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1. Genexal Informat ion 

Sepe t iSa  Bay i s  i n  t h e  sou th -eas t e rn  r e g i o n  o £  B r a z i l ,  
a t  about LOOkm ..vest from Rio de  J a n e i r o .  Its mean aDprox 
imate  dimensions  a r e  25km (E-W) and 12.5km (N-S), w i t h  a- 
s u r f a c e  o£ ahout  312.5kin2. The bay i s  r e l a t i v e l y  w e l l  p r o  
tected f r o m  trave d i s t u r b a n c e s  o£  t h e  Dpen sea, t h i s  p r o t e c  
t i o n  be ing  provided inainly by Res t inga  d a  F:aramUaia, a b a r  
r i e r  Ueach w i t h  about  40km i n  a E.W d i r e c t i o n ,  Fig .  1. 1tç 
s r i n c i p a l  e n t r a n c e  i s  l o c a t e d  i n  i t s  wes te rn  r e g i o n , t n r o u g h  
passage:~~ays anci channe l s  betvreen t h e  mainland and s e v e r a 1  
i s l a n d s .  I n  terms of  wate r  c i r c u l a t i o n ,  t h e  e a s t e r n  en 
t r a n c e  throuqh Bar ra  de  Guara t iba ,  i s  u n i m ~ o r t a n t ,  d u e t o  
its very m a l 1  depth.  R ive r s  I t a g u a i  and Guandu 2nd s e v e r  - 
a 1  channe l s ,  w i t h  lo:v flow rater-, d r a i n  i n t o  t h e  bay t h e  
r eg ion  l o c a t e d  S W  from Rio de  J a n e i r o .  

Local  t i d e s  are semi-d iurna l ,  w i t h  maximum s p r i n g  t i d  
a1 r anges  o£ about  1 . 5 ~ ~ .  

Sea genera ted  by l o c a l  winds do n o t  exceed 0-8m i n  
he igh t , ,  and t h e  p e r i o d s  a r e  s h o r t  (2 .5s  t o  3 s ) .  

Yaximum wind v e l o c i t i e s  amount t o  some 20  Knots and 
occur  i n  t h e  v i n t e r  months, when it blows mainly from 
sout3erl-y d i r e c t i o n s .  I n  g e n e r a l ,  mean wind v e l o c i t i e s  are 
about 7 t o  1 0  kno t s .  

S a l i n i t y  ònd tem-erature  neasurements çhor.ícd r e l a t i v  
e l y  u n i ~ n o r t a n t  v e r t i c a l  v a r i a t i o n s ,  excep, t  n e a r  t h e  r i v e r  
r cg ion  (1). 

A n  i ron -o re  and coa1 t e r m i n a l  w i l l  be b u i l t  i n  S e r e t i  
ba Cay, i n  a r e g i o n  sou tk  o£ Yads i ra  I s l a n d .  T h i s  ~ r o j e c t -  
i s  being e n l a r ç e d ,  s o  t h a t  an i r n ~ o r t a n t  harbour  ?;i11 come 
i n t o  beinq t o  s e r v e  a s  an a l t e r n a t i v e  t o  Rio de  J a n e i r o  
p o r t .  Eredgirig - r i 1 1  be neces ra ry  f o r  the e ç t a b l i s h n e n t  o£ 
an an l roach  channel  and a  t u r n i n q  Sas in .  Tnese f a c t s  induced 
a  s e r i 2 s  of I1~7Zraulic and r e C i r ? ~ n t o l o ç i c a l  studies,aircd -- _ _ .- ________ _ _ _ _  _- -___ _ _ _ _ _ _ _ _ _ _  a t  * Enq inec r s ,  R a d i o i s o t o ~ s s  Lahora tory ,  I a s t i t u t i f o r  Xadioac - 
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a b e t t e r  under r tanding  o f  bottom behaviour ,  t h e  measurement 
o£ suspended s e d i n e n t  c o n c e n t r a t i o n s ,  t h e  d e t e r m i n a t i o n  of  
h y d r a u l i c  a c t i o n s  i n  t h e  bay,  t h e  l o c a t i o n  of dumping s i tes  
f o r  dredged materiais, e t c .  Ia t h i s  p a p e r ,  s e v e r a l  a s p e c t s  
o£ t h e  prob lev  a r e  r r e s e n t e d ,  i n c l u d i n o  a  o e n e r a l  view of  
t h e  geomorphology o f  t h e  r e g i o n ,  a n a l y s e s  o f  c u r r e n t  measure - 
ments, an o v e r a l l  view of  g e n e r a l  wate r  c i r c u l a t i o n  and 
s t u d i e s  of  t h e  sedimentology of  t h e  bay by conven t iona l  
methods and by r a d i o a c t i v e  t r a c e r s .  

2 .  Geology and Sedimcntology 

2.1. Geomorphology o f  t h e  r eg ion .  

The format ion  of  Sepe t iba  Bay and t h a t  of Res t inga  d a  
Marambaia are r e l a t e d ,  s i n c e  t h i s  3arrier beach g i v e s  t h e  
bay t h e  c h a r a c t e r i s t i c s  o f  a  semi-confined w a t e r  body. R e s  
t i n g a  d a  Earambaia i s  a b a r r i e r  beach-formed 5 y  f r o n t a l  wavê 
a c t i o n  on t h e  c o n t i n e n t a l  s h e l f  d f t e r  t h e  rise i n  sea l e v e l  

- t h a t  fol lowed t h e  end of  t h e  I c e  Ages. 

I n  t h e  p r e s e n t  c o n d i t i o n s ,  S e p e t i b a  bay i s  bound i n  
t h e  N and E by t h e  mainland,  i n  t h e  S by Rest inga  d a  Maram 
b a i a  and i n  t h e  W by a  s t r i n g  o f  i s l a n d s  t h a t  s t r e t c h e s  oÜt 
From Pompeba p o i n t  t o  filadeira I s l a n d .  T i d a l  f l ow between 
t h e  ocean and t h e  bay t a k e s  p l a c e  th rough  two r e g i o n s :  be 
tween t h e  i s l a n d s  t h a t  form i t s  wes te rn  bo rde r  and th rough  
t h e  channe ls  of  Guarqt iba  b a r .  I n  g e o l o g i c a l  t e rms  ( 2 ) ,  Se 
p e t i b a  bay i s  c h a r a c t e r i z e d  as a semi-confined body o f  watgr 
undergoing a d e p o s i t i o n  p roces s .  T h i s  d i a g n o s i s  must be 
analyzed i n  d e t a i l ,  s i n c e  a harbour  i s  planned f o r  t h e  re 
gion.  This  a n a l y s i s  has  begun by an examinat ion o f  t h e  E i s  - 
to ry  o f  t h e  bed c o n f i g u r a t i o n  and by t h e  s tudy  o f  t h e  d i s  
t r i b u t i o n ,  t h e  c h a r a c t e r i s t i c s  and t h e  s o u r c e s  o£ e x i s t i n g  
sediments.  

2.2.  Ana lys i s  o f  Hydrographic Surveys.  ( 2 )  

A hydrographic  survey  made by t n e  French Navy i n  1868 
has  been compared t o  t h e  E r a z i l i a n  nava l  c h a r t ,  c o r r e c t e d  t o  
1973 .  An a n a l y s i s  o f  t h e . p r e s e n t  bed c o n f i g u r a t i o n s  has  
a l ç o  been made. Areas i n  which dep th  and morphological  
changes occur red  are p re sen ted  i n  F ig .  2. 

A t  p r e s e n t ,  several channe l s  e x i s t  i n  t h e  f l o o r  o£ Se - 
p e t i b a  and I l n a  Grande bays. T h i s  c h a r a c t e r i s t i c  r e s u l t s  
from f l u v i a l  e r o s i o n ,  t h a t  happened tihen t h e  ocean w a s  be 
l o ~ r  i t s  p r e s e n t  l e v e l ,  d u r i n g  t h e  l a s t  Ice Age. c o m u n i c a  
t i o n  between Sepe t iba  and I l h a  GranCe òays  i s  made th rough  
a n c i e n t  narrow and dee- v a l l e y s  which expose t o  e r o s i o n  



t h e  cenozoic  sedimentary column tnrough  which t h e y  have 
been excavated.  T h i s  channe l ,  w i th  d e p t h s  from 15  t o  25m, 
comes from I lh í t  Grande bay,  p a s s e s  between I l h a  Grande and 
t h e  mainland and e n t e r s  Sepe t iba  bay by a main channe l  
between ~ t a c u r u c á  2nd Jaquanum i s l a n d s  and by secondary 
channe l s ,  between t h e  mainland and ~ t a c u r u ç á  i ç l a n d  as w e l l  
a s  between Jaguanun i s l a n d  and P o q e b a  p o i n t .  I n  t h e  i n t e r  
na1  . r e g i o n  of t h e  ba17, d e p t h s  d e c r e a s e  g r a d u a l l y  f  rom W to-  
E and from t h e  c e n t e r  t o  i t s  o u t e r  r e g i o n s .  

2 .3 .  Ana lys i s  o£ bed sediments .  ( 2 )  

About 3 0 0  bed samples w e r e  c o l l e c t e d  i n  S e p e t i b a  bay,  
i n  Flangaratiba bay and E o f  I l h a  Grande i s l a n d ;  l a t e r  on ,  
2 0  more samples w e r e  c o l l e c t e d ,  i n  t h e  r e g i o n  of  t n e  ay 
proach channel  and o f  t h e  kurning bas in .  They w e r e  ana  
lyzed  f o r  mean d i ame te r ,  c u r t o s i s ,  skewness, ç o r t i n g ,  c l a y  
d i s t r i b u t i o n ,  d i s t r i b u t i o n  o f  t h e  f r a c t i o n  s i l t  p l u s  c l a y ,  
d i s t r i b u t i o n  o£ c l a y  p e l l e t s ,  o r g a n i c  matter c o n t e n t  and 
heavy m i n e r a l s  d i s t r i b u t i o n .  A b r i e f  t r e a t m e n t  w i l l  be  g i  - 
ven .he re  f o r  t h e  parameters  which enabled  t h e  more impor - 
t a n t  conc lus ions .  

Tne a n a l y s i s  of  c l a y  p e l l e t s ,  o r i g i n a t e d  from t h e  e r o  
s i o n  of t h e  sedimentary cenozoic  s u b s t r a t u v  by t h e  c u r r e n t s ,  
i n d i c a t e s  t h a t  sediment e n t e r s  Sepe t iba  bay th rough  a r e g i o n  
t h a t  r u n s  between Guaiba i s l a n d  and Marambaia h i l l ,  goes  on 
t o  NE and p a s s e s  between ~ t a c u r u ç á  and Jaguanum i s l a n d s .  

The mean d iameter  o f  t h e  samples shows t h e  energy  i n  
volved i n  t h e  p r o c e s s  o f  d e p o s i t i o n  of  t h e  material. ~ i s t r i  
b u t i o n  o f  mean d i ame te r s  is çhown i n  F ig .  3 and can be  d i v i -  - 
ded i n t o  2  r eg ions :  t h e  a r e a  T i  o£ &?arambaia and Jaguanum 
i s l a n d s  and t h e  i n t e r n a 1  a r e a  o f  S e p e t i b a  bay. I n  t h e  f L r s t  
one,  t h e  energy  involved  i s  more i m ~ o r t a n t ,  wh i l e  t h e  second 
shows c h a r a c t e r i s t i c s  of  a semi-confined w a t e r  body. There 
a r e  w e l l  marked l i m i t s  between a r e a s  o f  g r e a t e r  movement, 
c h a r a c t e r i z e d  5y sand ,  and areas o£ smal l  ene rgy ,  w i t h  f i n e  
sand and s i l t .  

Clay a r e a s  a r e ,  i n  g e n e r a l ,  surrounded by s i l t  areas. 
The c l a v i s h  zone between 1 tá  channe l  and S e p e t i b a  town i s  
due t o  f l u v i a l  i n f l u e n c e s .  Areas o f  v e r y  f i n e  sand i n  t h e  
c e n t e r  o f  t h e  bay r e f l e c t  t e r n i n a l  p o i n t s  o f  t h e  c u r r e n t s  
t h a t  prevail i n  t h e  s o u t h e a s t e r n  a r e a  of ~ t a c u r u ç á  i s l a n d ,  
producing edd ie s .  

From t h e  a n a l y s i s  o f  mean d i ame te r  d i s t r i b u t i o n  t h e  
conc luç ion  i s  reached t h a t  s ed imen ta t ion  i n  S e p e t i b a  bay 
a r e a  i s  dominated almost e n t i r e l y  by marine c i r c u l a t i o n ,  
which influente p r e v a i l s  u? t o  t h e  c e n t r a l  p a r t  o f  t h e  bay. 



F l u v i a l  c o n t r i b u t i o n  i s  srriall and r e s t r i c t e d  t o  t h e  a r e a  
between Fladeira i s l a n d  and S e p e t i b a  town. 

C u r t o s i s  a n a l y s i s  i s  based on t h e  dependence o f  a  s i  
ze d i s t r i b u t i o n  curve  o11 t h e  dinamics  i nvo lved  i n  seãimenta  
t i o n  p roces ses .  Th i s  k ind  of  a n a l y s i s  shows t h r e e  p r i n c i -  - 
p a l  sou rces  f o r  t h e  s e d i ~ e n t s  t h a t  e n t e r  t h e  bay. The 
f i r s t  and less impor tan t  one i s  formed by t h e  channe l s  a t  
Guarat iba  b a r .  The seco-rl-d i n  importance i s  formed b17 t h e  
r eg ion  between I l h a  Grande i s l a n d  and Marambaia h i l l .  The 
most impor t an t  c o r e s  from I l h a  Grande bay,  p a s s i n g  between 
t h i s  i s l a n d  and t h e  mainland. The  f l u v i a l  c o n t r i b u t i o n  
being un impor tan t ,  t h e  b i g ç e s t  c o n t r i b u t i o n  o f  sed iments  t o  
t h e  a r e a  would be e x t e r n a l ,  from t h e  c o n t i n e n t a l  p l a t fo rm.  

The c h a r t  p r e s e n t i n g '  c l a y  d i s t r i b u t i o n  , Fig.  4 ,  which 
p i c t u r e s  r e g i o n s  o f  sma l l e r  ene rgy ,  w i l l  be examined now. 
Areas w i t h  6 0  t o  1 0 0 %  o f  c l a y  are mainly l o c a t e d  i n  t h e  
i n n e r  p a r t  o f  Sepe t iba  bay. I n  t h i s  area,  t h e  t e r m i n a l  eddy 
SE o f  I t a c u r u ç á  i s l a n d  i s  aga in  appa ren t .  An a r e a  o f  g r e a  
t e r  movement is a p p a r e n t ,  SE o f  Jaguanum i s l a n d ;  t h i s  area 
i n c l u d e s  t h e  r eg ion  o f  t h e  c u r r e n t s  t h a t  are e r o d i n g  Pompe 
ba p o i n t  and t h a t  ex t ends  i n t o  t h e  i n t e r n a 1  beaches  o f  ~ e ç  - 
t i n g a  d a  Marambaia . 

2 . 4 .  Conclusions .  

The e lements  analyzed i n d i c a t e  3 p r i n c i p a l  sou rces ,o f  
ocean ic  o r i g i n ,  f o r  t h e  sediments  t h a t  e n t e r  S e p e t i b a  bay,  
as c i t e d  above. Sediments o f  t h e  tido l a s t  sou rces  mix up 
as they  e n t e r  t h e  bay and t h e i r  c i r c u l a t i o n  i s  done by t h e  
fo l lowing  passageways: between I t a c u r u ç á  and Jaguanum i s  
l a n d s ,  between Jaguanum I s l a n d  and Marambaia h i l l  and bè 
tween Batuque and I t a c u r u ç ã  i s l a n d s ,  opening  i n t o  Saco da 
Coroa Grande. From t h e s e  e n t r i e ~ ~ s e d i m e n t a t i o n  f r o n t s  are 
formed, t e n d i n g  t o  f i l l  up t h e  bay. Mechanisms o f  t h e  eddy 
type  o i v e  r ise t o  s i g n i f i c a n t  l o c a l  d e p o s i t i o n s .  Cont r ibu  
t i o n  o f  f l u v i a l  sediment i s  s m a l l  i n  t h e  bay,  be ing  impor - 
t a n t  o n l y  n e a r  t h e  r i v e r s  and channel  openings .  

The p roces ses  of  c u r r e n t  c i r c u l a t i o n  and sed imenta t ion  
t h u s  c h a r a c t e r i z e  t h e  bay as an a r e a  o f  p r e v a i l i n g  marine  
c h a r a c t e r i s t i c s .  The more r e p r e s e n t a t i v e  bottom sediment i s  
s i l t .  Clay f r a c t i o n  i s  impor tan t  i n  t h e  a r e a  of  f l u v i a l  i n  - 
fluente . 

Sepe t iba  bay, i n  g e o l o g i c a l  terms, can t h u s  be c h a r a c t e  - 
r i z e d  as a  semi-confined a r e a ,  undergoing a  s ed imen ta t ion  
p roces s .  I n  t h i s  a r e a ,  t h r  most f avourab le  c o n d i t i o n  f o r  
t h e  b u i l d i n g  o f  an anproach channel  i s  l o c a t e d  Setween I t a  
curuçá  and Jaguanum i s l a n d s .  These c o n c l u s i o n s  must be cgn - 
f i rmed by o t h e r  s t u d i e s .  



3 .  Hydraul ic  Xeasurements 

Between Se-tember 7 4  and September 75,  c u r r e n t s  w e r e  
measured i n  Sepe t iba  bay,  a long  t h e  verticais o f  s e v e r a 1  
p o i n t s ,  du r ing  f u l l  t i d a l  c y c l e s ,  cove r ing  s p r i n g ,  neap and 
mean t i d e s * .  During r a d i o a c t i v e  t r a c e r  t7ork , c u r r e n t s  were 
a l s o  measured, n e a r  i n j e c t i o n  p o i n t s ,  t o  relate t h e  Sehavior  
of bed m a t e r i a l  t o  t n e  9 r e v a i l i n g  hydrodynamic a c t i o n s  ( 3 ) .  

A sys t ema t i c  a n a l y s i s  o f  c u r r e n t  measurements w a s  made, 
w i th  t h e  fo l lowing  main purposes:  

a )  Determinat ion of  t h e  ov i r - a11  p i c t u r e  o f  wate r  
c i r c u l a t i o n  i n  t h e  bay ,  i n  d i f f e r e n t  h y d r a u l i c  
and m e t e o r o l o ~ i c a l  c o n d i t i o n s .  

b) Determinat ion on t h e  r e l a t i v e  influente o f  hydrau - 
l i c  a g e n t s  ( t i d e s ,  winds,  s a l i n i t y  and tempera 
t u r e  g r a d i e n t s ,  e t c )  i n  g e n e r a l  trater c i r c u l a t i o n .  

C u r r e n t s  i n  Sepe t iba  bay are o f  low i n t e n s i t y ,  be ing  
a  v e l o c i t y  of 0.8m/s, a t  t h e  s u r f a c e ,  t h e  g r e a t e s t  v a l u e  
recorded ,  i n  t h e  r eg ion  between Mar t ins  and ~ t a c u r u ç ã  i s l a rds .  
I n  t h e  harbor  a r e a ,  c u r r e n t s  are s t i l l  weaker,  w i th  a maximum 
v e l o c i t y  o f  0.25m/s a t  1 meter above t h e  bottom and vmax - 0.50m/s on t h e  s u r f a c e  ( 3 ) .  

The main c u r r e n t  d i r e c t i o n  i s  E-I$, w i t h  v a r i ' a t i o n s  
caused by bottom t o p o g r a p h y ; . t i d e  i s  t h e  p r i n c i p a l  h y d r a u l i c  
agen t  t h a t  govern t h e  c u r r e n t s .  

Flow i n v e r s i o n s  occur  nea r  h igh  wate r  and low w a t e r .  
R e l a t i v e l y  s t r o n g e r  c u r r e n t s ,  between low wa te r  and h igh  
wate r ,  occur  between Jaguanum i s l a n d  and t h e  mainland,  i n  i t s  
n o r t h e r n  p a r t .  

This  f a c t  causes  a  c lockwise  g e n e r a l  c i r c u l a t i o n  of  
t h e  c u r r e n t s  betveen low and high v r a t e r ,  F ig .  5 .a .  Eddies  
a r e  formed i n  t h e  c e n t r a l  r eg ion  of  t h e  Say,  due t o  t h e  
i n t e r a c t i o n  o f  t h e  weaker c u r r e n t s  t h a t  e n t e r  between Jagua - num and PompeSa i s l a n d s  wi th  p a r t  o f  t h e  s t r o n g e r  c u r r e n t s -  
t h a t ,  e n t e r i n g  through t h o  nor then  p a r t ,  are  d i r c c t e d  w e s t  
wards by t h e  c o a s t a l  c o n f i g u r a t i o n  i n  t h e  ?;E o f  t i le  bay,  and 
by I ies t inaa  da  i ' .araxbaia. 

These e d d i e s  a r e  more pronounced a t  mean h igh  water. 
A t  mean 1 0 ~ 7  w a t e r ,  c u r r e n t  benavior  has ,  i n  g e n e r a l ,  t h e  
gene ra l  c o n f i g u r a t i o n  of t h e  f i g u r e  5.b.  

------- ---- * !~ 'easurecents  ~erformed DL- I n s t i t u t o  d e  Pesqu i sa s  ~ i d ? o v i á  - 
r i a s ,  ~ o r t o b r ã s ,  Rio de  J a n e i r o .  



Local v i n d s  a r e  of lo7.v i n t e n s i t l r  and a l t e r n a t e  mainly  
5etvaeen N E ,  S and Si.?. Grea te r  v e l o c i t i e s  o c c u r  i n  w i n t e r  
months (June t o  Senteder )  2nd a r e  always l e s s  t h a n  20  knots .  
V e l o c i t i e s  o f  t h i s  magnitude a r e  i n f r e ~ u e n t  and do n o t  aFpear 
a s  a  con t inuous  wind. 

F iq .  6 ? r e s e n t s  annua l  f r e a u e n c i e s  o f  d i r e c t i o n s  and 
v e l o c i t i e s ,  based i n  r,+rind. --- r e c o r d i n g s  th rough  a 10 yea r  
~ e x i o d .  

S t u d i e s  made t o  d e t e c t  wind i n f l u e n c e s  i n  c u r r e n t  c i r  
c u l a t i o n  shov:ed t h a t  t h i s  agen t  i s  o £  secondary importance- 
r e l a t i v e  t o  t h e  t i d e .  The çame occu r s  i n  r e l a t i o n  t o  t h e  
e f f e c t s  o f  thermal  and s a l i n e  g r a d i e n t s .  Water c i r c u l a t i o n  
i n  t h e  bay seems t o  favour  t h e  dumpimgof dredged m a t e r i a l  
on t h e  e a s t e r n  s i d e  o f  Pompeba i s l a n d ,  i n  d e p t h s  g r e a t e r  
t han  1 0 m ,  from t h e  vie :&voint  of  avo id ing  i t s  r e t u r n  t o  t h e  
dredged si tes.  Probably ,  t h i s  r e q i o n  vil1 be s t u d i e d  i n  a  
nea r  f u t u r e .  I f  t h i s  hypo thes i s  i s  conZirmed, d redq ing  
c o s t s  w i l l  be s h a r p l y  c u t  down. S e p e t i b a  bay i s  t h u s  an 
e x c e l l e n t  l o c a t i o n  f o r  t h e  i n s t a l l a t i o n  of a  m a r i t i m e  t e r m i  - 
n a l ,  a s  it i s  w e l l  p r o t e c t e d  from t h e  s e a ,  p r e s e n t s  low 
c u r r e n t  v e l o c i t i e s  and o f f e r s  a lmost  adeyua te  n a t u r a l ,  rela - 
t i v e l y  s t a b l e  d e p t h s .  

4 .  S t u d i e s  w i t h  Radioac t ive  Tracers ( 4 )  

These s t u d i e s  were i n i t i a t e d  i n  t h e  Seqinn ing  o f  1975,  
w i th  t h e  c o l l e c t i o n  of  bottom and suspended samples ,  a t  2 0  
p o i n t s  i n  t h e  harbour  area. ' 

Peasurements o f  suspended sediment  c o n t e n t ,  conf i rming  
p r e v i o u s  s t u d i e s ,  shoíred v e r v  s m a l l  v a l u e s  f o r  sussended se - 
diment ,  even performing sampling d u r i n g  t h e  r a i n y  season-  
Ana lys i s  o f  g r a i n  ç i z e  d i s t r i b u t i o n  , measurements o f  s e t t l i n g  
v e l o c i t i e s  and d e t e r m i n a t i o n s  o f  s o l i d s  c o n t e n t  o f  t h e  
samples have a l ç o  been nade. I t  w a s  v e r i f i e d  t h a t  p r a t i c a l l y  
a11 t h e  r e g i o n  o f  i n t e r e s t  had a bottom o£ cohes ive  m a t e r i a l ,  
wi th  s i l t  and c l a y  c o n c e n t r a t i o n s  i n  t h e  range o f  3C10g/l t o  
500g/l.  To q e t  an e s t i m a t e  o f  t h e  movenent t o  be expec t ed ,  
c r i t e r i a  developed by r l ign io t  (5) f o r  e r o ~ i o n  of  cohes ive  
n a t e r i a l s  b:7 c u r r e n t s  have been a - p l i e d ,  s i n c e  it i s  n o t  t o  
be expec ted  t h a t  sea cene ra t ed  by l o c a l  winds w i l l  d i s t u r b  
t h e  bed m a t e r i a l .  

Th i s  method i s  based i n  t h e  d e t e r m i n a t i o n  of  t h e  
i n i t i a l  r i g i d i t y  r of  t h e  m a t e r i a l ,  a s  determined by t h e  
r e q u i r e d  to rque  t ~ ~ i n i t i a t e  t h e  rrovernent o f  a  r o t o r  imerged 
i n  t h e  m a t e r i a l .  This  method d e f i n e s  t h e  c r i t i c a 1  s h e a r  
stress r c  -as be ing  e q u a l  t o  T . The c r i t i c a 1  s c o u r  v e l o c i t l  
u, i s  g iven  by 17 



Values of  r v  f o r  t h e  samyles c o l l e c t e d  i n  t h e  harbor  
r e g i o n  v a r i e d  between 1 and 1 0 ~ / m ~ .  Values of u, w i l l  v a r y  
bet17een 3cn/s and lOcm/s, on t h e  bottom. I f  t h e  l o g a r i t h m i c  
l a w  f o r  v e l o c i t y  d i s t r i b u t i o n s  i s  a c c e p t s d ,  it i s  p o s s i b l e  
t o  com-ute t h e  v a l u e s  o£ c u r r e n t  v e l o c i t i e s  a t  l m  above t h e  
bottom (depth  i n  which c u r r e n t s  were r eco rded )  t h a t  would 
produce t h e s e  v a l u e s  o£ u, on t h e  bottom. I t  is v e r i f i e d  
t h a t ,  a t  l m  above t n e  bottom, v a l u e s  o f  c u r r e n t  v e l o c i t i e s  
do  n o t  occur  which v:ould produce t h e  s h e a r  s t r e s s e s  n e c e s s a r -  
t o  p u t  t h e  Sed m a t e r i a l  i n t o  sus-ension.  A v e r y  s m a l l  move - 
ment o£ bed m a t e r i a l ,  i n  t h i s  a r e a ,  must t h e n  be expec ted .  

To conf i rm t h e s e  r e s u l t s ,  two r a d i o a c t i v e - t r a c e r  i n j e c  - 
t i o n s  were made, a t  p o i n t s  PI1  and P 1 2 ,  F ig .  1. The i n j e c  
t i o n s  were made a t  h igh wate r  o£ s p r i n g  t i l e s ,  To ensure-  
t h a t  t h e  t r a c e r  would be r e p r e s e n t a t i v e ,  bed m a t e r i a l  w a s  

- c o l l e c t e d  a t  t h e  i n j e c t i o n  p o i n t s  and d i r e c t l y  l a b e l l e d  wi tn  
a r a d i o a c t i v e  t r a c e r ,  A prev ious  s i e v i n g  t o  s o r t  o u t  c o a r s e  
m a t e r i a l  has been made. A s  l i t t l e  movenent iías expec t ed ,  an  
i n j e c t i o n  dev ice  was developed,  orhich can  d i s t r i b u t e  t h e  
l a b e l l e d  m a t e r i a l  a long  a l i n e ,  i n  uniforrn w a y ,  Fig .  7.  The 
l a b e l l e d  m a t e r i a l  i s  p laced  on t h e  i n j e c t i o n  c h a m e r ,  on 
board of t n e  b o a t  used i n  t h e  work and t h e  i n j e c t i o n  d e v i c e  
i s  lowered t o  t h e  bottom. The boa t  t h e n  i s  s lowly  movea f a r  
away from t h e  i n j e c t i o n  d e v i c e ,  u n t i l  a d i s t a n c e  e q u a l  t o  t h e  
d e s i r e d  i n j e c t i o n  l e n g t n .  

The i n j e c t i o n  dev ice  was t h e n  p u l l e d  t o  t h e  S o a t ,  towed 
by a c a b l e ,  s l i d i n g  over  t h e  bottom. This  rnovement i nduces  
t h e  a c t i o n  o£ a p i s t o n  t h a t  p u l l s  t h e  t r a c e r  o u t  of  t h e  i n j e c  - 
t i o n  chamber. 2 s  t h e  moverent o f  t h e  p i s t o n  is caused by 
t h e  r e a r  wheels o f  t h e  i n j e c t i o n  d e v i c e ,  t h i s  can be p u l l e d  
a t  a n i  speed, producing alarayç a uniforrn i n j e c t i o n .  The 
eauipment can vork ..iith f i n e  ~ a t e r i a l  ( s i l t  o r  c l a y )  o r  wi th  
c o a r s e r  m a t e r i a i s  ( sand ,  g l a s s ) ,  s imnly changing t h e  i n j e c  - 
t i o n  chamber. 

A f t e r  each i n j e c t i o n ,  s e v e r a 1  d e t e c t i o n s  v e r e  made. 
Each d e t e c t i o n  covered a11 t n e  r a d i o a c t i v e  c loud  produced by 
t h e  t r a c e r  u s ing  a s c i n t i l l a t i o n  c o u n t e r ,  a t t a c h e d  t o  a 
s l edge  towed S:Y t h e  boa t .  The probe w a s  connected t o  a r a t e  
me te r ,  t o  a s c a l e r  and t o  a ~ r i n t e r ,  and e l e c t r i c a l  c u r r e n t -  
was su-pl ied by a p o r t a b l e  g ê n e r a t o r .  The S o a t  covered t h e  
cloud by p a r a l l e l  l i n e s ,  s e l a r a t e d  by d i s t e n c e s  between 5 m  
t o  50m. - P o s i t i o n  of t h e  boa t  a t  each i n s t a n t  vas determined 
by t h e o d o l i t e s ,  i n  c o m u n i c a t i o n  with t h e  boa t  b:~ p o r t a b l e  
r a d i o - t r a n s m i t t e r s .  



During a11  t h e  :*rork i.:ith r a d i o a c t i v e  tracers,  d i r e c  
t i o n  and v e l o c i t y  o f  t h e  c u r r e n t s  were r e c o r d e d ,  bo th  con  
t i n u o u s l y ,  a t  a  f i x e d  d e ~ t h  and a t  d i f f e r e n t  p o i n t s  o f  a- 
v e r t i c a l ,  a t  a  f i x e d  p o i n t .  

To o b t a i n  q u a n t i t a t i v e  r e s u l t s ,  t h e  d e t e c t i o n  probe 
war c a l i b r a t e d  i n  a b r i c k  box, f i l l e d  w i t h  bed m a t e r i a l ,  and 
t r a v e r s e d  by aluminum t u b e s  r e g u l a r l y  spaced ,  th rough  which 
a  s n a l l  r a d i o a c t i v e  source  i s  passed  a t  a  c o n s t a n t  speed.  
I n  t h i s  w a y ,  it i s  determined t h e  coun t inq  rate provided  By 
t h e  ? robe ,  f o r  an un i ta r l r  a c t i v i t y ,  un i formly  d i s t r i b u t e d  a t  
a g iven  dep th .  

Ana lys i s  was performed by t h e  t r a c e r  ba lance  method 
( ó ) ,  u s i n g  programmable t a b l e  c a l c u l a t o r s  f e d  by p e r 6 o r a t e d  
t a p e .  R e s u l t s  showed t h a t , ' a t  bo th  i n j e c t i o n  p o i n t s ,  move - 
ment was ve ry  srnal l ,  throughout  t h e  d e t e c t i o n  p e r i o d .  

Another s t u d i e s  w i t h  r a d i o a c t i v e  t r a c e r s  are be ing  
planned t o  d e f i n e  a l o c a t i o n  f o r  t h e  dumping o£ dredged ma 
t e r i a l .  P r e s e n t - s i t e s  f o r  t h e  d i s p o s a l  o£ t h i s  m a t e r i a l  are 
l o c a t e d  o u t s i d e  t h e  bay,  which causes  l o n g  t r i p s  o£ t h e  
dredqes .  One l o c a t i o n  t o  be s t u d i e d  i s  t h e  r e g i o n  o f  e d d i e s  
n e a r  Pornpeba p o i n t  and t h e s e  measurements are programmed f o r  
t h e  second semestre o£ 1976. 

5. General  Conclusions  

I n  g e o l o g i c a l  t e r m s ,  Sepe t iba  bay h a s  been c h a r a c t e r i  - 
zed as a semi-confined a r e a  o£ p r e v a i l i n g  marine  c h a r a c t e  
r i s t i c ç ,  undergoing a sed imen ta t ion  p r o c e s s .  The more r e p r e  - 
s e n t a t i v e  bottom sediment i s  s i l t ,  t h e  c l a y  f r a c t i o n  be ing  
impor tan t  on ly  i n  t h e  a r e a  o£ f l u v i a l  i n f l u e n c e .  

From a h y d r a u l i c  v iewpoin t ,  it h a s  been de te rmined  
t h a t  c u r r e n t s  in t h e  bay are of l o w  i n t e n s i t y ,  be ing  E-FJtheir  
main d i r e c t i o n .  Tide i s  t h e  most i m ~ o r t a n t  h y d r a u l i c  agent .  
T5e c u r r e n t  c i r c u l a t i o n  ~ a t t e r n  induces  e d d i e s  i n  t h e  c e n t r a l  
p e r t  o f  t h e  bay,  b e t ~ r e e n  low and h igh  17ater. It a l s o  s e e n s  
t o  i n d i c a t e  t h a t  t h e  r eg ion  SE o f  Jaguanum i s l a n d  i s  adequa 
t e  f o r  õredged m a t e r i a l  d i s ? o ç a l .  From a h y d r a u l i c  viewpoTnt, 
S e p e t i b a  bay i s  t h u s  a  good l o c a t i o n  f o r  harbour  i n s t a l l a t i o n ,  
a s  it is  w e l l  p r o t e c t e d  from open s e a  a g i t a t i o n ,  p r e s e n t s  low 
c u r r e n t  v ê l o c i t i e s ,  o f f e r s  a lmost  adequate n a t u r a l  d e p t h s ,  
and i t  i s  l o c a t e d  i n  a s t r a t e q i c  r eg ion  f o r  t h e  B r a z i l i a n  
develonrnent . 

From r a d i o a c t i v e  t r a c e r  s t u d i e s ,  i t  h a s  been determined 
t h a t  h y d r a u l i c  a c t i o n s  a r e  unable  t o  induce  movement i n  t h e .  
bed m a t e r i a l ,  a t  b0 th  i n j e c t i o n  p o i n t s ,  i n  t h e  harbour  reg ion .  



F u r t P a  s t u d i e s  w i l l  t e  nade  t o  d e f i n e  a l o c a t i o n  fo r  t he  
d u m ~ i n g  o f  d redged  c a t e r i a l .  

A 1 1  t h e  r e s u l t s  o b t a i n e d  i n  t h i ç  s t u d y  ç e e m  t o  i n d i c a t e  
t h a t  t h e  r e g i o n  c n d ~ r  c o n s i d e r a t i o n  p r e s e n t s  good c o n d i t i o n s  
f o r  ha rbour  c o n s t r u c t i o n .  Rio de J a n e i r o  S t a t e  p l a n s  t o  
b e g i n  d r e d g i n g  work i n  m i d  1 9 7 6 .  

T h i s  work was performed f o r  I n s t i t u t o  de P e s q u i s a s  H i  
d r o v i á r i a s ,  ~ o r t o b r á s ,  Rio  d e  J a n e i r o ,  whose p e r m i s s i o n  to -  
p u b l i s h  t h i s  ^a?er  i s  g r a t e f u l l y  acknowledged. 
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P c d r o  Edzundo PAun* 
Jcffcrson Vlanna E a n d e i r a *  

S e p e t i b a  E a y  i s  i n  t h e  ç o u t h - e a s t e r n  r e q i o n  o f  B r e z i l ,  
a t  a b o u t  L001:rn xeç t  from R i o  d e  J a n e i r o .  I t s  nzan a p 2 r o x  - 
imate d i m e n s i o n s  are 251:rn (E-:.:) and  12.5Rn (1.;-S) r w i t h  a 
s u r f a c c  o f  a b o u t  312  .5;:in2. The  bzy is r e l a t i v e l y  :i211 p r o  
t e c t e d  f r o z  wave .7 i . s turhanccs  of t h e  n p e n  sea, t h i s  p r o t e c  - 
t i o 3  beir?q protric?sc? ina in ly  by R e s t i n q a  c?a !.Iaran>aia,  a bar - 
rier keach  w i t h  a b o ~ t  40km i n  2 X.T.: d i r e c t i o n ,  ?ig. L .  I C s  
p r i n c i ~ a l  e n t r â n c c  is l o c a t e d  i n  i t s  w e s t e r n  r e g i o n , t n r o u q l ?  
paçsaçe-.cays ang channis ls  Setv,isen t h e  n a i n l a n d  azd sever21 
i ç l a n d s .  I n  terzç o f  n a t e r  c i r c u l a t i c n ,  t h n  e a s t e r n  en 
t r a n c e  t h r o u q h  E a r r a  E e  G u a r a t i S a ,  i ç  u n i z . n o r t o n t ,  d u e t o  
i t s  v e r y  s n a l l  d e p t h .  R i v e r s  I t a g u a i  and Guandu 2nd sever - 
al c h a n n e l s ,  T . + ~ i t h  lovr l l o : ~  r 2 t e s r  d r a i n  i n t o  the bay Lhe 
r e g i o n  l o c a t e d  SW f rom Xio de J a n e i r o .  

L o c a l  t i 2 e s  ar2 s e r n i - d i u r n a l ,  w i t h  maxircun s p r i n q  t i d  - 
a1 r a n g e s  o£ about  1 . 5 ~ .  

Sea g e n e r a t e d  5: l o c a l  v:inds d o  n o t  e s c e e d  0.8m i n  
h e i g h t ,  and the p e r i o d s  a r e  s h o r t  ( 2 . 5 s  t o  3 s ) .  

Yaximum o i n d  v e l o c h t i e s  amount t o  s o n e  2 0  S n o t s  a n d  
o c c u r  i n  t h c  ~ : i n k e r  mcn ths ,  vrhen it blo:.rs r ?a in ly  "cri 
s o u t h e r l y  d i r e c t i o n c .  I n  q a n e r a l ,  mean ; .~ ind  v e l o c i t i e ç  are 
a b o u t  7 t o  1 0  k n o t s .  

Sa1ini t .y  2nd t e m e r a t u r e  r e a ç u r e n e n t s  s:?o-.;zd r e l a t i v  - 
e l y  uniii- .ol-tant v e r t i c a l  v a r i a t i o n s ,  G X C C ~ ~  near t h e  r i v e r  
r e q i o n  (1). 

A n  i r o n - o r e  and coa1 t e r m i n a l  x i l l  be ù u ã l t  i n  S e ~ e t i  - 
ba Eay, i n  a  r e g i o n  s o u t k  of !:arizira I s l a n d .  T h i s  ?roject 
is b e i n ~  e n l a r s e d ,  ço that a n  i n ~ o r l o n t  h a r b o u r  vil1 coine 
i n t o  !>ein- to ç-rvc as an alternativs to 3fo de J a x e i r o  
p o r t .  C r c c g i n g  *.!i11 U c  n e c e s 5 z r y  f o r  the e ç t a b l i s h m e n t  of 
an  a ? r r o a c h  c ! ~ a n n e l  and a t u r n i n g  b a s i n .  Tilese f a c t s  i n S u c e 6  
a s c r i z s  o 5  ::~.c:iaulic an:l ~ c ~ c ~ l . r . ? n t o l n c ;  c a l  stulies ,aitzd ;t -- -- - --- - - -  . -  - - - Y-J: 

7 .  . -. * Ezqi..:1c.-:-:-, :;7<(>2c,1,53<2;-.2:; ~ , ; > . : - . ~ ~ - , : , ~ Q : - ! . t  ii;$:zi+--..-- L-,*C-- *L,* ::..:ei.3ac -- 
tive Iksca rc i~ ,  1;zlo i!urlzL3n:e, F ~ ~ z i l .  



a b e t t e r  u n d e r r t a n d i n q  o f  bo t tom h e h a v i o u r ,  t h e  r c a s u r e m e n t  
o f  c,uspend~ci sec l i : r~ r , t  c ~ n c e n t r a t i o ; : s ,  t h e  C e t e r i n i n a t i o n  o£ 
h y d r a u l i c  a c t i o n s  in ti-ic bay, t h e  l c c a t i u z  o +  ãuc- ing  s i t e s  
f o r  dredgcd ~ a t c r i a l s ,  e tc .  I n  t : ~ i c  p a n u r ,  s e v e r a 1  a s ? z c t s  
o f  t h e  p r o 5 1 . c ~  a r e  ? rcc -zn ted ,  i n c l u d i n a  a q e n c r a l  v i r / ?  o f  
the geonor?hology o f  t ! ~ c  rccjion, a n s l : r s ~ ç  o f  c u r r e n t  r e u s u r e  
ments ,  a n  o v e r a l l  v i e w  o f  g e n e r a l  -,*iater c i r c u l a t i o n  2nd 
s t u d i c s  o£ t h r  s e c l i r . . n n t o i o ~ ~ r  o f  tie bay by c o n v e n t i o n a l  
methodç and by r a d i o a c t i v e  t r a c e r ç .  

2 .  Geoloqy and S e d i x z n t o l o y y  

2.1. Geonorphology o f  the r c g i o n .  

The f o r m a t i o n  of S e p e t i b a  J3ay and t3at  of R e s t i n g a  d a  
Maran-baia a r e  r e l a t e d ,  s i n c e  t h i s  : ; a r r i e r  S e a c h  g i v e s  t h e  
bay the c h a r a c t e r i s t i c s  o£ a scri-ronfined w a t e r  Sody.  R e s  - 
t i n g a  d a  I,larambaia i s  a b a r r i e r  beach, f o r n z d  Sy  f r o n t a l  :.?avz 
a c t i o n  on t h e  c o n t i n e n t a l  sheLf c f t e r  t h e  rise i n  sea l e v e 1  

- t h a t  follo!.íed t h e  enci o f  t he  Ice A g e s .  

I n  t h e  p r e s e n t  c o n d i t i o n s ,  S e - e t i b a  Say i s  kound i n  
t h e  N and E ùy the r a i n l a n d ,  in t h e  S h- R e s t i n g a  d a  Xaran 
b a i a  and i n  t h e  W by a s t r i n q  o L  isla.6~ t h â t  s t r e t c n e s  o u t  
From Ponpebz po i f i t  t o  l . :aàeira P s l a n d .  T i d a l  f l o r +  between 
t h e  o c e a n  and t h e  bay t a k e s  p l a c e  t h r o u ç h  t v o  r e g i o n s :  be 
tween t h e  i s l a n d s  t h a t  £orm i t s  vres tern  b o r d e r  and. t h r o u G  
t h e  c h a n n e l s  of G u a r a t i b a  b a r .  I n  g e o l o g i c a l  terms ( 2 ) ,  Se - 
p e t i b a  bay i s  c h a r a c t e r i z e d  a s  a s e n i - c o n f i n e d  body o£  w a t e r  
u n d e r g o i n g  a  d e p o s i t i o n  p r o c e s s .  This d i a g n o s i s  must b e  
ana l y zeã  i n  d e t a i l ,  s i n c e  a  h a r b o u r  i s  p l a n n e d  f o r  -Lhe x e  
g i o n .  T h i s  a n a l y s i s  haç  begun Dlf  a n  e x a r t i n a t i o n  o f  t h e  K i s  - 
t o r y  of t h e  bed c o n f i g u r a t i o n  ând i ~ y  t h e  s t u d y  o£  t h e  õ i s  
t r i b u t i o n ,  the c h a r a c t e r i s t i c s  a n à  the s o u r c e s  o £  c x i s t i E g  
s e d i m e n t s .  

2 .2.  A n a l y s i s  o f  Hydrograph ic  S u r v e y s .  ( 2 )  

A hydrographic s u r v e y  nade by the French N a v y  in 1898 
has  been com?ared t o  t h e  E r a z i l i a n  n a v a l  c h a r t ,  c o r r e c t e d  t a  
1 9 7 3 .  hn a n a l y s i s  o f  t h c . p r e s e n t  bed c o n f i g u r a t i o n s  h a s  
a l ç o  been made.  area as i r )  alnich d e p t h  and ~ o r p h o l o g i c a l  
changes  o c c u r r e d  a r e  p r e s e n t e d  i n  F i g .  2 .  

A t  p r e s e n t ,  severa1 c h a n n e l s  e s i s t  i n  t h e  f l o o r  of Se - 
p e t i b a  ünd I l h a  Grande bays .  T h i s  c ~ a r a c t e r i ç t i c  r e s u l t ç  
from f l u v i a l  e r o ç i o n ,  t h a t  i l a p ~ è n e d  v ! ~ e n  t he  o c e a n  w a s  be - 
loír i t s  p r e s e n t  l e v o l ,  d u r i n g  t h e  l a s t  Ice Age. C o m u n i c a  
t i o n  between S 5 n c t i S a  and I l h a  Granèe bayç i s  madc t h r o u a z  
a n c i c n t  nar ror t  2nd d e c y  v z l l e y s  rx:l:ic:i ~ò.:;csc t o  e c o s i o ~  



t h c  c c n o z o i c  s e d i r e n t a r v  c o l u m  t h r o u g h  which t h e y  have  
been e x c a v a t e d .  T h i  r, cilannef., ~ i t h  d e p t l i s  frorn 1 5  t o  25in, 
comcs f ro i ,  1752 Crzr,ce bay, passes beti.reen Ilha Grande and 
t h e  n a i n l m c  and cnterç S c p c t i b a  ba:r by a main c h z n n e l  
bct:.~een 1 t a c u t c ç 5  zand cT;.,gu;.nun i s f a n i i ç  znd hy ccconclary 
c h a n n e l s ,  bet-.?een t h e  r,aFnl.and an6  ~ t a c u r u q á  i s l a n d  a s  w e l l  
a s  b c t - . . ~ e e : ~  Jaquai.~::! i s l a n d  2nd L>orr,?eb~ p o i n t .  In t h e  i n t e r  
n a 1  . regi03 o f  t h e  S a y ,  d e ~ t n s  decreace  g r a d u a l l y  f r o n  W to- 
E and f r o m  t h e  c e n t e r  t o  i t ç  o u t e r  r c g i o n s .  

2 .3 .  A n a l y s i s  o f  bed ç e d i m e n t s .  ( 2 )  

About 3 0 0  bed rar ip les vexe collected i n  S e p e t i b a  b a y ,  
i n  f - langara t iba  bay 2nd E o£ I l h a  Grande i s l a n c ? ;  l a t e r  o n ,  
2 0  more sar;i?les xere c o l l e e t c ù ,  i n  t:le r e q i o n  o f  t3e zp 
p r o a c h  c h a n n e l  and of t h e  t u r n i n q  b a s i n .  They :.!ere a n a  - 
l y z e d  f o r  r:ean a i m e t e r ,  c u r c o s i ç ,  çkcwness ,  s o r t i n g ,  c l a y  
d i s t r i b u t i o n ,  d i s t r i 3 u t i o n  o f  t h e  f r a c t i o n  s i l t  plus c l o y ,  
d i s t r i b u t i o n  o f  c l a y  p e l l e t s ,  o r g a n i c  m a t t u r  c o n t e n t  and 
heavy m l n e r a l s  d i s t r i b u t i o n .  A b r i e f  t r e a t r n e n t  w i l l  be qi -- 
ven . h e r e  f o r  t h e  n a r a r n e t e r s  whicn  e n a b l c d  t h e  more impor  - 
t a n t  c o n c l u s i o n s .  

Tne a n a l y ç i - s  of c l a y  p e l l e t s ,  o r i g i n a t e d  f r o m  t h e  ero - 
s i o n  of t h e  s e d i r ê n t a r y  c c n o z o i c  s u b s t r a t u ! ~  517 t h e  c u r i e n t ç ,  
indicater t h a t  ç c d i n e n t  e n t e r s  S e n e t i b a  b a y  t h r o u g h  a r e g i o n  
t h a t  r u n s  be tween Guaiba i s l a n d  and ! . l a ramaia  h i l l ,  Toes  o n  
t o  SE and passes between I t a c u r u c á  2nd J a g u a n u n  i s l a n d s .  

The mean d i a m e t e r  o £  t h e  samples  shows the e n e r g y  i n  
vohved i n  t h e  p r o c e s s  o£ d e p o s i t i o n  o f  t h e  material .  ~ i s z r i  
b u t i o n  of mean d i a m e t e r s  i s  shown i n  F i g .  3 and c a n  b e  divi- - 
d e d  i n t o  2 r e g i o n s :  t h e  a r e a  IQ o f  Eiarambaia anil J a g u a n u n  
i s l a n d s  and  t h e  i n t e r n a 1  a r e a  o f  S e p e t i b a  bay.  I n  the f L r s t  
o n e ,  t h e  e n e r g y  i n v o l v e d  i s  more i m n o r t a n t ,  w h i l e  t h e  second  
shows c h a r a c t e r i s t i c s  o£  a semi -conf ined  w a t e r  body. T h e r e  
are w e l l  mar!ied l i m i t s  be tween a r e a s  o£  g r e a t e r  rnovement, 
c h a r a c t e r i z e d  5y sand, and areas o£  s n a l l  e n e r g y ,  with fine 
sand and s i l t .  

C l a y  a r e a s  a r e ,  i n  g e n e r a l ,  s u r r o u n d e d  by  silt areaç. 
The c l a y i s h  zone  between I t á  c h a n n e l  and  S e p e t i b a  town i s  
due  t o  f l u v i a l  i n f l u ê n c e s .  A r e a s  of ver' f i n e  s a n d  i n  t h e  
c e n t e r  of t h e  b a y  r e f l e c t  tesninal p o i n t s  o£ the c u r r e n t s  
t h a t  p r e v a i l  i n  t h e  s o u t h c a s t c r n  a r e a  of I t a c u r u ç ã  i s l a n d ,  
producing e 2 d i e s .  

F s ~ m  t h e  a n a l ~ ~ s i ç  o £  mean d i a m s t e r  d i s t r i b u t i o n  t h e  
c o n c l u s i o n  i s  rcfic!icd t h a t  sedirnentation i n  S c y e t i b a  Cay 
a r c a  i c c!o::I 22..",?2 ,?.lrr.ost t-\r,t i ir 17: 5 ~ :  rarine c i r cu l . c i t i on ,  



F l u v i a l  c o n t r i h u t i o n  i s  srrall. and r e s t r j . c t e d  t o  t i ~ e  area 
betvteen 1~:aÜeira i s l a n d  and S e ~ e t i b a  town . 

C u r t o s i r ,  ana ly r s i s  J s  bascd on the d e j e n d e n c c  o f  a  si -- 
ze  d i s t r i b u t i o n  c u r v e  on t h e  d i n n ? i c u  i n v o l v c d  F n  secincnta -- 
t i o n  p r o c c s s e ç .  This k i n d  oE n n a l y s i s  çho>~s t h r e e  p r i n c i  - 
pai S O U ~ G E Ç  f o r  t h e  s e d i ~ e n t s  t h a t  e n t e r  t 3 e  5ay. I h e  
f i r s t  and less  i r i o o r t a n k  o n c  i ç  fo r r . ed  hy t he  c h a n n c l s  a t  
G u a r a t i b a  b a r .  The scc?xU i n  i m ? o r t a n c e  iç fo rzed  k,y t h e  
r e g i o n  Set:.?een I l h a  G r z n c ? i  i s l a n d  and !,:aranhaia h i l l .  The 
most i m p o r t a n t  c o r e s  f r c m  Grunde bag, 2assinq betVdeen 
t h i s  islznc2 and t h e  n a i n l a n d .  The f l u v i a l  c o n t r i k u t i o n  
h e i n g  u n i x j o r t a n t ,  t h e  biqqest c o n t r i b u t i o n  05 s e d i r e n t s  t o  
t h e  a r e a  would be e x t e r n a l ,  from t i ~ e  c o n t i n e n t a l  p l a t f o r n .  

The c h a r k  p r e s e n t i n g  c l a y  d i s t r i b u t i o n ,  F i g .  4 , w h i c h  
p i c t u r e s  r e g i o n s  o f  s m a l l e r  e n e r g y ,  :,~ill b e  e x a n i n e d  now. 
Areas wFth 6 0  t o  103% oE c l a y  are m a i n l y  l o c a t ê d  in t h e  
i n n e r  p a r t  o£  S e p e t i b a  bay.  i n  t h i s  a r e a ,  t h e  t e r m i n a l  eddy  
SE of L t a c u r u q á  i s l a n d  i s  a q a i n  a p p a r e n t .  An area o f  g r e a  
t e r  movement i s  a p p a r e n t ,  SE o f  J a ç ~ a n u m  içland; t h i s  arga 
i n c l u d e s  t h e  reqi -on  o£ t h e  c u r r e n t s  t h a t  a r e  e r c d i n g  P o m ~ e  
ba  p o i n t  2nd t h a t  e x t e n d s  i n t o  t h e  i n t e r n a 1  b e a c h e ç  o f  ~ e s  - 
tinga da Marumbuia. 

2 . 4 .  C o n c l u s i o n s .  

The e l e m e n t s  a n a l y z e d  i n d i c a t e  3 p r i n c i p a l  s o u r c e s , o f  
o c e a n i c  o r i g i n ,  f o r  t h e  ç e d i m e n t s  t h a t  e n t e r  S e - e t i b a  bay, 
as c i t e d  above.  Sed i rn rn t s  o f  t h e  two laçt s o u r c e s  n ix  up 
as t h e y  e n t e r  t h e  bay and t h e i r  c i r c u l a t i o x  i s  done by t h e  
f o l l o w i n g  passaqeways:  bet?.reen ~ t a c u r u ç á  and  Jaguanum Fs  
l a n d s ,  Cet:.~een Jaguanum I s l a n d  and  !.:aranhaia h i 7 l  and be 
tween Batuque and I t a c u r u ç ã  i s l a n l s ,  o p e n i n g  i n t o  Saco da 
Coroa Grande. From t h e s e  e n t r i e ~ ~ ç e d i r n e n t a t i o n  f r o n t s  are  
formed,  t e n d i r i g  t o  f i l l  up t h e  b a y .  b:echanirns of t h e  ecidy 
t y p e  ~ i v e  r ise  t o  s i g n i f i c a n t  l o c a l  d e p o s i t i o n s .  C o n t r i b u  - 
t i o n  o£ f l u v i a l  s e d i m e n t  i s  s m a i l  i n  t h e  bav, b e i n g  impor  - 
tant o n l y  n e a r  t h e  r i v e r ç  and c h a n n e l  open inçç .  

The p r o c e s s e s  o£ c u r r e n t  c i r c u l a t i o n  ãnd s e d i n e n t a t i o n  
t h u ç  c h a r a c t e r i z e  t h e  bay as a n  area o £  p r e v a i l i n g  n a r i n e  
c h a r a c t e r i s t i c s .  The rcore r e n r e ç e n t a t i v e  ù o t t o n  s e à i n e n t  i s  
s i l t .  C l a y  f r a c t i o n  i s  i m n o r t a n t  i n  t h e  a r e a  o £  f l u v i a l  i n  - 
fluente . 

Sepet iha  bay,  in g e o l o q i c a l  termç, c a n  t h u s  Se characte - 
x i z c d  a s  a  semi-conf i n c d  a rca ,  u n d e r g o i n g  a s e d i ~ ~ e n t a t i o n  
p r o c e r s .  I n  t h i s  a r e a ,  t h e  r o s t  f a v o u r a S I ê  c o n d i t i o n  f o r  
t h e  U u i l c ? i : - l c ;  of an ,~ypto ?c:i C ~ ~ ? * I : I S ~  .i, c i o c , ~ t ~ i ?  ::C:::L'E~~ Itz 

flT ' curuyii  ariS 2,';lqaznum i r . lnr ic .1~.  ,;iesè conc.luslons ~ u s t  Se &r: -- 
f i.r:ricd h? atít;er s tudies. 



D e t ~ r e e n  Se?tember 7 4  and Septernber 7 5 ,  c u r r e n t s  w e r e  
meaçurcd i n  S e ~ c t i b a  ha lT l  a l o n g  Lhe verticais of s e v e r a 1  
p o i n t c ,  d u r i n g  f u l l  t i d a h  c::clcs, c o v e r i n -  s n r i n g ,  nea-  and  
mean t i d c s k .  Durj-nq r a d i o a c t i v ê  t r a c z r  ;7ork, c u r r e n t s  .;:ere 
a l s o  r e a ç u r c d ,  n e a r  i n j e c t i o n  y o i n t ç ,  t o  r e l a t e  t h e  3 e h a v i o r  
of %zd m a t e r i a l  t o  L h e  - r e v n i l i r i g  hyc?roZ:-nacic a c t i o n s  ( 3 ) .  

A s y ç t c m a t i c  a n a i y s i s  o i  c u r r e n t  ~ ~ r a s u r e m e n t ç  w a s  made, 
' v ~ i  t h  the f ollo7:;inc~ main -ur?ose s : 

a )  D e t e r m i n a t i o n  o f  t h e  o v i r - - a l l  n i c t u r e  o £  w a t e r  
c i r c u l - a t i o n  i n  the bay , i n  d i f f c r e n t  h y d r a u l i c  
and m e t e o r o l o g i c a l  c o n d i t i o n s .  

b) D e t e r m i n a t i o n  on t h e  r e l a t i v e  influente o £  h v d r a u  - 
l i c  n g e n t s  ( t i d e ç ,  v ~ i n d ç ,  s a l i n i t y  and ternpe;a 
t u r e  g r a d i e n t s ,  e t c )  i n  general water c i r c u l a t i o n .  

C u r r e n t s  i n  S e p e t i b a  bay  are o f  1 0 7 7  i n t e n s i t y ,  b e i n g  
a v e l o c i t y  o£ 9.8m/ç1 a t  t h e  ç u r f a c e ,  t h e  g r e a t e s t  v a l u e  
r e c o r d e d ,  i n  t h e  r e 9 i o n  b e t 7 ~ e e n  b:artins and ~ t a c u r u y á  i s la&r;S .  
I n  t h c  h a r b o r  z r e a ,  c u r r e n t s  are s t i l l  vreaker ,  v i t h  a n a x i x i l ~ i  
v e l o c i t y  sf 0 . 2 5 r ~ / s  a t  1 r e t e r  above the b o t t o m  and v  - - 
0.50m/s on t h e  s u r f a c e  ( 3 ) .  max 

The main c u r r e n t  d i r e c t i o n  is E-V?., w i t h  v a r i a t i o n s  
caused by bot tom t o p o c j r a p h y ; . t i . d e  i s  t h e . p r i n c i p a l  h y d r a u l i c  
a g e n t  t h a t  qovern  t h e  c u r r e n t s .  

Flor? i n v e r s i o n ç  o c c u r  n e a r  h i g h  brater  and loiq water. 
R e l a t i v e l l r  s t r o n q c r  c u r r e n t s ,  be tween l o b :  w a t e r  anci h i g h  
w a t e r ,  o c c u r  between Jaguanum i s l a n d  and t h e  m a i n l a n d ,  i n  i t s  
n o r t h e r n  p a r t .  

T h i s  f a c t  c a u s e s  a c l o c k w i s e  g e n e r a l  c i r c ~ l a t i o n  o£ 
the c u r r e n t s  bet::een lov: and hiqh ~ a t e r ,  F i g .  5 . a .  E d d i e s  
are formed i n  t h z  c e n t r a l  r e g i o n  o f  the  sal^, due  t o  t k e  
i n t e r a c t i o n  o f  t h e  ..:ea;:er currents t!iat e n t e r  Ù-etveen Jagua 

- nurn and Pom-eSa i s l a n õ s  o : i t ! ~  p â r t  ~f t!ie s t r o n q e r  c u r r e n t s -  
t h a t ,  c n t e r i n g  t!lrough t ! ~  nor t i l en  n a r t ,  a r e  d i r c c t e d  west 
wards by t h e  c o a ç t a l  c o n f i g u r a t i o n  i n  t i ~ e  ?:E o £  tile bay, and 
by f i e s t i n q a  da l!araí;.kaia. 

Theçe e d d i e s  a r e  r .o re  pronounced a t  mean h i g h  w a t e r .  
A t  mean l o r ~  t i a t e r ,  c u r r e n t  5 e n a 1 ~ i o r  i l n s ,  i n  g e n e r a l ,  the 
general co:if igurut io!l  of  t ' : ~  figure 5. b. 

- - -  I_I-- -----I_- ------- I _ - p  -- _.- * I.'e;isurcri..-nts yerforrici! b:. Instituto d e  i ' c squ iças  Iíidrovic? - r i a s ,  P o r t o b r á r  , Ilio J a n e i r o .  



T,r>c~l ::in2s a r e  o: l o * ?  Lntcsnc, 
bztrrcvn :!E, S r:n:! S;.:. C r e  acc?r vn lo  
mont3ç ( J u n c  t o  S e ~ t c ~ 3 z r )  2nd are 
~ ~ e l o c i t i c s  of t h i s  n z g n i t u d e  arc i n  
a- a contincl?us í.rir.c?. 

l t c r n a t e  r a i n l : . ~  
c u r  in ~1inL-c-r 
ç s  t ! ~ a n  2 9  dnot 
and d o  n o t  zFpe 

FLg. G ? r e ç e n t s  a n n u a l  f r e ~ u e n c i e s  o f  d i r e c t i o n s  and 
v e k o r i t i e s ,  b a s e d  i n  :,rinc r e c o r d i n g s  throug!l a 1 0  :Tear 
n e f i o d .  

S tuc l i c s  pade t o  à e t c c t  v i n d  i n f l i l e n c e s  i n  c u r r - n t  c i r  
c u l a t i o n  s:~o:.-ed t h z t  t h i ç  a p n t  i s  oLr reconclary i rn-ortancc-  
r c l a t i v e  t o  t k , e  t i d e .  The s a m  o c c z r s  i n  r e l a t i o n  t o  t3e 
c f f z c t s  o f  t ! lermal  anü s a l i n o  q r a d i e n t s .  F:ater c i r c i l l a t i o n  
i n  t h c  bav seerns t o  i-avour t n e  d u ~ s _ i . ~ g o f  d r e d q e d  r n a t e r i a l  
o n  the c a s t e r n  s l d e  o f  P c ~ ? e h a  i s l a n d ,  i n  Ze? ths  g r e a t e r  
t h a n  10x1, f r o n  tilc viey.:?oint of a v o i d i n g  i t s  r e t u r n  t o  the 
dredgerl s i t e s .  P r o b a b l y  , tiiis rec j ion  - . r i 1 1  5e s t ~ d i e d  i n  a 
n e a r  f u t u r e .  I£ t h i s  h y n o t h e s i s  iç c o n f i r m e d ,  õrei iginc;  
c o s t s  w i l l  be s n a r p l y  c u t  down. S e p e t i b u  bay i s  t h u s  a n  
e x c e l l e n t  l c c a t i o n  f o r  t h e  i n s t a l l a t i o n  o£ a m a r i t i m e  t e r n i  - 
n a k ,  a s  i t  i s  :.:e11 ~ r o t e c t e d  f rom t h e  s e a ,  p r e s e n t s  lot? 
c u r r e n t  v e l o c i t i e s  and o f f e r s  alrnoçt  a d c q u a t e  n a t u r a l ,  rei--_ 
t i v e l y  s t a b l e  d e p t h s .  

4 .  S t u d i e s  w i t h  R a d i o a c t i v e  T r a c e r s  ( 4 )  

These s t u d i e s  ver@ i n i t i a t e d  i n  t h e  S e q i n n i n q  of 1 4 7 5 ,  
w i t h  the c o l l e c t i o n  o f  b o t t o m  and  suspended  s a m p l e s ,  at 20  
p o i n t s  i n  t h e  h a r b o u r  a r e a .  ' 

1Ieaçurernents o £  suspended s e d i m e n t  c o n t e n t  , conf  i r m i n g  
p r e v i o u ç  ç t u d i e s ,  sho:reã v e r v  s m a l l  values f o r  suspended  se - 
d i m e n t ,  even  n e r f o r n i n g  saK71ing  d u r i n q  t1:e r a i n y  s e a ç o n .  
AnaLysis  o f  q r a i n  c i z e  Z i s t r i b u t i o n ,  m e a ç u r e c e n t s  of s e t t l i n g  
v e l o c i t i e s  and d e t e r r r . i n a t i o n ç  o£  s o l i d s  c o n t e n t  of t h e  
s a m ~ l e s  have a l s o  been ~ a d e .  I t  was v e r i f i e d  t h a t  p r a t i c a l l y  
a 1 1  t h e  r e q i o n  o£ i n t e r e s t  had a bo t tom o f  c o h e s i v e  naterial, 
w i t h  s i l t  and c l a y  c o n c e n t r a t i o n s  i n  khe  r a n g e  of 330g/l t o  
500g/ l .  To g e t  an  e ç t i x a t e  o f  t;le movezsnt  t o  be e x ~ e c t e d ,  
c r i t e r i a  G e v e i o ~ e d  b \ r  f ' i q ~ i o t  (5) far e r o r i o n  o f  c o h e s i - v e  
materiais by c u r r e n t s  have bêen a - p l i e d ,  ç i n c e  it i ç  nct t o  
be exyec t ed  t h a t  s e a  q e n e r a t e d  by l o c a l  windç w i l l  d i s t u r b  
t h e  bed m a t e r i a l .  

This r è t h o d  is basèd i n  t h e  d e t e r m i n a t i o n  of tnc 
i n i t i a l  r i g i d i t y  T,, o f  t h ~  m a t e r i a l ,  a s  d e t e r m i n e d  Dy thc 
r e q u i r e d  t o r q u e  t o ' i n i t i a t e  t;le r o v e r e n t  o f  a r o t o r  i rnerged 
i n  t h e  n l a t e r i a l .  T h i s  ncthod d e f i n e s  t n e  c r i t i c a 1  çhear 

m' ç t ~ c ç ç  r -ar, b c i n q  c y u a l  tc) T . , A I S  c r i t i c a l  scour v e l o c i t 1 ;  
C u, is g i v z n  by L' 



Values of T., f o r  t h e  s z ~ . ? l e s  c o l l e r l e ~  i n  t h e  h a r b c i  
reg ion  v a r i c d  betr; leèn 1 arid 10!:/rn2. Values of 11, * " - r i 1 1  va ry  
brttleen 3c3/s and 1.3cz/s, on t h c  bottor?,. IL t h e  l o g a r i t h z i c  
law f o r  velocit!.? d i  c t r i h u t i o n s  i s  accept-S , it i s  p o s s i b l c  
t o  cor?,-ute t h e  valuzs  o£  c u r r c n t  v e l o c i t i e s  a t  1n  above t h c  
bottom ( 2 e ~ t h  i n  -;lhich c u r r c n t ç  ;*:ere riscorEed) t h a t  T ~ o u ~ C ' ,  
p roduce t h e s e  va lues  of u ,  on the bo t tox .  It is v e r i f i c a  
t h a t ,  a t  ln above t k e  b o t t c x ,  v a l ~ s s  of c u r r e n t  v e l o c i t i e s  
,do not  occus -.:;?ich :.:ould ~ r o d u c e  the shez r  stresses neceçsarJ 
t o  pu t  t h e  5ec3 r a t e r i a l  i n t o  sus-ension. ver17 smal l  zovi - 
ment of bed m a t e r i a l ,  i n  t h i s  a r c a ,  must then be e x ~ e c t e a .  

To c o n f i r ~  t h e s e  r e s u l t ç ,  t v o  ra i i ioac t ive - txace r  i n j e c  - 
t i o n s  w c r e  nade, a t  p o i n t s  P i l  and P 1 2 ,  F ig .  1. The i n j e c  -- 
t i o n s  v e r e  nade a t  h i ç h  ~ . - ~ t e r  of s ~ r i n r j  t i i e s .  To e n s u r e  
t h a t  the t r a c e r  ::ou16 5c r e p r e ç e n t a t i v b ~ e ,  ; ~ e d  na te r i a1  i a s  
collccteC! a t  t h e  i r l j e c t i o n  ~ o i n t s  and d i r e c t l y  l z b e l l c d  ' r i t l l  
a r a d i o a c t i v e  t r a c e r .  k previous  s i e v i n g  t o  s3rt G U ~  c o a r s z  
m a t e r i a l  h2.s Seen va6e. r'.s l i t t l e  ~.ove.=.snt >?as expec ted ,  an 
i n j e c t i o n  2evice r a s  2eveloned, ? ~ h i c h  can d i s t r i b u t e  t h e  
1abel.led z a t e r i a l  a lona a l i n e ,  i n  u n i f o r 7  x z y ,  Fig. 7 .  The 
l abe l l ed  v a t e r i a l  i s  -1accd on t h e  i n j e c t i o n  chariber, on 
board 05 the  boat  used i n  t!ic work anc? th2 i n j e c t i o n  d e ~ i c i  
iç lovcred t o  t h e  Bottom. TLe boat  thcn  i s  s l o x l y  movea far  
away from t h e  i n j e c t i o n  d e v i c e ,  u n t i l  a d i s t a n c e  equal t o  t h e  
d e s i r e d  i n j e c t i o n  l eng th .  

The i n j e c t i o n  device  vas then s u l l ê d  t o  t :~e  b o z t ,  tc;.:dd 
by a c a b l e ,  s l i d i n a  ouer t h e  bot ton .  T h i s  r.overent inZuc2s 
the a c t i o n  of a  p i s t o n  t h z t  > u l l s  t h e  t r a c e r  o u t  of t h e  i n j e c  - 
t i o n  c1larSer. 2 s  t h e  novcrcnt  of t h e  ? i ç t o n  F s  caused by 
t h e  zear v7iieels of t h e  i n j e c t i o n  d c v i c e ,  this can be p u l l e d  
a.t a n v  speed,  ?roducing al~:u!lç a uniforr!  i ~ j e c t i o n .  The ' 

equipncnt can :rork - . r i t h  f i n e  c a t e r i a l  s i  o  c  o r  wi th  - 

c o a r s e r  n a t è r i a l s  ( s a n d ,  g l a s c )  , sinnll7 changing t h e  injec - 
t i o n  chamber. 

A f t e r  each i i ~ j e c t i o n ,  severa1  d s t e c t i o n s  ::ere rnac?e. 
Each d e t e c t i o n  covzre? a11 t ~ e  r a d i o a c t i v e  cloud rroduced by 
t h e  t r a c e r  usin-  a s c i n t i l l a t i o n  c o u ; ~ t e r ,  a t t a c h e d  t~ a 
s l edçe  toved by ti12 boat .  'i'iic prowc i-:as con;cctcd t o  a r a t e  - 
meter ,  t o  a  r c a l e r  anU t u  a ~ r i n t e r ,  and e l e c t r i c a l  c u r r e n t  
was s u ~ p l i e d  5- a ~ o r t a b l s  gênera to r .  Thê Loat covcred t h z  
c loud  by ~ a r a l l c l  l i n c s ,  c;c?ùratcc! by distzzcres bs t~ :cen  Sn 
t o  Som. . P o s i t i o n  o£  t h c  boat  a t  each i n s t z n t  :as d c t e r n i n e d  
bi t h e o d o l i t r s ,  in comaunici t ion w i t h  the boat  ù17 p o r t a ù l e  
r á d i o - t r a n ç m i t t e r s .  



D u r i n g  a 1 1  t h c  - m r k  ?.:ith r a 2 i o a c t i v e  t r a c c r ç ,  d i r e c  
t i o n  and v c l o c i t y  o f  tk? c u r r e n t s  v:crc r c c o r 2 e d ,  b o t h  c05 
t i n u o u s l y ,  a t  a f i x e d  r2e:?th and a t  d i f f c r e n t  p o i n t s  o f  a- 
v e r t i c a l ,  a t  a f i x c d  j o i n t .  

T o  o b t a i n  q u z n t i t a t i v e  r e ç u l t s ,  t h e  d e t e c t i o n  p r o b e  
was c a l i b r a t e d  i n  a b r i c k  b3x ,  f i l l e d  or i th  bed n z t e r i a l ,  and 
t r a v e r s c d  5:: a l u x i n u n  t u > e s  r ~ ? < j u l a r l ; ~  s ? e c ê d ,  t h r o u c h  v h i c h  
a s n a l l  r a d i o z c t i v e  sourc-e i s  ?âsçed a t  a c o n ç t z n t  s p z e d .  
I n  t h i s  v :a : r ,  it i s  det-err . ined rhc c o u n t i n g  l a t e  ~ r o v i ü e d  'sy 
t h e  ?roUe,  f o r  a n  u n i t a q r  a c t i v i t y ,  u n i f o r m l y  d i s t r i b u t e d  at 
a g i v e n  ò e p t h .  

A n a l y s i s  ~ r a s  perforxzêd by t h e  t r a c e r  S a l a n c e  ~ e t h o u  
(6), u s i n q  ?rograrnma.blc tciblc, c a l c u l a t o r s  f e d  by  p e r f o r a t c d  
t a p e .  R e s u l t s  sho::ed t h a t ,  z t  b o t h  i n j e c t i o n  p o i n t s ,  move - 
ment was v e r y  s z ~ a l l ,  t h r o u g h o u t  t h e  d e t e c t i o n  p e r i o d .  

Another  s t u d i e s  ~ i t h  r a d i o a c t i v e  tracers are b e i n q  
p l a n n e d  t o  d e f i n e  a  l o c a t i o n  f o r  t h e  d u m ~ i n g  o£ d r 2 d g e d  ms- 
t e r i a l .  D r e s e n t . ç i t e ç  f o r  t h e  d i s p o s a l  of  t h i - s  mater ia l  T^re 
l o c a t e d  o u t ç i d e  t h e  bay, which c a u s e s  l o n ç  t r i p s  o£ t h e  
d r e d g e s .  One l o c a t i o n  t o  be ç t u d i e d  i s  t h e  r e ç i o n  o f  e d d i e s  
n e a r  P o m ~ e b a  p o i n t  and t h e s e  measurements  are p r o g r m u e d  fo r  
the second semestre o£ 1376.  

5. G e n e r a l  C o n c l u ç i o n s  

I n  g e o l o g i c a l  t e r ~ s ,  S e - e t i b a  bay 112s b e e n  c i ~ a r a c t e r i  - 
zed as a semi -conf incd  a r e a  o f  y r e v a i l i n g  m a r i n e  c h a r a c t ê  - 
r i s t i c ç ,  u n d c r g o i n g  a s e d i c e n t a t i o n  p r o c e s s .  TRe more repre - 
s e n t a t i v e  bottoin s e d i n e n t  i s  s i l t ,  t h e  c l a y  £ r a c t i . c n  b e i n g  
i n l o r t a n t  o n l y  i n  the area o£  f l u v i a l  influente. 

From a  h y d r a u l i c  v i e w p o i n t ,  it h a s  b e e n  d e t e r m i n e 2  
t h a t  c u r r e n t s  i n  t h e  bay are o f  low i n t e n s i t y ,  be ing  E-PJ t1:ci.r 
main d i r e c t i o n .  T i d e  i s  t h e  r ~ o s t  i - o r t a n t  h y d r a u l i c  agenr. 
The c u r r c n t  c i r c u l a t i o n  ~ a t t e r n  i n d u c e s  e d s i e s  i n  t h e  c e n t r a l  
p a r t  o £  t!le bay, bet::sen l o ! ~  and h i g h  -.,?ater. I t  a l s o  scens 
t o  i n d i c a t e  t h a t  t h n  r e q i o n  SE o f  Jaguanum i s l a n d  i s  a d e q u a  - 
t e  f o r  â r e d g e d  p a t ê r i a 1  d ic?o . sa l .  Frorn a h y d r a u l i c  v i e ~ . v p o i n t ,  
S e p e t i k a  bay  i s  t h u s  a ~ o o d  l o c a t i o n  f o r  h a r b o u r  i n s t a l l a t i o n ,  
a s  i t  is v r e l l  p r o t e c t e z  f r o m  o l è n  çea a g i t a t i o n ,  p r e s e n t s  1oi1 
c u r r c n t  v s l o c i t i c s ,  o f f e r s  a.lri;ost n d e 5 u a t e  n a t u r a l  à z w t h s ,  
and i t  is locateci in a s t r a t e g i . ~  region f o r  t h e  Brazilian 
d e v e l o y e n t  . 

From r a d i o a c t i v r  t r a c e r  studies, i t  has been d e t e r m i n c d  
t h a t  hyc!r+ulic , > c t i o ~ s  a r e  uns!-?lc t o  inclucc novezcnt i n  t h t .  
bctl ~ s t c r j . 2 1 ,  at 3okh F:; ject ion l l o i n t ç ,  in t f lc  h a p k o u r  r c g i d n .  



F u r t i r r  s t i rd i c s  w i l l  t e  nade t o  d e f i n e  a 1ocatFon for t h e  
duin)izg o* drê29zE r .útcr ia l .  

A 1 1  t h e  r e c u l t s  ob ta ined  in this studg soem to i n d i c z k  
t h a t  the  r cg ion  cnrl2r c o n s i d e r a t i o n  n r c ç e n t s  good c o n d i t i o n ç  
fo r  harkgux c c n s t r ~ z t i o c .  Rio 23 Janciro S t a t e  p l a n s  t o  
begin dredcjing i;ork in m i d  1 9 7 6 .  

c-' 

G .  A c k n o - , ~ l e ã q e . e n t s  

T!l is  ~ ? o r k  s!aç ~ n r f o r r ? ~ c i  for I n s t i t u t o  de P e s q u i s a s  Hi 
drov i<?r ia s ,  Porto:-,ráç, M o  de Jai;eiro, ~ ihose  permiççion .to'- 
publiçh tnis  na?er is g r a t e f u l l y  acknc:rledged. 
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