( d a t a i n i n t e r m e d i a t e p o i n t s a r e o f no i n t e r e s t ) u s i n g wave d a t a a l 

ready d e t e r m i n e d a t t h e s u r r o u n d i n g p o i n t s . 

Consider p o i n t N i n a c e r t a i n row M, i n whic h t h e wave d a t a a r e 

d e t e r m i n e d (see f i g u r e 6 ) . I f t h e wave d i r e c t i o n cx.(N, M) a t t h i s 

p o i n t i s l a r g e r t han 270 , t h e new wave h e i g h t s and wave d i r e c t i o n s 

a r e c a l c u l a t e d i n me s h - p o i n t s (N, M-1) and (N+1, M-1); i f t h e wave 

d i r e c t i o n i s lower than 270°, t h e n t h e new wave da t a a r e d e t e r m i n e d 

i n m e sh-points ( N - 1 , M-1) and (N, M-1). 

o 

F i g u r e 6 p r e s e n t s t h e case f o r «<(N, M) l a r g e r t han 270 . The wave 

o r t h o g o n a l w i t h i t s o r i g i n i n mesh-point (N, M) i n t e r s e c t s row M-1 i n 

p o i n t S. The wave h e i g h t H(S) i n p o i n t S can be c a l c u l a t e d u s i n g t h e 

f o l l o w i n g f o r m u l a : 

13 



H ( s ) = H ( n , n ) V i : £ ^ : § ^ . a 

i n wlii c l i ! 

o<,(Vi]l)o<.(5Y= a n g l e s of t h e wave o r t h o g o n a l r e s p e c t i v e l y 

i n p o i n t s (N, M) and S. The a n g l e s a r e r e 

l a t e d t o t h e p o s i t i v e N - a x i s . 

IV = a n g l e o f the normal p e r p e n d i c u l a r t o t h e l o 

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

t i v e N - a x i s . 

The a n g l e and t h e l o c a l s l o p e m a r e c a l c u l a t e d by means o f a spe

c i a l s u b r o u t i n e HELNG, added t o t h e program. ^ i s c o n s i d e r e d t o 

r e p r e s e n t t h e area e n c l o s e d by t h e f o u r m e s h - p o i n t s . H(N, M) and 

c<(N, M) are known v a l u e s . A v a l u e for«^(s)is o b t a i n e d by c a l c u l a t i n g 

t h e c u r v a t u r e o f the wave o r t h o g o n a l u s i n g t h e f o r m u l a e : 

doc 

ST 

d c _ °|[i-(rot3 ( 5 . ^ 1 ^ 

d D C 4 ^ [ , _ ( c . j ] 

i n w h i c h : 

ds = d i s t a n c e a l o n g wave o r t h o g o n a l 

c = average o f t h e wave c e l e r i t i e s a t t h e f o u r m e s h - p o i n t s 

D = average o f t h e depths a t t h e f o u r mesh-points 

CO = deep wa t e r wave speed 

The wave d i r e c t ion c><. ( s ) i n p o i n t S i s t h e m 

HcM t h e wave h e i g h t i n S i s d e t e r m i n e d a p p l y i n g f o r m u l a ( 3 - 1 ^ ) • 
H w e v e r we a r e i n t e r e s t e d i n t h e wave h e i g h t s and wave d i r e c t i o n s i n 

m e s h - p o i n t s (N, M-1) and (N+1 , M-1). T h e r e f o r e lXS)is d i s t r i b u t e d t o 
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t h e s e p o i n t s ; t h e c o n t r i b u t i o n o f H(«>")to t h e wave h e i g h t i n mesh-point 

(N, M-1) i s r e a l i z e d w i t h f o r m u l a : 

and the c o n t r i b u t i o n o f H(S)to the wave h e i g h t i n mesh-point (N+ 1 , 
M -1) w i t h f o r m u l a : 

in w h i c h : 

T h i ^ c a l c u l a t i o n scheme i s used f o r wave d i r e c t i o n s 270 < <^(N, M)<: 

315 so t g ^ v , i s always n e g a t i v e . 

For wave d i r e c t i o n s 2 2 5 ' ' < «^(N, M ) < 270 t h e f o r m u l a e a r e : 

The t o t a l wave h e i g h t s i n m e s h - p o i n t s (N, M-1) and (N+ 1 , M -1) a r e ob

t a i n e d by a d d i n g A H ( t S ^ M - I ^ and A H C H + M - > ) ^° t h e v a l u e s a t 

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

s t e p 
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So t h e f i n a l wave h e i g h t s a r e : 

C3.;i&) 

and f i n a l l y t h e new wave d i r e c t i o n s a r e : 

H C n + i . n - i ) ' ^ 

Based on t h e f o r m u l a m entioned above t h e wave h e i g h t s and wave d i r e c 

t i o n s a r e c a l c u l a t e d I n t h e m e s h - p o i n t s o f row M-1. The s u b r o u t i n e 

c o n t i n u a l l y t e s t s i f a wave I s a b l e t o reach t h e c o n s i d e r e d p o i n t 

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

wave h e i g h t s can i n c r e a s e g r a d u a l l y u n t i l a c e r t a i n l i m i t i s reached. 

Then breal<ing o c c u r s . I n t h i s s u b r o u t i n e a s i m p l e r e l a t i o n between 

t h e b r e a k e r h e i g h t Hbr and t h e w a t e r d e p t h D i s used, v i z . : 

i n w h i c h : ^ = b r e a k i n g i n d e x 

The s u b r o u t i n e c o n t i n u a l l y t e s t s t h e c a l c u l a t e d wave h e i g h t H(N, M) 

t o r e l a t i o n (S.'S^). I f t h e c a l c u l a t e d wave h e i g h t exceeds Hbr t h e n 

t h e f o r m e r v a l u e i s r e p l a c e d by Hbr. A p r o p e r v a l u e f o r t h e b r e a k i n g 

i n d e x V f o u n d d u r i n g t h e c a l i b r a t i o n phase o f t h e model. 
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Now t h e d e f i n i t i v e wave h e i g h t s and wave d i r e c t i o n s i n row M-1 a r e 

l<nown and the program c o n t i n u e s by c a l c u l a t i n g t h e l o n g s h o r e c u r r e n t 

i n t h i s row, caused by o b l i q u e l y b r e a k i n g waves. The c a l c u l a t i o n i s 

based on t h e t h e o r y o f r a d i a t i o n s t r e s s . The bottom c o n t o u r s p l a y an 

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

p a r a l l e l t o t h e bottom c o n t o u r s . Since t h e w a t e r d e p t h i s known i n 

ev e r y mesh-point, t h e d i r e c t i o n o f t h e l o c a l c o n t o u r i n e v e r y 

r e q u i r e d mesh-point can be computed by means o f s u b r o u t i n e HELING. 

In the appendix o f volume 2 t h e phenomenon r a d i a t i o n s t r e s s i s 

d e s c r i b e d . Summarized, r a d i a t i o n s t r e s s i s a p r e s s u r e f o r c e i n excess 

o f t h e h y d r o s t a t i c p r e s s u r e f o r c e caused by t h e presence o f waves. In 

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

a r e a ) , nor a t r u e f o r c e , b u t a f o r c e per u n i t l e n g t h . 

T r a n s f o r m a t i o n s a p p l i c a b l e t o t r u e t r e s s e s can be a p p l i e d t o r a d i a 

t i o n s t r e s s . 

For normal c o a s t s n e i t h e r ' t e n s i o n r a d i a t i o n s t r e s s ' o r ' p r e s s u r e 

r a d i t i o n s t r e s s ' a r e c a u s i n g f o r c e s p a r a l l e l t o t h e c o n t o u r s . Only 

'shear r a d i a t i o n s t r e s s ' causes such a f o r c e component. The f o r m u l a 

f o r the shear r a d i a t i o n s t r e s s i s : 

i n w h i c h : 
Sxy = shear r a d i a t i o n s t r e s s p a r a l l e l t o t h e b o t t c m c o n t o u r 

p = d e n s i t y o f w a t e r 

g = a c c e l e r a t i o n o f g r a v i t y 

H = wave h e i g h t 

•6-= a n g l e between wave o r t h o g o n a l and t h e normal p e r p e n 

d i c u l a r t o t h e b o t t o m c o n t o u r 

n = r a t i o between t h e wave c e l e r i t y and v e l o c i t y o f t h e 

wavegroup. 

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

t o the bottom c o n t o u r s g e n e r a t e t h e l o n g s h o r e c u r r e n t s . 

The c a l c u l a t i o n method used I n t h i s s u b r o u t i n e i s based on f o r m u l a 

( 3 . 3 3 ) and i s d e s c r i b e d b r i e f l y below. 

Consider a g a i n 4 a d j a c e n t mesh-points a t row M and row M-1. The wave 

h e i g h t s and wave d i r e c t i o n s a r e known. The a n g l e o f t h e normal 

p r e p e n d i c u l a r t o t h e l o c a l b o t t o m c o n t o u r and r e l a t e d t o t h e p o s i t i v e 

N-axis i s c a l c u l a t e d a g a i n . F i r s t t h e shear r a d i a t i o n s t r e s s e s I n t o 

t h e d i r e c t i o n o f t h e l o c a l c o n t o u r a r e c a l c u l a t e d a t each o f t h e f o u r 

m e s h - p o i n t s . Then t h e average shear r a d i a t i o n s t r e s s d i f f e r e n c e i n t o 

t h e d i r e c t i o n o f t h e normal t o t h e bottom c o n t o u r must be d e t e r m i n e d . 

T h i s i s done by d e t e r m i n i n g f i r s t t h e average shear r a d i a t i o n s t r e s s 

d i f f e r e n c e s i n N- and M - d i r e c t i o n : 

s 
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F i n a l l y t h e average shear r a d i a t i o n s t r e s s d i f f e r e n c e i n t o t h e d i r e c 

t i o n o f the normal p e r p e n d i c u l a r t o t h e bottom c o n t o u r is? 

The l o n g s h o r e c u r r e n t i s c a l c u l a t e d t hen w i t h t h e f o l l o w i n g f o r m u l a : 

i n w h i c h : p. 

C = Chézy f r i c t i o n f a c t o r = l 8 l o g ( ' p*-* ) 

D = average o f depths a t t h e f o u r mesh-points 

H = average o f wave h e i g h t s a t t h e f o u r m e sh-points 

fw = e x p t - 5 . 9 7 7 + 5 . 2 1 3 { % : ) - 0 . 1 9 4 ] 
a = a m p l i t u d e o f t h e o r b i t a l m o t i o n a t t h e b o t t o m 

R = bed roughness 

The c a l c u l a t e d l o n g s h o r e c u r r e n t i s c o n s i d e r e d t o a c t i n mesh-point 

(N, M - 1 ) . 

I n t h i s way t h e l o n g s h o r e c u r r e n t s a r e d e t e r m i n e d a t a l l m e s h - p o i n t s 

o f row M -1 . However, t h e r e a r e two r e s t r i c t i o n s . F i r s t t h e program 

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

when t h e w a t e r d e p t h a t t h i s mesh-point exceeds a c e r t a i n l i m i t v a l u e , 

t h e l o n g s h o r e c u r r e n t i s c o n s i d e r e d t o be z e r o . The l a r g e s t v a l u e s o f 
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t h e l o n g s h o r e c u r r e n t s a r e a c t i n g w i t h i n t h e breal<er zone, b u t due t o 

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

d i s t a n c e o u t s i d e the b r e a k e r zone. 

A f t e r c a l c u l a t i n g t h e wave h e i g h t s , wave d i r e c t i o n s and l o n g s h o r e 

c u r r e n t s a t row M-1 t h e program r e p e a t s t h e p r o c e d u r e a g a i n , now f o r 

t h e mesh-points a t row M-2 u s i n g t h e wave d a t a f r o m row M -1. The 

program c o n t i n u e s u n t i l t h e shore o f t h e Cabedelo, or row M=1 i s 
reached. Then t h e l o n g s h o r e c u r r e n t p a t t e r n i s added by v e c t o r i a l 

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

3 . 2 . 3 . The s u b r o u t i n e EENLING 

Only long waves t r a n s f o r m i n t o s o l i t a r y waves, and t h e r e f o r e t h i s 

s u b r o u t i n e i s o n l y used i f t h e wave p e r i o d i s l a r g e r t h a n 11 seconds. 

The net t r a n s p o r t v e l o c i t y i s equal t o t h e wave c e l e r i t y , however, 

t h i s net v e l o c i t y o c c u r s o n l y under t h e wave c r e s t ( t h a t i s under 

c i r c a 10 p e r c e n t o f t h e wave l e n g t h , or d u r i n g 10 p e r c e n t o f t h e wave 

per i o d ) . 

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

s o l i t a r y wave t h e average t r a n s p o r t v e l o c i t y Ve i s : 

i n w h i c h : c = wave c e l e r i t y 

For a s o l i t a r y wave t h e wave c e l e r i t y can be c a l c u l a t e d u s i n g t h e 

f o l 1 owlng f o r m u l a : 

i n w h i c h : g = a c c e l e r a t i o n o f g r a v i t y 

D = w a t e r d e p t h 

H = wave h e i g h t 

W i t h the wave d a t a , d e t e r m i n e d i n s u b r o u t i n e REFRAC, as i n p u t t h e 

s u b r o u t i n e EENLING c a l c u l a t e s t h e t r a n s p o r t v e l o c i t i e s a t each mesh-

p o i n t . The d i r e c t i o n s o f c u r r e n t v e c t o r s a r e equal t o t h e d i r e c t i o n s 

o f the wave o r t h o g o n a l s . 

Vg^ 0.1 C 
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F i n a l l y t l i e v e l o c i t i e s a r e v e c t o r i a l added t o t h e c u r r e n t p a t t e r n 

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

3 . 2 . 4 . The s u b r o u t i n e SETUP 

Wave set-u p i s a phenomenon a l s o r e l a t e d t o r a d i a t i o n s t r e s s . Due t o 

r e f r a c t i o n , s h o a l i n g and wave b r e a k i n g t h e wave parameters change and 

c o n s e q u e n t l y t h e r a d i a t i o n s tress-component i n t o t h e d i r e c t i o n o f t h e 

co a s t a l s o changes. The changes i n t h i s p r i n c i p a l s t r e s s causes a n e t 

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

the w a t e r l e v e l i s t h e r e s u l t ( s e t - u p ) 

In f a c t t h e s e t - u p must be c a l c u l a t e d by i n t e g r a t i o n a l o n g t h e wave 

o r t h o g o n a l , b u t t h i s i s not p o s s i b l e f o r t h i s t y p e o f model. For 

ste e p c o a s t s , however, s e t - u p t a k e s p l a c e m a i n l y near t h e s h o r e . 

T h e r e f o r e , t h i s s u b r o u t i n e c a l c u l a t e s t h e s e t - u p i n a c e r t a i n mesh-

p o i n t (Nc, Mc+1) , i f t h e a d j a c e n t mesh-point (Nc, Mc) i s a l a n d p o i n t 

on t h e Cabedelo s h o r e . 

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

t i o n o f t h e Cabedelo c o a s t i s d e t e r m i n e d . For t h i s a search method 

l i k e t he method used I n t h e d i s c h a r g e d i s t r i b u t i o n module i s a p p l i e d . 

The search p r o c e d u r e s t a r t s a t mesh-point NMAX a t row M=12, east o f 

the Cabedelo c o a s t , and t h e pr o c e d u r e s t o p s when t h e n o r t h t i p o f t h e 

Cabedelo head i s f o u n d and t h e c o a s t l i n e i s d e t e r m i n e d , (see f i g u r e 

b e l o w ) . 

M 

X LAND POINT 

O MESH-POINT IN WHICH SET-UP IS CALCULATED 
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Water l e v e l r i s e o n l y o c c u r s w i t h i n t he breal<er zone and t h e s e t - u p 

t^D (Nc,Mc+l) can be c a l c u l a t e d u s i n g the f o l l o w i n g s i m p l i f i e d 

f o r m u l a : 

I n w h i c h : V = b r e a k i n g i n d e x 
Hbr = wave h e i g h t o f b r e a k e r a t mesh-point (Nc,Mc+l) 

The s u b r o u t i n e c o n t i n u a l l y t e s t s i f t h e wave i n mesh-point (Nc, Mc+1) 
i s b r o k en. Set-up i s n o t c a l c u l a t e d i f t h e wave h e i g h t i s lower t h a n 

th e b r e a k e r h e i g h t . 

At each mesh-point (Nc, Mc+1) t h e C h e z y - f r i c t 1 on f a c t o r C i s c a l c u 

l a t e d . In g e n e r a l t h e s e t - u p w i l l v a r y a l o n g t h e c o a s t and con

s e q u e n t l y t h e magnitude and d i r e c t i o n o f t h e s e t - u p c u r r e n t w i l l a l s o 

v a r y l o c a l l y . However, t h e average c u r r e n t d i r e c t i o n i s t o t h e n o r t h 

and t h i s average c u r r e n t i s o f i n t e r e s t f o r the model. T h e r e f o r e , t h e 

average s e t - u p A.Da, t h e average Chézy f r i c t i o n f a c t o r Ca and t h e 

average depth Da a l o n g t h e Cabedelo c o a s t a re c a l c u l a t e d . By means o f 

the Chézy-formula t h e average s e t - u p c u r r e n t i s d e t e r m i n e d as 

f o l l o w s : 

(5 .Hi) 

i n w h i c h : t ^ , = 2 ^ a 

n A l 

n = number o f Cabedelo l a n d p o i n t s 

a1 = mesh-size 
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The d i r e c t i o n f o r each c u r r e n t v e c t o r i s p a r a l l e l t o t h e c o n t o u r i n 

t h e c o n s i d e r e d m e s h - p o i n t . The l o c a l c o n t o u r - d i r e c t i o n s a r e d e t e r 

mined w i t h s u b r o u t i n e HELNG. 

The s e t - u p c u r r e n t p a t t e r n i s added t o t h e e x i s t i n g c u r r e n t p a t t e r n . 

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

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

t r a n s p o r t module SEDTRAN. 
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h. SFPI MENT TRANSPORT MODULE 

The m o r p h o l o g i c a l model i s based on two fundamental e q u a t i o n s , v i z : 

- t h e e q u a t i o n o f m o t i o n 
- t h e e q u a t i o n o f c o n t i n u i t y . 

e , . a t,on o f . o t . o n ;3 ^'he r e l a t i o n between sa„^^ 

S S H ' : s ^ r = ' : ; - . : , = - . , ' S . ; i s : ; - - " ' • 

Sediment t r a n s p o r t can be c l a s s i f i e d as f o l l o w s : 

- bed m a t e r i a l t r a n s p o r t , _ ^^^^ t r a n s p o r t 

s u b d i v i d e d i n t o . _ ^^^^^^^^^ ,03d t r a n s p o r t 

- wash l o a d 

The wash l o a d , t h a t i s t h e t r a n s p o r t o f p a r t i c l e s f i n e r t h e n t h o s e 

p r e s e n t i n t h e bed, i s n o t ta k e n i n t o c o n s i d e r a t i o n . 

r K»H m a t e r i a l t r a n s p o r t f o r m u l a e a r e d e v e l o p e d . In 

J T : . e ^ . r f £ o ™ . a e ar . e . ^ 

ï l r ^ u r o . - - " t r e ' e n I inS^Han. n - ™ . a Has t o .e app, j e . . ^ ^ ^^^^ 

mula f o r suspended l o a d t r a n s p o r t . 

The B i j k e r f o r m l u a i s : 

c.^^ b D s o V e 

i n w h i c h : Sb - bed lo a d t r a n s p o r t W/s/m) 

S50 : l : V : i V e T . L . e r exceeded by 501 o f t b e bed 

mater i a l 



V = w a t e r v e l o c i t y 

C = Chézy f r i c t i o n f a c t o r 

ƒ's = mass d e n s i t y o f sediment p a r t i c l e s 

p = mass d e n s i t y o f w a t e r 

g = a c c e l e r a t i o n o f g r a v i t y 

/ r 

JJ. = r i p p l e f a c t o r - f \ 

c' = l 8 l o c / l l b \ 

D90 = g r a i n sTze d i a m e t e r exceeded by 10^ o f t h e bed 
m a t e r i a l 

Tew = bed shear s t r e s s under c u r r e n t and waves 

The Bhattacharya-TOW f o r m u l a i s : ((.^^-^ 

c T v ? / f ) ] / 0 

in wHicln • , f -hi , ^ 
3 =sv%}pfur>d<u) l o a d t f c J n s p o r t {.tnls/mj 

= Vso C<1.4^ 

V^o = fo i l v d o c i k y D £ , o ^ r a i n s i ^ e . 

= V>tdi l o a d l:K»r>c,|porb c a l c u l o l e d witK'Ev^lxv ^ormulw. 

D = uole-r dc^kVi 

In volume k t h e parameters o f t h e c a l i b r a t e d B i j k e r t r a n s p o r t f o r m u l a 

a r e p r e s e n t e d as D50 = 0 . 0 0 1 m, D90 = 0 . 0 0 1 5 m, R = 0 .1 m and B=5. 
However, f u r t h e r c o n s i d e r a t i o n o f t h e measured d a t a p r o v e d t h a t a 

b e t t e r agreement o f th e B i j k e r and B a t t a c h a r y a f o r m u l a w i t h t h e 

measured d a t a c o u l d be a c h i e v e d , when a l i n e a r r e l a t i o n s h i p between 

t h e bed roughess R and t h e wave p e r i o d T would be a p p l i e d , i n s t e a d o f 

a c o n s t a n t v a l u e f o r R. 

The f o l l o w i n g r e l a t i o n between R and T c o u l d be d e r i v e d : 

Zk 



i n w h i c h : Ro = 0 . I 6 5 m 

Tm = 1 2 . 8 sec 

A new c a l i b r a t i o n , i n w h i c h f o r m u l a ( 4 . 5 ) was implemented, r e s u l t e d 

i n a new v a l u e f o r t h e bed l o a d f a c t o r , v i z . B = I . 8 3 . T h i s v a l u e i s 

a p p l i e d i n the B i j k e r f o r m u l a . The v a l u e s D50 and D90 d i d n ' t change. 

For a g e n e r a l d e s c r i p t i o n o f t h e c a l i b r a t i o n method i s r e f e r r e d t o 

s e c t i o n 5 i n volume 4 . 

W i t h the t o t a l c u r r e n t p a t t e r n and w i t h t h e wave h e i g h t s and wave 

p e r i o d s as i n p u t , t h e sediment t r a n s p o r t components i n N- and M 

d i r e c t i o n a t a l l m esh-points a r e computed by means o f f o r m u l a e ( 4 . 1 ) , 
( 4 . 2 ) , ( 4 . 3 ) , ( 4 . 4 ) and ( 4 . 5 ) . 

W i t h r e s p e c t t o t h i s c o m p u t a t i o n i t i s remarked, t h a t t h e c a l c u l a t i o n 

i s based on t h e assumptions t h a t t h e l o c a l sediment t r a n s p o r t s a r e a 

f u n t i o n o f t h e l o c a l h y d r a u l i c c o n d i t i o n s and t h a t s u f f i c i e n t sand i s 

a v a i l a b l e a t t h e b o t t o m . In o t h e r words t h e r e a l t r a n s p o r t i n each 

p o i n t i s equal t o t h e c a l c u l a t e d t r a n s p o r t c a p a c i t y . The measurements 

have shown, however, t h a t t h e l a t t e r a s sumption i s not always v a l i d 

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

some p a r t s o f t h e model area t h e b o t t o m c o n s i s t s o f bare r o c k . I n 

t h a t case e r o s i o n i s i m p o s s i b l e o f c o u r s e and t h e r e f o r e t h e p o s s i b l e 

presence o f a r o c k bottcxn must be tak e n i n t o a c c o u n t . T h i s i s done i n 

t h e f o l l o w i ng way. 

F i r s t t he l e v e l s o f t h e ro c k b o t t o m must be known. For t h e p r e s e n t 

o n l y two h o r i z o n t a l r o c k l e v e l s have been b u i l t i n t h e model, v i z . a 

ro c k l e v e l f o r t h e r i v e r mouth ( f r o m M=1 t o F e l g u e i r a s ) and a lower 

r o c k l e v e l f o r t h e near shore a r e a . 

At each mesh-point t h e program compares t h e i n s t a n t a n e o u s b o t t o m 

l e v e l w i t h t h e l e v e l o f t h e l o c a l r o c k l a y e r . When a t a c e r t a i n 

meshpoint (N, M) t h e l e v e l o f t h e ro c k l a y e r has been reached, t h e n 

t h e N-component SN(N,M) o f t h e c a l c u l a t e d t r a n s p o r t c a p a c i t y a t (N,M) 

i s compared w i t h SN(N-1,M) i n case SN(N,M) has a p o s i t i v e d i r e c t i o n , 

and w i t h SN(N+1,M) i n case SN(N,M) has n e g a t i v e d i r e c t i o n . I f , f o r 

i n s t a n c e , SN(N,M) exceeds SN(N -1 ,M) t h e n SN(N-1,M) i s c a r r i e d t h r o u g h 

t o mesh-point (N,M). However, SN(N,M) i s m a i n t a i n e d a t (N,M) i n case 

SN(N,M) i s lower than SN(N -1,M). T h i s p r o c e d u r e i s r e p e a t e d f o r t h e 

M-components o f t h e t r a n s p o r t c a p a c i t i e s . The e v e n t u a l r e s u l t i s a 

sediment t r a n s p o r t p a t t e r n , w h i c h s e r v e s as i n p u t f o r t h e bed l e v e l 

module. 
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S. BED LEVEL MODULE 

The c a l c u l a t i o n o f t h e new bed l e v e l a t t i m e t = t + A t i s based on t h e 

e q u a t i o n of c o n t i n u i t y ( c o n s e r v a t i o n o f mass). A c c o r d i n g t o t h i s 

e q u a t i o n no sediment can d i s a p p e a r . For a c e r t a i n t i m e i n t e r v a l A t 

t h i s means, t h a t t h e s i l t a t i o n i n a c e r t a i n area must be equal t o t h e 

d i f f e r e n c e between t h e t o t a l incoming and t h e t o t a l o u t g o i n g 

s e d i m e n t . 

I t i s more c o n v e n i e n t t o e x p r e s s t h e s e d i m e n t a t i o n i n t h e i n c r e a s e 

( o r decrease) o f t h e bottcHti l e v e l . I f ̂ D i s t h e i n c r e a s e o f the b o t 

tom l e v e l , t h e n : 

i n w h i c h : A l = mesh-size 

The program c a l c u l a t e s t h e s i l t a t i o n i n t h e squares between t h e mesh-

p o i n t s . For t h i s purpose t h e N- and M- components o f t h e sediment 

t r a n s p o r t s , c a l c u l a t e d i n SEDTRAN, ar e used. I t i s assumed t h a t t h e 

sediment t r a n s p o r t i n t o t h e N - d i r e c t i o n comes f o r 50% f r o m t h e square 

above l e f t , and f o r 50% f r o m t h e square below l e f t f r o m t h e mesh

p o i n t . T h i s sediment i s presumed t o go f o r 50^ t o t h e square above 

r i g h t , and f o r 50% t o t h e square below r i g h t o f t h e mesh-point (see 

f i g u r e b e l o w ) . 

Thus: 

( 5 - 1 ^ 
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N 

M 
V 

M*1 

N*1 

\ 

For t h e t r a n s p o r t i n M - d i r e c t i o n an i d e n t i c a l scheme can be made. 

The s i l t a t i o n i n square ( i , J ) i s computed w i t h f o r m u l a ( 5 . 2 ) , worked 

o u t i n t o : 

A D a , \ ^ = o . s ^ K 5 ^ 1 C r 1 , n ^ - S h ( n + l , n ) + 5 ^ i C ^ t , M + 0 - ' b r i C ^ l + ^ ^ 1 + l ) 4-

a T 

- t 

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

m e s h - p o i n t s . The bo t t o m l e v e l i n c r e a s e a t t h e mes h - p o i n t s i s computed 

as the average o f t h e s i l t a t i o n s i n t h e a d j a c e n t s q u a r e s . Thus a t 

mesh-point (N, M) t h e s i l t a t i o n becomes: 

The e v e n t u a l new bottcxn l e v e l a t t i m e t=t-fe\t i s computed u s i n g one o f 

t h e f o l l o w i n g d i f f e r e n c e schemes (see f i g u r e b e l o w ) : 
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D i f f e r e n c e scheme 1 

D i f f e r e n c e scheme 2 

D s C b t ^ t ^ ^ C u ^ X D s C t , ^ _D3 ( k ) ( b h ( t , V D h ( t V A t ) n ) (sJ>) 

D i f f e r e n c e scheme 3 

i n w h i c h : D 5 ( t + M ) «= new b o t t o n l e v e l I n mesh-poInt 5 a t t i m e t = t + A t 

D 5 ( t ) = b o t t o n l e v e l I n mesh p o i n t 5 a t t i m e t = t 
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D 5 ( t o ) = b o t t o m l e v e l In mesh p o i n t 5 a t t i m e t = t o 

( o r i g i n a l bottom l e v e l a t t h e s t a r t o f t h e 

s i m u l a t i on) 

AD5 = s i l t a t i o n i n meshpoint 5» c a l c u l a t e d a t t i m e 

t = t + A t 

D n ( t ) = bottcxn l e v e l s i n t h e a d j a c e n t mesh-points 1 t o 9 

a t t i m e t = t 

D n ( t o ) = o r i g i n a l bottcxn l e v e l s i n t h e a d j a c e n t mesh-

p o i n t s 1 t o 9 a t t i m e t = t o 

^^Dn = s i l t a t i o n s i n t h e a d j a c e n t mesh-points 1 t o 9, 

c a l c u l a t e d a t t i m e t = t + ^ t 

p = smoothing f a c t o r {0<p<,'\) 

Scheme 1 i s t h e s o - c a l l e d m o d i f i e d Lax-scheme. Scheme 2 and 3 a r e 

d e r i v a t i o n s frcxn t h e m o d i f i e d Lax-scheme. The e f f e c t o f t h e s e schemes 

i s , t h a t extreme botto m l e v e l d i f f e r e n c e s between a d j a c e n t mesh-

p o i n t s are l e v e l e d o u t . The use o f one o f t h e s e t h r e e schemes 

p r e v e n t s , t h a t peaks and h o l e s a r i s e i n t h e b o t t o m c o n f i g u r a t i o n 

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

t h i s m a t h e m a t i c a l model, s i n c e so many t i m e - s t e p s a r e e x e c u t e d . The 

s moothing e f f e c t w i l l be s t r o n g e r as t h e - f a c t o r i n c r e a s e s . 

The t h r e e schemes smoothe i n d i f f e r e n t ways. 

In scheme 1, smoothing i s r e l a t e d t o t h e bottcxn l e v e l s a t t i m e t = t . 

In scheme 2, s m o o thing i s r e l a t e d t o t h e c u m u l a t i v e s i l t a t i o n l a y e r . 

In o t h e r words, t h e l a y e r between t h e b o t t o m l e v e l a t t = t + ^ ^ t and t h e 

o r i g i n a l bottom l e v e l a t t = t o i s l e v e l l e d c o n t i n u a l l y . 

In scheme 3 s m o o thing i s r e l a t e d o n l y t o t h e i n s t a n t a n e o u s s i l t a t i o n 

l a y e r , c a l c u l a t e d a t t = t + A t . 

I f t h e s i l t a t i o n r a t e s don't d i f f e r t o o much over t h e model, then t h e 

^ - f a c t o r can be a c o n s t a n t v a l u e . Because o f t h e f a c t t h a t i n some 

p a r t s o f t h e model-area r a r t h e r h i g h s i l t a t i o n r a t e s o c c u r , whereas 

t h e s i l t a t i o n r a t e s a r e n e a r l y z e r o i n o t h e r a r e a s , t h e a p p l i c a t i o n 

o f a c o n s t a n t J i - f a c t o r i s l e s s s a t i s f a c t o r y . B e t t e r r e s u l t s can be 

e x p e c t e d , i f t h e j i - f a c t o r v a r i e s over t h e model. In o t h e r words, i f 

t h e s i l t a t i o n r a t e i s v e r y s m a l l , t h e n t h e v a l u e f o r t h e ^ - f a c t o r 

must be low; i f t h e s i l t a t i o n r a t e i s r a t h e r h i g h , t h e n a h i g h e r 

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

r e l a t i o n between t h e l o c a l ^ - f a c t o r and t h e l o c a l s i l t a t i o n r a t e has 

been d e r i v e d : 

( s.8) 

i n w h i c h : fo(N,M) = smoothing f a c t o r a t mesh-point (N,M) 

AD(N,M) = s i l t a t i o n a t mesh-point (N,M) 
ADe = a c o n s t a n t 

^ m = maximum v a l u e f o r t h e ^ - f a c t o r . 
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The t h r e e d i f f e r e n c e schemes and f o r m u l a ( 5.8) a r e a l l implemented i n 

the s u b r o u t i n e . In t h e c a l i b r a t i o n phase t e s t s have been c a r r i e d o u t 

t o make o u t whic h scheme g i v e s t h e b e s t r e s u l t s and whic h v a l u e s f o r 

th e f a c t o r s ADe and ^>m can be a p p l i e d best (see pa r a g r a p h 8 ) . 

The f o l l o w i n g remark has t o be made i n r e s p e c t t o t h e sand b a l a n c e o f 

the model. At each t i m e - s t e p t h e sand balance i s computed as t h e n e t 

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

AD(N,M). 

The sand balance i s n o t z e r o i n a l l c 1rumstances. The s u r p l u s or t h e 

s h o r t a g e o f t h e bal a n c e i s t h e q u a n t i t y o f sand t h a t e n t e r s or l e a v e s 

t h e model across t h e b o u n d a r i e s . The model has open b o u n d a r i e s , so 

t h a t sand i s a b l e t o pass t h r o u g h . However, t h e use o f one o f t h e 

t h r e e d i f f e r e n c e schemes t h e d i s a d v a n t a g e , t h a t a c e r t a i n volume o f 

sand w i l l d i s a p p e a r i n c o r r e c t l y . T h i s s h o r t a g e has t o be r e p l e n i s h e d 

a g a i n . For t h i s reason t h e program c o n t i n u a l l y d e t e r m i n e s t h e 

d e f i c i e n c y and c o v e r s t h e b o t t o m w i t h an e x t r a q u a n t i t y o f sand equal 

t o t h e s h o r t a g e . 

The new bottom c o n f i g u r a t i o n i s t h e new s t a r t p o s i t i o n f o r t h e n e x t 

t ime-step. 
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6. INPUT DATA FILES 

6.1. I n t r o d u c t i o n 

The v a l u e s f o r t h e I n p u t d a t a a r e s t o r e d i n 9 f i l e s . The concerned 

f i l e s a r e l i s t e d below i n accordance w i t h t h e s u b d i v i s i o n g i v e n i n 

s e c t i o n 2.2. 

IA. Boundary data ( s t o c h a s t i c v a l u e s ) . 

- f o r d i s c h a r g e d i s t r i b u t i o n sub-module: 

f i l e QDISTR - p r o b a b i l i t y d i s t r i b u t i o n s o f r i v e r d i s c h a r g e 

- f o r wave sub-module: 

f i l e WINDDIS - p r o b a b i l i t y d i s t r i b u t i o n s o f wave d i r e c t i o n s 

f i l e PERDIS - p r o b a b i l i t y d i s t r i b u t i o n s o f wave p e r i o d 

f i l e WAVDIS - p r o b a b i l i t y d i s t r i b u t i o n s o f wave h e i g h t s 

I B . Boundary data ( d e t e r m i n i s t i c v a l u e s ) 

- f o r d i s c h a r g e d i s t r i b u t i o n sub-module: 

f i l e DISCH - r i v e r and t i d a l d i s c h a r g e a t e a s t boundary 

o f t h e model as a f u n c t i o n o f t h e t i d a l 

w a t e r l e v e l 

- f o r a l 1 modules: 

f i l e SEALEV - t i d a l w a t e r l e v e l s 

f i l e PAR - v a l u e s f o r t h e s t o c h a s t i c d a t a ( r i v e r d i s 

c h a r g e s , wave d i r e c t i o n s , wave p e r i o d s and 

wave h e i g h t s ) 

2. I n i t i a l d ata 

- f o r a l l modules: 

f i l e w i t h bottom l e v e l s a t t i m e t = t o 

( s t a r t o f s i m u l a t i o n ) . 

3 . Data f o r r e m a i n i n g p a r a m e t e r s 

- f o r a l 1 modules: 

f i l e INFO - c o n t a i n s v a l u e s f o r g r a i n s i z e s , bed 

roughness, e t c . 
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The c o n t e n t s o f t h e i n p u t f i l e s i s d e s c r i b e d i n s e c t i o n s 6 . 2 and 6 . 3 . 

The s t o c h a s t i c i n p u t d a t a have t o be chosen f r o m t h e f i l e s by means 
o f a s t o c h a s t i c s e l e c t i o n p r o c e d u r e . T h i s p r o c e d u r e i s d e s c r i b e d i n 
s e c t i o n 6 . 4 . 

6 . 2 . Data f i l e s w i t h s t o c h a s t i c v a l u e s 

F i l e QDISTR 

Data o f t h e d a i l y r i v e r d i s c h a r g e , observed near t h e Crestuma dam 

d u r i n g the years between 1932 and 1 9 6 4 , were a v a i l a b l e . The l o w e s t 

and t h e h i g h e s t observed d i s c h a r g e s i n t h i s p e r i o d were r e s p e c t i v e l y 

14 m3/sec (August 1 7 , 1 9 5 8 ) and 15909 m3/sec ( J a n u a r y 3 , 1 9 6 2 ) . The 

r i v e r Douro i s a l s o c h a r a c t e r i z e d by r a p i d changes i n t h e d a i l y d i s 

c h a r g e . For i n s t a n c e , a t December 1 7 , 1 9 4 5 , t h e d i s c h a r g e i n c r e a s e d 

f r o m 410 m3/sec t o 1401 m3/sec i n a s i n g l e day. 

As these d i s c h a r g e d a t a c o v e r a r a t h e r l o n g p e r i o d o f 32 y e a r s , a 

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

d a i l y d i s c h a r g e c o u l d be d e r i v e d i n each month o f an average y e a r . 

For t h i s purpose t h e d i s c h a r g e range was s u b d i v i d e d i n t o 11 c l a s s e s 

w i t h i n c r e a s i n g c l a s s - i n t e r v a l s . The 12 d i s t r i b u t i o n s have been 

s t o r e d I n f i l e QDISTR and a r e p r e s e n t e d i n t a b l e 1 . The numbers i n 

t a b l e 1 a r e p e r c e n t a g e s and must be i n t e r p r e t e d as f o l l o w s . As an 

example, number 73 i n t h e p r o b a b i l i t y d i s t r i b u t i o n o f January means, 

t h a t the r i v e r d i s c h a r g e i s lower than 1250 m3/sec d u r i n g 73 p e r c e n t 

o f t h e t i m e . 

F i l e s WINDDIS, PERDIS and WAVDIS 

The wave parameters used i n t h e wave sub-module a r e t h e wave d i r e c 

t i o n , t h e wave p e r i o d and the wave h e i g h t . An element o f t h e wave 

c l i m a t e i s c h a r a c t e r i z e d by a c o m b i n a t i o n o f c e r t a i n v a l u e s f o r each 

o f t h e t h r e e p a r a m e t e r s . I n f a c t , t h e c u m u l a t i v e p r o b a b i l i t y d i s 

t r i b u t i o n s o f t h e wave elements s h o u l d be d e t e r m i n e d . However, f o r 

reasons o f s i m p l i c i t y , i t i s more c o n v e n i e n t t o d e r i v e t h e d i s t r i b u 

t i o n s f o r each wave parameter a p a r t . In conmon w i t h t h e r i v e r d i s 

charge the d i s t r i b u t i o n s o f t h e 3 wave parameters a r e needed per 

month. 

The p r o b a b i l i t y d i s t r i b u t i o n s have been d e t e r m i n e d w i t h wave d a t a , 

d e r i v e d f r o m t h e f o l l o w i n g p u b l i c a t i o n : 

Estudo de A g i t a c a o m a r i t i m e em L e i x o e s , 

I n s t i t u t e H i d r o g r a f i c o , 1974 
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I n t h i s p u b l i c a t i o n t h e r e s u l t s o f s i m u l t a n e o u s o b s e r v a t i o n s o f wave 

h e i g h t , wave p e r i o d and wave d i r e c t i o n a r e p r e s e n t e d . The r e s u l t s a r e 

g i v e n per month. I t i s assumed t h a t t h e wave da t a d e r i v e d f r o m t h i s 

p u b l i c a t i o n may be used w i t h o u t f u r t h e r a d j u s t m e n t s such as r e f r a c 

t i o n c o m p u t a t i o n s . 

A l l observed wave d i r e c t i o n s a r e i n t h e SW/NW-sector. T h i s s e c t o r was 

s u b - d i v i d e d i n t o f i v e d i r e c t i o n s o f r e s p e c t i v e l y 230** , 248 , 270** , 
2 9 3 " and 310** ( a n g l e s r e l a t e d t o t h e n o r t h d i r e c t i o n ) . Table 2 i n 

d i c a t e s the chosen c l a s s e s and t h e 12 c u m u l a t i v e p r o b a b i l i t y d i s 

t r i b u t i o n s . The d i s t r i b u t i o n s a r e s t o r e d i n f i l e WINDDIS. 

N e a r l y a l l observed wave p e r i o d s v a r y w i t h i n t h e range o f 7 t o 15 

seconds. T h i s range was s u b d i v i d e d i n t o f o u r c l a s s e s , r e p r e s e n t e d by 

wave p e r i o d s o f r e s p e c t i v e l y 8, 10, 12 and 14 seconds. The cumula

t i v e p r o b a b i l i t y d i s t r i b u t i o n s o f t h e wave p e r i o d have been d e t e r 

mined per w a v e - d i r e c t i o n . T h i s was done f o r each month, so 12x5==60 
d i s t r i b u t i o n s were o b t a i n e d (see t a b l e 3 ) . The d i s t r i b u t i o n s a r e 

s t o r e d i n f i l e PERDIS. 

Since root-mean-square v a l u e s a r e commonly used I n sediment t r a n s p o r t 

c o m p u t a t i o n s , these p a r a m e t e r s have been d e r i v e d f r o m t h e s i g n i f i c a n t 

wave h e i g h t s . N e a r l y a l l root-mean-square wave h e i g h t s a r e lower t h a n 

3 . 5 5 m. The wave h e i g h t range was s u b d i v i d e d i n t o 10 c l a s s e s . T a b l e 

4 p r e s e n t s t h e c l a s s - a r r a n g e m e n t and t h e c u m u l a t i v e p r o b a b i l i t y d i s 

t r i b u t i o n s per wave p e r i o d . So, each month i s r e p r e s e n t e d by f o u r 

d i s t r i b u t i o n s , and an average year i s thus r e p r e s e n t e d by 48 d i s 

t r i b u t i o n s . Tine d i s t r i b u t i o n s a r e s t o r e d i n f i l e WAVDIS. 

6 . 3 - Data f i l e s w i t h d e t e r m i n i s t i c v a l u e s 

F i l e SEALEV 

The water depths i n t h e e s t u a r y v a r y w i t h t h e t i d e , and c o n s e q u e n t l y 

t h e d i s c h a r g e v a r i e s d u r i n g t h e t i d e as w e l l . T h e r e f o r e i t i s neces

s a r y t h a t t h e t i d a l w a t e r l e v e l r i s e ( v e r t i c a l t i d e ) i s t a k e n i n t o 

a c c o u n t . The t i d e s a r e c o n s i d e r e d d i u r n a l and one t y d a l c y c l e i s as

sumed t o have a d u r a t i o n o f e x a c t l y 12 h o u r s . F u r t h e r , t h e t i d e s a r e 

assumed t o be o n l y o f a s t r o n o m i c o r i g i n and t h u s m e t e o r o l o g i c a l 

phenomena p l a y no r o l e . T h i s means t h a t t h e t i d a l w a t e r l e v e l r i s e s 

can be c o n s i d e r e d as d e t e r m i n i s t i c v a r i a b l e s . 

D e t e r m i n a t i o n o f one v e r t i c a l t i d e - c u r v e i s n o t s u f f i c i e n t , because 

o f t he f a c t t h a t t h e t i d e - c u r v e v a r i e s c o n s i d e r a b l y d u r i n g one month. 

T h e r e f o r e t h r e e v e r t i c a l t i d e - c u r v e s were s e l e c t e d ; one c u r v e 

r e p r e s e n t s t h e t i d e s w i t h h i g h e r h i g h w a t e r s ( s p r i n g - t i d e s ) , one 

c u r v e r e p r e s e n t s t h e t i d e s w i t h lower h i g h w a t e r s ( n e a p - t i d e s ) and 

one c u r v e r e p r e s e n t s t h e t i d e s w i t h mean h i g h w a t e r s (normal t i d e s ) . 

The 3 t i d e - c u r v e s have been d e r i v e d f r o m t i d e - t a b l e s near L e i x o e s 

( s o u r c e : Tabela de Mares I 9 8 3 , I n s t i t u t e H y d r o g r a f i c o ) . 
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The v e r t i c a l t i d e - c u r v e s a r e d i v i d e d i n t o 12 s t e p s (each s t e p i s one 

h o u r ) and a t each s t e p t h e w a t e r l e v e l , r e l a t e d t o z e r o h y d r o g r a f i c o , 

i s g i v e n I n cm (see t a b l e 5 ) . The c u r v e f o r normal t i d e i s g i v e n 

t w i c e , because the f r e q u e n c y o f normal t i d e i s t w i c e t h e f r e q u e n c y o f 

s p r i n g - and n e a p - t i d e . 

The f o u r c u r v e s a r e s t o r e d i n f i l e SEALEV. 

F i l e DISCH 

A d i s c h a r g e - v a l u e , chosen f r o m one o f t h e p r o b a b i l i t y d i s t r i b u t i o n s 

i n data f i l e QDISTR, r e p r e s e n t s t h e r i v e r d i s c h a r g e , which i s not a f 

f e c t e d by t i d e s . The d i s c h a r g e i n t h e e s t u a r y however, i s s t r o n g l y 

i n f l u e n c e d by t h e t i d e and t h e r e f o r e c u r v e s o f t h e d i s c h a r g e as a 

f u n c t i o n o f t i m e a r e r e q u i r e d a t t h e e a s t boundary o f t h e model. 

For t h i s purpose t h e computer program EXPLIC has been a p p l i e d . 

T h i s computer program has been used i n an e a r l i e r phase o f t h e h y d r o -

m o r p h o l o g i c a l s t u d y (see p a r t 3 ) . The lower course o f t h e Douro, f r o m 

th e Crestuma dam up u n t i 1 1 t h e r i v e r mouth, has been d i v i d e d i n t o a 

number o f branches. The program EXPLIC c a l c u l a t e s t h e d i s c h a r g e 

c u r v e i n e v e r y d e s i r e d b r a n c h . The program r e q u i r e s as i n p u t a c e r 

t a i n v e r t i c a l t i d e - c u r v e a t t h e sea-boundary and a c e r t a i n r i v e r d i s 

charge i n a c r o s s - s e c t i o n near Crestuma. 

The r e s u l t s of t h e c o m p u t a t i o n s , 33 d i s c h a r g e c u r v e s f o r t h e e a s t 

boundary o f the model, a r e s t o r e d i n f i l e DISCH (see Table 6 ) . 

The EXPLIC computer program not o n l y c a l c u l a t e s d i s c h a r g e c u r v e s , b u t 

c u r r e n t c u r v e s and w a t e r l e v e l c u r v e s as w e l l . The water l e v e l s a r e 

of i n t e r e s t w i t h r e s p e c t t o t h e w a t e r l e v e l d i f f e r e n c e s between t h e 

e a s t boundary and t h e seaward boundary o f t h e model. The c o m p u t a t i o n s 

t u r n e d o u t , t h a t f o r d i s c h a r g e s more than 2000 m3/s, c o n s i d e r a b l e 

w a t e r l e v e l d i f f e r e n c e s o c c u r , w h i c h cannot be n e g l e c t e d . The w a t e r 

l e v e l d i f f e r e n c e s have been implemented i n t h e computer model. 

F i l e PAR 

F i l e s QDISTR, WINDDIS, PERDIS and WAVDIS o n l y c o n t a i n p e r c e n t a g e s o f 

f r e q u e n c y . The c l a s s arrangements t o which t h e f r e q u e n c i e s a r e r e 

l a t e d , a r e s t o r e d i n a s e p a r a t e f i l e PAR, as i n d i c a t e d i n t a b l e 7-

F i l e w i t h i n i t i a l b o t t o m l e v e l s 

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

s t a r t o f t h e s i m u l a t i o n ( t = t o ) . The l e v e l s a r e r e l a t e d t o z e r o 

h y d r o g r a f 1 CO. The 1200 w a t e r depths a r e s t o r e d i n 3 sub-columns, v i z . 

t h e f i r s t sub-column c o n t a i n s t h e w a t e r depths o f t h e model f r o m N=l 

t o N=10, t h e second sub-cloumn c o n t a i n s t h e w a t e r depths f r o m N=11 t o 
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N=20 and t h e t h i r d sub-column c o n t a i n s t h e water depths f r o m N=21 t o 
N=30 (see f i g u r e 1 3 ) . 
The w a t e r depths a r e i n dm. N e g a t i v e v a l u e s r e p r e s e n t b o t t o m l e v e l s 

above z e r o h y d r o g r a f i c o . F i x e d l a n d p o i n t s , l i k e quays, Pedras do 

Lima, e t c , a r e i n d i c a t e d by - 9 9 v a l u e s . 

F i l e INFO 

F i l e INFO c o n t a i n s t h e remainder o f t h e i n p u t d a t a (see t a b l e 8 ) . 
L i n e 1 c o n t a i n s i n f o r m a t i o n w i t h r e s p e c t t o t h e model g r i d , v i z . t h e 
number o f columns (=NMAX), t h e number o f rows (=MMAX) and t h e mesh-
s i z e (=MESH). 

L i n e s 2 and 3 c o n t a i n t h e (N, M) c o o r d i n a t e s o f C a n t a r e i r a and 
F e l g u e i r a s and l i n e h c o n t a i n s t h e N - o r d i n a t e of t h e Molhe (Pedras de 
L i m a ) . These data a r e needed f o r t h e s e a r c h - p r o c e d u r e I n sub modules 
FL0WDS1 and FL0WDS3, used f o r f i n d i n g t h e e a s t - and west t i p o f t h e 
head o f t h e Cabedelo. 

L i n e s 5 and 6 c o n t a i n v a l u e s f o r t h e i n p u t parameters o f t h e expander 
r o u t i n e used i n FL0WDS1 and FL0WDS3 (see s e c t i o n 3 . 1 ) , 
^ i ^ - V - , l > ^ n v t r ^ " ^ ^ s e c ( " n e S ) and co^^^^^^ ̂  o,_^^^and co,^^ (1 i ne 
6 ) . ^ 

L i n e 7 c o n t a i n s a v a l u e f o r t h e bed roughness R ( i n m e t e r s ) as i n p u t 
parameter f o r t h e modules REFRAC and SEDTRAN f o r t h e c o m p u t a t i o n o f 
l o n g s h o r e c u r r e n t s and sediment t r a n s p o r t . 

In l i n e 8 v a l u e s f o r t h e g r a i n s i z e d i a m e t e r s D50 and D90 ( i n m e t e r s ) 
a r e s t o r e d . These par a m e t e r s a r e used i n t h e sediment t r a n s p o r t f o r 
mula i n module SEDTRAN. 

L i n e 9 c o n t a i n s a v a l u e f o r t h e b r e a k i n g index ^ , used i n modules 
REFRAC and SETUP. A v a l u e f o r t h e l e v e l o f t h e rock l a y e r i n t h e 
Douro mouth , used i n module SEDTRAN i s s t o r e d i n l i n e 1 0 . The l e v e l 
o f t h e rock l a y e r i s r e l a t e d t o z e r o h y d r o g r a f i c o . 
L i n e 11 c o n t a i n s v a l u e s f o r m and A.De, b o t h used i n t h e f o r m u l a 
f o r t h e c a l c u l a t i o n o f t h e smoothing f a c t o r i n module NEWBOT ( f o r m u l a 
5 . 6 ) . The d a t a i n l i n e s 5 t o 11 can e a s i l y be changed i n o r d e r t o 
c a l i b r a t e t h e model. 

6 . 4 . S e l e c t i o n p r o c e d u r e f o r t h e s t o c h a s t i c i n p u t d a t a 

The computer program c o m p l e t e s a t i d a l c y c l e i n 12 t i m e - s t e p s . At 
each t i m e - s t e p t h e program passes t h r o u g h a l l modules (see f i g u r e 2 ) 
and c o n t i n u a l l y t h e new, i n s t a n t a n e o u s b o t t o m c o n f i g u r a t i o n i s com
p u t e d . For each new t i d a l - c y c l e t h e program chooses a c e r t a i n r i v e r 
d i s c h a r g e and a c e r t a i n s e t o f wave parameters (wave d i r e c t i o n o<v , 
wave p e r i o d T and wave h e i g h t H). T h i s s e l e c t i o n p r o c e d u r e i s c a r r i e d 
o u t i n the f o l l o w i n g way. 

From data f i l e QDISTR t h e program f i r s t s e l e c t s t h e c u m u l a t i v e 
p r o b a b i l i t y d i s t r i b u t i o n o f t h e r i v e r d i s c h a r g e w h i c h a p p l y t o t h e 
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concerned month. Then, by means o f a s p e c i a l r o u t i n e , a random number 

between 0 and 100 i s g e n e r a t e d and t h i s number i s compared w i t h t h e 

p e r c e n t a g e s o f f r e q u e n c y o f t h e s e l e c t e d p r o b a b i l i t y d i s t r i b u t i o n . 

The f r e q u e n c y most near t o t h e random g e n e r a t e d number i s s e l e c t e d 

now and t h e r i v e r d i s c h a r g e , r e l a t e d t o t h i s chosen f r e q u e n c y , i s 

read f r o m i n p u t f i l e PAR. Then t h e p r o p e r t i d a l d i s c h a r g e c u r v e , r e 

l a t e d t o t h e s e l e c t e d r i v e r d i s c h a r g e , i s s e l e c t e d f r o m f i l e DISCH. 

T h i s d i s c h a r g e c u r v e p r o v i d e s t h e d i s c h a r g e a t t h e e a s t boundary o f 

t h e model a t each t i m e - s t e p o f t h e concerned t i d a l - c y c l e . 

The f o l l o w i n g example i l l u s t r a t e s t h e s e l e c t i o n p r o c e d u r e . Suppose 

th e computer program has j u s t f i n i s h e d a c y c l e f o r s p r i n g - t i d e i n 

March. The s i m u l a t i o n process c o n t i n u e s now w i t h t h e f o l l o w i n g t i d a l 

c y c l e , t h a t i s m e a n - t i d e . Suppose number 4 ? i s g e n e r a t e d . From t h e 

p r o b a b i l i t y d i s t r i b u t i o n o f t h e r i v e r d i s c h a r g e i n March ( l i n e 3 i n 

f i l e QDISTR) t h e program w i l l choose number 4 3 , because t h i s number 

i s most near t o t h e random g e n e r a t e d number 4 7 . T h i s chosen p e r c e n t 

age o f f r e q u e n c y i s r e l a t e d t o t h e t h i r d number o f l i n e 4 i n f i l e PAR 

( t h e l i n e c o n t a i n i n g t h e d i s c h a r g e v a l u e s ) and t h u s t h e r i v e r d i s 

c h arge w i l l be 625 m3/s. R e l a t e d t o t h i s r i v e r d i s c h a r g e i s t h e d i s 

c h arge c u r v e on t h e l 4 t h l i n e i n d a t a f i l e DISCH. T h i s c u r v e 

p r o v i d e s now 12 d i s c h a r g e v a l u e s f o r the next m e a n - t i d e c y c l e . 

The n e x t s t e p i s t h e c h o i c e o f a c e r t a i n s e t o f wave p a r a m e t e r s . A 

random number i s g e n e r a t e d a g a i n and a wave d i r e c t i o n i s chosen ac

c o r d i n g t o t h e p r o p e r p r o b a b i l i t y d i s t r i b u t i o n . Then a n e x t random 

number i s g e n e r a t e d and a wave p e r i o d i s s e l e c t e d a c c o r d i n g t o i t s 

p r o b a b i l i t y d i s t r i b u t i o n a s s o c i a t e d w i t h t h e e a r l i e r chosen wave 

d i r e c t i o n . F i n a l l y a l a s t random number i s g e n e r a t e d and t h e wave 

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

e a r l i e r chosen wave p e r i o d . The t h u s c r e a t e d s e t o f wave pa r a m e t e r s 

a r e m a i n t a i n e d d u r i n g t h e whole t i d a l - c y c l e . 

The p r o c e d u r e , d e s c r i b e d i n t h e example above, i s a l s o a p p l i e d f o r 

t h e s e l e c t i o n o f t h e wave p a r a m e t e r s . The sequence i n w h i c h t h e 

program g e t s t h r o u g h t h e t i d a l c y c l e s i s r e s p e c t i v e l y s p r i n g - , mean-, 

neap- and a g a i n m e a n - t i d e . T h i s sequence i s r e p e a t e d c o n t i n u a l l y 

d u r i n g t h e s i m u l a t i o n r u n . 
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7 . RUNNING THE MODEL 

The program has 2 o p t i o n s f o r r u n n i n g t h e model, v i z . : 

- o p t i o n f o r a l o n g term s i m u l a t i o n 

- o p t i o n f o r a one t i m e - s t e p run 

R e l e v a n t a s p e c t s o f b o t h o p t i o n s a r e d i s c u s s e d below. 

Long term s i m u l a t i o n 

A l o n g term s i m u l a t i o n can be c a r r i e d o u t not o n l y i n one, u n i n t e r 

r u p t e d c o m p u t a t i o n , but can be s p l i t up i n s e v e r a l phases as w e l l . 

T able 9 g i v e s an example o f t h e r e s t a r t o f an i n t e r r u p t e d l o n g t e r m 

s i m u l a t i o n . 

W i t h r e g a r d t o some as p e c t s o f t h e e n t e r i n g p r o c e d u r e a few remarks 

a r e made. The remainder o f t h e p r o c e d u r e , as i n d i c a t e d i n t a b l e 9 , 
speaks f o r i t s e l f . 

The d u r a t i o n o f t h e s i m u l a t i o n p e r i o d can be e n t e r e d e i t h e r i n y e a r s 

or months. In case o f an i n t e r r u p t e d s i m u l a t i o n , t h e t o t a l s i m u l a t i o n 

p e r i o d o f the c o m p u t a t i o n s w h i c h preceded t h e new c o m p u t a t i o n must be 

e n t e r e d as wel 1. 
The t i m e - s c a l e f a c t o r i s o f s p e c i a l i n t e r e s t . In t h i s model i t i s 

assumed t h a t each month has 732 h o u r s , so 6 l t i d e s o f 12 hours o c c u r . 

An e x a c t s i m u l a t i o n o f bottom changes d u r i n g one month r e q u i r e s 732 
t i d e s t e p s . The computing t i m e f o r t h e c a l c u l a t i o n o f one t i m e - s t e p 

i s c i r c a 30 seconds, t h u s a one month s i m u l a t i o n w i l l need about 

7 3 2 x 3 0 = 2 1 9 6 0 seconds ( t h a t means a ccxnpu t a t i o n t i m e o f about 7 
h o u r s ) . I t i s q u i t e c l e a r t h a t , w i t h o u t t h e a p p l i c a t i o n o f a t i m e -

s c a l e f a c t o r , a long term s i m u l a t i o n i s n o t p o s s i b l e . A p a r t f r o m t h i s 

a s p e c t , t h e use o f a t i m e - s c a l e i s a l s o j u s t i f i e d f o r two o t h e r 

reasons. The f i r s t reason I s t h a t a number o f t i d a l c y c l e s a r e i d e n 

t i c a l , and i t i s unnecessary t o r u n them t w i c e . The second reason i s 

t h e f a c t , t h a t t h e b o t t o m l e v e l changes a r e v e r y s m a l l per t i d a l 

c y c l e . By means o f a t i m e - s c a l e f a c t o r t h e sediment t r a n s p o r t i s 

speeded up. Consequently t h e number o f t i d a l - c y c l e s can be d e c r e a s e d . 

In the example o f t a b l e 9 a t i m e - s c a l e f a c t o r o f 1 5 . 2 5 i s used; t h i s 

means t h a t t h e s i l t a t i o n r a t e s , c a l c u l a t e d a t a c e r t a i n t i m e - s t e p a r e 

m u l t i p l i e d by a f a c t o r 1 5 . 2 5 . In t h i s case o n l y h t y d a l - c y c l e s a r e 

r e q u i r e d t o s i m u l a t e b o t t o m changes d u r i n g one month. 

F i n a l l y , w i t h the t i m e i n t e r v a l f o r p r i n t i n g t h e new b o t t o m i s meant, 

t h e f r e q u e n c y w i t h which t h e i n s t a n t a n e o u s b o t t o m l e v e l s can be 

s t o r e d as i n t e r m e d i a t e r e s u l t s i n o u t p u t f i l e s . The i n t e r v a l can be 

e n t e r e d e i t h e r i n y e a r s or months. An i n t e r v a l o f one month means, 

t h a t a f t e r each s i m u l a t e d month a new f i l e i s c r e a t e d , i n w h i c h t h e 

b o t t o m l e v e l s a t t h a t p o i n t o f t i m e a r e f i x e d . So, t h e r e s u l t o f a 

l o n g term s i m u l a t i o n run i s a number o f o u t p u t f i l e s w i t h b o t t o m 

l e v e l s a t a l l m e s h - p o i n t s . The b o t t o m l e v e l s a r e s t o r e d i n t h e same 

way as the b o t t o m l e v e l s i n t h e i n i t i a l b o t t o m f i l e . 

A s p e c i a l ccxnputer program v i s u a l i z e s t h e process o f b o t t o m changes 

by p r i n t i n g c o n t r a s t maps based on t h e produced b o t t o m f i l e s . I n 

paragraph 8 , s e v e r a l c o n t r a c t maps a r e p r e s e n t e d as r e s u l t s f r o m 

c a l i b r a t i o n r u n s . 
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One t i m e - s t e p run 

The o p t i o n o f an one t i m e - s t e p run e n a b l e s t h e user t o c o n t r o l c u r 

r e n t p a t t e r n s and sediment t r a n s p o r t r a t e s f o r s p e c i f i c c o n d i t i o n s . 

For t h i s purpose a s p e c i f i c d i s c h a r g e i n c o m b i n a t i o n w i t h a s p e c i f i c 

s e t o f wave parameters must be e n t e r e d . An example of t h e e n t e r -

p r o c e d u r e i s g i v e n i n t a b l e 10. 

The computed N- and M-components o f t h e v e l o c i t i e s o f t h e d i s c h a r g e 

c u r r e n t , t h e l o n g s h o r e c u r r e n t caused by o b l i q u e l y b r e a k i n g waves, 

the s o l i t a r y wave c u r r e n t and t h e wave s e t - u p c u r r e n t are s t o r e d i n 

s e p a r a t e o u t p u t f i l e s . The sediment t r a n s p o r t r a t e s a r e s t o r e d i n a 

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

t o t a l c u r r e n t p a t t e r n a r e made by a p l o t program, u s i n g t h e c u r r e n t 

f i 1 e s as i n p u t . 

In f i g u r e s 7-10 p l o t s a r e g i v e n o f t h e s e p a r a t e and t o t a l c u r r e n t 

p a t t e r n s as a r e s u l t o f t h e one t i m e - s t e p example run f r o m t a b l e 10. 

The d e p t h f i l e o f f i g u r e 13, showing a r a t h e r l o n g s h a l l o w n e s s r u n 

n i n g westward f r o m t h e head o f t h e Cabedelo, i s used i n t h i s example 

as b o t t o m l e v e l f i l e . 

F i g u r e 8 shows v e r y c l e a r l y t h e l o n g s h o r e c u r r e n t s a l o n g t h e n o r t h e r n 

p a r t o f t h e s h a l l o w n e s s and a l o n g t h e n o r t h e r n t i p o f the head o f t h e 

Cabedelo, g e n e r a t e d by waves, coming f r o m WNW-directions. 

The p l o t , showing t h e t o t a l c u r r e n t p a t t e r n (see f i g u r e 10) i n d i c a t e s 

v e r y w e l l , t h a t t h e n o r t h w a r d d i r e c t e d s e t - u p c u r r e n t dominates a l o n g 

t h e Cabedelo c o a s t . 
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8. CALIBRATION OF THE MODEL 

The c a l i b r a t i o n o f t h e h y d r o - m o r p h o l o g i c a l model can be s u b d i v i d e d 

i n t o t h r e e phases. 

C a l i b r a t i o n phase 1 was c a r r i e d o u t d u r i n g t h e c o n s t r u c t i o n phase o f 

th e computer model. A f t e r c o m p l e t i n g , each module or sub-module was 

s u b j e c t e d t o p r e l i m i n a r y t e s t s . T h i s a p p l i e d p a r t i c u l a r l y t o t h e c u r 

r e n t module and t h e sediment t r a n s p o r t module. The c u r r e n t p a t t e r n 

due t o r i v e r and t i d a l d i s c h a r g e , t h e l o n g s h o r e c u r r e n t p a t t e r n due 

t o o b l i q u e l y b r e a k i n g waves and wave s e t - u p d i f f e r e n c e s , and t h e c u r 

r e n t p a t t e r n due t o s o l i t a r y waves were checked c o n t i n u a l l y . So a 

f i r s t assessment o f c o e f f i c i e n t s and parameters c o u l d be made. 

S p e c i a l a t t e n t i o n had t o be p a i d t o t h e r i v e r and t i d a l d i s c h a r g e 

c u r r e n t , i n p a r t i c u l a r t o t h e v a r i o u s £, and CO v a l u e s i n t h e 

expander r o u t i n e and t o t h e f o r m u l a f o r t a k i n g i n t o account t h e b o t 

tom i n f l u e n c e (see s e c t i o n 3 . 1 ) . The f i n a l £. and cO v a l u e s a r e 

shown i n f i l e PAR ( t a b l e 7 ) . 

The B y k e r - B a t t a c h a r y a t r a n s p o r t f o r m u l a . Implemented i n t h e sediment 

t r a n s p o r t module, has been c a l i b r a t e d a g a i n , based on t h e sediment 

t r a n s p o r t data measured a t sea (see p a r a g r a p h 4 ) . 

C a l i b r a t i o n phase 2 was c a r r i e d o u t a f t e r j o i n i n g a l l modules and 

sub-modules t o g e t h e r i n t o one c o h e r e n t m a t h e m a t i c a l model. 

The purpose o f t h e p r e l i m i n a r y t e s t s w h i c h have been c a r r i e d o u t i n 

t h i s phase, was t o check i f t h e model was a b l e t o re p r o d u c e some 

b a s i c c h a r a c t e r i s t i c s o f t h e morphology o f t h e Douro b a r . These 

b a s i c c h a r a c t e r i s t i c s , d e s c r i b e d i n c h a p t e r s 3 and 5 o f volume 5 , a r e 

th e f o l l o w i n g : 

- f o r the most p a r t s e d i m e n t a t i o n and e r o s i o n occur i n a f l o w l a n e 

a l o n g t h e Cabedelo c o a s t , 

- t h e sediment movements i n t h e deeper o f f s h o r e p a r t o f t h e model 

area a r e s m a l l i n normal c i r c u m s t a n c e s ; o n l y l o n g waves t r a n s p o r t 

some sediment f r o m o f f s h o r e banks towards t h e c o a s t , 

- when the t i d a l - and r i v e r d i s c h a r g e i s t h o u g h t t o be z e r o , t h e n t h e 

head o f the Cabedelo i s b u i l t up n o r t h w a r d s due t o wave s e t - u p c u r 

r e n t and t h e r i v e r mouth w i l l be c l o s e d a t l a s t , 

- i n case o f low d i s c h a r g e s combined w i t h v a r y i n g wave a c t i o n , t h e 

head o f the c a b e d e l o w i l l be b u i l t up I n an e a s t e r l y d i r e c t i o n , 

- i n case o f h i g h d i s c h a r g e s combined w i t h v a r y i n g wave a c t i o n , t h e 

head of the Cabedelo w i l l be b u i l t up i n a w e s t e r l y d i r e c t i o n . 

Many t e s t runs have been made under s p e c i f i c c o n d i t i o n s and t h e 

r e s u l t s have been compared w i t h t h e b a s i c m o r p h o l o g i c a l c h a r a c t e r i s 

t i c s . W i t h the h e l p o f t h e c o m p a r i s o n s , t h e v a r i o u s c u r r e n t p a t t e r n s 

and c o e f f i c i e n t s o f f o r m u l a e , d e t e r m i n e d i n c a l i b r a t i o n phase 1, have 

been a d j u s t e d . 

In t h i s c o n t e x t s p e c i a l a t t e n t i o n had t o be p a i d t o t h e l o n g s h o r e 

c u r r e n t s due t o o b l i q u e l y b r e a k i n g waves and due t o wave s e t - u p . 
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E s s e n t i a l t o t i i e s i m u l a t i o n o f t l i e b o t t o m clianges appeared t o be t h e 

smoothing f a c t o r Jb i n t h e d i f f e r e n c e schemes a p p l i e d i n t h e bed 

l e v e l module (see p a r a g r a p h 5) and t h e t i m e - s c a l e f a c t o r (see p a r a 

graph 7 ) . 

W i t h t h e h e l p o f t e s t runs an i n d i c a t i o n o f t h e l i m i t v a l u e s c o u l d be 

o b t a i n e d and an assessment o f t h e b e s t f i t t e d v a l u e s , t o be used i n 

t h e f i r s t t e s t s o f c a l i b r a t i o n phase 3, was made. 

In c a l i b r a t i o n phase 2 o n l y d i f f e r e n c e scheme 1 , i n w h i c h a c o n s t a n t 

smoothing f a c t o r A had t o be used, was implemented i n t h e bed 

l e v e l module. The t e s t s i n d i c a t e d t h a t t h e upper l i m i t v a l u e f o r 

was 0 . 2 - 0 . 3 and t h a t smoothing a c t u a l l y c o u l d be l e f t o u t o f 

account f o r r a t h e r s h o r t s i m u l t a t i o n p e r i o d s ( Jb = 0 ) . 

In view o f t h e computer c o s t s , i t i s e s s e n t i a l t o c a r r y o u t t h e 

s i m u l a t i o n s w i t h a number o f t i d a l c y c l e s as low as p o s s i b l e and t h u s 

t h e t i m e - s c a l e f a c t o r has t o be chosen as h i g h as p o s s i b l e . 

I t appeared t h a t a one month s i m u l a t i o n , r e p r e s e n t e d by k t i d a l 

c y c l e s , s t i l l produced r e a s o n a b l e r e s u l t s . T h i s means, t h a t a t i m e -

s c a l e f a c t o r o f maximal 15.25 i s s t i l l a c c e p t a b l e . 

The t e s t s have been e x e c u t e d w i t h an i n i t i a l b o t t o m c o n f i g u r a t i o n , 

r e p r e s e n t i n g the s i t u a t i o n o f August 1 9 1 0 . T h i s c o n f i g u r a t i o n has 

been chosen because o f t h e f a c t t h a t t h e a v a i l a b l e h y d r o g r a p h i c c h a r t 

of August 1910 i s v e r y d e t a i l e d . 

In phase 3, t e s t s have been c a r r i e d o u t i n o r d e r t o c a l i b r a t e t h e 

model i n such a way, t h a t t h e model i s a b l e t o s i m u l a t e t h e seasonal 

c y c l e of t h e Cabedelo shape. T h i s seasonal c y c l e , d e s c r i b e d i n sec

t i o n 2 .1 o f t h i s r e p o r t and i n s e c t i o n 5.3 o f volume 8 , can be o b s e r 

ved i n " n o r m a l " y e a r s . The seasonal c y c l e concerns m o r p h o l o g i c a l 

changes o f t h e head o f t h e Cabedelo whi c h i s v e r y e s s e n t i a l t o t h e 

e n t r a n c e o f t h e Douro e s t u a r y . I n o t h e r words, t h e model must be a b l e 

t o r e p r o d u c e a tendency i n accordance w i t h t h e seasonal c y c l e o f t h e 

Cabedelo shape. 

The c y c l e as d e s c r i b e d I n s e c t i o n 2.1 can be f o u n d on many c h a r t s , 

however m o s t l y not documented i n d e t a i l . An e x e p t i o n f o r m t h e c h a r t s 

i n t h e y e a r s I 8 6 l / l 8 6 2 . In t h i s p e r i o d o b s e r v a t i o n s were made e v e r y 

2-3 months and were r e c o r d e d on c h a r t s . F i g u r e 1 1 , r e p r o d u c e d f r o m 

f i g u r e 4 o f volume 8 , d i s p l a y s t h e v a r i o u s p o s i t i o n s o f t h e Cabedelo. 

The r e s u l t s o f t h e c a l i b r a t i o n runs have been compared w i t h t h i s p a t 

t e r n f r o m 1 8 6 1 / 1 8 6 2 . The o b j e c t o f t h e c a l i b r a t i o n runs was n o t t o 

r e p r o d u c e t h e seasonal c y c l e f r o m I 8 6 I / I 8 6 2 e x a c t l y . T h i s w o u l d be 

i m p o s s i b l e because t i m e s e r i e s o f r i v e r d i s c h a r g e data and wave d a t a 

a r e n o t known. The d i s c h a r g e and wave c o n d i t i o n s g e n e r a t e d by t h e 

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

t i o n s i n 1 8 6 1 / 1 8 6 2 , so a p a t t e r n i d e n t i c a l t o t h e p a t t e r n o f 

1 8 6 1 / 1 8 6 2 c o u l d n o t be e x p e c t e d . 

The i n i t i a l b o t t o m l e v e l f i l e , w h i c h was used i n c a l i b r a t i o n phase 2 , 
had been a d j u s t e d i n such a way t h a t t h e p o s i t i o n o f t h e head o f t h e 

Cabedelo c o r r e s p o n d e d as much as p o s s i b l e t o t h e p o s i t i o n i n March 

1862 (see f i g u r e s 12 and 1 3 ) . 
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S e v e r a l one year s i m u l a t i o n runs liave been c a r r i e d o u t , m o s t l y 

s p l i t t e d up i n t o two p a r t s . The f i r s t p a r t concerned s i m u l a t i o n s o f 

bottom changes f r o m May t o October (sutnmer p e r i o d ) f o r t h e purpose t o 

check the e r o s i o n o f t h e w e s t e r l y o u t g r o w t h o f t h e head o f t h e 

Cabedelo ( d e v e l o p i n g o f t h e t y p e 7 Cabedelo I n t o a t y p e 5 C a b e d e l o ) . 

The second p a r t concerned s i m u l a t i o n s o f bottom changes f r o m October 

t o A p r i l ( w i n t e r p e r i o d ) i n o r d e r t o check t h e d e v e l o p i n g o f t h e t y p e 

7 Cabedelo back i n t o a t y p e 5 Cabedelo. The c a l c u l a t e d b o t t o m con

f i g u r a t i o n s i n October have been used as i n i t i a l b o t t o m l e v e l f i l e 

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

The c o m p u t a t i o n s were made w i t h a t i m e s c a l e f a c t o r o f 15.25 (4 t i d a l 

c y c l e s per month) and w i t h i n p u t d a t a as p r e s e n t e d i n t a b l e s 1/8. 

In t h i s c a l i b r a t i o n phase much a t t e n t i o n had t o be p a i d t o t h e d i f 

f e r e n c e scheme i n t h e bed l e v e l module. The f i r s t t e s t s showed, t h a t 

t h e use o f a sm a l l smoothing f a c t o r j b r e s u l t e d i n a r a t h e r un-

r e g u l a r bottom c o n f i g u r a t i o n a f t e r a h a l f year s i m u l a t i o n . B e t t e r 

r e s u l t s c o u l d be e x p e c t e d i f t h e smoothing f a c t o r was made dependent 

of the s i l t a t i o n r a t e (see p a r a g r p h 5 ) . T h e r e f o r e f o r m u l a ( 5 . 8 ) had 

been implemented. In a d d i t i o n , two o t h e r d i f f e r e n c e schemes were 

added t o t h e e x i s t i n g scheme (see p a r a g r a p h 5 ) . 

Scheme 1 ( s m o o t h i n g o f bed l e v e l p r o f i l e ) r e q u i r e s t h e a p p l i c a t i o n o f 

a v a r i a b l e smoothing f a c t o r . 

Schemes 2 and 3 ( s m o o t h i n g o f r e s p e c t i v e l y t h e c u m u l a t i v e and t h e 

i n s t a n t a n e o u s s i l t a t i o n l a y e r ) can be used w i t h a c o n s t a n t smoothing 

f a c t o r . 

The f i n a l r e s u l t s o f two c a l i b r a t i o n runs a r e p r e s e n t e d i n t h i s 

r e p o r t and d i s c u s s e d below. In b o t h t e s t s an one year s i m u l a t i o n r u n 

has been c a r r i e d o u t ; t e s t A w i t h d i f f e r e n c e scheme 1 and t e s t B w i t h 

d i f f e r e n c e scheme 3. 

The r e s u l t s o f t e s t A a r e r e p r e s e n t e d i n f i g u r e s 14/29. The c o n t r a s t 

p r i n t s i n f i g u r e s 14/19, produced w i t h t i m e i n t e r v a l s o f 2 months, 

show t h e bottom l e v e l changes. 

F i g u r e s 20 and 21 r e s p e c t i v e l y i n d i c a t e t h e p o s i t i o n s o f t h e 0 m. 

and t h e 2 m. c o n t o u r s o f t h e Cabedelo a t t h e s t a r t ( A p r i l ) and a t t h e 

end ( O c t o b e r ) o f t h e summer s i m u l a t i o n . 

F i g u r e s 22 and 23 i n d i c a t e r e s p e c t i v e l y t h e p o s i t i o n s o f t h e 0 m con

t o u r s and the 2 m c o n t o u r s o f t h e Cabedelo a t t h e s t a r t ( O c t o b e r ) and 

t h e end ( A p r i l ) o f t h e w i n t e r s i m u l a t i o n . 

The c o n t r a s t p r i n t s i n f i g u r e s 14, 15 and 16 and t h e c o n t o u r s i n 

f i g u r e s 20 and 21 show v e r y c l e a r l y t h e e r o s i o n o f t h e w e s t e r l y o u t 

g r o w t h of t h e head o f t h e Cabedelo due t o wave a c t i o n . The r a t e o f 

e r o s i o n appears t o be i n agreement w i t h t h e r a t e o b served i n t h e 

season of l 8 6 2 . The s i m u l a t e d p o s i t i o n s o f t h e 0 m c o n t o u r s o f t h e 

w e s t e r n t i p o f t h e Cabedelo o u t g r o w t h i n June/August and i n October 

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

October 1862. The n o r t h e r n t i p o f t h e head o f t h e Cabedelo i s much 

l e s s s u b j e c t e d t o changes. T h i s i s a l s o i n agreement w i t h t h e 

o b s e r v a t i o n s . 

The r e s u l t s o f t h e summer s i m u l a t i o n I n d i c a t e a g r a d u a l s h i f t t owards 

t h e west o f t h e s o u t h e r n p a r t o f t h e Cabedelo s l o p e . The same t e n 

dency can be o b s e r v e d i n f i g u r e 1 1 . T h i s i s caused by t h e 

s o u t h - e a s t e r l y bound l o n g s h o r e c u r r e n t , which t r a n s p o r t s sand f r o m 

t h e o u t g r o w t h t o t h e s o u t h e r n p a r t o f t h e Cabedelo c o a s t . 
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The r e s u l t s o f t h e w i n t e r s i m u l a t i o n , t h e c o n t r a s t p r i n t s i n f i g u r e s 

1 7 / 1 9 , show t h e e r o s i o n o f t h e n o r t h e r n t i p o f t h e head o f t h e 

Cabedelo. T h i s e r o s i o n i s i n accordance w i t h t h e o b s e r v a t i o n s f r o m 

October I 8 6 I t o March 1 8 6 2 . The t i p eroded w i t h i n two months a f t e r 

t h e s t a r t o f t h e s i m u l a t i o n , (compare f i g u r e s 16 and 1 7 ) . T h i s 

r a p i d e r o s i o n was m a i n l y caused by t h e h i g h r i v e r d i s c h a r g e g e n e r a t e d 

i n December. 

F i g u r e 22 shows a s l i g h t westward e x t e n t i o n o f t h e Cabedelo o u t 

g r o w t h . The s i m u l a t e d e x t e n t i o n i s v e r y small compared w i t h t h e r e a l 

e x t e n t i o n c r e a t e d f r o m October I 8 6 I t o March 1 8 6 2 . 
F i g u r e s 17, 18 and 19 and f i g u r e s 22 and 23 show t h a t sand t r a n s p o r t 

due t o l o n g s h o r e c u r r e n t s a l o n g t h e o u t g r o w t h t o w a r d s t h e s o u t h e r n 

Cabedelo coast c o n t i n u e d i n w i n t e r months. As a consequence t h e 

s o u t h e r n coast w i l l move f a r t h e r t o t h e west as l o n g as an extreme 

o u t g r o w t h e x i s t s . T h i s tendency i s c o n f i r m e d i n t h e e v a l u a t i o n o f 

the Douro morphology d e s c r i b e d i n volume 5 . 
F i g u r e s 24/29 p r e s e n t t h e o u t p u t f i l e s produced i n t h e s i m u l a t i o n 

r u n , c o n t a i n i n g t h e computed bottom l e v e l s r e l a t e d t o z e r o 

h y d r o g r a f i c o . 

The r e s u l t s o f t e s t B ( s m o o t h i n g o f i n s t a n t a n e o u s s i l t a t i o n l a y e r 

w i t h d i f f e r e n c e scheme 3 ) are p r e s e n t e d i n f i g u r e s 3 2 / 4 7 . A c o n s t a n t 

v a l u e of 0 . 5 5 was a p p l i e d f o r t h e smoothing f a c t o r ^ 

I n i t i a l b o t t o m f i l e D E P I 8 6 I B i s almost i d e n t i c a l t o b o t t o m f i l e 

DEP 1861; o n l y t h e s l o p e o f t h e Cabadelo o u t g r o w t h has been made l e s s 

s t e e p . Comparison o f f i g u r e s 3 2 / 3 4 w i t h f i u g u r e s 14 / 1 6 f r o m t e s t A 

show t h e i n f l u e n c e o f t h e t y p e o f t h e d i f f e r e n c e scheme. The 0-m 
c o n t o u r o f t h e Cabedelo o u t g r o w t h i s much l e s s s u b j e c t e d t o e r o s i o n . 

On t h e o t h e r hand, f i g u r e s 3 2 / 3 4 show a s t r o n g e r tendency i n d e v e l o p 

i n g sand banks i n t h e e a s t e r n p a r t o f t h e o u t g r o w t h . The n o r t h e r n 

t i p of the Cabedelo i s n o t eroded away d u r i n g w i n t e r s i m u l a t i o n , b u t 

s h i f t e d i n t o w e s t e r l y d i r e c t i o n . 

A p o s s i b l e e x p l a n a t i o n f o r t h i s may be t h e f a c t t h a t lower d i s c h a r g e s 

have been g e n e r a t e d i n s i m u l a t i o n t e s t B. The t a b l e i n page 42 

p r e s e n t s a r e v i e w o f t h e m o n t h l y averages o f t h e d i s c h a r g e s and wave 

p a r a m e t e r s , w h i c h a r e g e n e r a t e d i n t e s t s A and B. 
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Test A Test B 

Month d i s c h . wave wave wave d i sch. wave wave wave 

d i r . per i o d h e i g h t d i r . per i od hei g h t 

(m3/s) ( d e g r ) ( s e c ) (m) (m3/s) ( d e g r ) ( s e c ) (m) 

Mar. 438 282 1 0 . 5 1 . 4 3 375 282 1 0 . 5 1 . 4 3 
June 406 293 8 . 5 0 . 6 3 313 2 9 3 8 . 5 0 . 6 3 

J u l y 125 288 9 . 5 0 . 6 3 125 288 9 . 5 0 . 6 3 

Aug. 125 293 8 . 0 0 . 6 3 125 293 8 . 0 0 . 6 3 

Sep. 125 293 8 . 5 0 . 9 0 125 293 8 . 5 0 . 9 0 

Oct. 125 297 1 0 . 5 1 . 1 6 125 297 1 0 . 5 1 . 1 6 

Nov. 906 2 9 3 1 0 . 0 0 . 9 0 6 2 5 293 9 . 5 0 . 9 0 

Dec. 1281 293 1 1 . 5 1 . 7 8 844 2 9 3 1 1 . 5 1 . 7 8 

Jan. 1156 276 1 1 . 5 1 . 1 6 781 276 1 1 . 5 1 . 1 6 

Feb. 6 5 6 282 12 . 0 1 . 7 8 563 282 1 2 . 0 1 . 7 8 

Mar. 1406 287 1 1 . 0 1 . 2 5 103 287 1 1 . 0 1 . 2 5 

Apr. 563 293 9 . 5 0 . 6 3 500 293 9 . 5 0 . 6 3 

Test r u n s , i n which d i f f e r e n c e scheme 2 has been a p p l i e d , were l e s s 

s a t i s f a c t o r y . The changes i n t h e b o t t o m c o n f i g u r a t i o n were s i m u l a t e d 

w i t h an i n c o r r e c t low e r o s i o n and s e d i m e n t a t i o n r a t e . 

From t h e c a l i b r a t i o n t e s t s i t can be c o n c l u d e d t h a t t h e h y d r o -

m o r p h o l o g i c a l m a t h e m a t i c a l model i s a b l e t o s i m u l a t e t h e b a s i c 

c h a r a c t e r i s t i c s o f the morphology o f t h e Douro b a r . 

The r e s u l t s o f t e s t s A and B show, t h a t t h e model i s a b l e t o 

rep r o d u c e t h e seasonal c y c l e o f t h e Cabedelo shape i n a " n o r m a l " year 

s i m u l a t i o n r u n , i n whic h each month i s r e p r e s e n t e d by 4 t i d a l c y c l e s . 

The s i m u l a t i o n r u n i n whic h d i f f e r e n c e scheme 1 ( s m o o t h i n g o f bed 

l e v e l p r o f i l e ) has been used ( t e s t A ) , s i m u l a t e d a seasonal c y c l e , 

w h i c h appears t o c o r r e s p o n d best w i t h t h e observed c y c l e i n t h e y e a r s 

1 8 6 1 / 1 8 6 2 . I t i s remarked once a g a i n t h a t , a l t h o u g h o c c u r i n g 

i n an extreme f o r m i n some degree, t h i s o b s e r v e d c y c l e can be con

s i d e r e d t o r e p r e s e n t t h e seasonal c y c l e s o f t h e Cabedelo shape i n 

" n o r m a l " y e a r s . 

An one year s i m u l a t i o n r u n , i n whic h one month i s r e p r e s e n t e d by 4 
t i d a l c y c l e s , r e q u i r e s a p p r o x i m a t e l y 5 t o 6 hours computing t i m e . 
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T A B L E S 



O 
NS SI Hl Ml Sl «41 

HAHUARy 

MARCH 
APRIL 

M.AC 
•JULV 

I AU6UST 

NOVEMBER 
DECEHbER 

3 2 8 4 8 5 8 73 80 84 9 6 9 8 100 100 
2 2 3 4 6 6 0 71 78 8 3 9 7 9 9 100 100 
4 2 7 4 3 5 5 6 7 77 84 9 7 9 9 100 100 
9 3 2 5 3 6 8 81 8 9 9 4 100 100 100 100 

15 50 72 84 9 4 9 8 9 9 100 100 100 100 
41 8 3 9 5 9 7 9 9 100 100 100 100 100 100 
88 9 9 100 100 100 100 100 100 100 100 100 
9 9 100 100 100 100 100 100 100 100 100 100 
9 6 100 100 100 100 100 100 100 100 100 100 
74 9 5 9 8 9 8 9 9 100 100 100 100 100 100 
4 4 73 84 8 8 9 2 9 5 9 7 9 9 100 100 100 

9 50 6 4 71 81 87 91 9 8 100 100 100 

FPiFQOBHCY 

TABLE 1; CUMULATIVE PROBABILITY DISTRIBUTIONS FOR RIVER DISCHARGE 

( FILE QDISTR ) 



WAVE £>/fi. rmMS&J 

2 Si 
O 
z & •"I Ci 
O 
z Ml Ml Ml 

0 0 3 5 100 100 
0 3 2 9 100 100 

MARCH 0 0 8 100 100 
Afi-HIL 0 0 2 5 100 100 
MAY 0 0 17 100 100 
•JUNE 0 0 7 100 100 

0 0 8 100 100 
Auflu&T 1 1 2 90 100 
QBPT5MlhEK 0 2 8 9 4 100 

2 2 8 9 2 100 
0 0 7 9 4 100 

DBC£MI3.£U 0 0 6 9 7 100 

TABLE 2 ; CUMULATIVE PROBABILITY 

DISTRIBUTIONS FOR THE WAVE 

DIRECTION (FILE WINDDIS) 

. 6 
Ut s. 

Ml Nil Ml ^Jl 

aAKUARy <L-iO 0 0 0 0 
0 0 0 0 
0 17 75 100 

a.a-s 8 40 84 100 
«.)0 0 0 0 0 

0 0 0 0 
0 100 100 100 

170 2 2 4 4 6 6 100 
193 12 4 7 9 8 100 

0 0 0 0 
HARCM 0 0 0 0 

0 0 0 0 
2 2 78 100 100 
10 61 9 3 100 

0 0 0 0 
APRIL a'so 0 0 0 0 

1.IIS 0 0 0 0 
O-TO 44 77 100 100 

30 8 5 100 100 
•S/o 0 0 0 0 

AfAY e.so 0 0 0 0 
ins 0 0 0 0 
2.^0 11 3 3 8 9 100 
153 3 8 8 5 100 100 
3/£> 0 0 0 0 
a so 0 0 0 0 
1<iS 0 0 0 0 

6 7 100 100 100 
6 4 9 5 100 100 

0 0 0 0 
« O 0 0 0 0 

0 0 0 0 
50 100 100 100 

1 9 3 75 100 100 100 
S / o 0 0 0 0 

Au&usr a i o 0 100 100 100 
2 * S 0 0 0 0 
27D 0 100 100 100 

73 9 8 9 8 100 
0 100 100 100 
0 0 0 0 

100 100 100 100 
270 20 80 9 0 100 
2.93 3 9 8 7 9 8 100 
3 / 0 100 100 100 100 
I.50 Ö 0 100 100 
2 IP 0 0 0 0 
27° 0 100 100 100 
2"» 5 7 6 7 100 100 

0 0 100 100 
0 0 0 0 
0 0 0 0 

2.-5Ö 33 8 3 100 100 
2 5 s 7 73 9 6 100 
3/0 0 100 100 100 

0 0 0 0 
0 0 0 0 
0 6 7 100 100 

2 a ? 9 60 9 5 100 
0 100 100 1 0 0 . 

TABLE 3: CUMULATIVE PROBABILITY 

DISTRIBUTIONS FOR THE WAVE 

PERIOD (FILE PERDIS) 

T A B L E S 2 AND 3 



He/QHT Cml 

Ö Ö Ö 

fa. Q 

\ ? ö ó \ O 

a oi 

0 

l 
y* 

3 : ?«: Ml ^1 Ml Ml Ml Ml >ll 

JANUARY & 0 3 3 6 6 100 100 100 100 100 100 100 
lo 7 14 5 7 8 6 9 3 100 100 100 100 100 
IL 8 2 5 3 8 51 76 84 9 2 9 2 9 6 100 
/ V 0 0 2 2 3 3 5 5 6 6 78 78 100 100 
a 0 0 3 8 76 100 100 100 100 100 100 
lO 0 0 24 5 7 81 91 9 6 100 100 100 

0 0 4 34 60 79 90 9 7 100 100 
IH 0 0 0 25 25 2 5 5 0 75 75 100 

MARCH s 0 5 5 73 91 100 100 100 100 100 100 
lO 2 26 5 5 75 8 5 9 0 9 4 100 100 100 
IQ. 0 3 2 6 4 3 5 3 6 0 77 8 7 9 4 100 
l'i 0 0 0 0 0 17 50 50 100 100 

APRIL 8 Ó 25 75 100 100 100 100 100 100 100 
lo 1 1 4 4 77 77 83 100 100 100 100 100 
IQ. 1 7 6 7 84 84 84 84 84 84 84 100 
IH 0 0 0 0 0 0 0 0 0 0 

MA/ a 0 36 6 3 81 100 100 100 100 100 100 
lü 0 14 3 6 8 6 100 100 100 100 100 100 
12 0 0 11 2 2 5 5 78 8 9 100 100 100 
IH 0 0 0 0 0 50 50 50 100 100 

3 UNE 8 10 5 4 9 5 100 100 100 100 100 100 100 
lo 15 5 5 75 8 5 90 100 100 100 100 100 

0 3 3 6 7 6 7 100 100 100 100 100 100 
0 0 0 0 0 0 0 0 0 0 

DULY s 7 78 100 100 100 100 100 100 100 100 
lO 20 80 100 100 100 100 100 100 100 100 
12. 0 0 0 0 0 0 0 0 0 0 
l'i 0 0 0 0 0 0 0 0 0 0 
s 17 6 6 9 5 100 100 100 100 100 100 100 
lO 13 44 6 9 94 100 100 100 100 100 100 
tt 0 0 0 0 0 0 0 0 0 0 
IM 0 0 100 100 100 100 100 100 100 100 

SBPTFN&B? 8 0 44 8 5 8 8 9 7 100 100 100 1 0 0 100 
kD 8 16 5 4 84 9 7 9 7 100 100 100 100 
11. 2 5 2 5 2 5 3 8 6 3 8 8 100 100 100 100 
IM 0 0 0 0 100 100 100 100 100 100 

OCTO&iER 8 0 50 100 100 100 100 100 100 100 100 
lO 0 5 4 2 74 9 5 100 100 100 100 100 
l<2. 2 5 2 5 3 3 6 6 8 3 91 100 100 100 100 
IM 0 0 0 0 0 0 0 0 0 0 

NOVEMBER S 0 17 5 8 100 100 100 100 100 100 100 
lo 5 21 3 7 6 7 8 7 9 3 100 100 100 100 
n. 0 7 7 14 50 6 4 9 3 100 100 100 
n 0 0 0 0 50 100 100 100 100 100 

ÖeCEM&ESa. 8 0 4 3 72 8 6 100 100 100 100 100 100 
lo 0 18 4 2 6 9 87 9 6 100 100 100 100 
13. 0 7 2 6 3 3 4 4 70 9 3 100 100 100 
l'i 0 20 20 20 20 40 6 0 80 100 100 

TABLE 4: CUMULATIVE PROBABILITY DISTRIBUTIONS FOR WAVE HEIGHT (FILE WAVDIS) 



K K 1 2. 3 f sr é, J g 3 /p /I IZ 

352 332 276 200 124 68 48 68 124 200 276 332 
306 292 253 200 147 108 94 108 147 200 253 292 
260 252 230 200 170 148 140 148 170 200 230 252 
306 292 253 200 147 108 94 108 147 200 253 292 

WATER LEVSL Hist CcJ^ 

TABLE 5: VERTICAL TIDE-CURVES (FILE SEALEV) 

T-iHB STEP f/looetsy 

Ï 1 Z 3 'f G 7 8 B 10 II 17. 

SPSm-TlDi: (IS- 238 1042 1190 1537 1345 869 305 -316 -719 -1149 -1576 -1253 
s,-rS 599 1080 1446 1718 1488 1037 524 -15 -491 -827 -1163 -878 
tlL5- 684 1286 1691 1877 1655 1228 763 292 -196 -539 -747 -500 

802 1483 1918 2052 1839 1433 1008 584 121 -257 -392 -96 
/25a 1107 1797 2232 2336 2135 1757 1379 1003 583 194 80 395 
ƒ TSÖ 1581 2235 2657 2743 2554 2206 1871 1545 1168 796 676 968 
2.2SO 2073 2690 3091 3167 2991 2671 2366 2076 1734 1378 1254 1508 
375« 3577 4095 4433 4485 4332 4090 3856 3634 3364 3077 2944 3116 

6105 6503 6754 6768 6632 6467 6317 6177 6005 5815 5681 5777 
S7SO 8630 8947 9143 9144 9013 8892 8789 8701 8585 8447 8326 8378 

l?.Söa 12411 12645 12786 12778 12676 12581 12520 12472 12403 12295 12202 12230 
1 fl-ar 251 708 898 1148 1033 692 256 -209 -537 -897 -1107 -732 
a?2r 475 856 1142 1328 1195 878 483 73 -274 -517 -698 -440 

572 1061 1380 1507 1380 1084 727 359 17 -218 -308 -67 
ST!r 770 1268 1595 1702 1581 1303 975 639 313 75 19 260 

1131 1599 1915 2011 1899 1642 1349 1046 744 510 464 690 
/7-Ï-0 1630 2059 2355 2441 2339 2106 1845 1577 1303 1077 1031 1236 
also 2127 2528 2808 2886 2793 2583 2343 2100 1849 1631 1685 1764 

3632 3965 4197 4256 4176 4020 3836 3647 3444 3275 3215 3339 
«250 6158 6404 6571 6602 6533 6420 6305 6184 6058 5938 5875 5952 

8676 8868 8997 9016 8948 8866 8785 8704 8621 8530 8473 8519 
12446 12585 12677 12686 12634 12571 12519 12473 12417 12349 12306 12335 

NEAP-TIDE /as- 183 393 603 736 671 477 212 -80 -334 -571 -554 • -240 
•sns 352 631 830 924 865 686 443 191 -26 -170 -210 -20 
ASS 558 847 1050 1130 1074 908 689 459 260 132 118 273 
ers- 804 1075 1271 1346 1294 ai40 937 724 536 414 408 551 

l2fO 1180 1428 1611 1681 1636 1494 1311 1117 942 826 822 952 
1683 1908 2076 2139 2100 1975 1809 1635 1474 1363 1361 1476 
2182 2392 2548 2607 2573 2462 2310 2149 1999 1896 1890 1993 

irro 3686 3857 3985 4032 4001 3919 3805 3678 3559 3479 3462 3536 
6203 6324 6414 6444 6417 6361 6286 6204 6126 6070 6050 6099 

tit a 8713 8806 8874 8895 8871 8825 8772 8719 8666 8620 8603 8635 
1 uco 12474 12540 12588 12601 12583 12550 12514 12479 12443 12410 12398 12419 

H£AN.TIDE / a-S" 251 708 898 1148 1033 692 258 -209 -637 -897 -1107 -732 H£AN.TIDE 
475 856 1142 1328 1195 878 483 73 -274 -517 -698 -440 

sas- 572 1061 1380 1507 1380 1084 727 359 17 -218 -308 -67 
770 1268 1595 1702 1581 1303 975 639 313 75 19 260 
1131 1598 1915 2011 1899 1642 1349 1046 744 510 464 690 
1630 2059 2355 2441 2339 2106 1845 1577 1303 1077 1031 1236 
2127 2528 2808 2886 2793 2583 2343 2100 1849 1631 1585 1764 
3632 3965 4197 4256 4176 4020 3836 3647 3444 3275 3215 3339 

425Ö 6158 6404 6571 6602 6533 6420 6305 6184 6058 5938 5875 5952 
8676 8868 8937 9016 8948 8866 8785 8704 8621 8530 8473 8519 
12446 12585 12677 12686 12634 12571 12519 12473 12417 12349 12306 12335 

TABLE 6; DISCHARGE CURVES AT THE EAST BOUNDARY OF THE MODEL 

(FILE DISCH) 

TABLES 5 AND 6 



230 248 270 293 310 
8 10 12 14 
.18 .53 .9 1.25 1.60 1 
125 375 625 875 

95 2.3 2.65 3,0 3.55 
1250 1750 2250 3750 6250 8750 12500 

TABLE 7: CLASS-ARRANGEMENTS OF STOCHASTIC INPUT DATA (FILE PAR) 

1 30 40 50 NMAX MMAX MESH 
2 5 9 C A N T A R E I R A 
3 6 26 F E L G U E I R A S 
4 13 N - C O O R D . P E D R A S DO LIMA 
5 . 5 . 8 . 3 E P S . E P S R . E P S Z 
6 15 5 20 OMEGA,OMEGAR.OMEGAZ ( D E G R E E S ) 
7 . 1 BED ROUGHNESS (M) 
8 . 0 0 1 . 0 0 1 5 D 5 0 , D 9 0 (M) 
9 . 6 B R E A K I N G I N D E X 

10 8 . L E V E L OF ROCK L A Y E R (M) 
11 . 5 5 2 0 0 . B E T A M A X = s m o o t h i n g f a c t o r ; D e = a c o n s t a n t 

TABLE 8: REMAINDER OF INPUT DATA (FILE INFO) 

T A B L E S 7 AND 8 



:RUN DSIMDRO 

IS THIS RUN AN ONE TIME-STEP RUN 
OR A LONGTERM SIMULATION? 

one t i m e - s t e p r u n =1 
l o n g term s i m u l a t i o n =2 

ENTER your o p t i o n ?2 

IS THIS RUN A RESTART IN A LONG TERM SIMULATION? 
(YES=1;NO=0) ?1 

ENTER d a t e (MMDDHH) ?070510 

ENTER j o b name (max. 10 c h a r ) ?JHZ61S6 

ENTER p e r i o d a l r e a d y s i m u l a t e d 
number o f YEARS= ?0 

number o f MONTHS= ?10 

number o f HOURS (max 732)= ?0 

CHOICE OF TIDE TO START THE SIMULATION 
SPRING TIDE =1 
MEAN TIDE =2 or 4 
NEAP TIDE =3 

ENTER tide-number ?1 

PERIOD OF SIMULATION 
i f more than 1 year ENTER 1 
i f l e s s t h a n 1 year ENTER 2 

ENTER your o p t i o n ?2 

ENTER p e r i o d o f s i m u l a t i o n (MONTHS) ?6 

ENTER t i m e - s c a l e f a c t o r ?1B.250 

TIME INTERVAL FOR PRINTING NEW BOTTOM 
i f t i m e i n t e r v a l i n YEARS >ENTER 1 
i f t i m e i n t e r v a l i n MONTHS—>ENTER 2 

ENTER your o p t i o n ?2 

ENTER t i m e i n t e r v a l (MONTHS) ?1 

NAME DEPTHFILE ?DEP1861B 

TABLE 9 ; EXAMPLE OF RESTART-PROCEDURE FOR A LONG TERM SIMULATION. 



:RUN DSIMDRO 

I S T H I S RUN AN ONE TIME-STEP RUN 

OR A LONGTERM S I M U L A T I O N ? 

o n e t i m e - s t e p r u n =1 

l o n g t e r m s i m u l a t i o n = 2 

ENTER y o u r o p t i o n ? t 

ENTER j o b name ( m a x . 10 c h a r . ) 7EXAMPLE 

ENTER r i v e r d i s c h a r g e [ c u . m / s e c J '^875. 

ENTER t i d a l w a t e r i e v e l r i s e [ c m ] '^170. 

ENTER w a v e d i r e c t i o n [ d e g r e e s ] 7 2 9 3 . 

ENTER w a v e p e r i o d [ s e c o n d s ] ? 1 0 . 

ENTER w a v e h e i g h t [ m ] ? 0 . 9 0 

ENTER t i m e - s c a l e f a c t o r 7 1 , 

STORE c u r r e n t v e l o c i t i e s i n f i l e s ^ 

( Y E S = 1 : N 0 = 2 ) ?1 

NAME D E P T H F I L E ? D E P 1 8 6 1 B 

TABLE 10: EXAMPLE OF STARTING AN ONE TIME-STEP SIMULATION 
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FIGURE 1: THE MODEL AREA; LOCATION OF THE GRID 
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FIGURE 2: FLOW-CHART OF THE DOURO HYDROMORPHOLOGICAL MODEL 



FIGURE 3: START PROCEDURE FOR RTVER DISCHARGE DISTRIBUTION. 
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FIGURE 5: EXPANDING PROCEDURE FOR DISCHARGE COMPONENTS 



FIGURE 6. WAVE PENETRATION CALCULATION. 



- 1 -

+ * 

* 

' I ' * 

> 4̂  It 

• 4' 

• ^ • 

• • 

• • tt- it 4-

• • • 

+ • 

*• K k • 

<- / 

•V • 

+ • • 

• • 

• * * • • 

• * 

+ * * » • 

• + « 

• • * • *• -If 

• • • • * n 

• • • • * * * 

« 4 • « * 4r 

• • • 

* * • • 

• • • • • 

• • 

• 

* * • 

• 

• • • 

• • • 

• • • • 

• • • • 

• • « • 

river discharge Qp = 875 / sec 

FIGURE 7: EXAMPLE OF CURRENT PATTERN DUE TO RfVER DISCHARGE. 
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FIGURE 8: EXAMPLE OF LONGSHORE CURRENT PATTERN DUE TO OBLIQUELY 

BREAKING WAVES. 
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FIGURE 9: EXAMPLE OF SET-UP CURRENT DUE TO WAVE SET-UP DIFFERENCES. 
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FIGURE 11; POSITION OF THE CABEDELO IN 1861 / 1862. 



FIGURE -il INITIAL BOTTOM LEVEL CONFIGURATION DEP 186h 

CALIBRATION PHASE 3 ( TEST A j 



I 0tPt861 f l l . JUt '3, 1984, 10;37 BH 

KPOOUR INITIDL OEPIHUfllRIX fROn HfiRCK 1861 DEPTH IN Dd 
1 -99 -99 -27 -17 -6 12 30 33 33 23 
-99 -99 -25 -16 -6 9 27 30 31 22 
-99 -99 -23 -16 •3 9 24 26 27 22 
-99 -99 -21 -12 •1 9 20 26 27 24 
-99 -99 -21 -11 -3 7 14 23 27 27 
-99 -99 •23 -10 -3 8 12 17 26 28 
-99 -99 •26 -10 0 20 15 19 24 27 
-99 -99 •99 -9 -3 32 21 21 23 30 
-99 -99 •99 -99 -99 38 26 22 24 27 

10-99 -99 -99 -99 31 43 28 24 29 33 
-99 -99 -99 25 31 48 28 20 33 38 
-99 -99 -99 26 31 40 31 29 33 41 
-99 •99 -99 26 30 36 39 32 36 47 
-99 -99 -99 29 28 38 45 31 33 43 
-99 •99 -99 26 23 44 46 31 38 35 
-99 -99 -99 25 26 43 46 45 42 40 
-99 -99 -99 27 30 38 37 37 35 20 
-99 •99 -99 38 34 39 30 29 20 -20 
-99 -93 -99 60 30 41 45 40 20 -6 

20-99 •99 -99 35 41 51 48 47 44 -2 
-99 -99 -99 38 54 es 60 54 48 30 
•99 -99 -99 -99 81 75 65 60 64 46 
-99 -99 -99 -99 55 80 70 65 60 62 
-99 -99 -99 -99 40 73 70 67 60 65 
-99 -99 -99 -99 28 60 64 68 62 60 
-99 -99 -99 -99 -2 38 67 64 64 63 
» 23 21 -2 -2 42 62 75 63 61 29 46 41 40 38 46 78 64 62 60 
49 62 51 61 64 68 68 61 62 61 

3 0 " 62 61 61 73 73 70 64 63 62 
66 64 68 68 82 76 77 70 66 64 
68 60 80 76 86 80 45 74 68 66 
78 81 91 101 JO 84 82 76 65 68 
88 90 91 95 93 88 82 78 75 65 
94 95 95 91 89 92 84 77 78 70 
92 94 98 96 90 94 88 77 80 69 
96 95 98 90 89 91 90 80 80 72 
100 97 96 92 97 94 93 84 77 75 

,«1«2 100 99 97 103 97 93 87 81 74 

S U B - C O L U M N 1 

N:1 - 1 0 

^Ql02jp3 100_99_98_1.0q_96_88_U. 76_ 
f"16 7̂ 9 
18 11 -99 
18 12 
23 
27 

,033 

8 7 
24 13 

f 1 
7 2 

15 -99 
19 -99 

26 20 -99 
27 27 -99 
32 36 -99 
38 28 -99 

22 -99 -8 
17 -99 -9 
18 -99 -10 

32 -20 -99 -20 
4« 33 -23 -26 
34 30 -10 - 30 
30 10-15 -32 
-10 -20 -20 -10 

1 22 20 11 
21 29 13 
19 20 10 
15 18 9 

20 12 

1 
1 
1 
-1 
-2 
-3 
•A 
-5 
-6 
•20 - 20 - 20 - 20 -20 
•30 -70 -70 -70 - 70 
•30 -25 -17 -12 
-10 -9 -9 
-9 -9 -8 

So 
20 

3 -20 
2 -20 
0 ̂20 
0 ̂20 
8 -20 

16 20 -20 - 20 
14 12 ̂ 20 -20 
8 6 - 20 -20 
2 -20 -20 
1 -20 ̂ 20 

•8 
-8 -6 
•7 -4 

S U B - C O L U M N 2 

N= 1 1 - 2 0 

70 71 71 71 10O 122 113 114 121 124 
70 70 70 78 10O 125 116 117 127 126 

i,OK 71 72 83 101 122 124 127 132 126 

-30 --20 • •10 -8 -8 -8 -8 -5 -2 0 
-10 -•10 -8 -6 -8 -8 -8 -3 0 10 

20 -1 -5 -5 -6 -7 -8 -7 •2 6 20 
8 -2 -3 •4 -7 -7 -7 0 10 30 
30 10 -1 -3 -6 -6 -6 10 30 60 
60 30 10 -2 -6 -5 -5 10 30 50 
54 60 30 10 -4 -4 -4 20 38 62 
67 54 50 20 -4 -4 -4 17 60 52 
60 65 51 30 -1 -3 -1 30 50 53 
59 66 52 30 -1 -3 -1 » 61 53 60 6? 63 30 -1 -2 -1 30 51 53 
61 67 63 43 -1 -2 -1 40 51 66 

3061 68 63 49 -1 -1 -1 43 62 67 
63 69 64 60 -1 -1 -1 46 52 57 
63 60 57 62 26 10 26 » 53 60 65 62 60 66 60 48 50 62 57 60 
68 64 61 66 63 52 63 66 60 62 
69 65 62 60 66 54 65 69 67 60 
70 66 64 62 60 69 67 67 60 63 
70 67 66 64 62 60 68 69 61 66 
65 70 68 66 63 61 67 61 64 67 

, ,.̂ W 59 64 55 60 48 62 66 62 66 
4076 65 67 64 49 46 48 60 59 64 4076 

H7'̂ 9̂ 2'̂ 6-2) -99 -99 
4076 

-13 -16 -18 -20 -23 -26 -29 -99 -99 
-9 •12 -14 -16 -1! -21 -26 •29 -99 -99 
-6 -9 -12 -14 -18 -21 -26 -29 -99 -99 
-6 -7 -10 -14 -17 -20 -25 -29 -99 -99 
-6 -8 -9 -14 -18 -21 -25 -29 -99 -99 
-8 -16 -18 -17 -19 -23 -27 -30 -99 -99 
-40 -40 -40 -40 -40 -40 -40 -99 -99 -99 
-40 -40 -40 -40 -40 -40 -99 -99 -99 -99 

10-40 -40 -40 -70 -70 -99 -99 -99 -99 -99 
-40 -40 -40 -40 -40 -99 -99 -99 -99 -99 
-40 -40 -40 -40 -40 -60 -99 -99 -99 -99 
-40 -40 -40 -40 -40 -60 -99 -99 -99 -99 
-70 -70 •70 •70 -70 -70 -60 -99 -99 -99 
-4 -3 -3 -3 -3 -3 -20 -35 -40 -99 
10 14 18 18 20 21 0 -10 -35 -99 
14 22 24 25 24 21 17 7 -10 -30 
22 30 32 35 32 28 26 17 6 -5 
28 37 42 44 43 29 31 26 20 14 

2038 45 48 60 50 48 45 36 26 24 
45 61 52 62 52 52 61 46 40 31 
61 52 53 54 54 53 51 60 46 35 
B2 63 63 56 66 63 65 60 64 50 
63 54 56 57 60 63 67 65 64 60 
53 54 68 60 60 64 70 71 71 71 
53 66 60 61 61 66 70 73 73 73 
53 66 68 54 66 62 68 78 82 82 
63 56 60 63 61 64 68 82 83 84 
56 69 63 65 65 64 74 79 84 86 

3068 62 65 67 67 66 75 84 92 93 
69 62 64 66 66 70 77 88 93 100 
62 63 64 64 64 66 77 88 93 103 
61 62 62 69 72 68 77 87 98 107 
56 66 56 64 77 76 84 90 102 107 
61 61 57 70 85 85 90 96 112 106 
65 70 64 71 94 96 96 106 116 113 
69 72 68 70 99 114 111 109 117 118 
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FIGURE 13: INITIAL BOTTOM LEVEL FILE DEP 1861; CALIBRATION PHASE 3 (TEST A) 



FIGURE U : BOTTOM LEVEL CONFIGURATION IN JUNE.- SMOOTHING OF BED LEVEL 

PROFILE (TEST A) 
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FIGURE 15: BOTTOM LEVEL CONFIGURATION IN AUGUST; SMOOTHING OF BED LEVEL 

PROFILE (TESTA) 



FIGURE 16: BOTTOM LEVEL CONFIGURATION IN OCTOBER. SMOOTHING OF BED LEVEL 

PROFILE (TEST A) 
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FIGURE 17: BOTTOM LEVEL CONFIGURATION IN DECEMBER;. SMOOTHING OF BED LEVEL 

PROFILE (TEST A) 
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FIGURE 18: BOTTOM LEVEL CONFIGURATION IN FEBRUARY; SMOOTHING OF BED LEVEL 

PROFILE ( TEST A) 
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FIGURE 19: BOTTOM LEVEL CONFIGURATION IN APRIL; SMOOTHING OF BED LEVEL 

PROFILE (TEST A) 



O 
O 

F E L G U E I R A S / . 

46/. OOOt 

463 500h 

J 

n c 

. ..CANTAREIRA-

^ Ê D R A S " o b * L I M A * » - f 
^ O O C O OOOO 

100 200 SOOm. 

N 

Om CONTOURS 

APRIL 

OCTOBER 

® DEPTH IN DM RELATED TO ZERO HYDROGRAF ICO 



a. 
D 

Z 
O 
O 

Ë 

a 

< 

CE 
k) 
CQ 
O 
I-
U 
O 

009 SSI 

OOSsst 

OOOSSl 

OOSVSl 

OOOVSl 

OOSest 

-1^ 

0 )0 
900 
OOO 

0 00 
««Q 
4 60 
« 00 

|00 
« eo 

• J?« 

_«<a_ 

_o<e 

OcLt 

owe 

5 

( f t 
I 

E 
O 
O-, 

O 

O 

L L 

< 
CE 
O 

O 

o: 
O 

O 

OC 
U J 

N 

Q 

U J 

U J 

ir 
z 
O 

CL 

U l 

O 

O 
O 

FIGURE 2 1 : POSITfON OF 2m CONTOURS (SUMMER PERIOD. TEST A) 
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FIGURE 23: POSITION OF 2m CONTOURS (WINTER PERIOD; TEST A). 
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KUS6I0S FRI, JUL 13, 1S81, 10;38 R(1 
J1W61S6 
-99.0 -99. 
-99.0 -99. 
-99.0 -99, 
-99.0 -99, 
-99.0 -99, 
-99.0 -99, 
-99.0 -99. 
-99.0 -99. 
-99.0 -99. 
-99.0 -99. 
-99.0 -99. 
-39.0 -99. 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-93.0 -99 
-93.0 -99 
-99.0 -99 
-99.0 -99 
18.0 17 
27.9 32 
IS.9 
56.0 
56,0 
67.« 
77.4 
87,3 
93,1 
91.1 
95.0 
99.0 
101.1 
101.1 102. 
15.1 6. 
17.1 
17.6 
21.8 
26.0 
26.4 
26.9 
31.0 
37.1 
31.7 
30.2 
26.1 
18.6 
22.6 
21.1 
18.6 
17.1 

YR 0; 
27.3 
-.0 
23.4 
21.6 
21.5 
23.4 
26.3 
99.0 
99.0 
39.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
99.0 
19.4 
34.7 
49.0 
60.4 
67.1 
79.0 
90.0 
90.1 
94.1' 
97.0 
95.8 

8 34.1 
1 98.0 
0 83.1 
1 -99.0 
1 -99.0 
3 -99.0 
1 -99.0 
2 -93.0 
1 -99.0 
9 -99.0 
1 -99.0 
7 -99.0 
2 -99.0 
8 -99.0 
8 -99.0 
4 -99.0 
9 -8.9 
2 -17.0 
9 -5.4 
7 -3.7 

niH 8 
-17.6 
-.0 

-16.7 
-12.7 
-10.3 
-9.6 
-10.6 
-8.8 
-99.0 
-99.0 
24.0 
23.9 
26.3 
29.0 
23.7 
24.4 
26.3 
35.6 
67.6 
3?.3 
41.5 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
12.1 
41.5 
69.8 
60.2 
67.1 
74.1 
99.8 
94.1 
90.1 
95.1 
88.3 
90.3 
96.1 
38.1 
13.0 
5.0 
-1.0 
-2.0 
-3.0 
-4.0 
-5.0 
-6.0 
-7.0 
-8.0 
-9.0 
-10.1 

KP 8 
-5.3 
-5.8 
-3.1 
-.4 
.1 

-4.3 
-3.2 
-3.4 
-83.0 
30.1 
29.9 
28.3 
29.2 
29.2 
22.1 
24.5 
28.1 
33.3 
32.7 
40.4 
65,0 
78,4 
54.4 
39.6 
27.4 
3.6 
12.4 
41.2 
63.1 
72.1 
80.9 
84.9 
88.9 
92.0 
88.1 
89.0 
87.5 
94.9 
102.0 
97.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
-1.0 
-2.0 
-3.0 
-4.0 
-5.0 
-6.1 

1.2 -20.0 
-3.9 -26.1 
-27.5 -19.1 
-12.2 -12.2 
-16.7 -21.9 

U.I 
8.1 
8.7 
10.0 
8.7 
6.4 
9.6 
17.8 
29.6 
40.8 
43.4 
33.8 
33.2 
39.2 
42.7 
41.7 
36.8 
38.8 
39.6 
47.9 
63.6 
73.9 
78.8 
71.2 
46.1 
33.1 
39.4 
45.7 
67.1 
72.0 
74.1 
80.3 
84.1 
86.3 
30.8 
92.7 
89.7 
32.7 
95.9 
99.0 
8.0 
24.0 
22.0 
21.0 
19.0 
16.0 
3.0 
7.0 
5.0 
6.0 
6.0 
2.0 
-20.0 
-70.0 
-1.6 
-6.7 
-18.3 

29.1 
26.1 
23.1 
20,4 
15,2 
3,9 
13.1 
18.3 
27.4 
32.0 
27.3 
30.7 
33.7 
45.5 
44.2 
44.3 
38.3 
30.6 
40.6 
45.9 
57.6 
63.9 
69.1 
63.4 
62.3 
55.6 
60.8 
76.4 
66.8 
68.8 
72.9 
45.0 
81.1 
80.9 
82.8 
86.7 
88.7 
91.7 
91.8 
94.9 
7.0 
13.0 
20.0 
29.0 
13.8 
18.0 
20.0 
16.0 
14.0 
8.0 
6.0 
-.0 
•20.0 
-70.0 
-3.8 
-3.0 
-4.9 

JRSIBP 
32.1 
28.1 
24.5 
23.4 
18.6 
11.6 
13.6 
20.6 
26.8 
27.0 
20.7 
29.2 
34.3 
34.5 
30.3 
44.1 
36.8 
26.0 
24.1 
33.2 
48.6 
58.7 
63.9 
65.9 
66.9 
62.9 
73.0 
63.1 
60.1 
63.0 
66.6 
69.6 
74.0 
76.9 
76.0 
76.0 
78.8 
82.7 
86.8 
86.8 
4.0 
7.0 
12.2 
12.1 
8.6 
9.8 
13.0 
20.0 
12.0 
6.0 
2.0 
-1.0 
-20.0 
-70.0 
-8.3 
1.6 

-14.3 

1 riNIlSTRP 
32.1 22.1 

21.1 
21.1 
22.8 
25.7 
27.0 
25.9 
29.1 
26.6 
30.3 
35.8 
39.4 
44.1 
37.5 
33.5 
39.1 
27.9 
19.3 
10.1 
-2.1 
11.4 
42.3 
51.4 
64.1 
69.3 
62.2 
59.8 
68.8 
59.9 
60.9 
63.0 
65.0 
67.0 
64.1 
68.9 
67.9 
70.8 
73.7 
72.8 
73.7 
•20.0 

2.0 -20.0 
3.9 -17.6 
-.5 -19.8 
-3.6 -19.6 
1.3 -17.5 
7.6 -16.7 

-20.0 -20.0 
-20.0 -20.0 
-20.0 -20.0 
-20.0 - 20.0 
-20.0 -20.0 
-20.0 -20.0 
-70.0 -70.0 
-3.2 -4.3 
3.0 .6 

-14.7 -4.5 

30.1 
24.8 
24.1 
22.6 
19.6 
19.0 
22.6 
24.3 
26.7 
30.8 
32.2 
34.5 
32.2 
36.5 
41.2 
32.8 
21.3 
9.0 
12.3 
31.2 
63.3 
63.2 
69.0 
61.5 
63.3 
61.8 
60.9 
60.9 
62.0 
66.0 
66.9 
64.0 
74.0 
76.8 
78.5 
78.3 
76.6 
79.7 
81.6 
1.0 

12.3 
5.9 
-8.9 
-1.6 
26,6 
48.6 
63,0 
66.2 
68.9 
57.8 
58.9 
59.9 
59.8 
61.8 
61.9 
63.9 
66.9 
67.8 
68.8 
68.9 
64.1 
68.9 
74.5 
-12.0 
-11.0 
-9.0 
-6.0 
-6.0 
-6.0 

-.4 
-2.9 
-13.6 
-4.6 
9.0 
28.5 
48.7 
53.0 
63.6 
53.6 
56.8 
55.8 
56.5 
57.6 
68.8 
60.9 
62.9 
63.9 
64.9 
66.9 
68.7 
68.1 
63.8 
-16.0 
.0 

•12.0 
-9.0 
-7.0 
-8.0 

-11, 
-12. 
•8. 
-6. 
-1. 
7. 
18.6 
41.1 
46.8 
36.6 
46.0 
60.1 
44.6 
49.0 
55.3 
58.8 
59.9 
61.0 
63.1 
66.0 
66.6 
63.3 
66.0 
-17.0 

11.9 
-8.8 
-9.6 
-6.6 
-6.7 
-3.4 
2,6 
16.1 
24,3 
16,4 
21.4 
31.0 
28.6 
37.7 
46.8 
63.1 
66.0 
59.1 
61.1 
63.0 
64.6 
64.2 
53.2 
-19.0 

•23.6 -19.3 
-9.0 -12.7 
-6.7 
-6.6 
-6.6 
.2 
4.4 
6.5 
12.8 
12.6 
16.3 
22.8 
21.8 
28.1 
37.0 
60.4 

-8.0 -15.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-70.0 -70.0 

.0 -18.0 
-14.0 -16.0 
-12.0 -14.0 
-10.0 -14.0 
-9.0 -14.0 
-18.0 -17.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -70.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-70.0 -70.0 

62, 
65. 
69. 
60. 
61 
49. 
48. 
-22.0 
-20.0 

6.2 
•6.9 
'8.4 
-2.0 
-1.7 
-1.2 
9.0 
10.7 
12.5 
16.1 
16.8 
20.7 
26.4 
47.8 
62.4 
53.9 
58.3 
59.1 
59.8 
47.6 
46.4 
•26.0 
•23.0 

-3.9 
.2 
6.9 
14.8 
20.9 
31.0 
41.6 
49.6 
51.2 
51.3 
63.1 
62.1 
61.7 
63.3 
54.8 
67.2 
68.0 
61.0 
60.0 
65.1 
60.2 
64.2 
68.1 

-3.8 
-.1 
13.3 
26.0 
32.7 
41.7 
47.1 
49.3 
51.1 
51.7 
52.8 
54.5 
54.3 
65.1 
58.1 
61.1 
61.1 
62.2 
60.7 
65.0 
60.4 
69.2 
71.1 

-3.8 
4.6 
17.4 
23.6 
40.4 
47.4 
51.3 
52.3 
52.2 
64.9 
66.9 
58.4 
56.4 
58.8 
61.8 
63.6 
62.6 
62.7 
60.4 
64.0 
66.8 
63.4 
67.3 

-3.3 
11.9 
21.4 
31.1 
42.3 
49.0 
50.9 
52.9 
55.3 
56.4 
59.3 
60.0 
63.2 
62.1 
64.0 
65.7 
63.6 
62.7 
67.9 
63.2 
69.1 
69.9 
69.1 

-18.0 -21.0 
-18.0 -21,0 
-17.0 -20.0 
-18.0 -21.0 
-19.0 -23.0 
-40.0 -40.0 
-40.0 -40.0 
-70.0 -99.0 
-40.0 -93.0 
-40.0 -60.0 
-40.0 -50.0 
70.0 -70.0 
-4.7 
11.8 
21.4 
31.5 
43.4 
49.2 
51.0 
53.1 
64.4 
69.2 
59.2 
60.2 
56.3 
60.3 
64.2 
66.3 
64.4 
63.3 
71.1 
76.0 
83.7 
92.0 

7.9 
6.3 
18.4 
30.5 
33.6 
47.6 
51.2 
62.3 
52.4 
61.3 
62.S 
63.9 
61.1 
63.2 
63.3 
65.2 
69.3 
64.6 
67.5 
75.3 
84.2 
93.9 

97.2 112.5 

-7.8 
-6.8 
-7.0 
-6.3 
-6,4 
-2,4 
-1,3 
2.7 
8.5 
10.1 
11.8 
13.4 
16.9 
17,2 
26.2 
47.3 
52.6 
54.7 
66.4 
67.2 
66.1 
61.3 
47.3 
-27.0 
-26.0 
-25.0 
-26.0 
-26.0 
-26.0 
-27.0 
-40.0 
-99.0 
-99.0 
-99.0 
-93.0 
-93.0 
-50.0 
-4.3 
6.4 
13.1 
26.2 
31.2 
44.3 
60.0 
60.0 
64.3 
66.0 

66.9 
67.1 
73.1 
73.8 
76.8 
76,0 
76.2 
83.3 
89.3 
35.2 
110.0 

17.4 -15.5 
-2.4 6.0 
.7 
4.0 
9,4 
11,3 
20,8 
18.9 
28.8 
26.6 
30.7 
38.6 
40.9 
41.7 
31.0 
60.4 
54.0 
57.8 
56.0 
68.0 
69.9 
56.1 
49.3 
•30.0 

16.S 
26.9 
30.7 
30.8 
40.2 
48.8 
47.3 
47.7 
60.3 
49.6 
60.8 
50.6 
51.7 
66.6 
69.1 
65.8 
68.8 
60.0 
62.9 
61.0 
68.0 
-99.0 

.0 -99.0 
•29.0 -99.0 
•29.0 -99.0 
•29.0 ̂99.0 
•29.0 -99.0 
•JO.O -99.0 
•99.0 -99.0 
-99.0 -99.0 
-99.0 -99.0 
-99.0 
-99.0 
-99.0 
-99.0 

-99.0 
99.0 
•99.0 
•95.0 

-30.7 -40.0 
•1.2 -7,6 
6,4 
17,3 
22,7 
32,4 
43,2 
49,1 
69,2 
64,2 
70,2 
72,2 
77,0 
80,9 
78.0 
82.8 
86.7 
86.6 
85.7 

9.1 
13.5 
20.6 
26.6 
39.4 
46.1 
63.6 
63.3 
70.3 
72.6 
81.2 
82.2 
83.2 
91.1 
32.1 
91.9 
96.7 

89.0 10O.9 
95.1 110.9 
104.2 116.0 
108.3 116.1 

-3.9 
10.9 
26.3 
39.2 
48.7 
49.2 
62.4 
63.2 
52.0 
61.2 
63.7 
65.0 
55.8 
66.4 
68.5 
69.1 
60.9 
68.9 
62.0 
64.1 
66.1 
65.0 
63.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 
12.2 
12.1 
20.2 
29.0 
33.6 
37.6 
50.3 
69.6 
70.4 
72.6 
81.3 
83.3 
85.4 
92.3 
99.2 
102.1 
106.2 
106.3 
104.2 
112.0 
117.1 

68.1 70.1 70.3 70.2 98.6 
68.1 69.2 69.2 77.1 98.6 
69.1 70.2 71.2 81.9 99.4 

120.2 112.0 113.2 120.0 123.0 
122.6 116.0 116.1 125.9 125.C 
119.6 122.7 125.8 1».8 125.1 

F I G U R E 2 5 BOTTOM LEVELS IN AUGUST; SMOOTHING OF BED LEVEL PROFILE (TEST A) 



Niissno rm, jui 13, 1984, io;38 m 
732 Jl 1761 St. VR ( ); niH 10 HP10 RlPHfl= .0 JRSIBP 1 nHDSTBP 

-99. 0 -99. 0 -27, t -17. 9 -6. 3 10.7 28.7 31.7 31.7 21.7 
-99, 0 -99. 0 0 -, 0 -6. 3 7.7 25.7 28.7 29.7 20.7 
-99, 0 -99. 0 -23, i -16. 9 -3. 3 1.4 22.6 23.3 23.2 20.8 
-99, .0 -99. 0 -21, 7 -13. 0 -. 7 9.8 19.7 21.4 22.2 22.6 
-99, 0 -99. 0 -21. 7 -10. 3 2 9.1 14.7 16.6 19.3 26.3 
-99, 0 -9». 0 -23. ( -9. 6 -4! 0 6.0 9.7 10.0 17.0 26.9 
-99, .0 -9S. 0 -26, 4 -10. 8 -3. 7 7.3 13.4 16.3 19.6 26.1 
-99. .0 -99. 0 -99, .0 -9. 0 -3. 4 16.3 19.6 22.4 24.0 28.3 
-99, .0 -99. 0 -99. .0 -99. 0 -99. 0 28.6 28,3 26.9 26.2 26.5 
-93, .0 -99. 0 -98, .0 -99, 0 29. 9 40.1 32,6 27.3 26.6 29.9 
-93, .0 -39. 0 -99. .0 23, 5 28. .4 40.7 28,0 20.6 29.3 35.3 
-99, .0 -39. 0 -98. .0 24, 0 24. 6 28.4 31.6 28.2 30.8 38.9 
-99, .0 -99. 0 -99. .0 ». 3 30. 4 30.8 40.2 35.3 33.9 43.6 
-99, ,0 -39. 0 -93. 0 31. 1 33. 2 39.9 46.5 35.1 31.7 36.4 
-39. ,0 -99. 0 -98. ,0 22. 9 21, 7 39.8 44.0 30.1 36.0 32.5 
-39, ,0 -99. 0 -93. ,0 26. 2 25, 2 38.8 44.1 43.8 40.8 38.6 
-33, .0 -99, .0 -39. ,0 25, 8 28, 6 35.8 37.6 36.3 32,7 28,1 
-99, .0 -99, .0 -99. ,0 33, 6 33, .2 39.6 28.8 24.2 22.1 20.6 
-99 ,0 -99, .0 -99 .0 56, ,4 35, 6 40.5 39.1 22.6 14.8 13.6 
-99. ,0 -93, .0 -99. ,0 39. ,4 40, .4 46.6 46.9 34.2 13.3 -.6 
-99 ,0 -99, .0 -99. ,0 44. 2 66, 1 63.0 57.3 47.0 27.8 10.8 
-99. .0 -99, .0 -39 .0 -99, 0 77. .9 73.4 63.6 57.8 50.6 34.8 
-99. ,0 -99, 0 -99. ,0 -99, ,0 64, .2 78.4 68.8 63.6 58.8 60.8 
-99. .0 -99, 0 -99 .0 -99, .0 39, ,6 70.2 68.8 65,4 58.6 63.8 
-99. .0 -98, .0 -99. ,0 -99, ,0 27, ,3 43.8 62.4 66,4 61.1 68.3 
-99. ,0 -99, ,0 -99. ,0 -99. ,0 8. .3 31.4 56.1 62.4 62.9 61.7 
10. ,8 14, 2 19. ,6 18, ,0 15, ,1 37.6 60.2 72.1 61.2 69.3 
19. .8 25, ,3 34 ,4 43, ,2 43, .8 45.8 76.2 62.6 60.4 68.3 
39. ,8 43, .8 47 ,9 59. ,1 62, ,6 56.7 66.2 63.8 60.6 68.5 
64 ,9 69. ,7 69. ,7 59, ,7 71. .4 71.5 68.3 62.7 61.7 60.7 
64 .4 62. ,2 66 .4 66. ,7 80. ,1 73.9 71,0 64.5 64.7 62.7 
67. ,1 69. ,1 78 .1 73. ,7 84. .2 80.9 45,2 67.0 66.6 64.6 
76. ,9 79, ,6 88. ,1 99. .1 88. ,5 84.4 80,8 72.8 63.8 66.6 
86. ,9 88. .7 88. .6 93. .6 91 .6 86.5 80,4 76.4 73.6 63.7 
92. ,7 93. .7 93 .6 89. ,7 87. ,6 90.2 82.3 76.5 76.2 68.5 
90. .8 32. ,7 96. .1 94. .2 88. ,5 92.0 86.2 75.6 77.3 67.6 
94 ,7 83. ,4 95. .0 87 ,8 87. .1 89.3 88.2 78.3 77.6 70.3 
98. ,6 95. ,4 93 .6 89. .8 34. .4 92.3 81.2 82.2 75.1 73.2 
100. ,7 98, ,7 97. .6 95. ,6 101 .3 95.5 81,4 86.3 79.1 72.3 
100. ,8 101. ,7 98 .7 97. ,7 96, ,6 98.3 94,4 86.3 80.3 73.2 
14 ,7 6. .7 -93 .0 13. ,0 1. ,0 8.0 7,0 4.0 1.0 -20.0 
16. .7 9. .7 -98 .0 6. ,0 1 .0 24.0 13,0 7.0 2.0 -20.0 
17. ,7 11. ,0 -93 .0 -1 ,0 1 ,0 22.0 20,0 12.8 4.4 -16.1 
21 .8 13. ,8 -99 .0 -2. ,0 1 ,0 21.0 28,9 11.9 -.8 -13.7 
25 .8 17. .9 -99 .0 -3. .0 1 .0 19.0 19.9 7.2 -6.6 -13.3 
26 .2 18. .£ -93 .0 -4 ,0 1 ,0 15.0 18.0 9.7 1.5 -16.6 
25. .6 25. ,5 -99 .0 -6. .0 -1 .0 9.0 20.0 13.9 7.4 -13.6 
30. .6 34 ,7 -99 .0 -6. .0 -2. ,0 7.0 16.0 20.0 -20.0 -20.0 
36. .7 27. .4 -99 .0 -7. .0 -3. ,0 5.0 14.0 12.0 -19.8 -20.0 
31 .3 26. ,0 -99 .0 -8 .0 -4 ,0 6.0 8.0 6.0 -19.9 -20.0 
30. .0 21. ,4 -39 .0 -9. ,0 -5. .0 5.0 6.0 2.0 -20.0 -20.0 
26. .9 10. .1 -39 .0 -10. ,1 -6. ,1 1.8 -.0 -1.0 -20.0 -20.0 
18. .1 14 ,3 -99 .0 -1 .8 -20. .0 -20.0 -20.0 -20.0 -20.0 -20.0 
23. .3 7. ,6 -.0 -1 ,0 -26 .0 -70.0 -70.0 -70.0 -70.0 -70.0 
18 .0 -3. ,7 -15 .0 -27. .2 -16. .6 -1.4 -4.3 -7.3 -4.4 -4.1 
13. .0 -5. ,5 -9 .6 -8. .0 -3 .3 3.3 -3.8 -11.1 3.4 8.5 
16. .1 4. .6 ,-3 .1 -8 .0 -1 .8 -13.1 -18.1 -13.8 -17.6 -9.2 

12.6 
7.4 
-1.7 
.1 

19.0 
45.8 
62.3 
il.O 
68.4 
57.2 
58.3 
59.3 
69.3 
61.3 
61.4 
63.4 
66.3 
67.2 
68.2 
68. 3 
63.6 
68.4 
73.8 
-12.0 
-11.0 

5.5 
-.3 
-8.9 
-3.6 
6.8 
23.8 
43.5 
52.7 
49.6 
48.2 
54.7 
56.2 
56.1 
67.6 
68.6 
60.6 
62.4 
63.4 
64.5 
66.4 
67.8 
57.8 
63.4 
-16.0 
.0 

-9.0 -12.0 
-6.0 -9.0 
-5.0 -7,0 
-5.0 -8.0 
-8.1 -16.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-70.O -70.0 
-2.3 -3.9 
5.6 
6.1 
8.0 
16.4 
26.3 
38.2 
47.7 
50.1 
60.7 
52,8 
51.6 
51.0 
52.7 
54.3 
56.4 
57.3 
60.5 
69.6 
54.7 
59.9 
63.7 
67.4 

1.1 
12.3 
26.0 
34.7 
41.6 
44.3 
47.7 
50.6 
51.7 
52.5 
63.9 
53.5 
64.4 
57.3 
60.4 
60.6 
61,7 
60,3 
54,6 
60.0 
68.6 
70.6 

-8.2 
-16.6 
-6.6 
-3.6 
.4 
9.0 
20.6 
36.9 
36.8 
31.8 
42.7 
46.8 
46.0 
60.3 
65.0 
68.6 
59.6 
60.6 
62.6 
64.6 
65.6 
52.9 
65.6 
-17.0 
.0 

-14.0 
-12.0 
-10,0 
-9.0 
-18,0 
-40.0 
-40.0 
-40.0 
-40.0 
-40.0 
-40.0 
-70.0 
-6.3 
2.3 
14.2 
25.0 
38.5 
47.5 
61.0 
61.6 
61.9 
54.8 
56.6 
68.0 
56.1 
58.3 
61.2 
63.1 
62.2 
62.3 
60.0 
63.7 
66.5 
62.8 
67.0 

-12.6 
-14.6 
-9.9 
-7.6 
-3.2 
-1.2 
5.0 
15.2 
18.6 
18.4 
24.4 
28.6 
33.6 
40.6 
48.0 
53.1 
64.9 
68.7 
60.7 
62.6 
63.8 
53.7 
52.8 
-18.0 
-18.0 
-16.0 
-14.0 
-14.0 
-14.0 
-17.0 
-40.0 
-40.0 
-70.0 
-40,0 
-40,0 
-40.0 
-70.0 
-6,8 
6.0 
16.3 
26.8 
38.9 
48.0 
60.4 
62.2 
54.6 
56.0 
58.9 
59,6 
52.8 
61.7 
63.6 
65.2 
63,2 
62.3 
67.6 
62.7 
68.2 
69.3 
68.7 

-9.6 
-4.9 
-6.3 
-7.3 
-2.3 
-.6 
6.2 
12.3 
14.9 
19.5 
20.6 
24.3 
23.4 
32.1 
40. 
50. 
52. 
56. 
68. 
60.7 
61.3 
49.4 
48.2 

•23.3 
-8.7 
-6.2 
-8.2 
-8,4 
-1.2 
2.4 
7.4 
14.3 
16.3 
19.0 
22.2 
23.4 
29,0 
38.0 
49.5 
53.4 
54.2 
58,1 
58.9 
59.6 
47.5 
45.2 

22.0 -26.0 
20.0 -23.0 
18.0 -21.0 
-18.0 -21.0 
-17.0 -20.0 
-18.0 -21.0 
-19.0 -23.0 
-40.0 -40.0 
-40.0 -40.0 
-70.0 -99.0 
-40.0 -99.0 
-40.0 -60.0 
-40.0 -50.0 
-70.0 -70.0 
-6.7 
7.6 
18.2 
29.0 
42.4 
48.7 
60.6 
52.6 
53.9 
58.7 
68.9 
69.9 
64.8 
69.6 
63.8 
66.8 
63.9 
63.0 
70.6 
75.4 
82.8 
91.0 
96.5 

4 
1.9 
15.6 
30.6 
34.2 
47.2 
60.9 
52.3 
52.4 
61.5 
62.5 
63.7 
60.4 
62.3 
62.7 
64.7 
68.7 
64.2 
67.0 
74.8 
83.7 
93.5 
112.0 

-20.7 
-10.7 
-8.0 
-8.7 
-9.0 
-.1 
.4 
4.1 
14.7 
14.5 
17.9 
20.7 
23.2 
26.4 
30.7 
47.3 
63.1 
64.9 
56.3 
67.0 
55.8 
61.0 
47.0 
-27.0 
-26.0 
-25.0 
-25.0 
-25.0 
-25.0 
-27.0 
-40.0 
-89.0 
-99.0 
-99.0 
-99.0 
-39.0 
-60.0 
.2 
1.8 
11.6 
26.0 
31.0 
43.8 
49.6 
60.0 
64.2 
65.6 
68.4 
68.4 
66.4 
66.4 
72.3 
73.3 
75.3 
75.5 
76.5 
82.5 
88.7 
34.9 
103.7 

-10.6 
-3.7 
3.S 
6.8 
8.4 
12.8 
18.1 
17.7 
23.0 
26.1 
29.7 
36.8 
39.7 
38.1 
31.6 
46.9 
53.5 
57.5 
55.7 
67.6 
69.4 
64.7 
49.1 
-30.0 
.0 

-29.0 
-29.0 
-29.0 
-29.0 
-30.0 
-99.0 
-99.0 
-99.0 
-39.0 
-83.0 
-89.0 
-89.0 
.6 

10.3 
12.4 
19.8 
25.0 
34.3 
43.2 
49.0 
58.8 
63.9 
69.7 
71.6 
76.3 
80.2 
77.5 
82.3 
86.3 
86.1 
85.1 
88.4 
94.6 
103.7 
107.9 

-18.6 
8.3 
21.3 
23.4 
30.8 
31.4 
39.6 
47.1 
46.4 
46.7 
49.1 
49.1 
50.5 
43.3 
60.6 
66.2 
58.5 
56.4 
68.1 
69.4 
62.3 
60.5 
57.5 
-99.0 

•10.8 
8.1 
26.9 
39.9 
48.7 
49.6 
51.6 
52.6 
51.6 
50.8 
63.3 
64.8 
56.4 
54.8 
58.1 
58.5 
60.3 
58.3 
61.2 
63.3 
66.5 
64.6 
62.6 
88.0 

89.0 -83.0 
83.0 -89.0 
99.0 -99.0 
99.0 -99.0 
99.0 -99.0 
-99.0 -99.0 
-99.0 -99.0 
-99.0 -99.0 
-99.0 -99.0 
-99.0 
-99.0 
-99.0 
-99.0 
-40.0 
8.2 
13.7 
15.7 
19.5 
24.9 
37.7 
44.6 
52.4 
61.9 
68.9 
71.6 
80.0 
81.2 
82.3 
90.0 
81.3 

99.0 
99.0 
•83.0 
89.0 
99.0 
•99.0 
12.7 
14.6 
16.8 
22.0 
30.6 
37.2 
48.4 
57.7 
68.0 
71.2 
79.4 
81.8 
84.1 
90.8 
87.5 

91.2 100.3 
35.6 103.7 
99.6 104.0 
108.7 102.7 
112.8 109.7 
114.6 114.7 

68.6 69.7 70.0 70.0 98.1119.8 111.8 112.8 118.4 120.2 
68.6 68.8 68.B 76.8 98.2 122.2 114.7 115.7 123.9 122.4 
68.6 69.8 71.0 81.6 99.1119.2 122.2 125.2 128.1122.7 

FIGURE 26; BOTTOM LEVELS IN OCTOBER, SMOOTHING OF BED LEVEL PROFILE 

( TEST A) 



FRI, JUL 13, 1884, 10:39 fill 

m J1J1I61S6 ÏR ( >; niH 12 HP12 BLPHB' . .0 JRSIdr 1 tlNDSlflP 
-99, .0 -99 ,0 -27, .6 -18,3 -6.3 10.1 28, 1 31 .1 31. 1 21.1 
-99. .0 -99 .0 ,0 -,0 -6.9 7.1 26, .1 28. ,1 29. 1 20.1 
-99. ,0 -99 .0 -23. .8 -16,3 -3.5 7.9 22, .2 23. ,9 23. 5 20.4 
-99, .0 -99 .0 -22. .0 -13.6 -1.3 9.6 20, 0 21 ,7 21. 3 21.2 
-99. ,0 -99 .0 -22. ,0 -10.7 1.6 11.0 18. 4 20. ,6 21. 1 24.3 
-99. ,0 -99 .0 -23. ,8 -8.1 -1.3 9.0 16, .0 15. ,9 16, 4 26.3 
-99. .0 -99 .0 -26. ,6 -9.9 -3.1 4.2 8. 2 9. .2 14, 8 23.8 
-99, .0 -99 .0 -99. ,0 -8.6 -3.6 5.9 9, 6 13. .0 IS. 3 26.6 
-99, .0 -99 .0 -99. ,0 -39.0 -99.0 21.0 21, ,8 23. ,0 23, 5 25.8 
-99, .0 -99 .0 -99, ,0 -99.0 29.1 38.1 31. .9 27. ,0 25, 5 28.6 
-99, .0 -99. .0 -99, ,0 22.8 27.7 39.8 27, ,6 20. ,0 27, 8 34.1 
-99. .0 -99 .0 -98. ,0 23.6 23.3 26.8 30, 2 27. .4 29, 2 38.3 
-99, .0 -93 .0 -99. .0 30.6 29.8 28.4 39, 5 34 .6 33. 1 42.7 
-99. .0 -99 .0 -99. ,0 30.9 33.0 38.4 46, .0 35. ,1 31. 3 35.7 
-99, .0 -99 .0 -98. ,0 22.1 21.1 37.7 43. ,4 29. ,5 34, 9 30.8 
-99, .0 -99. .0 -99. ,0 26.9 25.0 36.4 43, 5 43. ,1 40, 2 34.8 
-99, .0 -99. .0 -99. ,0 26.7 28.2 34.7 37, 3 36. ,4 32, 9 25.0 
-99, .0 -99 .0 -99. .0 31.8 33.0 40.0 27, .9 24 .9 25, 2 23.0 
-99. .0 -99 .0 -99. ,0 65.5 37.4 41.1 36. .8 20. .4 18. 4 21.6 
-99, .0 -99 .0 -99. .0 40.1 39.9 46.2 46. ,4 30. .6 14, .6 15.2 
-99, .0 -99 .0 -98. .0 45.0 66.0 62.1 56. 6 43. .8 27. ,7 12.2 
-99, .0 -99 .0 -99. ,0 -39.0 77.1 72.6 62. ,8 56 .1 45, 2 26.6 
-99. .0 -99 .0 -99. ,0 -33.0 63.8 77.6 68, ,1 62 .9 57, 9 46.8 
-99. .0 -99 .0 -99. ,0 -83.0 39.1 68.6 68, ,0 64 .8 58. .1 63.2 
-99, .0 -99. .0 -99, .0 -99.0 26.8 43.0 61, 3 66. .5 60, 8 58.4 
-99. .0 -99. .0 -99. .0 -99.0 14.4 28.1 54. ,3 61 .7 62, 6 61.2 
9, ,9 12. .6 19, ,6 28.6 17.8 33.1 68. 9 71 .0 60, ,5 68.9 
23, 5 25. .3 35, ,2 46.5 46.8 44.2 73, ,7 62. .2 59, 9 57.9 
44, 3 44 .3 46. .3 58.6 61.6 56.0 65. .6 69. .6 60, ,1 69.0 
55, ,9 69. .4 68. ,4 68.9 70.4 70.6 67, 6 62. .2 61, 2 60.1 
S3, 1 60. .5 65. .0 65.7 77.9 71.9 69. .4 63. ,9 64. 2 62.1 
56. 4 58. .6 76. ,6 73.0 82.6 78.6 46. ,0 66. .2 66, .0 63.9 
76, .4 79 ,0 88, .1 87.8 87.7 83.4 79. 6 71 ,9 63, ,4 66.9 
86. 2 88. .0 88. .8 82.5 95.7 86.7 79, .6 75. ,6 73, ,0 63.2 
91, 8 92. ,7 92. , 7 88.8 86.5 88.8 81, ,4 74 .6 76. .4 67.8 
90, 1 31 .8 95, ,2 93.2 87.3 90.4 85, ,2 74 ,7 76, .9 67.0 
94, 2 32. .7 94. 2 87.1 86.4 88.4 87, .3 77. .6 76, ,7 69.6 
98, 1 94 .8 92. 9 83.2 93.6 81.5 », 3 81 .5 74, .4 72.3 
100, 2 98. .2 97, .0 94.9 100.5 34.7 90, 6 84 .5 78. .3 71.6 
100, 3 101 ,2 98, .1 97.0 95.8 97.5 93, .5 85. ,4 80, ,0 72.5 
14, 1 6. ,1 -99. .0 13.0 1.0 8.0 7, ,0 4 .0 1, .0 -20.0 
16. 1 9. .1 -99. .0 5.0 1.0 24.0 13, .0 7 ,0 2, ,0 -20.0 
17. 0 10 .5 -99, 0 -1.0 1.0 22.0 20, 0 14 .2 6. .5 -12.6 
20. 6 13 .i -99, ,0 -2.0 1.0 21.0 28. 8 11 .8 -1, .0 -18.7 
24. 8 17 ,3 -99. 0 -3.0 1.0 19.0 19, ,9 6. .1 -8, .4 -19.1 
24. 7 18. .2 -99, 0 -4.0 1.0 16.0 18. ,0 9 .4 1, .6 -15.6 
24. 8 24 ,7 -99, .0 -6.0 -1.0 9.0 20, 0 14 .6 7, ,6 -11.3 
29. 8 34. .0 -99. .0 -6.0 -2.0 7.0 16. 0 20. .0 -20. 0 -20.0 
36. 1 27. ,2 -99. 0 -7.0 -3.0 5.0 14. .0 12. .0 -19, .8 -20.0 
30. 7 26. ,0 -99, .0 -8.0 -4.0 6.0 8. .0 6. .0 -19, 8 -20.0 
30. .4 24. .2 -99, .0 -8.0 -5.0 5.0 5, .0 2. .0 -20. ,0 -20.0 
27. 3 13. .9 -99, 0 -11.1 -7.0 1.8 .0 -1 .0 -20. .0 -20.0 
17. 3 12. ,1 -99, .0 -2.0 -20.0 -20.0 -20. ,0 -20. .0 -20, .0 -20.0 
21. 9 11, .2 7, 7 2.2 -21.8 • -70.0 -70. .0 -70. .0 -70, ,0 -70.0 
20. 4 13. ,9 10. .0 -26.1 -11.1 -2.4 -7, 5 -9. .8 -10, ,3 -7.7 
17. 7 10. ,7 4, 7 -4.4 •A.Z 2.6 -10. 6 -25. .7 -22. ,2 -9.7 
13. 9 -1, ,3 -9. 3 -2.3 3.3 -.9 -23, 6 -24 .7 -16, .6 -11,7 

10.3 -2.9 -6.6 -7. 9 11.3 8. 0 -21,6 -6. 8 1. 3 •7,9 
16.1 6.0 -4. 7 -16. 8 -9.9 8. 8 -9,6 -6. 6 11. 5 12.8 
13.6 4.3 -6.2 -29. 7 -25,2 -4. 6 -6,7 7. 6 24. 6 28.8 
6.9 1.0 -4, .4 -11. 9 -9.9 -2. 1 3,2 17. 0 31. 6 41.4 
13.2 1.4 -1,1 -8. 0 -9.6 -8. 7 -9.7 8. 9 27. 5 48.6 
36.3 16.0 10.0 2. 8 -3.6 -10. 1 -11.4 8. 8 28. 6 48.7 
51.3 33.7 18.4 9. 2 6.0 -1. 5 -6.2 7, 7 37. 8 60.9 
66.3 49.7 34, 5 20. 2 17.2 14. 8 2.0 12. 0 43. 0 51.9 
67.5 47.3 37, .4 27. 5 19.2 20. 8 19.7 24. 3 44. 5 50.7 
66.5 41.0 27, 6 19. 6 20.7 19. 1 14.7 23. 6 46. 6 50.4 
57.7 43.8 38, .9 27. 2 24.4 24. 0 18.5 26. 4 47. 6 53.4 
68.6 65.9 48. 8 34. 8 27.8 27. 0 27.0 34. 9 48. 1 65.0 
68.5 56.0 44, 9 34. 3 32.8 28. 5 27.4 37. 5 49. 7 64.9 
60.6 57.0 48. .2 44. 1 36.9 34. 3 30.7 33. 8 48. 1 54.4 
60.8 67.9 54. .6 61. .0 43.5 44. 2 36.1 31. 5 47. 7 57.4 
62.8 69.9 57, ,9 63. 1 50.5 51. 4 47.4 43. 2 62. 7 57.5 
66.6 61.8 59, .0 64. 6 62.6 63. 9 53.2 62. 4 67. .6 59.7 
66.4 62.8 60, ,0 68. 1 54.7 64. 3 54.7 56. 5 54, 7 57.8 
67.4 63.8 62, ,0 60. 1 68.2 67. 5 66.6 64. 7 56, 7 60.0 
67.6 64.7 63, .9 62, .0 60.2 68. 3 56.2 56. 5 67, 8 61.7 
62.9 66.8 64. .6 62, 9 60.6 58. 7 66.1 68. 6 61, 3 64.3 
67.6 67.3 62. ,4 53, ,0 48,3 47. 3 50.4 54. .0 69, 7 63.8 
72.8 62.6 64. .5 51, 7 47.8 44. 9 46.4 48. 5 66, ,7 62.0 
-12.0 -15.0 -17, .0 -19, .0 -22.0 -25. 0 -27.0 -30, .0 -93, .0 -99.0 
-11.0 .0 ,0 ,0 .0 0 .0 .0 -98, ,0 -99.0 
-9.0 -12.0 -h! ,0 -u! .0 -18.0 -21! 0 -25.0 -29! .0 -99, .0 -99.0 
-6.0 -9.0 -12, ,0 -14, .0 -18.0 -21, 0 -25.0 -29, ,0 -98, ,0 -99.0 
-5.0 -7,0 -10. ,0 -14, .0 -17.0 -20, .0 -25.0 -29, .0 -99, .0 -99.0 
-5.0 -8.0 -3, ,0 -14, ,0 -18.0 -21, 0 -25.0 -29, .0 -93, ,0 -99.0 
-8.2 -15.0 -18. ,0 -17, ,0 -19.0 -23. ,0 -27.0 -30, .0 -93, ,0 -99.0 
-40.0 -40.0 -40. ,0 -40, .0 -40.0 -40, ,0 -40.0 -99, .0 -99, ,0 -99.0 
-40.0 -40.0 -40. ,0 -40, .0 -40.0 -40, ,0 -93.0 -99, .0 -99. .0 -99.0 
-40.0 -40.0 -40. ,0 -70, ,0 -70.0 -99, ,0 -93.0 -99, .0 -99, ,0 -99.0 
-40.0 -40.0 -40. .0 -40, ,0 -40.0 -99, ,0 -99.0 -99, .0 -93. ,0 -99.0 
-40.0 -40.0 -40 .0 -40, .0 -40.0 -60. .0 -99.0 -99. ,0 -83, .0 -99.0 
-40.0 -40.0 -40. .0 -40, ,0 -40.0 -50, ,0 -99.0 -99, .0 -89. ,0 -99.0 
-70.0 -70.0 -70. .0 -70. .0 -70.0 -70. ,0 -50.0 -93, .0 -99. .0 -99.0 
-3.0 -1.3 1 .6 -1. ,6 1.3 3, ,2 3.7 5, ,6 -40. ,0 -99.0 
7.1 8.4 6. .1 5, ,3 8.1 4. ,7 1.3 8. ,4 3. ,4 -99.0 
-8.0 4.7 10 .1 13. ,2 15.2 13, ,9 13.8 18. ,6 13. ,2 16.2 
-4.4 11.1 19. .7 23. .3 24.8 29, ,2 28.3 21, .6 13. ,3 13.6 
18.4 35.0 36. .4 37. ,8 39.4 34. ,1 30.8 17, ,7 11. ,7 13.8 
28.4 41.8 47. .4 47. ,3 46.7 46. ,4 43.5 27. ,2 13, ,4 21.4 
37.6 39.1 SO. ,3 49, .5 49.0 49. .8 48.9 38, ,4 36, ,3 33.4 
47.6 44.8 60. .6 60. .6 51.3 51. ,6 49.3 48. .6 45. ,7 40.9 
49.0 50.0 62 ,0 53. .2 53.0 62. ,0 63.7 58. ,2 51 .9 47.9 
50.5 51.6 55 .0 65. ,4 57.8 60. ,5 64.7 63. ,3 61 .2 56.8 
62.3 61.8 56 .1 58. .3 58.0 61. ,4 67.4 63. .0 68. ,0 66.8 
50.3 62.7 67. .3 58. .8 58.9 62. .5 67.3 70. ,8 70. ,6 70.2 
49.5 61.6 66 .5 52. ,2 54.0 59. ,2 65.3 76. .4 79. .0 78.0 
62.2 52.8 57 .6 61 ,1 68.7 60. .9 65.2 73. ,2 80. ,2 80.5 
54.3 56.5 60 .4 62. .8 62.8 61. ,4 70.7 76. .6 81 ,3 82.8 
56.6 59.6 62 .4 64 ,3 64.6 63. ,6 71.8 81 ,2 88. ,7 89.3 
56.4 69.8 61 .5 62. ,4 63.0 67. ,6 74.1 85. .3 90. ,3 95.9 
59.7 60.9 61 .5 61 .7 62.5 63. ,7 74.9 86. .6 90. .2 98.3 
68.8 59.4 68 .9 67. .0 69.9 66. ,4 74.5 83. .6 93. ,3 1C0.1 
54.3 63.8 52 .8 61 .6 74.5 74. ,1 81.3 87. ,0 96. .8 100.4 
69.6 68.8 65 .0 65. .5 80.8 83. ,1 87.9 83 .7 105. ,7 100.4 
62.9 67.0 60. .9 67. ,4 88.8 93. , 1 94.2 102. .4 108. ,4 106.3 
66.4 68.7 66 .2 68. .1 95.6 111. ,3 108.8 106. .8 111. ,7 111.1 

67.8 69.0 69.3 69.6 97,4 119,0 111.2 112.0 115.8 116.2 
68.0 68.1 68.3 76.2 87.5 121.4 114.2 115.1 121.1 118.7 
68.0 68.2 70.6 81.0 98.3 118.4 121.5 124.3 124.9 119.5 

FIGURE 27; BOTTOM LEVELS IN DECEMBER; SMOOTHING OF BED LEVEL PROFILE 

( TEST A) 



NI2S6HH FRI, JUI 13, 1984, 10:3S flU 

732 J12U61S6 VR ' 1; niH 2 NP14 .0 JRSIflP 1 nNOSifiP 
-9S.0 -99, .0 -27 ,7 -18, 7 -7. ,5 9. 4 27, .4 30,4 30. ,4 20,4 
-99,0 -99, .0 -,0 ., .0 -7. .5 6, .4 24, 4 27,4 28. ,4 19,4 
-99.0 -99, ,0 -24 ,1 -16, .6 -4. ,2 7, 6 22, .1 23,8 22. ,7 19.7 
-99,0 -99. ,0 -22. ,3 -13. 9 -2. ,4 8, 9 19. ,7 20,6 19. .6 19.7 
-99.0 -99. ,0 -22 .3 -11. .1 ,8 10, ,8 19, ,0 20,3 19. .8 22.8 
-99.0 -99. .0 -24 .1 -7, 9 - .1 8, 9 14, .3 16,4 18. .3 25.4 
-99.0 -99. ,0 -26 .8 -8. ,7 -2. ,0 6. .2 11, ,6 9,6 11 ,8 22.5 
-99.0 -99. ,0 -99 .0 -7, ,0 -3 ,9 6, 7 13. ,4 12.0 13. ,2 24,2 
-99.0 -99, ,0 -99. .0 -99, .0 -99. ,0 9, ,3 20, .6 19.4 20. ,7 25.2 
-99.0 -99. ,0 -99 .0 -99. .0 21. .4 19, 6 28. ,0 24.5 22 .6 27.6 
-99.0 -99, ,0 -99. .0 29, ,1 31, .6 33, ,0 30, ,9 24,5 24. .6 32.7 
-99.0 -99, .0 -99. .0 22, .9 22. .3 25, ,3 31, ,2 29.2 27. .2 37.5 
-99.0 -99. ,0 -99 .0 30. .6 29 ,0 27. ,7 38. .9 36.0 32. .6 41.5 
-99.0 -99, ,0 -99 .0 29, ,4 31 ,2 38, ,2 44. ,9 40.3 32. .7 34.4 
-99.0 -99. .0 -99 .0 20. ,3 20. ,4 36, 3 43. ,5 31.4 33 .0 29.8 
-99.0 -99, ,0 -99. .0 26, .2 23. ,7 35, ,0 43, ,7 43.0 38. ,8 34.0 
-99.0 -99, ,0 -99 .0 26, ,3 26 ,1 28, .0 30, ,1 34.2 33. .4 26.3 
-99.0 -99. ,0 -99 .0 31, ,2 34 .8 35, .6 23. ,9 23.1 24. ,4 21.5 
-99.0 -99. ,0 -99 .0 63. ,6 40. ,1 40. .6 35. .1 24.9 19. .1 20.3 
-99.0 -99. ,0 -99 .0 42, ,6 39 ,7 43, ,4 48. ,6 37.9 22 .7 17.9 
-99.0 -99. ,0 -99 .0 48. .0 56. .6 61. ,6 58. ,1 45.6 31 .3 16.9 
-99.0 -99, ,0 -99 .0 -93, ,0 75. .3 71. .4 62, ,2 54.8 44 .1 26.6 
-99.0 -99, .0 -99 .0 -S3, .0 53. .4 76, .6 67. ,6 62.2 66. .7 43.5 
-99.0 -99, .0 -99 .0 -99, .0 39. .2 64, ,9 67, ,2 64.0 67. .3 52.5 
-99.0 -99. ,0 -99 .0 -99. .0 26. .6 41, ,0 59. ,7 64.2 60. ,2 67.4 
-99.0 -99, ,0 -99. .0 -99, ,0 16. .4 28, .3 52. ,3 60,6 61 .8 60.2 
14.0 15, ,0 20. .4 29, ,7 21 .4 33, ,2 67. ,3 69.2 69. ,6 58.0 
28.1 30, ,3 38 .1 47, .6 48. .7 46. ,0 71. ,6 61.3 69. ,1 57.0 
45.8 44, .8 46 .3 68, ,1 60. .8 55, ,9 64, ,2 68.9 69. .6 68.2 
56.0 68, .9 67. .8 68, ,3 69. .7 69, ,8 66. ,4 61.6 60. .6 59.4 
52.1 69, ,4 64 .1 66, ,1 76. .6 70, ,9 67, ,0 62.0 63. .6 61.2 
66.6 68, ,6 76. .6 72, .4 81 .6 78. .1 46. ,5 64.0 65. .4 63.0 
76.0 78, .6 87. .1 96, .6 86. .8 82, .8 78, .6 70.6 62. .8 65.1 
86.6 87, ,3 88 .1 91. 6 89 .7 84. ,5 78. ,5 74.6 72 .1 62.5 
91.1 91. ,9 91 .8 87, ,9 85 ,5 87, ,2 80. ,0 73.5 73 ,8 66.8 
89.6 91, .1 94 .2 92, 2 86. .2 88. 6 83. .5 73.6 74 .9 65.9 
93.7 92, .0 92. .9 86, .2 85. .4 87, ,1 85. .7 76.4 75 ,0 68.3 
97.4 34, ,1 91 .8 88, 2 92. ,5 90, ,4 88. ,7 80,1 73. .0 70.9 
99.5 97, .5 96. .2 34, 1 99. ,2 93, ,6 89, ,3 83,1 76. .8 70.3 
99.6 100, 3 97 .4 96, ,1 94, ,9 96, ,2 92, .3 84,1 78. .2 71.2 
13.4 4, .4 -99. .0 13, .0 1, ,0 8, .0 7, ,0 4.0 1 .0 -20.0 
15.4 8, .4 -99 .0 6. .0 1, ,0 24, ,0 13, ,0 7,0 2. .0 -20.0 
16.6 10, 2 -99. .0 -1, .0 1 .0 22. .0 20, ,0 14,8 6. .1 -10.6 
19.7 12, .7 -99. ,0 -2. ,0 1 ,0 20, ,9 28, ,7 11,7 -1 .0 -19.7 
24.0 16, 8 -99. .0 -3. .0 1. ,0 19, .0 13, ,9 5,9 -8. .6 -19.1 
24.3 17, 6 -99 .0 -4. .0 1. ,0 15, ,1 18, ,1 9.4 1 ,6 -15.6 
24.1 23, 8 -99 .0 -6, .0 -1, ,0 9, .0 20. .0 14.6 7. .5 -11.1 
29.0 33, 3 -99 .0 -6, .0 -2, ,0 7, .0 16. ,0 20.0 -20 ,0 -20.0 
36.6 26, 9 -99 .0 -7, .0 -3, ,0 5, .0 14, .0 12.0 -19. ,7 -20.0 
30.1 26, 7 -99 ,0 -8, .0 -4, ,0 6, .0 8. ,0 6.0 -19. ,7 -20.0 
».2 26, 1 -99 ,0 -9, .0 -5. ,0 4, 9 5, ,0 2.0 -20. ,0 -20.0 
28.8 17, 9 -99. ,0 -12, .4 -8, ,0 1, 5 -, ,0 -1.0 •20. ,0 -20.0 
17.6 10, 9 -99 ,0 -2, 6 -19, ,6 -20, 1 -20, .0 -20.0 -20. ,0 -20,0 
18.6 7, .2 5. .1 2, .0 -12, ,2 -70, .0 -70, ,0 -70.0 •70. ,0 -70,0 
19.4 12, .8 8. .5 -23, 3 -7, ,0 -3, 1 -2, .0 -13.1 •18. ,9 -9,8 
19.7 16, .3 8. .6 -5, 7 -20. .6 -16, 6 -3, .9 -18.9 -16. ,4 -7,1 
16.4 9, 9 1, .6 -3, 0 -20, ,0 -16, .4 -, ,2 -7.5 -. .9 1.3 

9, .4 1.9 -2.6 -7 .8 -11, ,2 -4, ,5 2.6 ,3 4,4 4.9 
12, 4 3.4 -2.0 -14 .3 -16, .6 -10, ,4 -11.0 -5, ,2 13.8 18.8 
14. .0 2.9 -1.8 -19 .5 -20, 6 -11. ,1 -6.3 9, .6 26.3 29.8 
8, .4 3.1 .2 -6 .8 -8, ,6 1, ,8 6.6 16, ,3 33.0 36.9 

12, 6 2.3 -.6 -7. .5 -8, 3 3. .3 21.1 21, .4 25.0 44.9 
26, 1 9.8 5.6 2 .6 -3, ,1 -20, ,2 -10.7 12, ,0 23.7 48.0 
40, .4 23.5 14.7 9. .8 3, .4 -21, ,4 -34.2 5, 3 24.9 51.0 
62, 2 42.5 31.6 23. .1 17, 8 9. ,3 10.8 16, ,3 27.4 51.8 
62, 7 42.8 39.1 33. .6 26. 4 21, ,7 21.3 21, .9 34.0 49.8 
49, 4 36.1 26.7 23 .0 24. 1 27. ,5 27.3 27, .4 40.0 48.4 
65. 9 49.8 36.1 29 .9 31, ,6 31, .9 31.3 31, ,4 46.4 62.3 
67, 9 56.1 46.3 40 .4 34, ,0 32, ,2 32.3 32, ,4 46.5 54.4 
57, 6 64.3 40.8 36. .9 36, 2 36, .4 36,1 35, ,9 47.1 63.3 
59, 6 55.7 43.8 44 .5 43, ,1 39, ,3 38,7 39, ,0 48.1 53.4 
59, 8 56.9 63.7 54 .5 48. 2 44, .6 43,4 42. .8 49.8 56.4 
61. 8 69.1 57.4 54 .2 60, 4 51, .8 61.5 49, ,1 53.3 66.5 
64, 6 60.7 58.0 54 .3 52, 4 64. ,1 64.6 63, ,4 66.9 68.9 
65, 2 61.9 59.3 67 .6 54, .6 54. ,6 54.9 66, ,0 54.1 67.1 
66. 1 63.0 61.3 59. .4 67, .6 67, .3 65.6 54, ,3 66.1 69.2 
66, 3 63.6 62.9 60. .9 59, ,2 67, .6 65.9 55, ,9 67.0 60.7 
62, 1 65.3 62.6 61 .0 59, .3 57. ,7 64.6 67, ,6 60.2 63.5 
66, 5 66.4 61.7 52 .2 48. .9 47. ,0 49.7 63, ,2 58.9 63.2 
71, 1 61.1 63.4 51 .0 47, ,6 44. ,7 45.8 48. .0 66.1 61.4 

-12, .0 -15.0 -17.0 •19 .0 -22, ,0 -26. ,0 -27.0 -30, ,0 -99.0 -99.0 
-11, ,0 .0 .0 .0 ,0 ,0 .0 ,0 -39.0 -99.0 
-9, .0 -12.0 -14.0 -16̂  .0 -18! ,0 -21! .0 -25.0 -29! .0 -99.0 -99.0 
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FIGURE 28: BOTTOM LEVELS IN FEBRUARY; SMOOTHING OF BED LEVEL PROFILE 

( TEST A ). 
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FIGURE 2 9 ; BOTTOM LEVELS IN APRIL; SMOOTHING OF BED LEVEL PROFILE 

( TEST A) 



FIGURE 30: ADJUSTED INITIAL BOTTOM LEVEL CONFIGURATION DEP 1861 B ( TEST Bj 
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29 20 -20 
40 20 -6 
47 44 -2 
64 48 30 
60 54 4 5 
65 60 52 
67 60 66 
68 62 60 
64 64 
75 63 
64 
61 
64 
70 
74 68 66 
76 65 68 
78 75 66 
77 78 70 
77 80 69 
80 80 72 
84 77 76 
87 81 74 
88 83 75 

63 
61 

62 60 
62 61 
63 62 
66 64 

1 -20 

20 -20 -20 
-30 -70 -70 
-JO -25 -17 
-10 -9 -9 
-9 -9 -8 

2 -20 
3 -20 
2 -20 
0 -20 
0 -20 
8 -20 

20 - 20 - 20 
12 -20 -20 
6 -20 -20 
2 -20 -20 
-1 -20 -20 
-20 - 20 -20 
-70 - 70 - 70 
-12 -8 -7 
-8 -6 -4 
-7-4 0 

•30 • -20 -10 •8 -8 -8 -8 -6 -2 0 
-10 -10 -8 •6 -8 -8 -8 -3 0 10 
-4 -5 -6 -6 -7 -8 -7 -2 5 20 
8 -2 -3 -4 -7 -7 -7 0 10 30 
30 10 -1 -3 -6 -6 -6 10 30 50 
50 30 10 -2 •6 -6 -6 10 30 60 
64 60 30 10 -4 -4 -4 13 32 62 
57 54 36 15 -4 -4 -4 14 33 52 
60 55 35 17 -1 -3 -1 16 34 53 
59 55 36 18 -1 -3 -1 16 34 53 
60 67 37 18 -1 -2 -1 17 35 53 
61 67 38 19 -1 -2 -1 17 35 55 
61 68 39 19 -1 -1 -1 18 37 67 
63 59 40 20 -1 -1 -1 18 37 67 
63 60 42 27 17 10 17 19 40 60 
66 62 65 45 36 27 36 38 50 60 
68 64 61 56 63 62 63 55 60 62 
69 65 62 60 66 54 65 69 67 60 
70 66 64 62 60 69 67 67 60 63 
70 67 66 64 62 60 58 69 61 65 
65 70 68 66 63 61 57 61 64 67 
70 69 64 65 50 48 62 56 62 66 
76 65 67 64 49 46 48 60 59 64 
-12 -15 -17 -19 -22 •25 -27 -30 •99 -99 
-11 -13 -16 -18 •20 •23 •26 -29 -99 -99 
-9 -12 -14 -16 -18 •21 -25 -29 -99 -99 
-6 -9 -12 -14 -18 -21 -26 -29 -99 -99 
-5 -7 -10 •14 -17 -20 -26 -29 -99 -99 
-5 -8 -9 -14 -18 -21 -25 -29 -99 -39 
-8 -15 -18 -17 -19 -23 -27 -30 -99 -99 
-40 -40 -40 -40 -40 -40 -40 -99 -99 -99 
-40 -40 -40 -40 -40 -40 -99 -99 -99 -99 
-40 -40 -40 -70 -70 -99 -93 -99 -99 -99 
-40 -40 -40 -40 -40 -99 -93 -99 -99 -99 
-40 -40 -40 -40 -40 -60 -99 -99 -99 -99 
-40 -40 -40 -40 -40 -60 -99 -99 -99 -99 
-70 -70 -70 -70 -70 -70 -60 -99 -99 -99 
-4 -3 •3 -3 -3 -3 -20 -35 -40 -99 
10 14 18 18 20 21 0 •10 -35 -99 
14 22 24 26 24 21 17 7 -10 -30 
22 30 32 35 32 28 26 17 5 -6 
28 37 42 44 43 29 31 25 20 14 
38 46 48 60 50 48 46 35 26 24 
45 61 62 52 52 52 61 45 40 31 
51 52 53 54 64 63 51 50 45 35 
52 53 53 66 55 63 55 60 54 60 
63 54 66 57 60 63 67 66 64 60 
53 64 58 60 60 64 70 71 71 71 
53 66 60 61 61 65 70 73 73 73 
63 66 68 54 56 62 68 78 82 82 
53 56 60 63 61 64 68 82 83 84 
55 69 63 65 66 64 74 79 84 86 
58 62 65 67 67 66 76 84 92 93 
59 62 64 66 65 70 77 88 93 100 
62 63 64 64 64 65 77 88 93 103 
61 62 62 59 72 68 77 87 98 107 
56 56 56 64 77 76 84 90 102 107 
61 61 57 70 86 85 90 96 112 105 
66 70 64 71 34 95 96 105 116 113 
69 72 68 70 39 114 111 109 117 118 

70 71 71 71 100 122 113 114 121 124 
70 70 70 78 100 125 116 117 127 126 
70 71 72 83 101 122 124 127 132 126 

FIGURE 31 ; ADJUSTED INITIAL BOTTOM LEVEL FILE DEP 1861B ( TEST B) 
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FIGURE 32: BOTTOM LEVEL CONFIGURATION IN JUNE; SMOOTHING OF SILTATION LAYER 

( TEST B) 
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FIGURE 35: BOTTOM LEVEL CONFIGURATION IN DECEMBER; SMOOTHING OF SILTATION 

LAYER ( TEST B) 
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FIGURE 36: BOTTOM LEVEL CONFIGURATION IN FEBRUARY; SMOOTHING OF SILTATION 

LAYER (TEST B) 
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FIGURE 37: BOTTOM LEVEL CONFIGURATION IN APRIL; SMOOTHING OF SILTATION LAYER 

( TEST B) 
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F I G U R E 3 8 : POSITION OF Om CONTOURS (SUMMER PERIOD. TEST B) 
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FIGURE 40: POSITION OF Om CONTOURS (WINTER PERIOD; TEST B) 
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FIGURE 4 1 : POSITION OF 2m CONTOURS ( WINTER PERIOD; TEST B) 



m, JUL n , 1S84, m 
73J JHZ61S6 VR 0; niH 6 NP 6 mm-- . .0 JRSIfiP 1 tiRHSidP 

-99, .0 -93. ,0 •27, ,0 -17. ,0 -4.9 12.0 30. .0 33,0 33. 0 23. 0 
-99, ,0 •93. .0 -25, ,0 -16 .0 -4.9 9.0 27. .0 30,0 31. 0 22. 0 
-99, ,0 •99. ,0 -23, ,0 -16. .0 -2.6 9.6 24. 4 25.9 26. 6 21. 7 
-99, .0 -99. ,0 -21 ,0 -11 .9 -.2 10.0 20. 9 24.9 26. 4 23. 8 
-99, ,0 •99. ,0 -21 ,0 -10 .9 -2.1 7.9 12, 8 20.4 26. 6 26, 8 
-99, ,0 •93. ,0 -23, .0 -10 .0 -2.8 9.8 9, 8 10.9 23. 3 27. 8 
-99 .0 •93. ,0 -26, ,0 -10 .0 -.4 21.6 13, ,7 13.6 21. 3 26. 8 
-99 ,0 -93. ,0 -99, .0 -3 .0 -3.4 30.5 18. 8 19.3 22. 3 30. 2 
-99, ,0 •93. ,0 -99, .0 -99 .0 -99.0 36.8 26, ,7 23.9 24. 6 27. 1 
-99, ,0 -93. .0 -99, ,0 -99 .0 30.5 43.0 30, ,0 26.4 29. 6 32. 0 
-99, ,0 -99. ,0 -99, .0 24 .9 30.5 46.8 27, 8 21.1 33. 6 36, 8 
-99 ,0 •99. .0 -99, ,0 24 .9 30.2 38.7 31, 2 30.2 33. 5 39, 8 
-99, ,0 •99. ,0 -99, ,0 25 .1 29.9 35.4 41, 2 34.2 36. 8 45. 9 
-99 ,0 -93. ,0 -99, ,0 29 .0 28.2 39.5 47. 8 33.0 33. 5 42, 4 
-99 ,0 •99. ,0 -99, ,0 24 .8 23.0 44.7 46, .8 31.4 38. 0 34. 8 
-99, ,C -99. ,0 -99, ,0 24 .8 26.1 43.5 45, .6 46.3 42. 8 41, 1 
-99, ,0 -93. ,0 -99, ,0 26 .6 29.7 38.8 38, ,2 35.9 34. 3 23, .2 
-99, ,0 -99. ,0 -99, ,0 37 .6 34.1 39.5 29, .0 22.8 13. 3 -20, 8 
-99, ,0 -99. ,0 -99, ,0 60 .1 30.2 40.6 42, .0 33.8 16. 6 -6. .1 
-99, ,0 -93. ,0 -99, ,0 35 .5 41.2 60.4 46, ,4 45.3 45. .5 -, .2 
-99 ,0 -93. ,0 -99, .0 38 .5 64.4 64.9 69, .6 53.8 49. .1 30, .9 
-99, .0 -93. ,0 -99, ,0 -99 .0 81.0 75.0 64, .9 60.1 54, 9 46, .9 
-99, ,0 •99. ,0 -99, .0 -99 .0 54.6 79.3 70. ,1 65.2 60, 4 62, ,5 
-99, ,0 •99. ,0 -99, ,0 -99 .0 37.9 71.7 69. .5 66.9 60, .0 65, .1 
-99, ,0 -93. .0 -99, .0 -99 .0 22.4 45.0 62. ,0 67.8 62. 1 60, ,1 
-99, ,0 -93. ,0 -99, .0 -93 .0 -6.7 34.3 66. ,0 63.9 64, 0 63, ,1 
U, ,6 18. .3 18, .3 .7 1.3 43.0 62. ,7 76.1 62, 3 60, ,9 
27, ,7 44, ,3 40, ,6 43 .7 42.3 47.4 78, .3 64.1 62, 0 69, ,9 
4t, ,7 52. ,1 61, ,7 62 .2 65.2 58.5 68. ,0 61.0 62, ,0 60, ,9 
66. ,9 62. ,3 61. ,6 61 .3 73.2 72.9 69. .6 63.7 62, ,3 61, ,9 
66, ,0 64. ,0 68. ,1 68 .1 82.2 75,0 75, ,8 68.6 65, 6 63, ,9 
68. ,1 60. ,1 80. ,0 74 .9 86.3 81.2 44. .7 72.3 67, .5 66, ,9 
78. .3 81 ,2 91. ,0 101 .0 90.3 86.2 82, .8 75.4 64, 6 67, ,9 
88. ,2 90. ,2 91 ,1 95 .0 93.1 88.2 82. ,1 77.9 74. ,9 64. ,9 
94. ,1 95. ,1 95. ,0 91 .0 88.9 91.8 83. ,8 76.8 77, .8 69. .8 
92. ,0 93. ,9 97. ,3 95. .9 89.9 93,8 87. ,7 76.7 79, 7 68. ,7 
96. ,0 94 ,7 97. ,3 89 .4 88.6 90.7 89. ,7 79.5 79, .4 71, ,6 
99. ,9 96, ,7 95. .3 31 .4 96.6 93.7 92, ,7 83.6 76, ,4 74, ,6 
102. ,0 99, ,9 98. ,9 96 .9 102.9 96.8 92. .8 86.7 80, ,6 73, ,7 
102. ,1 103, .1 100. ,0 99. .0 98.0 99.9 95, ,8 87.8 82, ,7 74. .6 
16. ,0 7, ,0 -99. ,0 13. .0 1.0 8.0 7, .0 4.0 1, 0 -20, ,0 
18. ,0 11. ,0 -99. ,0 6. .0 1.0 24.0 13, ,0 7.0 2, .0 -20. ,0 
18. ,0 12. .0 -99. .0 -1 .0 1.0 22.0 20, ,0 11.4 3. .7 -19. ,7 
23. ,1 15, ,1 -99. ,0 -2. .0 1.0 21.0 28. ,9 12.3 .7 -20. .8 
27. .2 19, ,1 -99. ,0 -3. .0 1.0 19.0 19. ,9 9.1 - l ! .6 -20. .8 
26. ,2 20. ,1 -99. ,0 -4 .0 1.0 15.0 18. ,1 9.6 1, ,1 -19, ,2 
27, ,1 27, ,1 -99. .0 -6. .0 -1.0 3.0 20, ,2 13.0 9, .8 -18, .8 
32, .2 36, .1 -99, ,0 -6. .0 -2.0 7.0 16. .1 20.3 -19, .6 -19. .6 
38, ,3 28, ,3 -99, ,0 -7. .0 -3.0 6.0 14, ,0 12.0 -20, 0 -20. ,0 
32, ,2 22, ,9 -99, ,0 -8. .0 -4.0 6.0 8, ,0 6.0 -20, .0 -20, ,0 
28. ,7 -17, ,2 -99, ,0 -9. .0 -5.0 5.0 6.0 2.0 -20, ,0 -20, ,0 
25, .3 -20. .8 -99, ,0 -9. .6 -5.7 2.0 -, ,0 -1.0 -20, ,0 -20. ,0 
26, .3 -28, ,3 -99, .0 -16. .9 -18.6 -20.1 -20,0 -20.0 -20, 0 -20, ,0 
35, .7 23, ,5 -23, .8 -17. .3 -».9 -70.0 -70.0 -70.0 -70, ,0 -70. .0 
33, .5 30, 8 -3, .8 -26. .4 -31.8 -26.7 -14.3 -7.6 -7, ,7 -11, ,5 
31, .3 16, 6 -6. ,3 -31 .5 -11.8 -10.5 -9.0 -6.9 -6, ,0 -8, .1 
-6, ,8 -19, 7 -16, ,4 -10. .0 -13.5 -12.4 -11, ,4 -8.6 -4, .6 -2, ,7 
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63.9 
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-10.2 
-8.6 
-7.4 
-7.2 
-6.6 
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-4.9 
-4.5 
-4.5 
-.6 
1.7 
-.8 
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12.5 
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60.1 
61.8 
62,8 
60.0 
49.1 
-22.0 
•20.0 
•18.0 
•18.0 
•17.0 
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56.1 
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65.1 
67.1 
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72.0 
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84.9 
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-12.3 
-8.2 
-6.4 
-6.4 
-6.7 
-6.5 
-6.9 
-7.1 
-6.6 
-2.2 
-1.1 
-1.0 
4.7 
6.0 
18.3 
33.3 
64.4 
55.0 
69.3 
69.8 
60.7 
48.0 
46.1 
25.0 

12.6 
-8.7 
-6.8 
-6.2 
-6.0 
-5.7 
-6.8 
-9.7 
-6.1 
-2.6 
-2.4 
-.4 
-1.6 
-2.8 
18.2 
37.8 
54.0 
65.7 
57.3 
57.9 
66.8 
52.0 
48.1 
•27.0 

-23.0 -26.0 
-21.0 ̂25.0 
-21.0 -26.0 
-20.0 -26.0 
-21.0 -25.0 
-23.0 -27.0 
-40.0 -40.0 
-40.0 -99.0 
-99.0 -39.0 
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-60.0 -99.0 
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17.1 
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32.9 
49.3 
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63.9 
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64.1 
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70.1 
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85.0 
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1.6 
18.2 
26.0 
32.1 
46.4 
50.9 
51.0 
55.1 
67.1 
69.9 
69.9 
67.9 
68.0 
74.0 
74.9 
76.9 
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-6.0 
-.6 
2.4 
3.9 
11.7 
10.2 
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11.9 
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14.4 
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17.0 
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55.5 
59.2 
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60.9 
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•29.0 
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14.8 
24.4 
31.5 
35.3 
50.2 
60.2 
71.1 
73.1 
82.1 
84.1 
86.1 
93.1 
100.0 
103.0 
107.0 
107.0 
106.0 
113.0 
118.0 

70.0 71.1 71.1 70.9 99.6 121.7 112.9 114.0 121.0 124.0 
70.0 70.1 70.1 77.9 99.5 1 24.5 115.8 117.0 1 27.0 126.0 
70.0 71.1 72.1 82.8 100.5 121.4 123.7 126.9 132.0 1 26.0 

FIGURE 42: BOTTOM LEVELS IN JUNE. SMOOTHING OF SILTATION LAYER ( TEST B) 
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FRI, JUL 13, 19M, 10:44 BH 
J13U61S6 
-S9,0 -99 
-99,0 -99 
-99,0 -99 
-99,0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99, 
-99.0 -99, 
-99.0 -99, 
-99.0 -99 
-99.0 -99, 
-99.0 -99, 
-99.0 -99, 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-S9.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 -99 
-99.0 
-99.0 
».4 
35.9 
52.5 
66.7 
63.2 
65.9 
78.0 
88.2 
93.7 
91.7 
96.0 
10O.1 
102.3 100 
102.4 103, 
16.0 7, 
18.0 
17.6 
22.6 
26.7 
25.9 
26.4 
32.3 
40.4 
31.8 
19.3 
9.4 
3.9 
13.2 -16 
24.4 8 
45.5 34 
46.6 11 

VR 1 
0 -26. 
0 -24. 
0 -22. 
0 -20. 
20 
22 
25.9 
99.0 
99.0 
99.0 
-99.0 
99.0 
99.0 
-99.0 
-99.0 
-99.0 
99.0 
-99.0 
99.0 
99.0 
-99.0 
99.0 
-99.0 
99.0 
99.0 
-99.0 
16.1 
46.0 
63.8 
60.8 
65.6 
77.5 
89.9 
90.6 
94.6 
97.0 
95.6 
93.7 
98.6 
100.1 
99.0 
99.0 
99.0 

8 -99.0 
.0 -99.0 
9 -99.0 
.7 -99.0 
3 -99.0 
.6 -99.0 

nlH 4 
-16.9 
-15.9 
-14.4 
-11.4 
-9.2 
-6.7 
-4.4 
-2.8 
-99.0 • 
-99.0 
23.8 
24.3 
26.4 
29.1 
23.8 
26.6 
27.0 
37.1 
61.2 
36.9 
40.1 
-99.0 
-99.0 
-99.0 
-99.0 
-99.0 • 
10.2 
63.2 
64.0 
60.2 
65.6 
72.6 
99.8 
94.3 
90.3 
94.9 
87.0 
89.0 

HP16 
-6.0 
-6.0 
-1.2 
2.4 
3.0 
-.8 
-4.8 
-7.4 
99.0 
30.4 
29.2 
28.4 
31.8 
29.3 
21.3 
26.3 
29.9 
36.0 
32.0 
39.9 
62.4 
78.3 
63.2 
33.8 
4.6 
13.6 
11.7 
49.0 
66.6 
72.6 
80.7 
84.9 
89.6 
92.4 
87.7 
88.4 
86.7 
94.6 

96.0 101.9 
98.7 97.5 

-99.0 
-99.0 
-99.0 
-99.0 
-27.7 
-11.2 
13.7 
1.4 

13.0 
5.0 
-1.0 
-2.0 
-3.0 
-4.0 
-6.0 
-6.0 
-7.0 
-8.0 
-9.0 
-7.4 
-.6 
4.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
-2.0 
-3.0 
.̂0 
-6.0 
-4.4 
16.9 
•30.1 

-19.2 -36.3 
-33.4 -21.2 
-12.0 -26.6 

fiLPHB> 
12.0 30 
9.0 
10.6 
14.7 
12.7 
12.7 
17.1 
23.5 
33.8 
42.6 
46.9 
40.7 
39.0 
44.3 
46.4 
44.9 
42,2 
46.2 
41.9 
39.2 
46.9 
62.6 
76.6 
70.0 
29.1 
22.8 
46.5 
48.1 
58.5 
72.3 
74.5 
83.0 
86.9 
87.3 
90.4 
92.2 
89.3 
92.5 
35.9 
99.1 
8.0 
24.0 
22.0 
21.0 
19.0 
15.0 
9.0 
7.0 
6.0 
6.0 
6.0 
1.9 

-20.1 -20 
-70.0 -70 
-30.2 -3 
-.6 
3.3 3 

0 JRSIfiP 
0 33.0 
30.0 
24.8 
20.6 
16.6 
19.6 
18.6 
11.0 
17.3 
25,2 
20.1 
27.0 
35.9 
39.2 
31.4 
47.7 
61.6 
60.6 
44.1 
7.3 

0 -10.3 
0 19.8 
67.4 
65.9 
66.2 
61.6 
74.4 
64.3 
60.9 
63.2 
65.7 
68.7 
74.2 
77.3 
76.9 
75.6 
78.1 
82.4 
86.8 
86.8 
4.0 
7.0 
12.0 
10.6 
3.6 
8.6 
17.0 
21.6 
12.1 
6.1 
2.0 
-1.0 

0 -20.0 
.0 -70.0 
3 -14.6 
7 3.4 
.1 -24.6 

1 BKDSIflP 
33.0 23.0 732 
31.0 
26.6 
21.9 
19.6 
20.6 
19.7 
17.3 
17.7 
26.4 
30.3 
27.1 
32.6 
32.1 
32.6 
45.2 
61.2 
60.4 
23.8 
3.7 
-1.8 
28.3 
56.1 
60.7 
63.5 
64.9 
62.3 
61.3 
61.7 
62.6 
66.4 
67.0 
64.1 
74.6 
77.2 
78.6 
77.9 
76.0 
79.6 
81.6 
1.0 

22.0 
21.0 
21.7 
22.7 
24.2 
26.0 
30.1 
26.1 
29.1 
34.8 
35.1 
35.6 
32.7 
29.2 
49.7 
75.5 
3.0 
3.0 
•18.0 
-.2 
34.3 
51.7 
66.4 
61.7 
64.2 
60.4 
68.7 
60.2 
61.6 
63.8 
65.8 
67.7 
64.7 
69.3 
68.0 
70.6 
73.6 
72.6 
73.4 
-20.0 

2.0 -20.0 
4.8 -19.1 
-1.7 -22.3 
-10.0 -24.7 
1.8 -17.6 
18.3 -13.3 
-17.9 -17.8 
-19.9 -20.0 
-19.9 -20.0 
-20.0 -20.0 
-20.0 -20.0 
-20.0 -20.0 
-70.0 -70.0 
-16.8 -22.6 
-3.7 -21.4 
-29.6 -24.6 

-8.7 
.8 

-9.0 
-13.7 
20.7 
60.3 
54.8 
56.4 
58.6 
67.5 
68.5 
60.7 
62.0 
63.6 
62.8 
64.7 
67.6 
68.4 
69.2 
69.2 
64.1 
68.8 
74.7 
-12.0 
-11.0 
-9.0 
-6.5 
-6.3 
-4.6 
-7.0 
-40.0 
-40.0 
-40.0 
-40.0 
-40.0 
-40.0 
-70.0 
-18.4 
-15.4 
-6.7 
17.2 
35.0 
48.3 
64.5 
62.9 
60.3 
53.4 
64.1 
52.3 
50.7 
51.7 
53.2 
62.1 
62.6 
59.8 
60.4 
65.6 
61.1 
64,8 
68.2 

8.7 10.2 
6.7 .9 
-8.0 -25.4 
-17.2 -18.8 
.2 -11.9 

28.7 4.7 
60.3 27.9 
61.4 
48.6 
51.8 
55.6 
67.1 
60.9 
69.1 
69.1 
62.2 
63.9 
64.6 
65.6 
66.6 
69.3 
68.0 
63.9 
-16.0 
-13.0 
-12.0 
-9.0 
-7.0 
-8.0 
15.0 

12.1 
-9.2 
31.1 
20.3 
14.6 
-9.0 
7.4 

-26.8 
-23.2 
-23.9 
-20.7 
-17.9 
-6.2 
.3 

29.3 
19.2 
35.2 
39.4 
22.3 
20.0 
32.8 
48.6 
69.2 
61.7 
61.9 
63.9 
65.7 
67.2 
62.3 
66.0 
-17.0 
•16.0 
•14.0 
•12.0 
-10.0 
-9.0 
-18.0 

8.9 -17.6 
-26.7 -12.4 
12.9 15.0 
31.6 
9.2 
13.4 
36.7 
49.7 
63.3 
67.8 
60.3 
62.0 
63.7 
66.3 
54.1 
63.2 
-19.0 

15.0 
-.0 
6.1 
25.0 
44.0 
49.4 
57.5 
67.0 
60.2 
61.7 
62.4 
49.7 
48.8 
22.0 

-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
-40.0 -40.0 
70.0 -70.0 

-18.0 -20.0 
-16.0 -18.0 
-14.0 -18.0 
•14.0 -17.0 
-14.0 -18.0 
-17.0 -19.0 
-40.0 -40.0 
-40.0 -40.0 
-70.0 -70.0 
-40.0 -40.0 
-40.0 -40.0 

-29.3 • 
-29.6 
-27.6 
-21.8 
-20.6 • 
.4 • 

13.1 
18.8 
38.1 
15.5 
-4.6 
-13.1 
-6.3 
20.9 
41.2 
48.0 
69.2 
56.0 
59.4 
69.6 
60.4 
47.8 
45.8 
-25.0 
-23.0 
-21.0 
-21.0 
-20.0 

18.5 
24.1 
24.8 
18.2 
21.6 
18.5 
-8.7 
14.7 
18.5 
-9.6 
13.3 
14.2 
13.0 
5.6 
38.5 
51.8 
67.9 
66.4 
57.3 
57.4 
56.3 
51.7 
47.8 
•27.0 
•26.0 
•25.0 
•25.0 
25.0 

-21.0 -25.0 
-23.0 -27.0 
-40.0 -40.0 
-40.0 -99.0 

-16.1 
-15.0 
.8 

17.0 
35.7 
49.0 
63.5 
51.3 
62.0 
63.6 
53.2 
64.4 
53.2 
63.3 
67.8 
60.0 
69.7 
61.4 
60.7 
66.0 
60.5 
69.2 
71.5 

•16.0 
-6.0 
11.8 
24.7 
41.3 
60.2 
62.8 
62.1 
63.2 
66.8 
57.4 
58.8 
56.4 
58.6 
61.6 
63.0 
62.2 
62.4 
69.8 
63.1 
54.7 
61.6 
67.6 

-40.0 
-70.0 
-11.1 
.0 

10.6 
28.5 
42.6 
60.4 
61.3 
62.6 
65.7 
67.4 
69.8 
60.4 
63.6 
62.4 
63.9 
66.3 
63.3 
62.7 
67.1 
61.8 
66.6 
67.5 
68.7 

-40.0 
-70.0 
-61.9 
-16.3 
6.4 
26.7 
44.1 
49.6 
51.1 
53.5 
55.2 
59.6 
59.0 
60.1 
65.1 
60.2 
64.2 
66.1 
64.4 
63.9 
71.4 
76.5 
82.8 
91.6 
97.4 

99.0 
-99.0 
-60.0 
-50.0 
-70.0 
-28.3 
-13.3 
5.1 
36.4 
37.4 
49.6 
62.0 
62.8 
63.0 
61.8 
61.9 
63.4 
60.2 
62.1 
62.4 
64.5 
69.2 
66.0 
67.7 
75.4 
84.5 
94.4 

•99.0 
•99.0 
•99.0 
99.0 
•50.0 
.4 
8.4 
30.3 
60.1 
37.1 
46.9 
51.1 
50.9 
55.0 
66.2 
68.4 
68.4 
66.1 
66.0 
72.0 
72.9 
76.4 
76.1 
76.7 
82.9 
89.5 
95.8 

-32.1 
-9.4 
•1.6 
.8 

-4.0 
-17.2 
-11.3 
8.9 
14.9 
6.9 
13.6 
-.3 

-18.1 
-6.8 
23.9 
48.4 
67.6 
69.1 
66.6 
68.0 
60.2 
66.6 
43.7 
-30.0 
-29.0 
-29.0 
-29.0 -99.0 
-29.0 -99.0 
-29.0 -99.0 
-30.0 -99.0 
-99.0 -99.0 
-93.0 -99.0 
-93.0 -99.0 
-33.0 -39.0 
-99.0 -99.0 
-99.0 -93.0 
-99.0 -99.0 
•36.3 -40.0 
-6.0 -35.5 

-28.9 
13.3 
34.5 
28.6 
27.3 
19.6 
23.6 
28.8 
28.7 
29.3 
36.0 
17.6 
-1.7 
16.6 
43.3 
55.8 
62.0 
66.3 
59.2 
69.7 
63.1 
61.8 
58.7 
-99.0 
-99.0 
-99.0 

13.2 
32.4 
29.9 
34.6 
45.6 
61.4 
60.6 
65.0 
70.6 
72.4 
77.0 
80.7 
77.5 
82.3 
86.3 
85.9 
83.8 
87.3 
94.2 

10.4 
28.7 
34.2 
30.3 
42.4 
47.0 
54.3 
63.5 
70.4 
72.6 
81.4 
82.1 
82.9 
90.7 
91.7 
90.5 
94.2 
98.6 
108.7 

113.3 110.8 
103.8 113.0 
108.0 114.3 

•8.6 
30.4 
61.4 
63.6 
65.3 
49.4 
63.6 
63.4 
51.8 
61.9 
63.0 
46.7 
36.9 
43.6 
69.0 
60.2 
62.0 
60.0 
62.4 
63.8 
66.3 
66.0 
64.1 
-99.0 
-99.0 
-99.0 
-93.0 
•99.0 
-99.0 
-99.0 
•93.0 
-99.0 
-93.0 
-99.0 
-99.0 
-93.0 
•93.0 
-99.0 
-99.0 
-27.8 
.2 

20.6 
27.5 
32.4 
36.8 
50.3 
59.9 
70.9 
72.9 
81.8 
83.7 
85.6 
92.6 
93.4 
102.0 
105.6 
106.6 
103.7 
111.7 
116.7 

69.4 70.8 71.1 70.7 38.9 1 21.0 112.4 112.7 118.1 122.6 
70.0 70.0 70.0 77.6 98.7 123.4 114.8 115.3 123.8 124.5 
70.1 71.3 72.1 82.5 99.3 1 20.1 122.6 126.1 128.6 124.3 

F I G U R E Ul: BOTTOM LEVELS IN APRIL; SMOOTHING OF SILTATION LAYER (TEST B) 
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FRÉ, Jlfl. \2, -iMA, tO:57 M 
iCOMTBOL USLtHIT.MOSOURCE 

PROGItfln DSinORO 

*« ftOUlMlSTRflCfW ros P(«TOS DO DOURO E LEIXOES « 
XK SS *t n 
" TUO OlflEKSIOMW. SIHÜLBTION PROCRWt DE3CRI8IMC " 
»« nORPMOtOClCHL CHWCCS tN Tl« COftSTffl. ZWC OF «« 
«* THE OOURO ESTüflRY " 

«« CfiLCUUTES: - t i d o l c u r r e n t s [FL0U0S1 ,Fl.0UDS3] »» 
»« - l o n g s h o r e c u r r e n t s * *« 
*« rod. s t r e s s * ** 
«« wove s e t u p ««iREFRftC] «« 
t s - c u r r e n t s by * ** 

s o l i t a r y waves * " 
»* -s a n d t r o n s p . cop. [SEOTRflH] ** 
" --ncH b o t t o n [MEUOOT] " 

F I L E S 
input -IHFO FTHI2; 

-OEPTHFL „ 1 1 
-QDISTR ,,20 
-DISCH ,,21 
-SEALEV ,,22 
-UIHDDIS I „ 2 3 
-PERDIS i „2i 
-WWDIS I ,,25 
-PfW „ 2 6 ) 

Cdn] 

rn«*3/stcl 
[cm] 

C " output 
-MEiaoT ( , , i 7 j ton) 

C " HYDROlWniC BV JUHE 20,1984 H.VERHflGEM 
C «» J.OLTHOF « 
C s s s » s x s s s s x s » x » » t x s i z n s » » s x » s » < s z s x z x x s t s » x x x 
r «*«c<»s««s««*zssssss«sss«**s«ss«s«ss*s*s*ss«sssssss«ss* 

DinEHSlON 0TYPril),UfWDR(5),UflVI>R(-<),W(WH(101,lB)R(5),PERH) 

« .uHtto) fti5Ei(i2i:(ivflLfi2j;acnJ.Héit»J,MiC3ö) 
,u(3O.«l,l}C36,46i,D»IÜL(40,«) 

tHTECER F P X H J . F P Y C ^ ) 
REAL HESM 
CHfwncTER mne*to 
COrniOH /GEHERfll/HBm£,lima,nESH,D,flLF,UFO,U,V,FPX,FPY,lRHTU,PSI,HEL 

ft .OMO. 
• H • !KSH[nKl.D[nR],f)LF[RflD.*IOOl,UF0lDfl»Z].U,V[DR/3EC] 

DOUBLE PRECISIOH R 

59 LOCICftL L L 
80 COnnOM /RfM/R.LL 
61 JREIMOs-l 
62 rWDEIMD--! 
63 LL=. TRUE. 
64 DCRHS=8000. 
85 FRCH=S. 
66 MBB=0 
67 MBB=I 
66 HBC=0 
69 HBDaD 
70 HBE=1 
71 HBF=1 
72 I fiLPW»=0 
73 DORED^IO. 
74 C 

78 C «»««»»*PROEr LATER UECH«.EH*»»***«««*««*«««««»» 
77 C 
70 DISPLRV'IS THIS RUH RH OHC T i r C - 5 T E P RUN' 
79 DISPLRV' OR fl LOHGTERn SlIUILflTlOH?' 
80 DISPLAY' one ti»«<-sicp run " l ' 
81 DISPLAY' long t e r n s i i M l a t i o n =2' 
82 DISPLflY'EMTER your o p t i o n ' 
63 BCCEPT IBHT 
84 1F( lfiHT.EO.2) GOTO SOO 
95 OtSPLBY'EHTER j o b none (mix. 10 chor. ) ' 
08 ACCEPT NRRE 
87 JR=1 
SB HMDsl 
89 TI0E=1 
90 TIOESTEP=I 
91 IDDP=1 
92 DISPLflY'EMTER r i v e r dÏKHfKira* t c u . «/««c3' 93 ftCCEPT VO 
94 01=VO 
95 DISPLflY'EMTER t i d a l MOter l e v e l r»s« [ c w ] ' 
98 ftCCEPT R13E2 
97 RiSE=RlSE2«10. 
oe DI3PLA¥*EMTER wove d i r e c t i o n C<lC5rc«sj' 
99 ACCEPT ALFflBOUMD 

100 DISPLflY'EMTER uave p e r i o d [ s e c o n d s ] ' 
101 ftCCEPT TH 
102 DISPLflY'EMTER ucwe h c i 9 h t [ n ] * 
103 ftCCEPT HO 
104 DISPLflY'EMTER tii$e-5CQle f a c t o r ' 
105 ACCEPT DELU 
106 HR3=DELU 
107 DELTflT=DELU»3800 
lO« DISPLAY'STORC c u r r e n t v e l o c i t i e s i n f l i e s ? ' 
109 DISPLRY'(YES=1;M0=2)' 
110 (KCEPT IflHTU 
111 CALL F l L E S C i r . ' M B H E OEPTHF ILEü') 
112 DISPLflY'H8fl=',M8fl,'MBB=',MB8,'H8C=',HBC,'MB0=',K80 
113 OI5PLf»Y'HBe='.MBE,'MBF=',M6F,'l«.PM*='.lftLPHfl 
114 CALL FILE3('12','MINF0 ' ) 
115 RE no C12.*)HHAX.RHRX,HESH 
11« R C B o n z . ' J r p x f i i . F P V f 

g fiD|l2;*|F^2^.FPY(2) 

119 READ I2.»l EPS.EPSR.EPSZ 
120 READ 12,*) ALFR.RLFflR.fiLFflZ 
121 READ 12,* ROUGH 
122 READ 12,* 050,090 
123 REflO 12.» GflUnfl 
124 READ 12,' DDRED 
(25 READ I2,X RLPHRX,DDCEXTR 
128 C 
127 C ! ! MALFA.ALFRR.RLFAZ i n q r o d c n ! ! ' ! 
128 C ÜÜRLPHfl i s e g o l i s e r i M S F a c t o r voor KEUBOT!!! 
129 C 
130 C 
13) C ! ! H ! ! ! ! ! ! ! i n l e z e n k o p r e g e l van initiële d i e p t e n a t r i x ! • ! ! ! ! ! ! ! 
132 RERD(ll,«) 
133 C l ! ! ! ! ! ! ! ! !!'!!!!! ! ! ! ! ! ! H ! ! ! ! ! H ! ! ! ! ! i J !!!!!!!!!!•!!!!!!!!!!!! 
134 C 
135 DO 503 l=I,HHRX,IO 
136 DO 504 f(=t,nHRX 
137 READ(1I,») (D(H,n),M««M*8) 
138 504 COMTIMUÊ 
139 503 CONTINUE 
140 CALL UNITCOHTROLfU.a) 
141 CALL UNITC0HTR0LC12.8J 
142 C 
143 C » « » n E S H en D(N,I1) onrekenen noar n u * " » » 
144 c 
145 rtESH=HESH*lO0O. 

146 DO S05 n^wnriRx 

147 DO 506 H=1,HnftX 
H B D(H.r))=DfH,H)«100. 
149 0MUL(N,H)=6i:M,n) 
150 506 CONTINUE 
151 SOS CONTINUE 
152 0RI3E=O 
153 I F QI.GE.2OOO.RHD.0I.lt.4000 DRI$E=350. 
154 IF at.GE.4OOO.AN0.01.LT.65OO' DRISE»7SO. 
155 IF 01.GE.6500.RHD.Ql.LT.9000 DR1SE=1250. 
156 IF 01.CE.9OOO.RND.01.LT.1SOOO] DR>SE=19S0. 
157 I F VO. GE.0) CRLL FLOU031 (VO,RISE,EPS, ALFA,HOLW-DRISE) 
158 I F VO.LT.O) CALL FL0UDS3fVO,RISE,EPSR,RLFflR,EPS2,ALFfli,nOLME) 
159 CALL REFTE3T f GAWIB,ROUGH,ALFABOUND,TH,HO,RISE,OCRHS,FRCH) 
180 CRLL SEDTRRNIDSO,D90,RISE,TH,ROUGH,DROTS.DRISE) 
161 CALL MEUB0T(DDRED,DELTnT,RlSE,ORlSE,DR0TS,ALPIIflX,DDCEXTR 
162 ft .KBN,NBB,HBC,N0D,N8E,N8F.(ALPHA) 
163 CALL PRHTBOTtNflHE,JR.HMD,IDOP,ALPHA,0,0) 
164 DISPLAY JR,RND,Ql,Tl6E,TIDe3TEP,HRS,VÓ.H0,TH,m.FAeOUHO,RlSC 
185 GOTO 1000 
166 C 

t B7 c s«ssss«sxstsxss«nsc«sssssss*sss 

172 500 DISPLAY'IS TH13 RUH R RESTART IN R LOtIG TERH 3IRIA.RTI0H?> 
173 OtSPLflY'fYES=1;HO=0)' 
174 ftCCEPT IRES 
175 DISPLflY'ENTER d a t e (WTOOHH)' 
176 ACCEPT R 
177 R=R«1000 
178 DISPLAY'EHTER j o b none (nox. 10 c h a r ) ' 

179 ACCEPT HAHE 
160 I F f l R E S . H E . 1) GOTO 27 
181 DISPLAY'EHTER p e r i o d a l r e a d y s i m i l o t c d ' 
182 DISPLAY' nurtber o f YEflR3=' 
183 ftCCEPT J R 
164 OlSPLRY' nunbcr o f BONTHS=' 
185 ACCEPT HND 
188 DISPLAY* nunber o f HOURS (nox 732)=' 
187 ACCEPT HRS 
188 DISPLAY'CHOICE OF TIDE TO START THE SinULflTIOM' 
189 DISPLAY' SPRING TIDE =1' 
190 DISPLAY' HEAN TIDE «2 o r 4' 
191 DISPLAY' HEAP TIDE ^ S ' 
192 DISPLflY'EMTER ti d e - n u H b e r ' 
193 ACCEPT TIDE 
194 GOTO 28 
195 27 J R ^ 
198 nHD=0 
197 HRS=0 

199 26 01SPLRY'PERI00 QF Simfl-flTlOH' 
200 DISPLAY" i f More t h a n I y e o r ENTER 1' 
201 DISPLAY' i f l e s s t h a n I y e a r ENTER 2' 
202 DISPLAY'EHTER your o p t i o n ' 
203 ACCEPT lEND 
204 IF(1EN0.EQ.2) GOTO 7 
205 DISPLflY'ENTER p e r i o d o f s i t w l a t i o n (YEARS)' 
206 ACCEPT JREIHDl 
207 JRE1MD=JREIN01*JR 
200 GOTO 8 
209 7 DISPLAY'EHTER p e r i o d o f s i m i l a t i o n (nOHTHS)' 
210 ACCEPT ItMOEIHDI 
211 HNOEINO=nHDEIHD1•HHD+JR»!2 
212 6 OlSPLRY'EHTER t i n e - s c a l e f a c t o r ' 
213 ACCEPT DELU 
214 JRSTAP=1 
2 1 s HNOSTflPsI 
216 HHOPR=20000 
217 JRPR=1000 
218 DISPLAV'TinC IHTCRVftL FOR PRINTING WW BOTTOM* 
219 DISPLAY' i f t i n e i n t e r v a l i n YERRS >EHTER 1' 
220 DISPLAY' i f t i n e i n t e r v a l i n nONTHS >ENTER 2' 
221 DISPLflY'ENTER your o p t i o n * 
222 ACCEPT IHTERVRL 
223 IFftHTERVAL.EQ. 2 ) GOTO 1 
224 DISPLAY'EHTER t i n e i n t e r v o l (YEIW3)' 
2 2 s ACCEPT JRSTAP 
228 JRPR=JR3TRP*JR 
227 GOTO 2 
220 1 OlSPLflY'ENTCR tfrte i n t e r v a l (BOMTHS)' 
229 RCCEPT RMHOSTAP 
230 nN0STflP=732»RHNDSTAP 
231 nN0PR=HR3*nHD3TRP*732*BHD 
232 2 DELTRT=3600«DELU 
233 IflNTUsZ 

235 C «»»initialisercn f i 1 „ » » > » " » " » * « « » « 

237 CRLL FILES('11','HRHE OEPTHFILE»') 
238 CALL r i L E 3 ( * 1 2 ' , * n i N F 0 ' ) 
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479 
480 
481 
482 
483 
484 
485 

« k s u t « « s t s t s » t > » x « » n » t n » s » u > s > s n s s x s s < « i 

HUtCmWin BOUUT steeds HICUUC UCCSCHRIJFFILE 

wc5»ctirljff 1 I c M D C P x w i C r T N i r ] 

mass«sssasssssnssa«c««i r s « B s s s « s « n s » a s n « S ] 

497 
498 
499 
500 
50l 
502 
S03 
504 
505 
506 
507 
508 
S09 
SIO 
511 
512 
513 
514 
SIS 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
5 » 
531 
532 
533 
534 
535 
536 
537 
538 

lO^IOOP 
BUFFER 1:6 ='BUILD * 
BUFFER 7:4 ='MOEP' 
BUFFER 11: Js'OOO' 
NUnCHR =ASCn(LDDP,-10,DUFFER[13:3]) 
BUFFERJl4:28l=';RECa-7O,7,F,B3CII;0ISC»IZI' 
BUFFERt42:l]=xièc 
FNBBflf1:B1='« 
FKflflH[2:71=BUFFERC7:7] 
CALL COMflflMOteuFFER.IPWm, l E R P ) 
CW.L F I L E S f ' [ 7 ' , F H f l A n ) 
U R 1 T E ( 1 7 . l } NAnE.JR.RHD,IDDP,ALPHA,JRSTRP.NKDSTRP 

1 FORnBT(X.fllO,X,'YR ' I 2 , ' ; MTM *,12,' HP' 12, 
ft • BLPttA=',F3.1,' JR3TAP ',12,* HHDSTflP ',14) 
DO 2 Ul.HUflX.IO 
DO 3 rf-i , m R x 

,i;5iJi(;wih<" """•">•"='''*" 
3 c o m I NUE 
2 COHTIMUE 

CULL UHlTCOMTItOL(l7,B) 
RETUIM 
EHD 

SCOHTROL SECnEHT-HELHC.KOSOURCE 
SUBROUTINE HELHC{n,RISE,Me,HE) 
IRTECER F P X ( 1 1 , f f Y ( < ) 
R£(U. RESM 
REBL l>5l(»),MtL(30),01<ul(»,«) 
RE«. 0(3O,«>),RLF(»,«),UF0i3O.«>l,U(3O,'«)).V(D0,1O) 
COnnOH /CENERBL/ NnAX.mBX,nE5H.0,nLF,UF0,U,V,FPX,FPY, 

« IBHTU.RSI.HEL.ÓMIl. 
DO 10 N=l,HnAX 
RJJfKJ.IS.TOB 
HEL(K)=<) 

10 COMTIHUE 
00 S02 H=im,ME 
JF(Il(H,nl.«IS£.LE.O) MTO S02 
D1=t>(H,n)*RI5C 
D2=D(R.1,I1).RISE 
03=C>(N.n.O*RI5E 
0'l=D(H»l,fl.I)*RISE 
IF(o1l£.0.«i«. (02.LE.O.0R.M.LE.O)) COTO 502 

539 

S'il 
S-<2 
513 
51-1 
515 
518 
517 
518 
519 
s s o 
551 
552 
553 
551 
s s s 
556 
557 
SSe 
559 
560 
561 
582 
553 
561 
s e s 
566 
567 
568 
569 
570 
S71 
572 
573 
571 
575 
576 
577 
578 
579 
S«0 
581 
562 
S83 
581 
565 
586 
587 
S88 
589 
S90 
591 
592 
S93 
591 
595 
596 
597 
538 

IF(03.LE.O) COTO 535 
IF?02.LE.0.0R.&1.LE.0) COTO 531 
OMOX=roi*02-03-Dl)/2./nE3H 
l>H0» = (01-02.03-01 i/2./l1£SII 
DE L E R s l . 
COTO 536 

531 DMDY=(03-0l)/l1t3H 
0MDX=O 
0C1.ER=2 
IFfD2.LE.0.flH0.D1.Le.O) COTO 538 
IffOZ-LE-O) 0H0X=(01-0j)/nESM 
IFCD1.(.£.0) l>H0Xst02-0l )/nCSH 
0ELER=3. 
COTO 536 

535 OHOX=f02-01l/nCSH 
DHOV=(01-D2)/nESH 
0ELCR=3. 

53S IF(0H0X.E0.O.nHD.DH0V.EQ.O) COTO 503 
PSIl=BTRN2r0H0y.0H0xi 
M l f M ) = P 3 1 l 
C0SPSI=R8S C O S t P S I I ) ) 
SlNPSI=nes S I N f P S I I ) ) 
I F C0SPSI.CÊ..O1.IW6.5IRPSI.CE..O1) COTO 501 
I F C0SP5ULT..O1) H£l.t=OHDY>SIHPSI 
IF 3INPSI.lt..01) HeL1.0HDX«C0SP3l 
CO 0 SOS 

501 HELIcASS(0H0X»COSPSI)*Re3(0H0r*SINP3O 

m i * " * ' - " 

c 

c 
503 PSIfM)=9.425 

MeL(M)=0 
502 COHtlMUE 

RETURN 
END 

tCOMTROL SECN£NT=FLOU051,IMIT 
5U8R0UTINE FL0U05UVO.RISE,EPS,BLFfl,HOLME,DR1SC) 

C ! i ' v o f f i " 3 l , R i S E t n n ] . r 

PROCRBItflfl VOOR STROONOISTRIBUTIE 
C» 

VAN R I V I E R HAAR ZEE 

Hel I i n g s r i c h t i n g c n 
-h«lIingen 
-oost en westpunt Cabedelo 
- b i j s t u r e n s n e l h e d e n i n X-
en Y - r i c h t i n g 

- i n v l o e d b o d c h f i g u r o t i e 
-strooM d i s t r i b u t i e 
-expanderen 

599 C» - p l o t t e n op t e r n i n o l s c h e m « 
600 C* « 
801 CS s t r o o n s n e l h e d e n U cn V ïn [ d n / s e c ] * 
602 C« ' ' « 
603 c » * « * > * * * * ' * * * * ' * * s s * " s * s * s m * x f " s s * * * s s x x x 
604 C 
605 RERL U(30,40),V(30,40),DUU{»),DWr30),DMULf30,40) 
608 REBL Dl30.40i;flLF(50,46),l#0(56.40),Péi(30);Heto6) 
607 REBL HESH 
608 INTEGER F P X I 1 ) , F P Y ( 1 ) 
009 COnnON /GCNERAL/NnRx,l1IMX,ne3H,P,nLr,IIF0,U,V,PPX,PPr, imfTU.PSI.HCL 
610 % ,DHUL 
611 COnnOH /FLOUDS/DUU.IW 
S I 2 C 
613 C • > H.U.X 
611 C I 
615 C I 
e i e c u M.v.Y 
617 C 
618 C 
819 oeETRsl.OS 
620 BLFdO^flLFd 
621 RISEO=RISE 
622 P1=3. 111 
623 fiLFfl=flLFfl«.0l71S 
621 El=O.5»fl.O-EPS)«C0SfBLFfl) 
625 E2=0.5«(I.0-EPS)«S1«(BLFB) 
626 C DISPLBY EI,E2 
627 C 
628 00 5 ) 0 H^I.HRBX 
629 DO S l o n>i ,nnBX 
630 UfN,fl)=0 
631 VfN,n)«0 
632 510 CÖHflKUE 
633 C 
631 C ««««VflSTSTELLEH VBH VflSTE PUNTER VOOR CL03ER»««»»»»»«' 
635 C « 
636 C « FIXED POINT 2 - FELCUEIRB3 (IMLEZEH V l f l F I L E 12) 
637 C " FIXED POINT 3 - CRBEDELO EBST 
638 C « FIXED POINT 1 - CRBEDELO UE3T 
639 C » X - COORDINBBT nOLHE LUIZ DE CBRVBLHO: ROLHC 
810 C « 
811 C » INDIEN F P X I l ) EN F P Y ( l ) BEIDE NUL 2 I J H . UOROT CLOSES 
612 C «FIND r i X E O POINT 3 (CBBÉOELO EBST) 
613 C XSTBRT HIERVOOR B I J CRNTRREIftfl 
811 C» 
615 C * van d i r p t c Mordï DR=300 MN aF g e t r o k k e n 
616 C « 617 ctttttt*ttxxxtttttzttttttt*xzmx**vtttttttz**xt*xta*%*: 
618 C 
619 DRa300. 
650 IF(FPX(l).E0.O.nHD.FPY(l).E0.O) GOTO 116 
eSI DO 112 nn=FPYri).NNflX 
652 n=nn 
653 H=FPX(1)*1 
651 111 IFrD(N.I1)*RlSE-DR.LE.O) COTO 113 
655 GOTO 117 
658 113 IFÏN.EQ. I3.nND.n.L£. 13) GOTO 112 
657 GOTO I I B 
650 117 NSN-.1 

OVIERCESLBCEH 

659 n=n-i 
660 IFCn.LE.O) COTO 112 
661 IFfR.OT.tlOLHE) GOTO 112 
682 GOTO 111 
663 112 CONTINUE 
661 OISPLBY'UBRNIRG PUNT CRBEOELO EBST 13 NIET GEVONDEN" 
665 OISPLBY'VOOR FP3 EN FP1 UOROT NU UEST KOP VBH MOL MC ceMOIICH' 
666 FPXr3)=13 
667 F P Y ? 3 ) . 1 3 
668 GOTO f l 9 
669 118 FPX(3)=N 
670 FPY(3)=M 
B71 C FIND FIXED POINT 1 fCBOEOELO UEST) 
672 C 3TRRT NIERVOER TEN 2UID£M VRN FELCUEIRBS 
673 119 DO 115 mi=FPYf2),I,-l 
671 i i = n n 
87S N=FPXfl)»t 
676 111 IF(DCN,n)«RISE-0R.LE.O) GOTO 118 
677 N=N-1 
676 ll»N*l 
679 IFIB.OT.nnBX) GOTO II S 
880 IFfH.CT.«OLH£*l) COTO 115 
681 GOTO 111 
682 l i s CONTINUE 
683 DISPLBY'UBRNIHC PUNT CRBEDELO MEST NIET CCVOHDCH* 
681 DISPLRY'VOO» FP3 EH FP1 UOROT HU UEST KOP « M ROLHE CEWaiE»' 
685 FPXf1)=13 
686 F P Y ( l S s l 3 
687 COTO i 9 9 
668 118 FPXri)=N 
883 F P Y f l J ^ R 
890 C RLL FIXED POINTS GEVONDEN. COORD. IN BRRRYS FPX EN FPY 
691 C " " « « » « » » " I H I T I E E L UERIC 15 lCLflflR»««««««"««««««»«»«»»»««»»««« 
692 C 
893 C 
691 C 
89S C 
696 C » * « « " « * " « « B E G 1 H VRH LUS flWER H-ufifiROEM««»*»»««»X""«»*«***«» 
697 C 
898 209 DO 20 n=l,nnRX-l 
699 C 
700 C XXXXxxxra w a t c r s t a n d t l v t r l i o g i n s t.g.v. z c t r s s * * 
701 C * hogt uot«rstand«n * 
702 C 
703 RI3E=RI3E0 
701 FPY2=FPY!2) 
705 IF(n.CT.FPY2) GOTO 31 
706 D0RlSE=fFPY2-n)»0RISE/FPY2 
707 R I S E = R l i E . O O R l S E 
708 31 RI5£=RI3E-0R 
709 C 
710 IF(H.NE. 1) COTO 120 
711 C « » » « * » BEPALEN STROOHSRELHtDEH OP RRHO B=1»»«»«» 
712 C * TUSSEN Hsl EN NOLHE * 
713 C « « 
711 C « S t r i c k l t r : q=i:h»«(5/3) « 
71S C « V0=0 tn»«3/3£dl « 
718 - -
717 
718 
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1919 C « -muu bijdrQaiho«tt=DBETri * 
1920 C > - u o t e r van d i c p noar ondiep uordt s t e r k e r * 
1921 C * bij9 C ( > r o a i d don von ondiep noar d i e p * 

1923 610 BETfl=HOEi:-PSll 
192-1 l F ( B f l i ( B E T f l } . L T - . 0 0 1 7 5 ) COTO dOS 
1925 FflC0P=EXP{-6n 
1926 FflCHL=HELl*IO. 
1927 D0ETfl=O 
1928 lF(FflCDP.LT..OOl.flM0,FflCHL-LT..OOl) GOTO 611 
1B29 &B£T«=F«CDP«F(»CML»D6CTfl 
1930 611 BETflH=SlCH(flBSfBETfl)*OBETft,BETB) 
1931 JFfHBS(8ETftK),CT. 1.5708) KTAMici |CN( I . STOS.BCTR) 
1932 HaEltM=P511 *BETBI* 
1933 GGK=SORT t U U « U U » W « W ) 
1934 UtfM =CCr«C0S(MOEKM) 
1935 VIIH ^GCKtSIHfHOEKN] 
1936 I F V (Ml.LE-O) COTO 605 
1937 Ul H =3lCH(GCK.UUH)) 
1938 VI M =0 
1939 C OlSPCftV »I,B.UI(II),VI(M),*BOOOI' 
1 9^ eOS COHTIHUE 
194) RISE=RISC0-OR 
1942 C 
1943 C»«»»«««STflRT 01STRIBUTOR«««»««««««« 
1944 00 741 N=1,wmX 
1945 0UU(M)=U1(M) 
1946 DW(M)=VIÏhJ 

1948 DO 719 M=W1fiX,l,-l 
I F ( 0 ( M , H ) * R I 9 t £ c O ) 60T0 » • 
UU=UlfH) 
yv=viCM) 

952 IF UU.EQ.O.RMO.W.EO.O) COTO 708 
1953 I F UU) 719,702,703 
1954 702 IF W.EQ.O) GOtO 708 
1955 CALL DIST3UBl(U(H,l1+l),V(M,rifl),UU,W,l. .O.HIIRX.RnftX) 
1956 C DISPLAY M,n*l ,U(H,I1*1 ),V(M,n*l ),Uü,W,UI (M),V1 (H) 
1957 COTO TOe 
1958 703 VU=W/UU 
1959 I F ( W . EO.O) COTO 714 
1960 UV=UU/W 
1961 IF(VU-1)704,704,70S 
1962 704 CALL D1 STSUBi (U(N. I»! ) .VCH,n*I ) ,ÜU,W, I.O*UV,0,KWIX,nnfiX) 
1963 IF(M.EQ.1) COTO 708 
1984 CfiLL D15Téu81(U(N-I,l1*I),V(H-ï,ll*l),UU,W,-W,0,WWX,mmX) 
1965 COTO 708 
1966 70S IF(H.EO.1) COTO TO8 
1967 CALL Dl3T4U8irU(N-1,H»l),VCM-l,H*l),UU,W,-VU,0,Mm«C,flHftX) 
1968 1FCM.EQ.1) GOTO 706 
1969 CALL 01ST5UBI((>UU(H-I),DVWCH-1),UU.W, I.OWU,-(H-1},MmX,nrMCC) 
1970 COTO 708 
1971 714 IF(M.ED. 1} COTO 706 
1972 CALL DI3TSU8I(DUU(l»-1),DWtH-l),UU,W,I.,-(M-l),WWX,WlflX) 
1973 GOTO 708 
1974 708 COHTIMUE 
1975 719 COHTIMUE 
1976 00 717 HSl,HHAX 
1977 IF(0(K,H)*RISE.LE.O) COTO 717 
1978 UU:UUH) 

1950 
1951 W=V 

1979 IF(UU) 701,717,717 
19&Ö 701 W=V1(N) 
ISBt IFfW.EÓ.O) COTO 715 
1982 VU=W/UU 
1983 UV=UU/W 
19Ö4 I F ( V U - l ) 706,706,707 
19Ö5 706 IFCM.EO.HHAX) GOTO 717 
I9B6 CALL DI5T5U61(DUUCH- • 
1987 IF(H.£Q.MnflX) COTO : 
1888 CALL DISTSUB1(U(M»l,n*l),V(M*I,H*t),UU,W,VU,0,MnAX,nWW) 
1989 GOTO 717 
1990 707 IF(M,EO. WAX) COTO 717 
1991 CALL DISTSUBlfUfN*l,n*I),VCM*I,n*I),lW,W,tW,0,HnAX,mmX) 
1992 CfiLL DISTSU61(U(H,M*l),vU.H*l).lW,W, I.O-W,0,MHAX,nnflX) 
1983 COTO 717 
1994 715 lF(H.EQ.HnAX) GOTO 717 
1995 CALL DI3TSiei(PUUCM*t),CW(H«l),UU.W.l. ,(H*l),NnAX,mRX) 
1996 717 COHTlHUE 
1997 DO 718 H=:1 .MHAX 
1998 IF(n.EQ.FPV(4)*t.0ll,B.E0.FPYC2)*l) COTO 718 
1999 U H,n)=OUU H) 
2000 V M,n)=I>W M) 
2001 71B C MTtHUE 
2002 C*«»««« EIHDE DISTRIBUTOR***"**"*"*"*"**"**** 
2003 C 
2004 C*******STnRT EXPAWER**********"****"************* 
2005 C> v e r t i k a l e s n e l h e i d * 
2006 C« expanderen V op n=ll*l noor »-l en M*l « 
2007 C« « 
2009 c* * " * * " * " * " * * * " " * * " " * " * " * 
2009 DO 830 H=1,HnflX 
2010 DUU(M)=0 
2011 D w £ h ) = 0 
2012 630 COHTIMUE 
2013 DO 829 M>l,HnAX 
2014 I F M.EO. 1.0R.H.EQ.HnfiX) COTO 824 
2015 I F R.EQ.nRAX) GOTO 824 
2016 I F 0(H,n*l)*ftl3E.LE.O) COTO 623 
2017 IS GH1=1 
2018 ISICM2=l 
2019 HHIN=H-1 
2020 »«»LUSsM*I 
2021 1F(D(M-1.n*I)*RI3E.CT.O) COTO 621 
2022 ISICHU-ISICNI 
2023 KniN=M 
2024 821 1F{D(N*1.M*1)*RI3£.GT.0) GOTO 622 
2025 I51CH2S-ISICM2 
2026 HPLUS=H 
2027 822 vniH=v(H,n»n 
2028 0W(M)=0W(M)*CP32»VniH 
2029 DW(MniH)=DW(HniH)»El«VMIH 
2030 DW f MPLUS) =0W f MPLUS ) *E 1 »V« IH 
2031 DUU(HniM)=DUU(MniM)-E2*VniH*I3ICMl 
20 32 DUU(MPLUS)=DUU(MPLUS)*E2«VnIM*ISICH2 
2033 c DISPLAY H.n,v(M,n),uti(,n) 
2034 C DISPLAY DW(MniK).bVVKN).DW(HPLUS),DUU(imiH),DUU(H).DUU(HPLUS) 
2035 B23 CWT 1 HUE 
2036 824 COHTIWK 
2037 C 
2038 829 COMTIMUC 

2039 DO 831 Msi rtHfiX 
2040 IF(H.EU 1.0k. M.EO. MHAX) GOTO 831 
2041 IF£H.EQ,rinflX COTO 831 
2042 U(H,n»l)=DUU H)*U(M,H*I) 
2043 v f H,n+l)=DW H) 
2044 631 COHTlHUE 
2045 C 
2046 C 
2047 C*««"expanderen h o r i r o n t a l e s n e l h e i d u » « M « « » a 
2048 C* expanderen naar fl=H-l c n noar R=n+I******* 
2048 C 
2050 iFCfI.EO . f inf lX) GOTO 871 
2051 DO 826 M=1.HHfiX 
2052 I F D H,n)*R13E.LE.O) GOTO 828 
2053 I F U H,n . C E.O) ISIC1=1 
2054 I F U M.n .t.T.0) I S I G I b - I 
2055 I S 62=13 C l 
2056 HHIM=H-1 
2057 nPLU3=n»l 
2058 IFCD(H , M n i H ) * R l S E.GT.O) GOTO 826 
2059 I 3 I G I = - I 3 I C 1 
2060 HniH=l1 
2061 826 lF(D(N,nPLU3)*RISE.CT.O) COTO 027 
2082 t3IG2=-l31C2 
2063 flPLUS^n 
2064 827 UmM=UCM,n) 
2065 UfM,l1)sEPS2U*UMlH 
2056 U{M.MHIH)=UCN,nrilH)*EIU*UHIM 
2067 U f N,MPLUS)=U(H,nPLU3)*C1U«UnIN 
2068 VfH,IiniH)=V(M,nHIN } -E2U»UniN*lStG) 
2089 VfH,HPLUS)»VCH,HPLU3)*C2UBUnIH»ISIC2 
2070 828 CÖHTINUE 
2071 871 COHTlHUE 
2072 221 COMTIHUE 
2073 C " * « » » » E t M O £ EXPAHOER»**»«"««"««***«*«««*«*«*»* 
2074 C 
2075 C 
2076 c*«"»*«»«»*»«**0P3CHflLEH U EN V««******«««««»«*»»« 
2077 C 
2078 S0nPL=O 
2079 30MMlM=O 
20Ö0 S0J1=O 
2081 nniH=n-i 
2082 nPL=n*i 
2083 C l F ( n . HE. FPY(4)*n GOTO 881 
2084 C KK=1 
2085 C l F ( F P Y ( 4 ) . E 0 . F P Y f 2 ) ) KKsFPX ( 2 ) 
2086 C DO 882 M^KK.FPXC^) 
2087 C UU=U(H.n 
2088 C W=V(M ,n 
2069 C 3 0 M « 3 0 n * 3 Q R T ( U U « U U * W W ) 
2090 C 682 COHTlHUE 
2091 C COTO 883 
2092 C 881 1FCM.HE.FPY (2)*1) GOTO 884 
2093 C DO S8S M=FPX(2).HMflX 
2094 C UU=U H,n) 
2095 C W=V N ,H) 
2096 C 30n=S0fl*S0RT(UU*UU*W»W) 
2097 C a a s COHT HUE 
2098 C GOTO 883 

2099 884 DO 860 H=l ,HnflX 
2100 UU=U(H.M) 
2 1 0 1 W=v(H,n) 
2102 SOH=èon*S0RT U U « U U * W « W ) 
2103 UUH=U(M.HniH 
2104 wn=v(H,riniH 
2105 SOMn)M=SOMHl *S0RT(UUï1*UUn*WHSwn) 
2106 UUP=UfH,nPL) 
2107 WPrvfH.nPL) 
2108 30nPL=S0nPL*SQRT( UUP«WJP*WVP«WP) 
2109 880 COHTIMUE 
2 1 1 0 663 S0rit=O 
211! I F ( H , E 0 . F P Y ( 4 ) ) T0TAL *30n 
2 1 1 2 DO 890 H=l,NnAX 
2113 IF(SOrt . e o.O) COTO 890 
2114 I F t S O n t l l H . E Q . O ) GOTO 890 
2115 U[M.n)=U(H,«)»T0TfiL/SOH 
2116 VfH.n)=VfH,n)«TOTRL/SOH 
2117 uCH,nHIH3=U(M,nfllH)*T0TftL/S0nniM 
Z l 1 8 v(H,nnIN)cv(H,nnIH)*TOTnL/sonniH 
2113 U(H,nPL)=U(H ,nPL)*T0Tf iLy50nPL 
2120 v(H,nPL3=VCN,nPL)*T0T«V30MPL 
2121 UU=U(H,n 
2122 W=V(H,M 
2123 50MI=S0M -SORT(UU*UU*WV«W) 
212^ C IF £ n. HE. 20. OR. H. HE. 25. OR. n. HE. 30. OR. H. HE. 35. OR. H. HE. 3 9 ) 
2125 C « CÓTO 890 
2128 C DISPLAY M, R, UfM, M) ,V(H, H) , U(H,I1-1) ,V(M, H-l) ,U(M,f!PL) ,V(M,ro>L) 
2127 C * .SÓn.SÓnniN.SÖHk,30(11 
2128 890 COHTlHUE 
2129 i F ( n.E0 . m i f l x-2) s o n 2 = s o n i 
2130 850 COHTIMUE 
2131 RI3E=R13E0 
2132 URtTE(6,300) F P X f 3 ) , F P Y f 3),FPX(4),FP¥ ( 4),T0TflL,S0n2 
2133 30O F 0 R n A T ( X , ' ( ' , l 2 , ' , ' , I 2 . * ) £ *,12,',*,(2,')',5X,FS.0,X,F5.0) 
2134 DO 89! 11=1 .nHflX 
2135 DO 892 H=I,HMAX 
2136 IF(D£M,H *R13E.LE.0) COTO 882 
2137 D l = . 0 0 1 * D(M,n)*RISE) 
2136 UU=U(N,H 
2139 W=VfM,n 
2140 IF(W.E0.O.AMD.UU.Efl.O) COTO 892 
2141 CCK=SaRT(UU»UU*W»W) 
2142 HK=HTflM2£W,UU) 
2143 C6K0=IOOÓ.»6CK/nESH/0I 
2144 VHfiX=S0RT£9.81*DI) 
2145 IF (CGKD.Gt.VMflX) G G K D ^ f t t 
2146 U£M,n)=10.»GGKD*C03(MK) 
2M7 V£N,n)=!0.*GG)CD*SlM(HIC) 

2149 C iM't ! U ( H , n ) EH V ( H , n ) IH DOt/SEC!!! ! • M ! f!!!! 
2150 C 
2151 892 COHTIMUE 
2152 B91 COHTIMUE 
2153 IF(IAHTU.E0.2) COTO 550 
2154 CALL F l L E S f ' 3 0 ' , ' l H W E L D S M 
2155 CALL FILESi*31*,'l ( W E L 0 S " J 
2156 DO 693 nsi.nnAX 
2157 DO 894 Ul . M H f l X . l O 
2158 l«1TEC30,BÖ5) (OCM, H) ,H»1, 1*9) 









2679 
2860 
2881 
2882 
2883 
2684 
2885 
2686 
2967 
2888 
2083 
2890 
Z691 
2892 
2693 
2894 
269$ 
2S96 
2897 
2698 
2839 
2900 
2901 
2902 
2903 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
Z 9 t i 
2912 
2913 
2914 
2915 
2916 
2917 
2918 
2919 
2920 
2921 
2922 
2923 
2924 
2925 
2928 
2927 
2926 
2329 
2 9 » 
2931 
2932 
2933 
2934 
2935 
2936 
2937 
2938 

« i n d i e n ^ o l f h o o ^ t e l a g e r dm (GflRrei-l 
* don 9ecn s e t u p 

* beginnen b i j H=Hnnx 
» b e p a l e n gen- s e t up ; d i t 4«eft een ba»i« verhons' 
X VCRH8 cn v e r o o r z a a k t ccn o a s i s s e t u p c u r r e n t 
* noordwaarts 

DISPLAY lflMTU,'R2773' 
S0HSU6=O 
50101 I=0 
SOnCH=0 
PO e I s l , I E I M > 
M=SHX(i) 
n:5MY(I) 
Dl=0fH,f1).»tl5C 
iF (O l .LE .O) COTO 26 
Dl 1=.00l «01 
CHN:18.«flL0C)O(12-«01l/ROUGM) 
30nCM:S0riCM»CMN 
SOHDl i:50rTD1 WDI I 
5H0flL=.446$»S0RT£30RT(ULO»10OO./D1)) 
M=SDRT(1. «UF0fH,(1))«3MOl»C 
MBR=(CHnnB-. 1)».0I»[>1 
1F(M.LE.HBR) COTO 8 
SUIc1)=.313«Cflnnfl»H«ioo. 
DISPLAY I.H,H.H.3U1(I) 
GOTO 40 

28 S U l ( l ) = S U I ( I - 0 
40 S0nSU8=S0nSUB*SUl(l) 
6 COHTIMUE 

DISPLAY IIWTU 'R2801' 
CHKSOHCM/IEIHD 
DGEH=SOnDll/lEIHD 
SUCsSOflSUB/ ( E I MD 
RFST = (IEIHO-U«HESH 
IF(flFST.L£.0) AFST=n£SH 
VERH8=2,«5UC/AFST 
30VERHfl=SQRTrVERH8) 
VCEn=CH«SORr(DCEH)t30VERHB 
DISPLAY lAMTU,"R2609'.C«,DCCn,5üC»Rf5T,VERHO 
DO 9 n = EfH0,l,-l 
H^SHxrI I 

n=SHY(iI 
KEIH0=1 
HP=SMY( I W l ) 
n n n = S H Y ( i i - i ) 
I F f i l . E O . I E l W ) ) COTO 34 
I F h I.EQ. I ) GOTO 35 
GOTO 37 

34 HPS3HX I 1 ) - l 
Nn=SNX I I - l ) 
GOTO 36 

35 MP=SKX(11*1) 
Hfl=5MX(ll)*l 
GOTO 36 

37 HP=SHX(M*n 
H n e 3 K X ( 1 I - l ) 

36 IF(HP.NE.M. RMD.Hn.HE.H) COTO 38 
lF(MP.EO.M.AMO.Hn.KE.M,AMD.nP.LT.H) COTO 38 

2939 
2940 
2941 
2942 
2943 
2944 
2945 
2946 
2947 
2946 
2949 
2950 
2951 
2952 
2953 
2954 
2955 
29S8 
2957 
2958 
2959 
2960 
2961 
2962 
2963 
2964 
2965 
2966 
2967 
2968 
2969 
2970 
297! 
2972 
2973 
2974 
2975 
2976 
2977 
2976 
2979 
2980 
2981 
2962 
2983 
2984 
2995 
2986 
2987 
2988 
2989 
2990 
2991 
2992 
2993 
2994 
2995 
2995 
2997 
2996 

IFfW>.M£.M.AI*D.MB.EO.M-(WO.n«LLT.H) COTO 38 
Goto 39 

38 KE1MD=3 
39 DO 30 lf=l,ICCIMD 

Hit=n-(i:-n 
I F f m i . EO.O) COTO 30 
l F ( D ( H , n i i ) * e i S C . L E . O ) COTO 30 
Dl=.001»{D(H,lin)*RISE) 
F(>CD=DC£rt/D1 
VW5=FACD»VGCn 
I F i V W S . L T . . 0 0 O l ) GOTO 30 
vr»AX=30RT(9. «1»DI) 

i F ( w v s . C i . v n f i x ) w v s = v n f i x 
CALL MELWflW.RISC .H.N*!) 
P S I l = P 3 l ( M ) 
I F f P S I I.EQ. tS.708) GOTO X 
I F i P 5 n . M e . » . 4 2 S ) COTO 32 
KK=!1*1 
IF(ri:.EO. IE>HO*l) COTO 30 
H1=SHX(E1C) 
ni=SHYfKIC)*(K-l) 
CALL M£LMC(r t l.RIS 

l ) * 1 0 . 

it'-

: i S E , H l . M I * l ) 
P S t l = P S I ( M l ) 

32 P S n = P 3 l l - l , 5 7 I 
U W S U = W V S » C O S i P311) 
V W S U = V W 5 « S IM ( P S 11 ) 
U(M,mi )»U(M.miJ*UWil 
v(H.n n ) = v ( M . n n j * v w s u 
DISPLAY H,Hn,DI,P3II,IIWTU 

» COHTIMUE 
9 COHTlHUE 

DISPLAY ltMTU,'R20n' 

DISPLAY lAMTU 
IF(IRHTU.E0.2) COTO 898 
CALL FlLESf*36*,'»uy/£LSU ' ) 
CALL F(LE3C*37*.'«WCL3U ') 
OlSPLRY'UMlTS 36 AMD 37 OPENED' 
DO 893 n=i.nnAX 
00 894 1=1.HHAX,10 
URlTEr36,69S) (U(M,n).M=l,1*9) 
U R i r E ( 3 7 , 8 9 5 ) W M . f l J . M I , [•Ö) 

895 F0RnAT(l0F6. 1) 
894 COHTIMUE 
893 COHTIMUE 

CALL UHITC0MTRX(36,B) 
CALL UMITC0»rrR0L(37.8) 

896 RETURM 
EHD 

iCOMTROL SECHEHTsSEDTRflM 
SUBROUTIHC SEDTIMt4(D50,D90,RISC.TH,ROUGH,DftOT3,DRI3E) 

C !?'050fn),D90 [n l,RI3E[Wll,DRISE [nn lJH[SEC ] ,ROUGHt l l),DROT5(H]! 
REAL Ut3O,40),V(»,40),0C3O,40),UF0f3O,40) -^^ 

« ,A£F(5Ó.io):3u(io,4oS,w(3r '^ ' - f 
' ( 3 0 , * ) ,P S ( 3 0 ) . f e ( 3 o i 

2999 
3000 
3001 
3002 
3003 
3004 
30O5 
3006 
3007 
3008 
3009 
3010 
3011 
X 1 2 
3013 
3014 
3015 
3016 
3017 
3018 
3019 
3020 
3021 
3022 
3023 
3024 
3025 
3026 
3027 
3028 
3029 
3030 
3031 
3032 
3033 
3034 
X 3 S 
3038 
3037 
3038 
3039 
3040 
3041 
3042 
3043 
3044 
3045 
3046 
3047 
3048 
3049 
3050 
3051 
30S2 
3053 
3054 
30SS 
3056 
30S7 
3056 

RERL nC5H,Ll,KSl,nU,K.ltHPPfl,M,rB 
IMTEGER FPX(4 ) ,FPY(4) 
COHHON /CEMèRAL/MnAX,nrMX,l»C3M,0,ALF,iffO,U,V,rFX,rPY,l«MTU,P3l,HEL 

i, ,DHUL 
COnnOM /5EDTR/ SU.SV 

*s*tt«ss(sssB««sxsex«t*«»ss*txta»«*««>«»ss*«s*« 

' t r o n s p . cop. i n U - r i . = SU 

* t r o n s p . t o p . i n V - r i , * SV 

« SU en SV i n [n«»3 / s«c] 

« voor n > f P Y ( 2 ) l i g t r otsboden op -20 n 

»xxszsx*s«s«si»a>isss«*s«itss*s«s««»ss<««s«s«ss: 

R1SE0=RI3E 
OR0TS0=DR0TS 
0R0TS2»2OOCO. 
DR0TS=0ROTS*1OOO. 
DELTA=|.6S 
ULO=1.56«TH»TM 
FAC=I.83 
SAL =.02 
TEMP=20. 
RH0S=265O 
RH0B=18OO 
R0=. 16S 

CALL llRTPfiRHSCTEf1P,Sm.,VISIC,RH0) 

C «««««««ribbelfakror R l i n . a f h a n k e l i j k von goirpcriodc TH«»*» 
C « RO i s d o o r s n i j d i n g R-as ' 
C « Tn I S d o o r s n i j d i n g T - a s « 
C X R=RA*TH*BB * 

flH=-BO/Tn 
B6=R0 
IF(TH.LT.TH) COTO 40 
R=AR«(Tr»-l] «BB 
COTO 41 

40 R=flR«TH*BB 
41 00 1 n=i,nrflx 

3059 
3060 
3061 
3062 
3063 
3064 
3065 
3066 
3087 
3088 
3069 
30 TO 
3071 
3072 
3073 
3074 
307S 
3076 
3077 
3076 
3079 
308O 
3081 
3062 
3083 
3084 
3065 
3086 
3087 
3086 
3089 
3090 
3091 
3092 
3093 
30S4 
3095 
3098 
3097 
3098 
3099 
3100 
3101 
3102 
3103 
3104 
3105 
3106 
3107 
3(0 8 
3109 
3110 
3111 
3112 
3113 
3114 
3115 
3118 
3117 
3116 

RI3E=RI3E0 
FPY2=Fpyf2) 
IF(J1. CT. FPV2) DR0T3=0R0T32 
IFfH.GT,FPY2) COTO 34 
DDR ISE=fFPY2-n)«0RISE/FPY2 
RISe«Rl3E*DDRI5E 

c 
34 00 2 H=I,HHAX 

3UfM ,n)=0 
SV(M,Mi=0 

2 COHTIMUE 
DO 3 H=l,HrifiX 
I F ( D H.n}*RISE.LE.O) GOTO 3 

UU=U M,n) 
W=V N.H) 
V W » . 1 « 5 0 R T ( U U * U U - W « W ) 

C DISPLAY H.H.VW 
IF(UU.CQ.O.AHD.W.eO.O) GOTO 3 
M0£K=ATAH2(W,UU) 
IF(WV.£a.O) GOTO 3 
SHORL=. 4486«3DRT(30RT£IILO"IOOO./(D(H,H).RISC))) 
H=SORT(UFO(H,n)i»SHOflL*. 1 
Dl=.00I«(D(M,fl).Rl3E) 

C t i : s s * s x > » x x x » x s K ( s x z x s s » » x s n s x s » s s x x s i t s t K s s s » x t s t » i t » « 
C SUBROUTIME FOR COHPUTIHC UHVE PRRAKCTCRS 
C a c c . t o l i n e a r wave t h e o r y 

OUTPUT: RO 
UO 
Ul 

HQve h e i g h t 
u o v c p e r i o d 
w a t e r dep th 

o n p l i t u d e bed o r b i t a l v e l o c i t y 
o n p l i t u d c bed o r b i t a l n o t i o n 
o n p l i t u d e bed o r b i t a l v e l o c i t y 
wave l e n g t h n) 

C v i r s i o n October H t h 1082 GJR LOnKH / HYOROHimiC bv 
c n « < s > » « n > « « s i s t a < > a n s i < i « t » t M i < i a < t » » < t > i a t a » M > a a 

C 
PI=3. H I S 9 
C=».8I 
00=0 
UOrt) 
UL=0 
lf(H.E0.O.0R.TM.E0.O.) COTO SO 
0I1£C=2.«P1/TH 
UL05i;/2./PI»TMaTH 
UL^^ULOasQRT t TRNH( 2. *P I ao l/ULO ) ) 
00 51 1=1,6 
UL1=UlO«TnHH(2. a p I l O l / U l ) 
UL=(2. »ULl.UL)/3. 

51 COMTIHUE 
»:=2. api/UL 
U0«). 5«0nECaM/31BH(i:a0l) 
BOsUO/OnEO 

c 
C a a a a a x x a a n x a s x M s a s x s a a a a s a 



3119 C * « » * S « » > " " * t » > « « « > U S » S l » « « t t l H M S S K S « « S t S S S S » » « U « S « S 

3120 C SUBROUTIHE FOR COWUTIHC BEO UOflO TRHHSPORT 
312) C occ. xo B I J K E R - F R I J L I N i ; f o r m i l a 
3122 C 
3123 C INPUT : P50 50k bed g r a i n s i z e by u e t g h t ( n ) 

3124 C P90 90K bed g r o i n s i z e by uti^nx M 

3 ) 2 5 C R H i k u r a d s c bed r o u o n c s s f n ) 
3126 C PI w a t e r depth ( n ) 
3127 C V W depth-averaged f l o w i n t e n s i t y fn/») 
3128 C UO o r t p l i t u d e bed o r t o i t a i v e l o c i t y n / s ) 
3129 C AO a n p l t t u d c bed o r b i t a l fWttoo n) 
3130 C Rho water d e n s i t y W c u n ) 
3131 C Wk>« 9 r a i n d e n s i t y i-^cun) 
3132 C Rhob dry bulk d e n s i t y kg/cuti) 
3133 C V i s k k i n e i t o t i c water v i s c o s i t y s q n / s ) 
3134 C r«: p r o p o r t i o n a l bed load f a c t o r (-) 
3 1 3 5 C OUTPUT: Sb bed load t r a n s p o r t c u n / s / n ) 
3136 C TcM bed s h e a r s t r e a s c u r r e n t ft waves Po) 
3137 C Tc bed s h e a r s t r e s s c u r r e n t Pa) 
3136 C Cb bed teod c o n c e n t r a t i o n ppt u f ) 
3139 C 
3140 C v e r s i o n October I 4 t h 1982 CJfl LOfWm / KVOROHRHtC bv 
3141 c*%m**t*tt%»**n*x*t***tT*mMtt»nnstftt**»*»»z*m%*tMttn 
3142 C 
3 1 4 3 50 C=9. BI 
3144 C8=C. 
3145 S8=0. 
3148 T C U ^ 
3147 TC=0 
3148 IF(VW.E0.O..M.Ot.LE.O.) COTO 52 
3149 I>niN=OI 
3150 IFtDniM,LT.R) DIHH=R 
3151 Cr=18. * R L 0 C l 6 f 1 2 . «W1IM/R) 
3152 mJ=(Cr/18./«LOC10(12.»OniK/D90))»«1.5 
3153 FU:0.32 
3154 IFCBO/ll.CT.1,47) 
3155 »FU=EXPf-5. 977*5. 213«((t/fl0)««0. I»4) 
3l5« TCiRMO«C*WV«WU/Cr/èr 
3 I S 7 TCU=TC*0.2S»RHO<FU«UO«üO 
3156 PARn*-0. 27»(RHOS-RMO)«DSO*C/nU/TCU 
3159 IF(PnRf1.UC.-100) GOTO 52 

3160 3OJ:FflC»I)5O«VW/6r»SORT(C)«EXP(PBRn)«180O./RHM 
3151 Cfl«5B/50RT(TC/RM0)/6.34/R«RH0è/RH0»100O 
3162 C 
3163 c s t s s s n s s n s s s s s s M 
3164 
3 1 6 5 
3 I 6 S 
3167 C SUBROUTINE FOR C t m i T I N G PWtTICLE FRU. VELOCITY 
3166 C a c c t o O e l f t H y d r a u l i c s L a b o r a t o r y f o r m i l a c 
3169 C 
3170 C INPUT : DSO 50k s u s p g r a i n s i z e by weight ( n ) 
3171 C V i s k k i n c H o t i c water v i s c o s i t y ( s W s ) 
3172 C Rho MOter d e n s i t y (kg/ci 
3173 C fthos <iroin d e n s i t y ( k a / c 
3174 C OUTPUT: VSO / a l l v e l o c i t y o f 090 g r a i n («/s) 
3175 
3176 
3177 
3178 

3179 
3160 

52 VSO=10."(-0.447««.OC10fD50)««LOCIOCD50)-
- -- 1. l.9ei>nLOCtO(l>50)-2.736) 
3181 VS0=yS0«l»iOS-ftMO)/RHO/1.6S«l.Ol«-fli/VI« 
3182 C 
3tB3 C s s s s s n s s s n s n s s s s s s 
3184 C 
3 1 6 5 C 
3186 c « * « « « « « « » « * « « « « * « « « « « « « « » " « * « * « « » « « « « « « « « « « « « « « « « « « » « 
3167 C SUBROUTINE FOR COHPUTINC SU3PCHDCD L 0 « TRÏW9P0RT 
3186 C OCC. t o BHSTTflCWWYB-TOU f o r m i l a 
3189 C 
3190 C INPUT : VSO f o i l v e l o c t y o f 0 3 » g r a i n s i c e ( n / s ) 
3191 C R N i k u r a d s e bed rougness ( n ) 
3192 C DI w a t e r depth (H) 
3193 C Tew bed s t w a r s t r e s s C u r r e n t & ttoves f P a ) 
3194 C Rho w a t e r d e n s i t y (kg/cun) 
3195 C Sb bed lood t r a n s p o r t f c t W s / M ) 
3196 C OUTPUT: SSU3 suspended load t r a n s p o r t icun/s/n) 
3197 
3106 
3199 
3200 
3201 KfiPPfl=0.38^ 
3202 SSUSoO. 
3203 IF(S8.E0.O.0R.Dl.LE.R) COTO S3 
3204 2X:VS0/<fiPPfl/SQRT(TCU/RMO) 
3205 fi«ft=Dl/K 
3206 BI=1.0S«fZX««0.38)/(ft(W«*(0.013»2X)) 
3207 B2=l-B( 
3206 IF((183(B2).LT. l E - S ) B2«1,C-S 
3209 KB=f l . - B l t ( 0 . 1 6 6 7 " B 2 ) ) / B 2 
3210 KSioO. 41 S'(62«((fWM«iBf)sm.0CO0.2«fWR)-3. 4078416)* 
3211 1^1. -Bflfl» «82) \/aZ/tZ 
3212 S3U3=3B»r3/ICB 
3213 C 
3214 C S « M S » < » S * » X S X > » S t 
3215 C 
3218 53 S=SSU5*3B 
3217 33U=5>C0SfM0EK) 
3218 S S V » 3 « 3 I m ( H O C K ) 
3219 SUfH,n)=5SU 
3220 3V(H,n)s33W 
3221 C DISPLAY H,n,SU(M,n),SVfM,n) 
3222 3 COHTIMUE 
3223 C 
3224 C 
3225 C s * * b c p a i c n t r o n s p . cop. i n U - r i c h t i n g t p v r o t s p u n t e n * * 
3228 C * i n d i e n rondpunt rotsboden don i s : * 
3227 C « i n M=l >SU=SU1 « 
3228 C * N'WMX >3U*SUNn * 
3229 C « « 
3230 C 
3231 S U l = I . E - 2 0 
3232 SUNn=1.E-20 
3233 I F £ 0 ( I , n ) . C C D 1 « ) T 5 . R H 0 . 3 U ( I , n ) . C T . O ) 3U(I,l1)=3Ut 

3235 C s * » M c c r s t vcvi l i n k s noor r e c h t s * * » » 
3236 C 
3237 DO 8 M=2,HnAX 
3236 IF(D(H,nJ*R'5E.LE.O) COTO 8 

3239 
32«> 
3241 C 
3242 C 
3243 C 
3244 
324S 
3246 
3247 c 
3246 c 
3249 c 
3250 
32St 
3252 
3253 
3254 
325S c 
3256 c 
3257 c 
325B 
3259 
2201 
3281 
3262 
3263 c 
32S4 c 
3265 c 
3266 c 
3267 c 
3268 c 
3269 c 
3270 c 
3271 c 
3272 c 
3273 c 
3274 
3275 c 
3276 c 
3277 c 
2276 c 
3279 
3280 
3261 
3282 
3283 c 
3264 c 
3285 c 
3286 c 
3287 
3286 
3289 
3290 
3291 
3292 
3293 c 
3294 
3295 
3298 
3297 c 
3296 c 

3299 c 
330O 
3 X 1 
3302 
3303 c 
3304 c 
3305 c 
3306 
3307 
3308 
3 X 9 c 
3310 c 
3311 c 
3312 c 
3313 
3314 
3315 
3316 
3317 
3316 
3319 c 
3320 

3321 
3322 
3323 c 
3324 c 
3325 c 
3326 
3327 
3326 

332» 
3330 
3 3 3 1 
3332 
3333 
3334 
3335 
333S 
3337 
3336 
3339 
3340 
3341 
3342 
3343 
3344 
3345 
3345 
3347 c 
3348 c 
3349 c 
3350 c 
3351 c 
3352 c 
3353 t l 
3354 
3355 
33S6 c 
3357 
3358 

i r ( 0 ( H , B ) . L T . 0 R 0 T 5 ) OOTO 0 
IF(SU(H.n).LT.O) COIO 6 

!!H,n i s c c n r o c s p u n t c n 3U(M,n) i s p o s l t i c f t l l 

E5UfM-1,«).LT.O) 3urN,n).o 

s u i | N j n ) . C E . s u ( N - r , i i ) ) s u ( h , i i ) = s u ( m - i , b ) 

«t»««««»nu van r e c h t s noor 1inKs*«*»«»«» 

^FCOlHBBXjII). CE. 0R0T3.ni(0. SU(Hl(«X,lt). LT.O) 3U(III1IH,B)=S1IIII1 

I F 0 ( H , n l * R l s è . L E . O ) GOTO 7 
I F OIH.di.LT.DROTS) COTO 7 
IF(5UCH,R). CC.O) GOTO 7 

!!N,n I s r o t s p u n t cn 3U(H,n) i s n c 9 a t i c f ! 1 • 1 ! ! ! • 

I F f 3 U ( H . 1 , B ) . C T . 0 l S U f H . n l » 
I F ( S U ( N , n ) . LE.3U((i»l ,«)J SU(ll,n)=3U(H»l ,n) 

7 COHTIRUe 
1 COHTIMUE 

DROTS=II«OTSO«IOOO. 

s s s s s s s s s s s s s s s s s s s o s s s s s s s s s s s s s s s s 

S S Sbcpolcn t r o n s p . cop. SV i n V - r i c h t i n 9 tpv r o t s p u n t e n * * 
* i n d i e n ronOpunt rotsboden don i a : a 
« i n 11=1 >SVI=3V11 « 
s n>nnnx >3vi>svnn • 

DO 9 H>i,Hnnx 

ss*sstp«pa|cn JV t p v r o t s p u n t e n s a s s a a a a a a a a a a * 

* e e r s t von boven noar beneden * 

I F l o r n , 1 ) . CE.0ROT3. RWJ.SVCM,1). CT.O) 3V(M,1)"3VI1 
00 12 »=2,hBRX 

a s a c x t r o u a t c r s t a n d s v c r t i 0 9 i n 9 t . 9 . v E c c r h o ^ c a s s 
* r i v i e r o F v o e r e n * 

I F ( B . 0 r . F P V 2 ) COTO 35 
DOI> l 5 t . f F P V 2 - B l » 0 R 1 3 e / r p r 2 
R I 3 E = R 1 S E » 0 0 R 1 3 E 

; I F ( 0 ( M , B 1 - R I 3 E . L E . O ) COTO 1 2 

1 F ( 0 ( h , B ) . L T . 0 R 0 T S ) COTO 1 2 

I F ( S V ( M , H ) . L T . O ) GOTO 1 2 

i r i i M . n i s r o t s b o d c n en 3V(B) i s p o s i t i s F l I i 

I F r s V t M . B - l J . L T . O ) S V t « , H ) « 
I F SV{H,B).ÉE.SV(H.B-i)S §<(M,B)=5V(M,B-1) 

12 COHTIHué 

«saaxaaanu von onder noor boven«»«»a«aias 

^ ^ ( O C H ^ B B f l X ^ E . 0R0TS.«8>.3V(M,B1«X). LT.O) 

DO |5 B'BBPX-1.1,-1 

R I 3 e E R I 3 E 0 
FPY2=FPY(2) 
1F(1(.LE.?PV2) DKOTS-OROTSOaiOOO. 
I F ( n . C T . F P V 2 ) COTO 38 
DDftl5E=rFPV2 -n )aDR| S E / F P r 2 
RI3e=R13E*DDRI3E 

30 I F r o ( N , n U R I 3 C . LC.O) C O T O 13 
IF(D(H,B).LT.DROTS) OOTO 13 
1F(3V(M,H).CE.0) COTO 13 

!HM,B i s r o t s p u n t en 3V(fl) i s n e g a t i e f ! 

I F(SVfH,B»l).CT.O) 3V(H,B)=0 

13 COMtYmué"^ * ^ S V ( H , a ) s S V ( M , B * l 

10 COHTlHUE 
0 CONTI Hue 

R1SE=R1SE0 
DR0T3.DR0t5O 
I F I inHTU.EQ.2.) COTO 03 
CRLL F l L E S r ' I s ' . ' H S E O U ' ) 
CfiLL FlLE9f'16','»SCDV ' ) 
00 60 B=l.BBAX 
DO 61 l=l,MBBX.10 
URITE 15,62) SUrM,R),ll>l,1*0) 
URITE 18.621 (SVtN.B),11=1,1.9) 

62 F0R»fit(lÓElé.3) 
e i COHTIMUE 
60 COMTIHUE 

CBLL UMITC0MTR0L(15,8) 

CBLL UNITCOHTROLilS.S) 
53 RETURM 

E H O 

ICOHTROL 3ECntllT=M£UB0T 

SUBROUTI HE MEUBOT(DORED,OELTBT.RISE,OR ISE,0ROTS,BLPI l«a ,DOt£XTR 
a ,Mefi ,MBB,M8C,HBD,MÓE ,NBF, inLPHfl) 
•! !DOREOIn),DEUTflT[SEC],RlSE[Bfl)!!! 
REBL U ( X , 4 0 ) , V f X , 4 o ) , 6 ( X , 4 O ) , D M U L ( » , 4 O ) , B I . F ( » , 4 O ) , l J f 0 ( X , 4 0 ) 
IMTECER FPXC4),FPTt4) 






