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INTRODUCTION 

T h i s memorandum has been p r e p a r e d on r e q u e s t o f mr . C a s t r o and 

mr. P e r e s t n e l l o ; t he a im o f t h i s memorandum is t o g i v e a more 

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

t h e Tagus e s t u a r y as p e r f o r m e d by Hydronamic i n t h e p a s t , e s p e c i a l l y 

i n r e l a t i o n t o s a l i n i t y p r o b l e m s . 

In one o f t h e most r e c e n t s t u d i e s f o r AGPL, Hydronamic s t u d i e d t h e 

i n f l u e n c e o f works i n t h e o u t e r ba r on t h e s a l i n i t y - d i s t r i b u t i o n in 

t h e ups t ream s e c t i o n o f t h e e s t u a r y . The main c o n c l u s i o n f r o m t h i s 

s t u d y was t h a t c u r r e n t - p a t t e r n s , t i d a l p r i s m , e t c . i n t h e i n n e r 

e s t u a r y a r e - f u l l y d e t e r m i n e d by t h e geomet ry o f t h e C o r r e d o r , and 

t h a t c o n s e q u e n t l y t h e i n f l u e n c e o f c i v i l e n g i n e e r i n g works wes t o f 

Belem on t h e s a l i n i t y d i s t r i b u t i o n a r e n e g l i g i b l e . 

A l t h o u g h i t was no t s t u d i e d , i t became o b v i o u s t h a t wo rks e a s t o f t h e 

Ponte de 25 A b r i I may have an impact on on t h e s a l i n i t y d i s t r i b u t i o n . 

T h i s impact may be c o n s i d e r a b l e . 

In t h i s memorandum some g e n e r a l a s p e c t s o f impacts on t h e s a l i n i t y 

d i s t r i b u t i o n a r e d i s c u s s e d , as w e l l as t h o s e a s p e c t s w h i c h s h o u l d be 

s t u d i e d by AGPL b e f o r e and a f t e r p e r m i s s i o n is g i v e n t o c o n s t r u c t 

i m p o r t a n t works i n t h e area ' . 



THE EFFECT OF SALINITY AND SALINITY DIFFERENCES 

Both f o r t h e p h y s i c a l as f o r t he b i o l o g i c a l b a l a n c e s in t h e e s t u a r y 

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

beyond t h e scope o f t h i s memorandum, t h e y w i l l n o t be d i s c u s s e d h e r e . 

From a p h y s i c a l p o i n t o f v i ew two a s p e c t s o f s a l t w a t e r a r e v e r y 

i m p o r t a n t ; 

- s a l t w a t e r i s h e a v i e r t han f r e s h w a t e r 

- c h l o r i d e ions cause an i n c r e a s e in c o a g u l a t i o n o f c l a y p a r t i c l e s . 

Because o f t h e second a s p e c t t h i s p rocess can s t r o n g l y i n f l u e n c e 

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

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

l ess t han a few m i c r o m e t e r s . Because o f t h e i r f o r m , l a r g e s u r f a c e 

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

a r e n e g a t i v e l y cha rged on t h e s u r f a c e . S ince t h e p a r t i c l e s a r e so 

s m a l l , t h e e l e c t r o s t a t i c f o r c e s r a t h e r than t he g r a v i t y c o n t r o l da ta 

b e h a v i o u r o f t h e c l a y p a r t i c l e s and work t o keep t h e p a r t i c l e s s e p e r a t e d 

and i n s u s p e n s i o n . 

As t h e s a l i n i t y o f t h e w a t e r i n c r e a s e t he p o s i t i v e ions (Na"^, Mg"*""*", Ca"^"*", 

e t c . ) p r e s e n t t end t o n e u t r a l i s e t he e l e c t r o s t a t i c f o r c e s , t hus a l l o w i n g 

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

3 o / o o i s c r i t i c a l i n t h i s p r o c e s s . The p h y s i c a l chem ica l i n f l u e n c e s 

a r e o n l y i m p o r t a n t f o r s a l i n i t y v a r i t a t i o n s be low t h i s v a l u e . T h i s means 

t h a t t h i s e f f e c t i s i m p o r t a n t f o r upper s e c t i o n o f t h e e s t u a r y , more than 

35 km ups t ream o f Pa^o d ' A r c o s . 



The f l o c c u l a t i o n caused by an i n c r e a s e i n w a t e r s a l i n i t y is a t l e a s t 

p a r t i a l l y r e v e r s a b l e . When, l a t e r In t h e t i d e c y c l e , t h e s a l i n i t y 

d e c r e a s e s , t h e f l o e s o f c l a y p a r t i c l e s exposed t o t h e f r e s h w a t e r can 

" e x p l o d e " d i s p e r s i n g t h e i n d i v i d u a l p a r t i c l e s once a g a i n in 

s u s p e n s i o n . T h i s p rocess can p r o v i d e d i s t u r b i n g on suspended sed iment 

measurements i n a r e a ' s where l ow , v a r i a b l e s a l t c o n c e n t r a t i o n s can be 

f o u n d . T h i s i m p l i e s t h a t siediment t r a n s p o r t measurements ups t ream the 

35 km l i m i t have t o c o v e r l o n g e r i n t e r v a l s t han t h e i n t e r v a l s a p p l i e d 

i n t h e downst ream a r e a . 

Because s a l F n e w a t e r i s h e a v i e r t han f r e s h w a t e r i t w i l l f l o w o v e r t h e 

b o t t o m , f o r m i n g a s o - c a l l e d s a l t wedge. Such a . s a I t - w e d g e can be 

c a l c u l a t e d q u i t e a c c u r a t e l y w i t h t h e method o f S c h i j f £ S c h ö n f e l d (1953) 

f o r a p r i s m a t i c , h o r i z o n t a l r e c t a n g u l a r channe l d i s c h a r g i n g I n t o an 

i n f i n i t e , n o n - t i d a l s e a . In f a c t , t h i s i s q u i t e t h e o r e t i c a l . Because 

o f t h e t i d e s m i x i n g w i l l o c c i i r , mak ing a s o - c a l l e d p a r t i a l l y mixed 

e s t u a r y . An i m p o r t v a l u e in such an e s t u a r y i s t h e r a t e o f 

s t r a t i f i c a t i o n , as d e f i n e d by Har leman and Abraham ( I 9 6 6 ) . 

For s e d i m e n t a t i o n t h e d e n s i t y c u r r e n t s due t o t h i s s t r a t i f i c a t i o n m i g h t 

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

by t h e c u r r e n t near t o t h e b o t t o m ( b o t h d i r e c t i o n and m a g n i t u d e ) . 

Due t o t h e d e n s i t y i nduced c u r r e n t s , the sed imen t t r a n s p o r t may d e v i d e 

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

From t h e above f o l l o w s t h a t t h e s t r a t i f i c a t i o n o f an e s t u a r y is 

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

s e d i m e n t t r a n s p o r t d e v i a t i o n s due t o d e n s i t y d i f f e r e n c e s is r e q u i r e d . 

I f t h e e s t u a r y i s w e l l m i x e d , such a d e t a i l e d i n v e s t i g a t i o n Is no t r e q u i r e d 

For b i g e s t u a r i e s as t h e Tagus i n n e r e s t u a r y t h e degree o f s t r a t i f i c a t i o n 

may d i f f e r c o n s i d e r a b l y f o r v a r i o u s l o c a t i o n s , and may a l s o d i f f e r f o r 

v a r i o u s s e a s o n s , f o r . t h e t y p e o f t he t i d e ( s p r i n g - t i d e , n e a p - t i d e ) . 



PRACTICAL ELABORATION 

The o n l y t r u s t w o r t h y way t o d e t e r m i n e t he r a t e o f s t r a t i f i c a t i o n i s t o 

do measurements . As w i l l be d i s c u s s e d 1 a t e r o n , such measurements 

be done q u i t e e a s i l y . 

The b e s t way t o s t a r t i s t o d e t e r m i n e t h e w a t e r s t r a t i f i c a t i o n f o r t h e 

e s t u a r y f r o m t h e r a t e w h i c h a r e a l r e a d y a v a i l a b l e . One o f t h e most 

i m p o r t a n t s e t s is o f c o u r s e t h e s e t o f d a t a f r o m '\31h/\S']S, c o n s i s t i n g 

o f 56 measurements i n 21 d i f f e r e n t l o c a t i o n s . The da ta f r o m t h e s e 

measurements a r e f u l l y wo rked o u t , and i n f a c t t h e r a t e o f s t r a t i f i c a t i o n 

f o r each p o i n t is known f o r one s p r i n g t i d e and f o r one neap t i d e . 

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

GMontana and J u s a n t ë . ) ' w f t i c h were, measured d u r i n g more d a y s . 

More f i e l d da ta a r e a v a i l a b l e w i t h i n AGPL, however t h e s e da ta a r e no t 

wo rked o u t , and canno t be used a t t h i s moment. 

I t i s t h e r e f o r e a d v i s a b l e t o s t a r t w i t h the . e l . a b o r a t i o n o f t h e s e d a t a . 

A f t e r h a v i n g worked o u t t h e s e da ta one can see w h i c h a reas o f t h e 

e s t u a r y were n o t y e t c o v e r e d by measurements . A l s o one can see f r o m 

w h i c h o t h e r g roups o f e n v i r o n m e n t a l s i t u a t i o n s ( l i k e s e a s o n , t i d e , 

r i v e r - d i s c h a r g e ) da ta a r e m i s s i n g . 

Knowing w h i c h d a t a a r e m i s s i n g one can make p l a n s f o r a d d i t i o n a l m e a s u r i n g 

campa i g n s . 



E s p e c i a l l y i n a reas where l a r g e r i n f r a s t r u c t u r a l worl<s may be 

e x p e c t e d i n t he near f u t u r e ( e . g . S i d e r u r g i a a r e a , Canal do 

Cabo R u i v o ; Gala do N o r t è ) s h o u l d be c o v e r e d by t hese measurements . 

Hav ing done s a l i n i t y measurements i n t h é s e a reas one may d e c i d e 

on f a c t s i f a more d e t a i l e d s tady^ ' i s r e q u i r e d , OP n o t b e f o r e g i v i n g 

p e r m i s s i o n t o p roceed w i t h t h e wor l<s. 



PERFORMANCE OF MEASUREMENTS 

The b e s t way t o do t hese measurements i s t o measure d u r i n g 13 hou rs 

t he v e l o c i t y and s a l i n i t y - p r o f i l e a t è e v e r a l l o c a t i o n s . T h e ' d l s a d v a n t a 

o f t h i s method i s t h a t i t i s a v e r y e x p e n s i v e me thod , because no more 

than 5 s t a t i o n / w e e k can be measu red , i f one boa t i s a v a i l a b l e . And 

because i t t akes a l s o t ime t o go t o t he s t a t i o n , such a week i s a 

week a t a p p r o x . 75 w o r k i n g h o u r s . 

But i n o r d e r t o g e t a good i m p r e s s i o n o f the s a l i n i t y , i t i s n o t 

n e c e s s a r y t he measure a l s o t he v e l o c i t i e s . P r o v i d e d t h a t a f a s t , 

e l e c t r o n i c s a l i n o m e t e r i s used ( l i k e t he s a l i m o m e t e r o f Y e l l o w S p r i n g s 

I n s t r u m e n t s , t y p e n r . 33) a s a l i n i t y p r o f i l e can be measured i n o n l y 

one o r two m i n u t e s . W i t h such a f a s t s a l i n o m e t e r a dynamic m e a s u r i n g 

campaign can be s e t - u p . 

As m e a s u r i n g v e s s e l a s m a l l s p e e d - b o a t w i t h an o u t b o a r d e n g i n e can be 

used ( t h e mete r does n o t need a power s u p p l y , and i s n o t s e n s i t i v e t o 

mo t i ons o f the s h i p ) . I f one uses a scheme o f k m i n u t e s s a i l i n g 

and 2 m i n u t e s m e a s u r i n g , 5 s t a t i o n s can be measu red , i f one measures 

t he p r o f i l e s e v e r y h a l f h o u r . The d i s t a n c e between t he s t a t i o n s 

can he a p p r o x one k i l o m e t e r . 

So i f 20 s t a t i o n s a r e r e q u i r e d , a l l t h e s e s t a t i o n s can be measured 

i n f o u r d a y s , (For p r a c t i c a l reasons i t i s a d v i s a b l e t o work in 

two s h i f t s ) 



For c o m p a r i s o n : 

normal way 15 h o u r s / d a y 

4 man 

20 days 1200hours 

dynami c way 15 h o u r s / d a y 

2 x 3 man 

k days . 360 tnours 

A second advan tage o f t h e dynamic way o f m e a s u r i n g i s t h a t g roups o f 

5 s t a t i o n s have t he same e n v i r o n m e n t a l c o n d i t i o n s , ( e s p e c i a l l y same 

t i d a l c o n d i t i o n ) , w h i l e w i t h t he s t a t i c way , each s t a t i o n has d i f f e r e n t 

e n v i r o n m e n t a l c o n d i t i o n s , because t he measurements a r e made on 

d i f f e r e n t d a y s . 



SALINE ENGINEERING' 

I t m i g h t be advan tageous t o l<eep t h e s a l t w a t e r as f a r as p o s s i b l e t o 

an ups t reem l o c a t i o n , e s p e c i a l l y in a reas where channe1s a re d r e d g e d , 

and a s t r a t i f i c a t i o n o c c u r s . 

In such po i n t s one can improve t he s i t u a t i o n by i nc reas i ng t h e f r e s h ­

w a t e r f1ow t h rough t h a t c h a n n e I . 

As an e x a m p l e , one may i n c r e a s e the f r e s h - w a t e r f l o w t h r o u g h t h e 

Ca la do N o r t e by c l o s i n g t h e gaps between t he i s I a n d s in t he e s t u a r y , 

and f o r c i ng a I I t he f r e s h - w a t e r o f t he Tagus t h rough t h e Cala do 

N o r t e . 

Do ing t h i s one may g u a r a n t e e t h a t w a t e r i n t a k e s n o r t h w e s t o f Povoa 

have a Iways f r e s h - w a t e r . 

However , b e f o r e mak ing such an i m p o r t a n t change i n t he h y d r a u l i c 

sys tem o f t h e e s t u a r y , a t h o u r o u g h s t u d y o f s a l i n i t y in t h a t a rea 

has t o be made. 

Of c o u r s e such a change s h o u l d a l s o be t e s t e d i n t h e m a t h e m a t i c a l 

model o f the i n n e r E s t u a r y . 



CONCLUSIONS 

From o u r e x p e r i e n c e s f r o m s t u d i e s o f t h e Tagus e s t u a r y f o l l o w s t h a t 

changes wes t o f Belem a r e n o t a f f e c t i n g t h e i nner e s t u a r y , b u t t h a t 

changes e a s t o f Belem may have an i n f l u e n c e on t h e h y d r a u l i cs and 

t h e dens i t y d i s t r i b u t i o n o f t h e i n n e r e s t u a r y . 

I t is e x p e c t e d t h a t o n l y i n t h e t r a n s i t i o n zone ( i . e . between 

Po(;o do B i spo and Al c o c h e t e ) t h e e f f e c t s a r e cons i d e r a b l e b u t i t 

i s n o t poss i b l e t o say on b e f o r e h a n d t h a t changes e l s e w h e r e a re 

n e g l i g i b l e . 

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

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

a number o f s t a t i o n s in t h e e s t u a r y , i f p o s s i b l e a l l as a 

f u n c t i o n o f t he e n v i ronmenta1 cond i t ions ( t i d e , s e a s o n s , r i v e r 

d i s c h a r g e ) . 

F i r s t o f a l I t h e measurements a l ready done shou l d be worked o u t 

and a n a l y s e d , wi t h t h e r e s u 1 t s o f t h i s a n a l y s i s mi ss i ng d a t a can 

be d e t e r m i n e d and an a d d i t i o n a l measu r i ng p rogram can be s e t - u p . 

A d d i t i o n a l measurements can be done f a s t and r e l a t i v e l y c h e a p , 

a p p l y i n g modern , e l e c t r o n i c sa-| i n o m e t e r s . These me te rs a r e 

a v a i l a b l e i n P o r t u g a l t h r o u g h s p e c i a l i s e d h y d r o - s u r v e y compan ies . 

A f t e r t h e t o t a l a n a l y s i s a t a l I d a t a a g e n e r a l impress ion o f 

t h e s a I i n i t y d i s t r i b u t i o n o f t h e who le e s t u a r y can be g i v e n . 

W i t h t h e da ta than a v a i l a b l e one can d e t e r m i n e f o r whi ch p r o j e c t s 

add i t i o n a l s a l i n i t y - s t u d i e s a r e r e q u i r e d , and a l s o f o r wi t h 

p r o j e c t s a l i n i t y e f f e c t s a r e o f no i m p o r t a n c e a t a l l . 


