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ABSTRACT 

I n  1970,  Congres s  a u t h o r i z e d  t h e  d e e p e n i n g  of  t h e  Tampa Bay 
c h a n n e l  ( R i v e r s  and H a r b o r s  A c t  o f  1970)  f rom 3 4  t o  4 4  f e e t .  
I n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t s  of  t h i s  d e e p e n i n g  o n  c i r c u -  
l a t i o n ,  w a t e r  q u a l i t y ,  and b i o t a ,  d u r i n g  and a f t e r  t h e  con- 
s t r u c t i o n ,  t h e  U . S .  G e o l o g i c a l  S u r v e y ,  i n  c o o p e r a t i o n  w i t h  
t h e  Tampa P o r t  A u t h o r i t y ,  h a s  c o l l e c t e d  d a t a  and d e v e l o p e d  
a d i g i t a l  s i m u l a t i o n  model of t h e  bay .  

I n  a d d i t i o n  t o  d a t a  c o l l e c t e d  u s i n g  c o n v e n t i o n a l  t o o l s ,  u s e  
i s  b e i n g  made o f  d a t a  c o l l e c t e d  from ERTS-1. Return-Beam 
V i d i c o n  (RBV) m u l t i s p e c t r a l  d a t a  were c o l l e c t e d ,  w h i l e  a s h e l l  
d r e d g i n g  b a r g e  w a s  o p e r a t i n g  i n  t h e  b a y ,  and used  f o r  t u r -  
b i d i t y  r e c o g n i t i o n  and u n i q u e  s p e c t r a l  s i g n a t u r e s  r e p r e s e n -  
t a t i v e  o f  t y p e  and amount of  m a t e r i a l  i n  s u s p e n s i o n .  The 
p r o c e s s e d  d a t a  i n t e g r a t e d  w i t h  o t h e r  modeled p a r a m e t e r s  
p r o v i d e  a n  o v e r v i e w  o f  t h e  dynamics of  t u r b i d  m a t e r i a l  d u r i n g  
d r e d g i n g  p e r i o d s .  A t h r e e - d i m e n s i o n a l  c o n c e p t  of t h e  dy- 
namics  of t h e  plume w a s  a c h i e v e d  by s u p e r i m p o s i n g  t h e  p a r t s  
o f  t h e  plume r e c o g n i z e d  i n  e a c h  RBV band .  T h i s  p r o v i d e s  a 
background  f o r  a u t o m a t i c  computer  p r o c e s s i n g  o f  ERTS d a t a  
and  t h r e e - d i m e n s i o n a l  mode l ing  o f  t u r b i d i t y  p lumes .  
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DETECTION OF T U R B I D I T Y  DYNAMICS I N  TAMPA B A Y ,  F L O R I D A  
U S I N G  MULTISPECTRAL IMAGERY FROM E R T S - 1  

Background t o  Ongoing E s t u a r i n e  Modeling i n  Tampa Bay 

The P o r t  o f  Tampa is  t h e  8 t h  l a r g e s t  i n  t h e  n a t i o n  w i t h  36 
m i l l i o n  t o n s  of  t o t a l  c a r g o  handled  a n n u a l l y .  I n  t e r m s  of  
e x p o r t  t onnage ,  t h e  p o r t  i s  4 t h  i n  t h e  c o u n t r y  w i t h  11 m i l l i o n  
t o n s  a n n u a l l y .  Through t h i s  one p o r t  p a s s e s  50 p e r c e n t  of a l l  
t h e  c a r g o  tonnage  i n  t h e  S t a t e  of F l o r i d a .  T h i s  commerce 
p r o v i d e s  200 m i l l i o n  d o l l a r s  p e r  y e a r  of wages and s a l a r i e s  
t o  worke r s  i n  t h e  Tampa a r e a ,  15-18 m i l l i o n  d o l l a r s  p e r  y e a r  
t o  t h e  U.’S. Government i n  t h e  form o f  customs r e c e i p t s  and ,  
i n  a d d i t i o n ,  50 m i l l i o n  d o l l a r s  p e r  y e a r  t o  t h e  p o s i t i v e  
s i d e  o f  t h e  i m p o r t a n t  b a l a n c e  of payments l e d g e r .  

I n  1970,  t h e  Congress  o f  t h e  Un i t ed  S t a t e s  a u t h o r i z e d  t h e  
deepen ing  of  t h e  c h a n n e l  (R ive r s ,  and Harbors  Act  of 1970)  t o  
4 4  f e e t ,  mean low w a t e r  ( F i g u r e  1) .  I t  i s  e s t i m a t e d  t h a t  
t h i s  h a r b o r  deepen ing  w i l l  c o n t i n u e  f o r  8 t o  10  y e a r s  b e f o r e  
comple t ion .  Be fo re  e n g i n e e r i n g  o r  c o n s t r u c t i o n  can b e g i n  on 
such  a long  t e r m  p r o j e c t ,  however,  p u b l i c  o p i n i o n  and l e g i s -  
l a t i o n  r e q u i r e  t h a t  t h e  e f f e c t  of t h e  p r o j e c t  on t h e  e n v i r o n -  
men t  must b e  p r e d i c t e d  i n  advance t o  i n s u r e  t h a t  adequa te  
p r e c a u t i o n s  w i l l  be  t a k e n  t o  l i m i t  any a d v e r s e  e c o l o g i c a l  
e f f e c t  and p r o v i d e  a means t o  e v a l u a t e  a l t e r n a t i v e  con- 
s t r u c t i o n  methods.  T o  o b t a i n  t h i s  p r e d i c t i v e  a b i l i t y  and 
o t h e r  n e c e s s a r y  i n f o r m a t i o n ,  t h e  Tampa P o r t  A u t h o r i t y  
e n t e r e d  i n t o  a c o o p e r a t i v e  program w i t h  t h e  U.S. G e o l o g i c a l  
Survey t o  c o l l e c t  n e c e s s a r y  p h y s i c a l ,  hydrodynamic,  b i o -  
chemica l  and o t h e r  d a t a  t o  deve lop  a s o p h i s t i c a t e d  d i g i t a l  
s i m u l a t i o n  model o f  Tampa Bay. T h i s  model ing program i s  
underway and w i l l  be u s e f u l  i n  p r e d i c t i n g  t h e  e f f e c t  o f  
h a r b o r  deepen ing  on c i r c u l a t i o n ,  water q u a l i t y  and b i o t a  
d u r i n g  and a f t e r  t h e  c o n s t r u c t i o n  p e r i o d .  

An e x t e n s i v e  d a t a  c o l l e c t i o n  program h a s  been i n  o p e r a t i o n  
f o r  over  a y e a r  t o  v e r i f y  a model of  t h i s  t y p e .  T i m e  
synchronous  t i d a l  e l e v a t i o n s  a r e  b e i n g  r e c o r d e d  e v e r y  5 
minu tes  a t  14 l o c a t i o n s  around t h e  bay.  Wind d a t a  from 
e i g h t  s t a t i o n s  and w a t e r  v e l o c i t y  d a t a  a t  1 2  p o i n t s  are  
a l s o  b e i n g  c o l l e c t e d .  
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F i g u r e  1. P r o j e c t e d  growth  f o r  s h i p p i n g  t o n n a g e  
and c r i t i c a l  p e r i o d  of 1975 for Tampa Bay 

O t h e r  d a t a  c o l l e c t i o n  p h a s e s  of  t h e  i n v e s t i g a t i o n  i n c l u d e d  
i n t e n s i v e  b i o c h e m i c a l  a n a l y s e s ,  a n a l y s e s  of  s e d i m e n t  f rom 
t h e  bay  bo t tom,  32 water  q u a l i t y  p a r a m e t e r s ,  and  ‘ d e f i n i t i o n  
o f , t h e  b a t h y m e t r y  of t h e  bay  bo t tom by  b o t h  w a t e r - b o r n e ,  
a u t o m a t e d ,  d e p t h - s o u n d i n g  equ ipmen t  and  a e r i a l  s t e r e o  
c o m p i l a t i o n .  S e i s m i c  s u r v e y s  o f  t h e  s h i p  c h a n n e l  t o  l o c a t e  
sub-bot tom s t r a t a  have  been  r u n  i n  c o n j u n c t i o n  w i t h  a t e a t  
d r i l l i n g  program n e c e s s a r y  f o r  s t r a t a  i d e n t i f i c a t i o n .  
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This background i n f o r m a t i o n  and t h e  c a r e f u l l y  v e r i f i e d  
s i m u l a t i o n  model w i l l  permi t  p r e d i c t i o n s  tHat w i l l  mate- 
r i a l l y  a i d  t h e  wise management o f  Tampa Bay. To i l l u s -  
t r a t e  the  output  o f  t h e  model ,  a frame from a p r e l i m i n a r y  
t i m e - l a p s e  movie output  generated  by t h e  s i m u l a t i o n  model 
is p r e s e n t e d  (F igure  2 ) .  

n 

w 
SIMULATED VELOCITY VECTOR OAlD Ole TAMPA bnr SHOWINO OUTOOINO 

TIOR wnw CONDITIONS WLRC SIMILAR TO RRTS OVUIMSS o)( WST e, IOTP 
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T h i s  d i a g r a m  d e l i n e a t e s  v e l o c i t y  p a t t e r n s  d u r i n g  a hypo- 
t h e t i c a l  ebb-f low c o n d i t i o n  s i m i l a r  t o  t h e  t i m e  o f  E a r t h  
R e s o u r c e s  Technology S a t e l l i t e  ( E R T S )  o v e r p a s s  made on  
Augus t  2 ,  1972.  The u s e  o f  d a t a  from h i g h - f l y i n g  a i r -  
c r a f t  and s p a c e s h i p s  p r o v i d e s  a u n i q u e  o p p o r t u n i t y  t o  
m o n i t o r  s e l ec t ed  parameters u s i n g  r e m o t e - s e n s i n g  t e c h -  
n i q u e s  t h a t  w i l l  a i d  t h e  o v e r a l l  g o a l  o f  e n v i r o n m e n t a l  
p r o t e c t i o n  and enhancement  w h i l e  t h e  main  c h a n n e l  of T a m p a  
H a r b o r  i s  b e i n g  d e e p e n e d .  The c o n t r o l  o f  t h e  concen-  
t r a t i o n ,  d i s p e r s i o n  and  u l t i m a t e  l o c a t i o n  o f  t h e  f i n e -  
g r a i n e d  m a t e r i a l  i n t r o d u c e d  i n t o  t h e  water  by t h e  d r e d g i n g  
p r o c e s s ,  commonly c a l l e d  t u r b i d i t y ,  i s  o f  u t m o s t  i m p o r t a n c e  
t o  t h e  s u r v i v a l  o f  many b i o l o g i c a l  communi t i e s  e x i s t i n g  i n  
Tampa Bay. 

O b j e c t i v e s  

A t a r g e t  o f  o p p o r u t n i t y  w a s  p r o v i d e d  when ERTS imagery  
w a s  r e c o r d e d  o v e r  T a m p a  Bay on  Augus t  2 ,  1972 .  The 
imagery  w a s  p r o c e s s e d  f o r  t u r b i d i t y  r e c o g n i t i o n  and 
i n t e g r a t e d  w i t h  t h e  e s t u a r i n e  model  t o  p r o v i d e  a method 
f o r  s y n o p t i c a l l y  o b s e r v i n g  and p r e d i c t i n g  t h e  movement 
and d i s t r i b u t i o n  o f  t u r b i d  m a t e r i a l  c a u s e d  by d r e d g i n g  
o p e r a t i o n s .  

Approach 

T i d a l  s tage  d a t a  and  wind measurements  w e r e  a c q u i r e d  d u r i n g  
a t i m e  when c o n d i t i o n s  w e r e  s i m i l a r  t o  t h e  ERTS o v e r p a s s  
o f  Augus t  2 ,  1972 .  These  d a t a  were e d i t e d ,  f o r m a l i z e d  
and p u t  i n t o  t h e  d i g i t a l  model  o f  T a m p a  Bay t o  p r o d u c e  t h e  
s i m u l a t e d  v e l o c i t y  v e c t o r  g r i d  o f  t h e  b a y  ( F i g u r e  2 ) .  A t  
t h e  Same t i m e  a s h e l l - d r e d g i n g  b a r g e  w a s  o p e r a t i n g  i n  t h e  
bay .  T h i s  d r e d g i n g  s i m u l a t e d  t u r b i d  c o n d i t i o n s  t h a t  would 
be c a u s e d  by c h a n n e l  d r e d g i n g  and t h e  e f f e c t s  of  t i d a l  a c t i o n  
on t h e  movement and d i s t r i b u t i o n  o f  a t u r b i d i t y  plume 
(See F i g u r e  3). Sampl ing  f o r  t u r b i d i t y  o f  bay  wa te r  and 
n e a r  t h e  s h e l l  d r e d g i n g  b a r g e  w a s  a c q u i r e d  f o r  g r o u n d - t r u t h  
i n f o r m a t i o n  and t h e  a n a l y s e s  p l o t t e d  (See F i g u r e  4 ) .  
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Figure PHOTOGRAPH OF SHELL DREDGING OPERATION AND TURBIDITY PLUME 
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F i g u r e  4 .  Sampl ing  s i t e s  showing q u a l i t y  ( t u r b i d i t y )  o f  
Tampa Bay w a t e r  and  n e a r  a s h e l l  d r e d g i n g  b a r g e  

Black  and  w h i t e  imagery  t r a n s p a r e n c i e s  f rom t h e  ERTS Re tu rn -  
B e a m  V i d i c o n  ( R B V )  m u l t i s p e c t r a l  t h r e e - c a m e r a  sys t em were 
t a k e n  over  Tampa Bay on Augus t  2 ,  1972.  E R T S  Image I D ' S  a r e  
E-1010-15333-1, E-1010-15333-2 and E-1010-15333-3. T h i s  
s y s t e m  o p e r a t e s  i n  t h r e e  d i f f e r e n t  s p e c t r a l  r e g i o n s ,  t h e  
g r e e n  band 475 t o  575 m i l l i m i c r o n s ;  t h e  r e d  band 580 t o  680 
m i l l i m i c r o n s ;  and  t h e  n e a r  i n f r a r e d  band 690 t o  830 m i l l i -  
m i c r o n s .  
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Photo  i d e n t i f i c a t i o n  w a s  made by comppring t h e  t r a n s p a r -  
e n c i e s ,  a e r i a l  p h o t o g r a p h s ,  maps and g r o u n d - t r u t h  i n f o r -  
ma t ion  ( F i g u r e  4 )  of  t h e  bay w i t h  t h e  v e l o c i t y  v e c t o r  
g r i d  ( F i g u r e  2 )  and t h e  imagery.  The r e l a t i v e  s i z e  and 
shape  o f  t h e  t u r b i d i t y  p me as r e c o g n i z e d  i n  each  RBV 
band i s  i l l u s t r a t e d  i n  F u r e  5 .  An a p p r a i s a l  of  
s e l e c t i v e l y  s i n g u l a r  bands  f o r  p h o t o  i n t e r p r e t a t i o n  pu r -  
p o s e s  t o  r e c o g n i z e  and d e l i n e a t e  s e l e c t e d  e s t u a r i n e  
f e a t u r e s  i s  p r e s e n t e d  i n  T a b l e  1. 

u r e  5 COLOR ADDITIVE ENHANCEMENT OF RBV IMAGES 1.2 AND 3 AND SKETCH 
OF TURBIDITY PLUME 

ERTS Image I D  E-1010-15333-1, E-1010-15333-2 
and E-1010-15333-3. 
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T a b l e  1. E s t u a r i n e  F e a t u r e s  Tha t  a r e  Recognieable  i n  
t h e  Imagery o f  ERTS REV 1, 2 ,  and 3 Bands 

REV 1 REV 2 REV 3 
Green Red Near I n f r a r e d  

D i f f e r e n t i a t i o n  o f  l a n d  
from w a t e r  f e a t u r e s  

Maximum 
Mode r a t  e 
Minimum 

P r e s e n c e  o r  absence  of  
s h o r e l i n e  v e g e t a t i o n  

Maximum 
Moderate  
Minimum 

P r e s e n c e  o r  absence  of 
unde rwa te r  f e a t u r e s  
such  a s  s c o u r  c h a n n e l s ,  
v e g e t a t i o n  and 
t u r b i d  f low ( v a r i e s  
w i t h  t u r b i d i t y )  

Maximum 
Moderate  
N o  ne 

A e r i a l  d i s t r i b u t i o n  of 
t u r b i d i t y  p lume 

Maximum 
Moderate  
Minimum ( a t  s u r f a c e  o n l y )  

X 
X 

X 

X 
X 

X 

X 
X 

X 

Water p e n e t r a t i o n  ( v a r i e s  
w i t h  t u r b i d i t y )  

Maximum X 
Moderate  
None 

X 
X 

X 

X 
X 
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An I n t e r n a t i o n a l  Imaging Systems v i e w e r  w a s  u sed  t o  p r e -  
p a r e  a c o l o r  a d d i t i v e  enhancement of  t h e  t u r b i d i t y  plume 
f r o m  t h e  th ree  RBV b l a c k  and w h i t e  image s e p a r a t e s .  
C o l o r s  w e r e  a s s i g n e d  as f o l l o w s :  RBV band 1 = b l u e ,  
RBV band 2 = g r e e n  and RBV band 3 = red.  These images 
were s i m u l t a n e o u s l y  d i s p l a y e d  on t h e  v i ewer  w h i l e  c o l o r  
i n t e n s i t i e s  were a d j u s t e d  t o  produce  a co lor  compos i t e  
enhancement of  t h e  t u r b i d i t y  plume. A b l a c k  and w h i t e  
photograph  of t h i s  enhancement i s  i l l u s t r a t e d  on F i g u r e  5.  

A n a l y s i s  

Organ ic  d e t r i t u s  and c l a y  p a r t i c l e s  make up t h e  major  
p a r t  o f  suspended  p a r t i c u l a t e  m a t t e r  ( t u r b i d i t y )  t h a t  
r e s u l t s  from d r e d g i n g  o p e r a t i o n s  i n  t h e  w a t e r s  of Tampa 
Bay. The w a t e r  a b s o r b s  and r e f l e c t s  s u n l i g h t  so t h a t  t h e  
RBV imagery d e p i c t s  a s i g n a t u r e  i n d i c a t i v e  of t h e  t u r b i d  
c o n d i t i o n  of t h e  w a t e r .  The i n t e n s i t y  OF r e f l e c t i o n  
r e g i s t e r e d " i n  t h e  imagery w i l l  b e  mod i f i ed  by q u a n t i t y  and 
t y p e  of m a t e r i a l  i n  s u s p e n s i o n ,  s t r a t i f i c a t i o n  and s e t t l i n g  
d e p t h ,  t y p e  of bo t tom m a t e r i a l  and water s u r f a c e  roughness .  
I f  t h e  water i s  c l e a r  o r  s l i g h t l y  t u r b i d ,  t h e  s u n ' s  ene rgy  
t h a t  s p a n s  RBV-3 ( l o n g e r  wave leng ths )  i s  mos t ly  absorbed  
a t  t h e  s u r f a c e ,  and t h a t  of RBV-2 and 1 w i l l  p e n e t r a t e  t o  
p r o g r e s s i v e l y  g r e a t e r  d e p t h s  b e f o r e  b e i n g  abso rbed .  For  
t h i s  w a t e r  t h e  r e s u l t i n g  t o n e s  on p o s i t i v e  b l a c k  and w h i t e  
images w i l l  b e  a l m o s t  b l a c k  f o r  band 3 w i t h  p r o g r e s s i v e l y  
l i g h t e r ,  b u t  s t i l l  d a r k ,  t o n e s  f o r  bands  2 and 1. The 
l i g h t e r  t o n e s  a re  caused  by t h e  g r e a t e r  p e n e t r a t i o n  and 
s c a t t e r i n g  ( l e s s  a b s o r p t i o n )  o f  l i g h t  f rom suspended  
p a r t i c u l a t e  m a t t e r  i n  t h e  w a t e r  and a tmosphere  a t  t he  
s h o r t e r  wave leng ths  o f  bands 2 and 1. Depending u p o n  the 
span  of ene rgy  (RBV b a n d ) ,  t y p e  of p a r t i c u l a t e  m a t t e r ,  
s t r a t i f i c a t i o n ,  d e p t h  of s e t t l i n g  and bot tom c o n d i t i o n s ,  
t h e  more t u r b i d  waters  w i l l  be more r e f l e c t i v e  t h a n  t h e  
l ess  t u r b i d  waters and w i l l  a p p e a r  a s  l i g h t e r  g r a y  t o n e s  
on t h e  imagery.  

On b o t h  RBV-1 and 2 p o s i t i v e  imzges ,  t h e  sed imen t  plume i s  
d e p i c t e d  by l i g h t e r  g r a y  t o n e s  n e a r  t h e  c e n t e r  and d a r k e r  
t o n e s  of Lower r e f l e c t a n c e  a t  t h e  o u t e r  edges  of plume. 
The t u r b i d i t y  plume b o u n d a r i e s  i n  RBV-1 ex tend  beyond t h o s e  
i n  RBV-2 o r  3 and may be a r e a s  of d e e p e r  s e t t l i n g  d e p t h s  
and/or  c o n t a i n  less  p a r t i c u l a t e  mat te r  i n  s u s p e n s i o n  
( F i g u r e  5 )  + 
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T h e  ene rgy  s p a n  of RBV-3 i s  m o s t l y  abso rbed  by water a t  
t h e  s u r f a c e ,  and o n l y  t h e  p a r t i c u l a t e  m a t t e r  a t  t h e  s u r -  
f a c e  r e f l e c t s  l i g h t .  The p a r t  o f  t h e  plume a t  t h e  s u r -  
f a c e  may be d e l i n e a t e d  by l i g h t e r  g r a y  t o n e s  i n  t h e  
imagery of t h i s  band.  T h i s  p a r t  of  t h e  plume may a180 
c o n t a i n  r e c e n t l y  suspended  mater ia l  t h a t  may b e  more 
h i g h l y  c o n c e n t r a t e d .  

Assuming t h a t  t h e  bay water  i s  s l i g h t l y  t u r b i d  ( F i g u r e  4 1 ,  
a t h r e e - d i m e n s i o n a l  c o n c e p t  o f  t h e  shape  of t h e  more 
t u r b i d  plume may be d e m o n s t r a t e d  by supe r impos ing  t h o s e  
p a r t s  o f  t h e  plume obse rved  i n  a l l  t h r e e  bands  ( F i g u r e  5 ) .  
The o u t e r  b o u n d a r i e s  obse rved  i n  band 1 may be  a t  d e e p e r  
s e t t l i n g  depths  t h a n  t h o s e  of  band 2 and/or  c o n t a i n  l e s s  
p a r t i c u l a t e  m a t t e r  i n  s u s p e n s i o n .  T h a t  p a r t  d e l i n e a t e d  
by band 3 i s  n e a r  t h e  su r face ,  and t h e  movement of t h e  
plume toward t h e  mouth o f  t h e  bay i s  i n  r e s p o n s e  t o  ebb 
t i d e  c o n d i t i o n s  a t  t h e  t i m e  of E R T S  o v e r p a s s  ( F i g u r e s  3 
and 5 ) .  -. 

C o n c l u s i o n s  

S p e c t r a l  s i g n a t u r e s  of g r a y  s c a l e  t o n e s  i n d i c a t i v e  of  
t u r b i d  c o n d i t i o n s  of t y p e ,  c o n c e n t r a t i o n ,  s t r a t i f i c a t i o n ,  
s e t t l i n g  d e p t h  and a r e a  of  d i s p e r s i o n  were obse rved  i n  t h e  
RBV imagery o f  Tampa Bay. The obse rved  c u r r e n t  p a t t e r n s  
i n d i c a t e  t h a t  t h e  plume moved toward t h e  mouth of t h e  bay 
i n  r e s p o n s e  t o  ebb t i d e  c o n d i t i o n s  a t  t h e  t i m e  of. t h e  E R T S  
o v e r p a s s .  

P r e l i m i n a r y  s t u d i e s  i n d i c a t e  t h a t  E R T S  imagery and 
computer -compat ib le  t a p e s  may b e  a u t o m a t i c a l l y  p r o c e s s e d  
i n  c o n j u n c t i o n  w i t h  a s s o c i a t e d  ground i n f o r m a t i o n  f o r  
q u a n t i f y i n g  t h e s e  s p e c t r a l  s i g n a t u r e s .  The p r o c e s s e d  
d a t a  may t h e n  be used  as a t o o l  f o r  s y n o p t i c a l l y  mapping 
and m o n i t o r i n g  s p a t i a l  and t empora l  c o n d i t i o n s  o f  t u r -  
b i d i t y  and f o r  comparing n a t u r a l  w i t h  manmade t u r b i d i t y  
f o r  a p p r a i s i n g  t h e  r e s o u r c e s  of Tampa Bay and o t h e r  
e s t u a r i e s .  F u r t h e r m o r e ,  t h e  p r o c e s s e d  d a t a  used  i n  con- 
j u n c t i o n  w i t h  t h e  Tampa Bay d i g i t a l  s i m u l a t i o n  model may 
p r o v i d e  t h e  b a s i s  f o r  d e v e l o p i n g  a t h r e e - d i m e n s i o n a l  
c o n c e p t  t o  model t h e  dynamics o f  t u r b i d i t y  plumes. 
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P r i o r  t o  ERTS t h e  e x t e n t  o f  d i s p e r s i o n  o f  d r e d g i n g  s i l t  
plumes i n  an a r e a  as e x t e n s i v e  as Tampa Bay ( o v e r  300 
square m i l e s )  c o u l d  o n l y  b e  made by c o n n e c t i n g  s t a t i o n s  
o f  e q u a l  p e r c e n t  t u r b i d i t y  d e r i v e d  from a mass ive  
sampl ing  program. However, t h e  p o s i t i o n s  and number o f  
t r a n s e c t s  f o r  t u r b i d i t y  sampl ing  d i d  n o t  u s u a l l y  a l l o w  
comple te  s y n o p t i c  coverage  showing t h e  dynamic d i s t r i -  
b u t i o n  of t h e  t u r b i d i t y  plume. Fur the rmore ,  compared w i t h  
o r d i n a r y  mass ive  sampl ing  programs,  t h e  a s s o c i a t e d  ground- 
t r u t h  i n f o r m a t i o n  needed f o r  p u r p o s e s  of c o r r e l a t i o n  w i t h  
t h e  ERTS imagery may b e  c o n s i d e r a b l y  r educed  i n  number 
o f  t r a n s e c t s  and samples  a c r o s s  t h e  bay.  

The channe l  deepening  i n  Tampa Bay, as e s t i m a t e d ,  i s  
schedu led  t o  c o n t i n u e  f o r  8 t o  10 y e a r s .  Comprehensive 
e n v i r o n m e n t a l  a p p r a i s a l  s t u d i e s  are  underway and 
programmed t o  c o n t i n u e  d u r i n g  t h e  c o n s t r u c t i o n  p e r i o d  t o  
c o n t i n u o u s l y  e v a l u a t e ,  mon i to r  and g u i d e  t h e  e f f e c t s  of 
d r e d g i n g  and d i s p o s a l  o p e r a t i o n s  on t h e  bay.  The d i g i t a l  
s i m u l a t i o n  model ing  program o f  Tampa Bay i s  a p a r t  of t h e s e  
e n v i r o n m e n t a l  s t u d i e s .  The s y n o p t i c  and r e p e t i t i v e  
cove rage  of Tampa Bay by ERTS o f f e r s  a t i m e l y  o p p o r t u n i t y  
t o  app ly  p r o d u c t s  of  t h e  s p a c e  program t o  mon i to r  and t o  
h e l p  s o l v e  e n v i r o n m e n t a l  p roblems such  .as t h o s e  i n  Tampa 
Bay and o t h e r  e s t u a r i e s .  
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