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PREFACE 

1. The Corps o f  Eng ineers ,  th rough  i t s  C i v i l  Works program, h a s  sponsored ,  
o v e r  t h e  p a s t  2 3  y e a r s ,  r e s e a r c h  i n t o  t h e  b e h a v i o r  and c h a r a c t e r i s t i c s  o f  t i d a l  
i n l e t s .  The Corps '  i n t e r e s t  i n  t i d a l  i n l e t  r e s e a r c h  s tems from i t s  r e s p o n s i b i l -  
i t i e s  f o r  n a v i g a t i o n ,  beach e r o s i o n  p r e v e n t i o n  and c o n t r o l ,  and f l o o d  c o n t r o l .  
Tasked w i t h  t h e  c r e a t i o n  and maintenance o f  n a v i g a b l e  U.S. waterways,  t h e  Corps 
d redges  m i l l i o n s  o f  c u b i c  y a r d s  o f  m a t e r i a l  each y e a r  from t i d a l  i n l e t s  t h a t  
connect  t h e  ocean w i t h  bays ,  e s t u a r i e s ,  and lagoons .  Design and c o n s t r u c t i o n  
o f  n a v i g a t i o n  improvements t o  e x i s t i n g  t i d a l  i n l e t s  a r e  an impor tan t  p a r t  o f  
t h e  work o f  many Corps o f f i c e s .  In  some c a s e s ,  d e s i g n  and c o n s t r u c t i o n  o f  
new i n l e t s  a r e  r e q u i r e d .  Development o f  i n f o r m a t i o n  concern ing  t h e  h y d r a u l i c  
c h a r a c t e r i s t i c s  o f  i n l e t s  i s  i m p o r t a n t  n o t  o n l y  f o r  n a v i g a t i o n  and i n l e t  s t a -  
b i l i t y ,  b u t  a l s o  because  i n l e t s ,  by a l l o w i n g  f o r  t h e  i n g r e s s  o f  s to rm s u r g e s  
and e g r e s s  o f  f l o o d  w a t e r s ,  p l a y  an i m p o r t a n t  r o l e  i n  t h e  f l u s h i n g  o f  bays and 
1 agoons . 

2 .  A r e s e a r c h  program, t h e  General  I n v e s t i g a t i o n  o f  T i d a l  I n l e t s  (GITI) ,  
was developed t o  p r o v i d e  q u a n t i t a t i v e  d a t a  f o r  use  i n  d e s i g n  o f  i n l e t s  and 
i n l e t  improvements. I t  i s  des igned  t o  meet t h e  f o l l o w i n g  o b j e c t i v e s :  

To de te rmine  t h e  e f f e c t s  o f  wave a c t i o n ,  t i d a l  f low,  and r e l a t e d  
phenomena on i n l e t  s t a b i l i t y  and on t h e  h y d r a u l i c ,  geomet r i c ,  and 
sed imenta ry  c h a r a c t e r i s t i c s  o f  t i d a l  i n l e t s ;  t o  deve lop  t h e  knowl- 
edge n e c e s s a r y  t o  d e s i g n  e f f e c t i v e  n a v i g a t i o n  improvements, new 
i n l e t s ,  and sand  t r a n s f e r  sys tems a t  e x i s t i n g  t i d a l  i n l e t s ;  t o  
e v a l u a t e  t h e  w a t e r  t r a n s f e r  and f l u s h i n g  c a p a b i l i t y  o f  t i d a l  i n -  
l e t s ;  and t o  d e f i n e  t h e  p r o c e s s e s  c o n t r o l l i n g  i n l e t  s t a b i l i t y .  

3. The GITI i s  d i v i d e d  i n t o  t h r e e  major s t u d y  a r e a s :  (a)  i n l e t  c l a s s i f i -  
c a t i o n ,  (b) i n l e t  h y d r a u l i c s ,  and (c)  i n l e t  dynamics. 

a. InZe t CZass i f iea t ion .  The o b j e c t i v e s  o f  t h e  i n l e t  c l a s s i f i c a t i o n  
s t u d y  a r e  t o  c l a s s i f y  i n l e t s  a c c o r d i n g  t o  t h e i r  geometry,  h y d r a u l i c s ,  and s t a -  
b i l i t y ,  and t o  de te rmine  t h e  r e l a t i o n s h i p s  t h a t  e x i s t  among t h e  geomet r i c  and 
dynamic c h a r a c t e r i s t i c s  and t h e  env i ronmenta l  f a c t o r s  t h a t  c o n t r o l  t h e s e  char -  
a c t e r i s t i c s .  The c l a s s i f i c a t i o n  s t u d y  keeps t h e  g e n e r a l  i n v e s t i g a t i o n  c l o s e l y  
r e l a t e d  t o  r e a l  i n l e t s  and produces  an i m p o r t a n t  i n l e t  d a t a  base  u s e f u l  i n  
documenting t h e  c h a r a c t e r i s t i c s  o f  i n l e t s .  

b. I n l e t  ily&auZics. The o b j e c t i v e s  o f  t h e  i n l e t  hydrau l i  c s  s t u d y  
a r e  t o  d e f i n e  t i d e - g e n e r a t e d  f low regime and w a t e r  l e v e l  f l u c t u a t i o n s  i n  t h e  
v i c i n i t y  o f  c o a s t a l  i n l e t s  and t o  develop t e c h n i q u e s  f o r  p r e d i c t i n g  t h e s e  phe- 
nomena, The i n l e t  h y d r a u l i c s  s t u d y  i s  d i v i d e d  i n t o  t h r e e  a r e a s :  (1) i d e a l i z e d  
i n l e t  model s t u d y ,  ( 2 )  e v a l u a t i o n  o f  s t a t e - o f - t h e - a r t  p h y s i c a l  and numer ica l  
models,  and (3) p r o t o t y p e  i n l e t  h y d r a u l i c s .  

(1) The I d e a l i z e d  I n l e t  Model, The o b j e c t i v e s  o f  t h i s  model s t u d y  
a r e  t o  de te rmine  t h e  e f f e c t  o f  i n l e t  c o n f i g u r a t i o n s  and s t r u c t u r e s  on d i s c h a r g e ,  
head l o s s ,  and v e l o c i t y  d i s t r i b u t i o n  f o r  a  number o f  r e a l i s t i c  i n l e t  shapes  and 
t i d e  c o n d i t i o n s .  An i n i t i a l  s e t  o f  t e s t s  i n  a t r a p e z o i d a l  i n l e t  was conducted 
between 1967 and 1970. However, i n  o r d e r  t h a t  subsequen t  i n l e t  models a r e  more 
r e p r e s e n t a t i v e  o f  r e a l  i n l e t s ,  a  number o f  " i d e a l i z e d "  models r e p r e s e n t i n g  v a r -  
i o u s  i n l e t  morphological  c l a s s e s  a r e  b e i n g  developed and t e s t e d .  The e f f e c t s  
o f  j e t t i e s  and wave a c t i o n  on t h e  h y d r a u l i c s  a r e  i n c l u d e d  i n  t h e  s tudy .  



(2) E v a l u a t i o n  o f  S ta te -o f - the -Ar t  Modeling Techniques.  The ob- 
j e c t i v e s  o f  t h i s  p a r t  o f  t h e  i n l e t  h y d r a u l i c s  s t u d y  a r e  t o  de te rmine  t h e  use-  
f u l n e s s  and r e l i a b i l i t y  o f  e x i s t i n g  p h y s i c a l  and numerical  modeling t e c h n i q u e s  
i n  p r e d i c t i n g  t h e  h y d r a u l i c  c h a r a c t e r i s t i c s  of  i n l e t - b a y  sys tems ,  and t o  d e t e r -  
mine whether  s imple  t e s t s ,  performed r a p i d l y  and economical ly ,  a r e  u s e f u l  i n  t h e  
e v a l u a t i o n  o f  proposed i n l e t  improvements. Masonboro I n l e t ,  North C a r o l i n a ,  was 
s e l e c t e d  a s  t h e  p r o t o t y p e  i n l e t  which would be used a long  wi th  h y d r a u l i c  and 
numer ica l  models i n  t h e  e v a l u a t i o n  o f  e x i s t i n g  t echn iques .  I n  September 1969 
a  complete  s e t  o f  h y d r a u l i c  and b a t h y m e t r i c  d a t a  was c o l l e c t e d  a t  Masonboro 
I n l e t .  C o n s t r u c t i o n  o f  t h e  f ixed-bed  p h y s i c a l  model was i n i t i a t e d  i n  1969, 
and e x t e n s i v e  t e s t s  have been performed s i n c e  t h e n .  I n  a d d i t i o n ,  t h r e e  e x i s t -  
i n g  numer ica l  models were a p p l i e d  t o  p r e d i c t  t h e  i n l e t ' s  h y d r a u l i c s .  Ex tens ive  
f i e l d  d a t a  were c o l l e c t e d  a t  Masonboro I n l e t  i n  August 1974 f o r  use  i n  eva lu -  
a t i n g  t h e  c a p a b i l i t i e s  o f  t h e  p h y s i c a l  and numerical  models, 

( 3 )  P r o t o t y p e  I n l e t  Hydrau l ics .  F i e l d  s t u d i e s  a t  a  number o f  i n -  
l e t s  a r e  p r o v i d i n g  i n f o r m a t i o n  on p r o t o t y p e  i n l e t - b a y  t i d a l  h y d r a u l i c  r e l a t i o n -  
s h i p s  and t h e  e f f e c t s  o f  f r i c t i o n ,  waves, t i d e s ,  and i n l e t  morphology on t h e s e  
r e l a t i o n s h i p s .  

c. I n l e t  mnamics. The b a s i c  o b j e c t i v e  o f  t h e  i n l e t  dynamics s t u d y  
i s  t o  i n v e s t i g a t e  t h e  i n t e r a c t i o n s  of t i d a l  f low, i n l e t  c o n f i g u r a t i c m ,  and 
wave a c t i o n  a t  t i d a l  i n l e t s  a s  a  guide  t o  improvement of i n l e t  channe l s  a.nd 
nearby  s h o r e  p r o t e c t i o n  works. The s t u d y  i s  subd iv ided  i n t o  f o u r  s p e c i f i c  
a r e a s  : (1) model m a t e r i a l s  e v a l u a t i o n ,  (2) movable-bed modeling e v a l u a t i o n ,  
( 3 )  r e a n a l y s i s  o f  a  p r e v i o u s  i n l e t  model s t u d y ,  and ( 4 )  p r o t o t y p e  i n l e t  s t u d i e s .  

(1) Model M a t e r i a l s  Eva lua t ion .  Th is  e v a l u a t i o n  was i n i t i a t e d  i n  
1969 t o  p r o v i d e  d a t a  on t h e  response  o f  movable-bed model m a t e r i a l s  t o  waves 
and f low t o  a l l o w  s e l e c t i o n  o f  t h e  optimum bed m a t e r i a l s  f o r  i n l e t  models. 

( 2 )  Movable-Bed Model E v a l u a t i o n .  The o b j e c t i v e  o f  t h i s  s t u d y  i s  
t o  e v a l u a t e  t h e  s t a t e - o f - t h e - a r t  o f  modeling t echn iques ,  i n  t h i s  c a s e  movable- 
bed i n l e t  modeling.  S i n c e ,  i n  many c a s e s ,  movable-bed modeling i s  t h e  o n l y  
t o o l  a v a i l a b l e  f o r  p r e d i c t i n g  t h e  response  o f  an i n l e t  t o  improvements, t h e  
c a p a b i l i t i e s  and l i m i t a t i o n s  o f  t h e s e  models must be e s t a b l i s h e d .  

(3 )  Reana lys i s  of an E a r l i e r  I n l e t  Model Study,  In  1957,  a  r e p o r t  
e n t i t l e d ,  "Pre l iminary  Report :  Laboratory  Study of  t h e  E f f e c t  o f  an Uncontrol -  
l e d  I n l e t  on t h e  Adjacent  Beaches," was p u b l i s h e d  by t h e  Beach Erosion Board 
(now CERC). A r e a n a l y s i s  o f  t h e  o r i g i n a l  d a t a  i s  be ing  performed t o  a i d  i n  
p l a n n i n g  o f  a d d i t i o n a l  GITI e f f o r t s .  

( 4 )  P r o t o t y p e  Dynamics. F i e l d  and o f f i c e  s t u d i e s  o f  a  number o f  
i n l e t s  a r e  p r o v i d i n g  i n f o r m a t i o n  on t h e  e f f e c t s  o f  p h y s i c a l  f o r c e s  and a r t i f i -  
c i a l  improvements on i n l e t  morphology. O f  p a r t i c u l a r  importance a r e  s t u d i e s  t o  
d e f i n e  t h e  mechanisms o f  n a t u r a l  sand b y p a s s i n g  a t  i n l e t s ,  t h e  response  o f  i n l e t  
n a v i g a t i o n  channe l s  t o  d redg ing  and n a t u r a l  f o r c e s ,  and t h e  e f f e c t s  o f  i n l e t s  on 
ad j  a c e n t  beaches .  

4. Th i s  r e p o r t  p r e s e n t s  a  c l a s s i f i c a t i o n  o f  i n l e t s  based on o b j e c t i v e  a n a l -  
y s i s  o f  s i m i l a r i t i e s  between i n l e t  geomet r ic  c h a r a c t e r i s t i c s .  The r e p o r t  con- 
t a i n s  s u b s t a n t i a l  amounts o f  i n l e t  geomet r ic  d a t a  o b t a i n e d  from a e r i a l  pho tos  
and b o a t  s h e e t s  which may be a p p l i c a b l e  t o  s i t e - s p e c i f i c  s t u d i e s .  
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D DEFINITIONS 

ymb o  l s t r i c t i o n l  D e f i n i t i o n  

A 3 exponent i n  g e n e r a l  r e g r e s s i o n  e q u a t i o n  

A, a;i 5 i n  fo rmat ion  o f  
w i t h i n - c l u s t e r  va  

A, a r e a  o f  t h e  minimum wi t h  c r o s s  s e c t i o n  

e n e r a l i z e d  e i g e n v e c t o r  we igh t ing  c o e f f i c i e n t  

i n  g e n e r a l  r e g r e s s i o n  e q u a t i o n  

m a t r i x  used i n  fo rmat ion  o f  d i s c r i m i n a n t  f u n c t i o n  
c o n t a i n i n g  popula  i o n  v a r i a n c e  p r o  

m a t r i x  c o n t a i n i n g  i s t a n c e  c o e f f i c i e n t s  

c o e f f i c i e n t s  i n  a g e n e r a l i z e d  r e g r e s s i o n  e q u a t i o n  

c o e f f i c i e n t s  i n  d i s c r i m i n a t e  f u n c t i o n s  

DCC depth  a t  c r e s t  o f  o u t e r  b a r  i n  channel 

2 
i j mahalanobis squared  d i s t a n c e  

D average dep th  of  minimum i n l e t  width  c r o s s  s e c t i o n  

maximum dep th  o f  minimum i n l e t  w i  t h  c r o s s  s e c t i o n  

i dep th  a t  a  mesh p o i n t  on a  g r i d  sys tem 

d i  normal ized dep th  a t  a  mesh p o i n t  

we igh t ing  c o e f f i c i e n t  on f i r s t  e i g e n v e c t o r  o f  channel  
p r o f i l e  

we igh t ing  c o e f f i c i e n t  on second e i g e n v e c t o r  o f  channel 
p r o f i l e  

we igh t ing  c o e f f i c i e n t  on f i r s t  e i g e n v e c t o r  o f  ebb d e l t a  
shape 

weigh t ing  c o e f f i c i e n t  on second e i g e n v e c t o r  o f  ebb d e l t a  
shape 

EF l l  we igh t ing  c o e f f i c i e n t  on f i r s t  e i g e n v e c t o r  o f  MIWC shape 

I312 we igh t ing  c o e f f i c i e n t  on second e i g e n v e c t o r  o f  MIWC shape 

E113 we igh t ing  c o e f f i c i e q t  on t h i r d  e i g e n v e c t o r  o f  NIWC shape 

' ~ e s t r i c t i o n  o f  a  d e f i n i t i o n  t o  a  g iven  s e c t i o n .  
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Symbol R e s t r i c t i o n  D e f i n i t i o n  

ei a r b i t r a r y  e i g e n v e c t o r  

F,F;j 3,5 F  r a t i o  e i t h e r  u n i v a r i a t e  o r  m u l t i v a r i a t e  

F a F i j  4 s t a t i s t i c a l  m a t r i x  o f  i n l e t  d a t a  

F  i 3 c o e f f i c i e n t  i n  g e n e r a l i z e d  r e g r e s s i o n  c o e f f i c i e n t  

m a t r i x  o f  o b s e r v a t i o n s  normal ized  t o  0 mean and u n i t  
s t a n d a r d  d e v i a t i o n  

f a r b i t r a r y  f u n c t i o n  

- 
f j  mean v a l u e  o f  j t h  p a r a m e t e r  

G; c o e f f i c i e n t  i n  a  g e n e r a l i z e d  r e g r e s s i o n  e q u a t i o n  

g  number o f  c l u s t e r s  

h i  normal ized  dep th  

i s u b s c r i p t s ,  i n d i v i d u a l  use  v a r i e s  

exponent i n  a  g e n e r a l  r e g r e s s i o n  equa t ion  

s u b s c r i p t s  , i n d i v i d u a l  use  v a r i e s  

j s i  , Smi 3 , s  s t a n d a r d  d e v i a t i o n  f o r  v a r i a b l e  computed w i t h i n  a 
c l u s t e r  

K, k s u b s c r i p t s ,  i n d i v i d u a l  use  v a r i e s  

L channel l e n g t h  

components o f  an e i g e n v e c t o r  

number o f  i n l e t s  o r  v a r i a b l e s  

N ,n  ,n  i number o f  i n l e t s  o r  v a r i a b l e s  

P 5 number o f  i n l e t s  i n  an a n a l y s i s  

p r o f i l e  v e c t o r  

pi j k .  P: 5,6 p r o b a b i l i t y  t h a t  a  g iven i n l e t  from a  given c l u s t e r  
belongs  ix a n o t h e r  c l u s t e r ;  p o s t e r i o r  p r o b a b i l i t y  
t h a t  an i n l e t  belongs  t o  a  c l u s t e r  

Pq 5,6 
p r i o r  p r o b a b i l i t y  t h a t  an i n l e t  belongs  t o  a  c l u s t e r  

9 g e n e r a l  s u b s c r i p t  

R c o e f f i c i e n t  o f  d i s c r i m i n a t i o n  
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T J i j  
t o t a l  v a r i a n c e  m a t r i x  (popula t ion  wide) 

u  r a t i o  o f  poo led  t o  t o t a l  v a r i a n c e  

'i j c o r r e l a t i o n  m a t r i x  

W 2 , 3 , 4 , 6 , 7  minimum i n l e t  wid th  

Ib' , wi j 5 poo led  v a r i a n c e  m a t r i x  

g e n e r a l i z e d  c o o r d i n a t e  o r  pa ramete r  i n  e i g e n v e c t o r ,  
c l u s t e r ,  and d i s c r i m i n a n t  a n a l y s e s  
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r covar iance  m a t r i x  

Y dependent v a r i a b l e  i n  a  g e n e r a l  r e g r e s s i o n  e q u a t i o n  

A e igenva lue  

v degrees  o f  freedom 

v e c t o r  o f  normal ized  depths  i n  an e i g e n v e c t o r  a n a l y s i s  
o f  t h e  ebb d e l t a  shape  

s t a n d a r d  d e v i a t i o n  
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THE GEOMETRY OF SELECTED U.S, TIDAL INLETS 

b y  
Charles L. Vincent and FJilZiam D. Corson 

I ,  INTRODUCTION 

c o a s t s  o f  t h e  Uni ted S t a t e s ,  numerous i n l e t s  e x i s t  th rough  which 
n t ,  n u t r i e n t s ,  and p o l l u t a n t s  a r e  exchanged between t h e  oceans  and 

e s t u a r i e s  by f lows t h a t  a r e  l a r g e l y  f o r c  d  by t i d e s .  Among t h e  
80 major i n l e t s ,  a wide d i v e r s i t y  i n  hy r a u l i c  c o n d i t i o n s  an 
o m d ,  I n l e t  wid ths  va ry  from a  few h m  r e d  t o  more t h a n  20 ,  

e  dep ths  va ry  f om a  few f e e t  t o  more t h a n  50 f e e t ,  H i s t o r i c a l l y ,  t h e  
i c  importance o  i n l e t s  h a s  p r i m a r i l y  been i n  t h e i r  r o l e  a s  waterways f o r  
c i a 1  n a v i g a t i o n  b u t  t h e i r  p o t e n t i a l  f o r  r e c r e a t i o n a l  i n t e r e s t s  h a s  a l s o  

cognized.  More r e c e n t l y ,  t h e  e f f e c t s  upon t h e  ecology o f  e s t u a r i n e  a r e a s  
by changes i n  i n l e t  c o n f i g u r a t i o n  due e i t h e r  t o  n a t u r e  o r  man have r e -  
a t t e n t i o n ,  The combination o f  t h e  l a r g e  s i z e  o f  t h e  i n l e t - e s t u a r i n e  

sys tems and t h e  complexi ty  o f  t h e  p  y s i c a l  p r o c e s s e s  makes t h e  s t u d y  o f  i n l e t s  
d i f f i c u l t ;  a s  a  r e s u l t ,  p l a n n i n g  an management o f  i n l e t s  o f t e n  r e l y  on a  l e s s  

e s i r a b l e  i n f o r m a t i o n  base .  

2 .  I n l e t  C l a s s i f i c a t i o n .  

Both f ixed-bed  and movable-bed p h y s i c a l  models o f  t i d a l  i n l e t s  have been 
used e x t e n s i v e l y  s i n c e  I930 t o  examine p o s s i b l e  e f f e c t s  o f  proposed modi f i ca -  
t i o n  o f  i n l e t s  through c o n s t r u c t i o n  o f  j e t t i e s  and d redg ing .  More r e c e n t l y ,  
numerical  models have been fo rmula ted  t o  s i m u l a t e  i n l e t  hydrodynamics. Both 
t y p e s  o f  models p r o v i d e  v a l u a b l e  i n s i g h t  i n t o  t h e  hydrodynamics o f  t h e  i n l e t  
sys tem b u t  n e i t h e r  p r o v i d e  a c c u r a t e  q u a n t i t a t i v e  e s t i m a t e s  o f  sediment t r a n s -  
p o r t  o r  s h o a l  and s c o u r  p a t t e r n s .  These models p r o v i d e  q u a l i t a t i v e  i n d i c a t i o n s  
o f  t h e  e f f e c t  o f  proposed m o d i f i c a t i o n s  which a r e  then  e x t r a p o l a t e d  th rough  

e o f  t h e  b e h a v i o r  o f  t h e  p r o t o t  e  o r  o t h e r  i n l e t s  t o  reach  f i n a l  con- 
concern ing  t h e  p r o b a b l e  succes  o f  t h e  proposed m o d i f i c a t i o n s .  I n  t h e  

f u t u r e ,  advance models and a d d i t i o n a l  knowledg o f  t h e  p h y s i c a l  p r o c e s s e s  should 
rove t h e  a b i l i t y  t o  p r o j e c t  t h e  e f f e c t  o f  mo i f i c a t i o n s  t o  i n l e t s ,  b u t  it i s  
11 l i k e l y  t h a t  e  i r i c a l  knowledge sf i n l e t  ystems and t h e i r  r esponse  t o  

impor tan t  p a r t  o f  t h e  i n f o r m a t i o n  b a s e  f o r  i n l e t  

The i n l e t  c l a s s i f i c a t i o n  t a s k s  o f  t h e  General  I n v e s t i g a t i o n  o f  T i d a l  I n l e t s  
(GITI! program were fo rmula ted  t o  inprove  t h e  e m p i r i c a l  d a t a  base  on i n l e t s  and 
i n l e t  p r o c e s s e s ,  I t  was recognized  t h a t  a l though  a wide d i v e r s i t y  o f  i n l e t s  
e x i s t s ,  t h e  same b a s i c  p h y s i c a l  p r o c e s s e s  o c c u r  a t  a l l  i n l e t s  though i n  d i f f e r -  

i t u d e s  and s e t t i n g s .  Because o f  t h e s e  common p r o c e s s e s ,  i n l e t s  which 
appear  t o  be s i m i l a r  shou ld  be s t u d i e d  t o  e x p l a i n  reasons  f o r  t h e  s i m i l a r i t i e s .  
The s t u d y  has  s e v e r a l  v a l u e s .  F i r s t ,  an e x t e n s i v e  and c o n s i s t e n t  enrp i r i ca l  d a t a  
base  would be c o l l e c t e d  f o r  a  l a r g e  number o f  i n l e t s .  Second, s i m i l a r  i n l e t s  
would be c l a s s e d  t o g e t h e r  t o  p rov ide  Corps p e r s o n n e l  performing s p e c i f i c  s i t e  
s t u d i e s  a  guide  t o  i n l e t s  wi th  s i m i l a r  c h a r a c t e r i s t i c s .  T h i r d ,  t h e  s t u d y  shou ld  
b e t t e r  d e f i n e  t h e  r e l a t i o n s h i p s  among many i n l e t s ,  which shou ld  provoke b e t t e r  
e x p l a n a t i o n s  f o r  t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  found. 



E a r l y  i n  t h e  p l a n n i n g  phase  o f  t h e  i n l e t  c l a s s i f i c a t i o n  t a s k ,  t h r e e  a s p e c t s  
o f  i n l e t s  were s e l e c t e d  f o r  examinat ion:  h y d r a u l i c s ,  geometry ( o r  morphology), 
and s t a b i l i t y .  The e f f o r t s  were des igned  t o  produce t h r e e  independent  c l a s s i f i -  
c a t i o n s .  I n  a  l a t e r  phase  o f  r e s e a r c h ,  e f f o r t s  w i l l  be des igned t o  i n t e r r e l a t e  
t h e  t h r e e  s e p a r a t e  c l a s s i f i c a t i o n s  and i n v e s t i g a t e  t h e  reasons  f o r  correspond-  
ence between w e l l - d e f i n e d  c l a s s i f i c a t i o n s .  Th i s  r e p o r t  d e t a i l s  e f f o r t s  on t h e  

. geomet r ic  c l a s s i f i c a t i o n .  R e s u l t s  from t h e  h y d r a u l i c  c l a s s i f i c a t i o n  s t u d i e s  
a r e  given i n  J a r r e t t  (1976).  R e s u l t s  from t h e  s t a b i l i t y  a n a l y s e s  a r e  given i n  
Vincent and Corson ( i n  p r e p a r a t i o n ,  1980) . 

I t  s h o u l d  be n o t e d  t h a t  a l l  i n l e t s  a r e  complex enough t o  be c o n s i d e r e d  d i s -  
s i m i l a r .  Yet a s  t h i s  r e p o r t  shows, when t h e  l a r g e r  s c a l e  geomet r ic  p r o p e r t i e s  
o f  i n l e t  sys tems a r e  ana lyzed ,  s t r i k i n g  s i m i l a r i t i e s  a r e  found and i n l e t  char -  
a c t e r i s t i c s  a r e  shown t o  v a r y  i n  c o n s i s t e n t  ways. 

Study O b j e c t i v e s  . 

An a n a l y s i s  o f  t h e  morphology o f  i n l e t s  r e q u i r e s  t h e  s t u d y  o f  i n l e t  topog-  
raphy and bathymetry .  Of p a r t i c u l a r  i n t e r e s t  a r e  t h e  l e n g t h s ,  d e p t h s ,  c r o s s  
s e c t i o n s  and o r i e n t a t i o n  o f  channe l s ,  and t h e  a r e a ,  h e i g h t ,  and l o c a t i o n  o f  
s h o a l s .  I n l e t  morphology r e s u l t s  from t i d e -  and wave-generated sediment trans- 
p o r t  o v e r  a  wide range o f  space and t ime  s c a l e s .  The f e a t u r e s  a d j u s t  t o  t h e  
p r e s e n t  hydrodynamic environment ,  b u t  o f t e n  r e l a t e  t o  p a s t  c o n d i t i o n s .  A f u r -  
t h e r  compl ica t ion  i s  t h e  geology o f  a  p a r t i c u l a r  i n l e t  which may deform t h e  
p r o c e s s e s  i n  a  unique way. F lod i f i ca t ions  by man can a l t e r  t h e  morphology a s  
w e l l .  The pr imary o b j e c t i v e s  o f  t h i s  s t u d y  were (a )  t o  i s o l a t e  a  s e t  o f  param- 
e t e r s  t h a t  can be  used t o  q u a n t i f y  i n l e t  geometry, (b) t o  ana lyze  r e l a t i o n s h i p s  
between t h e  b a s i c  pa ramete rs  s e l e c t e d ,  and f c )  t o  a n a l y z e  t h e  r e l a t i o n s h i p s  
between i n l e t s  based  upon t h e  pa ramete rs  s e l e c t e d .  

The f i r s t  s t e p  i n  t h e  r e s e a r c h  i s  t h e  s e l e c t i o n  o f  pa ramete rs  t h a t  s a t i s -  
f a c t o r i l y  d e s c r i b e  i n l e t  geometry.  These pa ramete rs  shou ld  be r e p r e s e n t a t i v e  
o f  t h e  response  o f  t h e  sediment mass t o  t h e  h y d r a u l i c  p r o c e s s e s .  A d d i t i o n a l l y ,  
f o r  t h e  pa ramete rs  t o  be  u s e f u l  i n  any c l a s s i f i c a t i o n  p r o c e s s ,  a l l  must be 
r e a d i l y  and c o n s i s t e n t l y  d e f i n a b l e .  

A f t e r  c o n s i s t e n t  geomet r ic  in fo rmat ion  has  been c o l l e c t e d  f o r  a  l a r g e  num- 
b e r  o f  i n l e t s  c o n t a i n i n g  a s  d i v e r s e  geomet r ies  a s  p o s s i b l e ,  t h e  d a t a  a r e  ex- 
amined f o r  r e l a t i o n s h i p s  among t h e  geometr ic  p a r a m e t e r s .  The t i d a l  d e l t a s  and 
channe l s  develop a s  a  r e s u l t  o f  i n t e r a c t i o n  between t i d e -  and wave-generated 
flow f i e l d s .  I n  t h e  l o n g  term,  t h e  magnitudes o f  t h e s e  p r o c e s s e s  va ry  w i t h i n  
r a t h e r  narrow l i m i t s  e x c l u d i n g  t h e  e f f e c t s  o f  u n u s u a l l y  s e v e r e  s to rms .  I n t u i -  
t i v e l y ,  i t  i s  expec ted  t h a t ,  u n d i s t u r b e d ,  t h e  geometry o f  t h e  i n l e t  a d j u s t s  t o  
t h e  p r o c e s s e s .  Likewise,  even given t h e  v a r y i n g  i n f l u e n c e s  o f  wave- and t i d e -  
g e n e r a t e d  phenomena, c o n s i s t e n t  v a r i a t i o n s  i n  t h e  geomet r ic  pa ramete rs  a r e  ex-  
p e c t e d  t o  occur  r e p r e s e n t i n g  t h e  t ime-space i n t e g r a t i o n  o f  t h e i r  e f f e c t .  Few 
such r e l a t i o n s h i p s  have been found p r e v i o u s l y .  The b e s t  known e m p i r i c a l  r e l a -  
t i o n s h i p  f o r  i n l e t  c h a r a c t e r i s t i c s  i s  t h a t  o f  O 'Br ien  ( 1 9 3 l ) ,  between i n l e t  
t h r o a t  c r o s s - s e c t i o n a l  a r e a  and t i d a l  p r i sm.  

The f i n a l  t a s k  w i l l  be c l a s s i f i c a t i o n  o f  t h e  i n l e t s  a c c o r d i n g  t o  t h e i r  
geometry.  A s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  l a t e r  i n  t h i s  r e p o r t ,  c l a s s i f i c a t i o n  
i s  t h e  p r o c e s s  o f  o r d e r i n g  i n l e t s  on t h e  b a s i s  o f  t h e  r e l a t i o n s h i p s  among them. 
Based on t h e  pa ramete rs  chosen,  t h e  s i m i l a r i t i e s  between i n l e t s  w i l l  be examined 



and t h e  i n l e t s  o r g a n i z e d  a c c o r d i n g l y .  The c l a s s i f i c a t i o n  p r o c e s s  i s  d i f f i c u l t  
because  t h e  i n l e t  geometry is  mathemat ica l ly  mul t id imens iona l ;  however, r e c e n t  
advances i n  numer ica l  taxonomy have p rov ided  o b j e c t i v e  means f o r  examining s t r u c -  
t u r a l  o r g a n i z a t i o n s .  Thus, t h e  d i f f e r e n c e s  among i n l e t s  can be  o b j e c t i v e l y  
measured and t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  t e s t e d .  The r e s u l t  w i l l  be 
a  s t a t i s t i c a l  b a s i s  on which i n l e t  c h a r a c t e r i s t i c s  can be examined. H y d r a u l i c  
o r  g e o l o g i c  f a c t o r s  must e v e n t u a l l y  e x p l a i n  t h e  reasons  f o r  t h e  o r g a n i z a t i o n .  

I t  s h o u l d  be n o t e d  t h a t  some o f  t h e  a n a l y s e s  i n  t h i s  r e p o r t  r e l y  h e a v i l y  on 
t h e  s t a t i s t i c a l  methods o f  e i g e n v e c t o r  a n a l y s i s ,  c l u s t e r  a n a l y s i s ,  and d i sc r im-  
i n a n t  a n a l y s i s .  The m o t i v a t i o n  f o r  use o f  t h e s e  methods, which have r a r e l y  been 
used i n  e n g i n e e r i n g  ( b u t  a r e  wide ly  a-ppl ied i n  t h e  f i e l d s  o f  geology, b i o l o g y ,  
psychology,  and p r o c e s s  c o n t r o l ) ,  can be r e a l i z e d  i f  t h e  f u t i l i t y  o f  examining 
manually t h e  c o v a r i a n t  p r o p e r t i e s  o f  a  moderate t o  l a r g e  number o f  v a r i a b l e s  
among 50  o r  more i n l e t s  i s  r ecognized .  The s t a t i s t i c a l .  methods a r e  r e q u i r e d  
t o  examine o b j e c t i v e l y  t h e  r e l a t i o n s h i p s  among t h e  v a r i a b l e s  and t h e  i n l e t s  .' 

The scope o f  t h i s  r e p o r t  i s  o n l y  t o  a n a l y z e  t h e  geometry o f  t h e  i n l e t  s y s -  
tems, n o t  t h e i r  h y d r a u l i c s  and s t a b i l i t y .  However, r e l a t i o n s h i p s  which appear  
t o  have r e l e v a n c e  t o  t h e s e  o t h e r  a s p e c t s  o f  i n l e t  systems a r e  s o  n o t e d . '  

4 .  P rev ious  C l a s s i f i c a t i o n s .  

A review o f  t h e  l i t e r a t u r e  i n d i c a t e s  t h a t  few e f f o r t s  have been made t o  
c l a s s i f y  i n l e t s  accord ing  t o  geometry. Foremost i n  t h i s  e f f o r t  has  been t h e  
work by Galvin ,  It a l .  (1971a, 1971b) and Galvin  (1971) t o  c o l l e c t  d imensional  
i n f o r m a t i o n  on i n l e t  geometry and r e l a t e  i n l e t  c h a r a c t e r i s t i c s  t o  longshore  
t r a n s p o r t  d i s t r i b u t i o n s .  Th is  work r e s u l t e d  i n  t h e  d e f i n i t i o n  o f  f o u r  t y p e s  
o f  i n l e t s  based  on shape and o f f s e t  o f  t h e  i n l e t  f l a n k s :  o v e r l a p p i n g  o f f s e t ,  
u p d r i f t  o f f s e t ,  downdri f t  o f f s e t ,  and n e g l i g i b l e  o f f s e t .  

The o t h e r  major i n l e t  c l a s s i f i c a t i o n  r e s e a r c h  has  been t h a t  of Caldwel l  
(1955) i n  d e f i n i n g  t h r e e  c l a s s e s  o f  i n l e t s  based  on h y d r a u l i c  c h a r a c t e r i s t i c s .  
C lass  I i n l e t s  have peak f loodf lows  o c c u r r i n g  b e f o r e  h igh  t i d e  by l e s s  t h a n  1 
hour  w i t h  t h e  t i d a l  range o f  t h e  i n l e t  and t h e  ocean approximately  e q u a l .  In  
Class  I1 i n l e t s  t h e  peak f loodf low p r e c e d e s  h i g h  t i d e  by 2 t o  3 hours  and t i d a l  
r anges  i n  t h e  ocean and i n s i d e  t h e  i n l e t  a r e  about e q u a l .  The C l a s s  I I I ' i n l e t s  
have peak f loodf lows  l e s s  t h a n  1 hour  b e f o r e  h i g h  t i d e  b u t  have t i d a l  r anges  
i n s i d e  t h e  i n l e t  s u b s t a n t i a l l y  l e s s  t h a n  o u t s i d e .  

Bruun (1967) and Bruun and G e r r i t s e n  (1957, 1959) r e l a t e d  t h e  s t a b i l i t y  o f  
i n l e t s  t o  t h e  r a t i o  o f  t h e  n e t  longshore  d r i f t  t o  t h e  maximum i n l e t  d i s c h a r g e .  
They f u r t h e r  sugges ted  c l a s s i n g  i n l e t s  a c c o r d i n g  t o  t h e i r  n a t u r a l  bypass ing  
c a p a b i l i t i e s .  

The p r e s e n t  r e p o r t  i s  r e l a t e d  t o  t h e  e f f o r t s  o f  Galvin ,  e t  a l .  (1971a, 1971b) 
and Galvin  (1971).  Emphasis i s  p l a c e d  on t h e  morphologic c h a r a c t e r i s t i c s  o f  t h e  
i n l e t s  and a  q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  t h e i r  c o v a r i a n t  p r o p e r t i e s .  

11, SELECTION OF IIL'LETS AND PARAMETERS 

1, I n l e t s  S e l e c t e d  f o r  Study.  

The 67 i n l e t s  s t u d i e d  i n  t h i s  r e p o r t  a r e  l i s t e d  by number and geograph ic  
l o c a t i o n  i n  Tab le  1. The d a t e  o f  t h e  su rvey  used ,  t h e  c o n d i t i o n  o f  t h e  i n l e t  



Table I. Geographic order of inlets with survey dates, 
inlet conditions, a.nd source of data .  

A t  1 

Moriches I n l e t ,  N.Y. 
F i r e  I s l a n d  I n l e t ,  N.Y. 
Beach Haven-Li t t l e ,  Egg I n l e t ,  N.J .  
B r i g a n t i n e  Inlet . ,  N . J .  
Grea t  Egg I n l e t ,  N . J .  
Corson I n l e t ,  N , J .  
Townsend i n l e t ,  N.J, 
Here fo rd  I n l e t ,  N.J. 
Chinco teague  I n l e t ,  Va. 
> k t o n k i n  I n l e t ,  Va. 
Wachapreague I n l e t ,  '(a. 
Oregon I n l e t ,  N.C. 
H a t t e r a s  I n l e t ,  N.C. 
B e a u f o r t  I n l e t ,  N.C. 
C a r o l i n a  Beach I n l e t ,  N.C.  
Lockwoods F o l l y  I n l e t ,  N.C. 
S h a l l o t t e  I n l e t ,  N.C. 
Tubbs I n l e t ,  N.C. 
L i t t l e  R i v e r  I n l e t ,  S.C. 
M u r r e l l s  i n l e t ,  S.C. 
North I n l e t ,  S.C. 
Sou th  S a n t e e  River I n l e t ,  S. 
P r i c e  I n l e t ,  S.C. 
Capers  I n l e t ,  S.C. 
Dewees I n l e t ,  S.C. 
L igh thouse  I n l e t ,  S.C.  
S tono  I n l e t ,  S .6 ,  
F r i p p s  I n l e t ,  S.C. 
Doboy I n l e t ,  Ga. 
Nassau I n l e t ,  F l a .  
F o r t  George I n l e t ,  F l a .  
S t .  Augus t ine  I n l e t ,  Fba.  
Ponce d e  Leon I n l e t ,  F l a .  
S e b a s t i a n  I n l e t ,  F l a ,  
Boca Raton I n l e t ,  F l a .  
H i l l s b o r o  I n l e t ,  F l a .  

G 

B i g  Marco P a s s ,  F l a .  
Gordon P a s s ,  F l a .  
Redf i sh  P a s s ,  F l a .  
C a p t i v a  P a s s ,  F la .  
Boca Grande P a s s ,  F l a .  
G a s p a r i l l a  P a s s ,  F la .  
S t q  P a s s ,  Fla .  
Midnight  P a s s ,  F l a .  
B i g  S a r a s o t a  P a s s ,  F l a .  
Longboat P a s s ,  F la .  
P a s s  h G r i l l e ,  Fla. 
C l e a n a t e r  P a s s ,  F h .  
PensacoPa P a s s ,  F f a .  
San Lu i s  P a s s ,  Tex. 
Pass  C a v a l l o ,  Tex. 

Morro Bay I n l e t ,  C a l i f .  
B o l i n a s  I n l e t ,  C a l i f .  
Drakes I n l e t ,  C a l i f .  
Bodega Bay I n l e t ,  C a l i f .  
Humboldt Bay I n l e t ,  C a l i f .  

Unpqua R i v e r  i n l e t ,  Oseg. 
S l u s l a *  Klve r  i n l e t ,  Oreg.  
Alsea  Bay i n l e t ,  Oreg .  
Yaquina Bay I n l e t ,  Oreg. 
S i r e t :  R i v e r  I n l e t ,  Oreg .  
h e t o r t s  Bay I n l e t ,  Oreg .  
T l l  lanmook Bay I n l e t ,  Oreg .  
Kchalem I n l e t ,  Oreg .  
W i i l n p  Bay i n l e t ,  Wash. 
Grays i ln rbor  l i i l e t ,  I n s h ,  

1925 
1963 
1963 
1963 
192 1 
1965 

1934, 1972 
1919, 1992 
1934, 1971 

1924 
1924 
1925 
1930 
1929 
1929 

i c o a s t  

1891, 1970 
1975, 1970 

1960 
1960 

€956, 1970 
1956 
1955 
1955 
1954 
1953 
1926 
1949 
1319 
1933 
1934 

P a c i f i c  c o a s t  

CZGS 5322 
CGGS 7800 
CeGS 8220 
CtCS 8221 
LGGS 8676; NOS 12316 
USA£ 
CBGS 6231  
CZGS 6236 
CZGS 8764 
CEGS 794 
C&GS 3304 
CEGS 6228 
CGGS 3922 2nd 5814 
ClGS 7963 
USAE CEll 67-9 
CEGS 4450 
CEGS 5657 
CEGS 4450 
CGGS 5656 
CIGS; U S E  
CEGS 4521 
C&GS 4522 
CEGS 8779 
CBGS 8779 
CEGS 8779 
CEGS 4181 
CEGS 8870 
C4GS 5717; NOS 793 
CEGS 4099; NOS 574 
CEGS 5798 and 1110 
CE-GS 4376 
CEGS 4453 
CEGS 4478 
C&GS 5028 
CEGS 5015 
CEGS 5015 

CEGS 2038; NOS 1254 
NOS 11430 and 1254 
CBGS 8598 
CZGS 8555 and 8362 
C4GS 8358; NOS 1255 
C4GS 8193 and 8196 
CGGS 8192 
CESS 8154 
CEGS 8098 
CEGS 8035 
CEGS 4569 
CEGS 7875 
CEGS 4103 
CGGS 5488 
CEGS 5864 - 
U S E  A 4 5 8 5  ' 
CEGS 4375 
CEGS 720 
C&GS 5164 
C6GS 5716 
USAE CB-1-18 
USAE Uh!-1-11 
USAE SL-1-8 
US& AL-1-7 
USAE YB-1-63 
US& SE-1-7/% 
CCGS 8372 
USAE 7Y-1-Zf2 
CGGS 8368 
USN: 5-4-2-91 
i15Ai; S1,cct 52,s 
13 Lkc. I leport  - 
ebb d e l t a  x n a i y s i s .  

'NI  i n d ~ c n t e s  i n l e t  b a s  n o t  j e t t l e d  a t  s u r v e y  d.ite and d r c J g i n g  i n f o r m n t i o n  h a 5  uohnorm a t  
s u r v e y  d a t e ;  D i n d ~ c n t c s  l n l e r  mu? haiw been d redged  before survey  d;!:e; J i n d r c n t c s  i n l e t  
h a 5  j e t t i e s  in  survcy d a t e  s h o n .  

3~~~~ c l i n r t ~  were o h t a i n e d  from t h e  o r c n  US.SE D i s t r i c t s .  



he  source of t e  d a t a  a r e  given,  About 5 
l a n t i c  coas t ,  25 e r c e n t  on t h e  P a c i f i c ,  

a r y  c o n s t r a i n ~ s  used i n  s e l e c t i o n  of  
were (a] p o t e n t i a l  Go s involvement 

o d i f i c a t i s n  by 
ence to i n l e t s  

nge of survey da t e  
a p p l y i n g  s p e c i f i c  data f 2 ~ 0  
data may be auailable,  I t  

o r e  than  500 boat shee t s  f o r  m r e  than 100 i n l e t s  were 
The i n l e t s  chosen a r e  e 

i n l e t  condi t ions  without b  
l e  of  t h e  s t a t i s t i  o f  i n l e t s  was 

s  has  been used, 

t h a t  t h e  e r r o r s  a r e  

2 .  Or i en ta t ion  

Throughout t h i s  r e p o r t  t he  o r i e n t a t i o n  of  f e a t u r e s  an hs  o f  t h e  fea-  
t u r e s  w i l l  be s p e c i f i e  us ing  the*  conven ion  t h a t  LEFT s i  f i e s  l e f t  o f  an 

r v e r  s t and in  on t h e  mainland looking seawar r e  nega t ive  below 
low water  ( 

3 .  Def in i t i on  o f  I n l e t  Geometric Parameters.  

To examine t h e  v a r i a t i o n  of  i n l e t  geometry and t o  e r i v e  an i n l e t  c l a s s i f i -  
t i o n ,  i t  i s  e s s e n t i a l  t o  s e l e c t  a  c o n s i s t e n t l y  def inable  s e t  o f  parameters  
a t  desc r ibes  t h e  b a s i c  c h a r a c t e r i s t i c s  of  i n l e t  geometry. More than 50 param- 

e t e r s  have been m examined a t  va r ious  i n  e t s  t o  s e l e c t  parameters  f o r  
f i n a l  s tudy .  §om s  were r e a d i l y  d i sca rde  ause of d e f i n i t i o n a l  

i f f i c u l t i e s  a Others w i scarded  beca 
ammeters  s e l e c t e d  f o r  f  
and i n  prev ious  t e s t s  proved t o  be i 

As noted l a t e r  i n  the  examination of t h e  parameters use , t h e r e  a r e  no 
e s c r i p t o r s  of  e l t a  o r  the  bay system. Approximately 2 0  va r f -  

o  cons i s t en t  s e t  o f  meaningful parameters .  This  i s  a  
omplexity o f  t he  bay a r e a s ,  t he  slow adjustment of  t hese  

a reas  t o  changes a t  t h e  i n l e t ,  and t h e  g r e a t  in f luence  o f  geologic  f a c t o r s ,  The 
annels  r e s u l t  no t  only from cu r ren t  i n l e t  condi t ions  but  may be remnants 
e r  t i d a l  d e l t a s  o r  may r e s u l t  from t h e  inf luence  of  e s t u a r i n e  processes  

not  d i r e c t l y  r e l a t e  t o  t h e  i n l e t s .  I t  i s  recommended t h a t  t h e  character isCi;s  
c,f r h e ~ e  systems a s  r e l a t e d  t o  t h e  i n l e t s  be considered a s  a s epa ra t e  e s t u a r i n e  
c l a s s i f i c a t i o n  system. 

The sec t ions  o f  t he  i n l e t  system considered i n  t h i s  r epo r t  a r e  t hose  p a r t s  
l oca t ed  beyond what i s  def ined  as  t he  minimum i n l e t  width c ros s  s e c t i o n  (MIWG) 



and i n c l u d e s  a l l  o f  t h e  ebb t i d a l  d e l t a .  C h a r a c t e r i s t i c s  i n c l u d e d  a r e  t h e  
dimensions  and  shape o f  t h e  f o l l o w i n g :  

(a )  The MIWC p r o f i l e .  

(b) The main channe l  from t h e  M I W C  t o  a  p o i n t  beyond t h e  c r e s t  
o f  t h e  ebb t i d a l  d e l t a .  

( c )  The ebb t i d a l  d e l t a .  

These a r e  t h e  a r e a s  t h a t  a r e  h i g h l y  i n f l u e n c e d  by a  combination o f  waves, wave- 
g e n e r a t e d  longshore  c u r r e n t s ,  and t i d a l  c u r r e n t s .  They a l s o  i n c l u d e  t h e  a r e a s  
o f  t h e  i n l e t  t h a t  f r e q u e n t l y  pose  t h e  most d i f f i c u l t y  i n  maintenance o f  nav iga-  
t i o n  channe l s .  

a .  Channel Cross S e c t i o n  a t  Minimum I n l e t  Width (MIWC). The c h a r a c t e r i s -  
t i c s  o f  t h e  narrow p a r t s  o f  t h e  i n l e t  gorge a r e  t o  a  g r e a t  degree  determined 
by t h e  exchange o f  w a t e r s  between bay and ocean.  The shape  and s i z e  o f  t h e  
channel  r e s u l t  from a  b a l a n c e  between t i d a l  c u r r e n t  t r a n s p o r t  o f  sediment 
th rough  t h e  channel  and wave-generated t r a n s p o r t  i n t o  t h e  i n l e t  from a d j a -  
c e n t  beaches .  Here a t t e n t i o n  i s  focused on t h e  channel  c r o s s  s e c t i o n  l o c a t e d  
a t  t h e  minimum i n l e t  wid th  (measured a t  MLW). For h y d r a u l i c  c o n s i d e r a t i o n s ,  
t h e  c r o s s  s e c t i o n  w i t h  minimum a r e a  has  g e n e r a l l y  been used;  it i s  f r e q u e n t l y  
l o c a t e d  c l o s e  t o  t h e  MIWC. Another c o n s i d e r a t i o n  i n  t h e  cho ice  o f  t h e  MIWC i s  
t h a t  t h e  minimum i n l e t  wid th  can be d e f i n e d  on pho tos  which a r e  a  major s o u r c e  
o f  i n l e t  s t a b i l i t y  d a t a .  The use  o f  MIWC al lows f o r  correspondence between t h e  
two d a t a  s e t s .  

The minimum wi.dth, W, o f  an i n l e t  w i l l  be d e f i n e d  a s  t h e  minimum d i s t a n c e  
between t h e  s h o r e l i n e s  bounding t h e  i n l e t .  This  d e f i n i t i o n  can e a s i l y  be a p p l i e d  
t o  c a s e s  s i m i l a r  t o  t h e  s i t u a t i o n  i n  F igure  1. F o r t u n a t e l y ,  t h i s  i s  t h e  dominant 
c a s e  encounte red .  However, two i n l e t s  s i m i l a r  t o  t h e  one i n  F igure  2 o c c u r r e d  i n  
t h e  s e t  of  i n l e t s  s t u d i e d .  F igure  2 shows t h a t  a  minimum width  n e a r  t h e  i n l e t  
t h r o a t  may n o t  a l low t h e  pa ramete rs  d e f i n e d  f o r  t h i s  s t u d y  t o  be measured i n  a  
manner c o n s i s t e n t  w i t h  t h e  o t h e r  i n l e t s .  An a l t e r n a t e  i n l e t  width  (Fig .  2 )  was 
used.  T h i s  width  was de te rmined  t o  be given by a  l i n e  wi th  minimum l e n g t h  p a r -  
a l l e l  t o  t h e  s h o r e l i n e  bend and seaward o f  any channel b i f u r c a t i o n .  W i s  given 
i n  f e e t .  

A f t e r  t h e  minimum i n l e t  wid th  was e s t a b l i s h e d  and measured a t  k~ , a  d e t a i l e d  
c r o s s  s e c t i o n  was p l o t t e d .  The depths  were recorded  a s  a f u n c t i o n  o f  d i s t a n c e  
from t h e  l e f t .  The average  d e p t h ,  DMA, was c a l c u l a t e d  and t h e  maximum d e p t h ,  
DMX, no ted .  Both Di.M and DMX a r e  n e g a t i v e  q u a n t i t i e s .  The c r o s s - s e c t i o n a l  
a r e a ,  A,, was determined and found, a s  expec ted ,  t o  be ve ry  c l o s e  t o  DMA x W. 
Hence, i t  i s  a  redundant  pa ramete r .  The a n a l y s i s  o f  t h e  c r o s s - s e c t i o n a l  shapes  
i s  d e f i n e d  l a t e r  i n  t h i s  r e p o r t .  DMA and DMX a r e  given i n  f e e t .  

b. Channel P r o f i l e .  From t h e  MIWC, t h e  d e e p e s t  channel  was n o t e d  and 
t r a c e d  seaward (Fig .  3 ) .  The dep ths  were recorded  a s  a  f u n c t i o n  o f  d i s t a n c e  
a l o n g  t h e  l e n g t h  o f  t h e  channe l  from t h e  MIWC, The channel was s topped a t  t h a t  
p o i n t  where minimum dep th  a c r o s s  t h e  o u t e r  b a r ,  D C C ,  was l o c a t e d .  The channel 
l e n g t h ,  L ,  was d e f i n e d  a s  t h e  d i s t a n c e  measured a long  t h e  channel  from t h e  
MIWC t o  t h e  c r e s t  o f  t h e  b a r  i n  t h e  channel .  The a n a l y s i s  o f  t h e  shape o f  t h i s  
p r o f i l e  i s  d i s c u s s e d  l a t e r .  A d e f i n i t i o n a l  s k e t c h  f o r  DCC and L i s  given 
i n  F igure  3. P r o f i l e s  o f  t h e  67 i n l e t s  s e l e c t e d  a r e  p l o t t e d  i n  Appendix A. 
L and DCC a r e  given i n  f e e t ;  DCC i s  a  n e g a t i v e  q u a n t i t y .  
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d i r t m c e  from mlnimrw rid* 1ir.m 
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Figure  3, Measurement o f  channel pa ramete rs  DGC and L, 

c ,  Measurement o f  Ebb T i d a l  D e l t a  Area. Ebb t i d a l  d e l t a  a r e a  (AED) i s  
e f i n e d  a s  t h e  a r e a  seaward o f  t h e  i n l e t  bounded by t h e  s h o r e l i n e ,  t h e  con tour  

d e p t h  a t  t h e  c r e s t  o f  t h e  o u t e r  b a r  i n  t h e  channel ,  BCC, t o  a p o i n t  where it 
p a r a l l e l s  t h e  s h o r e l i n e  and t h e  l i n e  o f  inle"cinimum width  (Fig .  41, Using a 

r u n i n g  Areagraph c h a r t  No, 49 and hydrographic  c h a r t s ,  t h e  a r e a  
e l t a  was f i r s t  c a l c u l a t e d  i s q u a r e  i n c h e s  and t h e n ,  u s i n g  t h e  s c  

h i c  c h a r t ,  was recorded  i n  s q u a r e  mi les .  

AYI i m p o r t a n t  c h a r a c t e r i s t i c  of  a channel  c r o s s  s e c t i o n ,  p r o f i l e ,  a s  s h o a l  
i s  i t s  shape ,  Unless t h e  shape i s  s imple ,  i t  i s  d i f f i c u l t  t o  e x p r e s s  s u c c i n c t l y  
i n  mathemat ical  t e rms ,  P rev ious  t e c h n i q u e s  have r e l i e d  upon t h e  d e f i n i t i o n  o f  
some s imple ,  b u t  a r b i t r a r y  pa ramete rs  t h a t  can be demonstra ted by t h e  case  o f  
a channe l  c r o s s  s e c t i o n .  A t y p i c a l  pa ramete r  s e l e c t e d  t o  d e s c r i b e  t h e  shape 
would be t h e  i s t a c e  from one s i d e  o f  t h e  i n l e t  t o  t h e  p o i n t  o f  maximum de 
However, i f  t h e  c r o s s  s e c t i o n  had two major channe l s ,  two such  paramete rs  would 
be d e f i n e d ,  A s  can be s e e n ,  t h e  s o l u t i o n  i s  t o  d e f i n e  N i n  such paramete rs ,  
I f  a c r o s s  s e c t i o n  has l e s s  t h a n  N channels ,  t h e  v a l u e s  f o r  t h e  n o n e x i s t e n t  
channe l s  would be s e t  z e r o ,  Herein  l i e s  a mathemat ical  ambigu i ty :  a ze ro  v a l u e  
i m p l i e s  a channel  a t  t h e  b a s e  p o i n t  f o r  measurement. I t  i s  p o s s i b l e  t o  d e f i n e  
a d d i t i o n a l  pa ramete rs  t o  r e l i e v e  t h e  ambiguity,  bu t  t h e  problems t e n d  t o  be 
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Figure 4 ,  Measurement of ebb d e l t a  a r ea  (/ED), 

connpounded, o t h e r  approach use i s  t o  f i t  t h e  curve su r f ace  with a  ma 
mat ica l  func t  n such a s  a  Fsur ie  s e r i e s  o r  or thogonal  olynomials,  This IS 

s a t i s f a c t o r y  only  i f  a  few funct ions  a r e  r equ i r ed ,  

Recent research  has r e s u l t e  i n  a  simple method f o r  r ep re sen t ing  shapes, 
a l y s i s  r e s u l t s  i n  a  succ inc t  parameter iza t ion  based on r igo rous ly  der ived  
a t i c a l  func t ions  t h a t ,  i n  t h e  sense of l e a s t  squares  opt imiza t ion ,  a r e  

those  func t ions  t h a t  b e s t  f i t  t h e  e r  cons ide ra t ion ,  The method i s  
termed an e igenvec tor  a n a l y s i s  an l y  r e l a t e d  t o  an R-mode p r i n c i p a l  
component a n a l y s i s  (Kendall and S ) I t  has been used t o  examine 
shape v a r i a t i o n s  i n  meteorologic  parameters  such a s  s p a t i a l  p re s su re ,  tempera- 
t u r e ,  and r a i n f a l l  f i e l d s  (Kutabach, 1967) ; i n  Inner  Continental  She l f  bathym- 

r o f i l e s  across  b a r r i e r  i s l a n d s  (Vincent, e t  a l , ,  
Inman, and Nordshrom, 1975; Vincent and Resio, 

t i o n s  (Vincent, 1976). An h e u r i s t i c  explana t ion  
nnel c ros s  s e c t i o n .  
d i n  Kendall and 

n e l  c ross  s e c t i o n  can be represented  a s  an M co onent vec to r ,  - %*, 

where i s  t h e  depth a t  t h e  i t h  l oca t ion  along a  t r a v e r s e .  What i s  sought 
through an eF envec tor  a n a l y s i s  i s  a s e r i e s  of M geometric shapes, represented  
as  M vec to r s ,  ga,  g2, g3 ,  . . . , 5d each with onents  such t h a t  

where a l ,  a 2 ,  . . ., aig a r e  a  s e r i e s  of  c o e f f i c i e n t s  t h a t  weight t h e  ind iv idua l  
shape vec to r s  i n  r econs t ruc t ing  the  o r i g i n a l  c ros s - sec t ion  shape - z*; - y i s  a  
cons tan t  vec tor  r ep re sen t ing  t h e  mean shape, 



To apply an e igenvec tor  a n a l y s i s  it i s  necessary  t o  have a  s e t  o f  N c ross  
s e c t i o n s ,  L;, 2, . . . ,  3, which a r e  t y p i c a l  o f  t he  v a r i a t i o n  expected i n  t he  
shape under s tudy and with N >> M. Typica l ly ,  t hese  vec to r s  a r e  given a s  
dev ia t ions  with r e spec t  t o  t h e  mean shape, - p 

t h a t  i s ,  

The M x M covariance matr ix,  T, f o r  t he  M components o f  Z i s  cons t ruc ted  
from t h e  N observa t ions  o f  - Z. The shapes des i r ed  a r e  s o l u t i o n s  e  t o  t he  - 
matr ix  equat ion 

where X i s  an eigenvalue.  There a r e  M e igenvec tors  e  and M eigenvalues 
A i f  r i s  o f  rank M .  The shapes der ived  i n  t h i s  manner have seve ra l  impor- 
t a n t  p r o p e r t i e s  : 

(a) For i + j , % = 0;  t h e  shapes a r e  or thogonal .  

(b) For i = j ,  ci . 3 = I; t h e  shapes a r e  u n i t  vec to r s .  

(c) The magnitude of  t he  eigenvalue X i  a s soc i a t ed  with shape 
e .  i s  express fy  t h e  var iance  i n  t h e  s e t  of o r i g i n a l  p r o f i l e s  -2 
expla ined  by shape el. 

(d) I t  can be mathematically demonstrated t h a t  by o rde r ing  the  
shapes by descending value o f  t h e  a s soc i a t ed  eigenvalue,  e  must 

-1 
be t h a t  shape component t h a t  expla ins  the  most var iance i n  t h e  s e t  
o f  c ros s  s e c t i o n s ;  5 must be t h a t  shape t h a t  expla ins  t h e  next 
most var iance  given t h a t  i s  or thogonal  (or  independent) o f  el; 
and s o  f o r t h  f o r  a l l  o t h e r s ,  

(e) Given an ind iv idua l  e igenvec tor ,  e  , with e  = 
-1 -1 

(l;;, li2. . . . , l j n )  , t h e  components l j j  rep resen t  t h e  con- 
t r i b u t i o n  o f  t h e  e igenvec tors  e .  t o  v a r i a t i o n  a t  t r a n s e c t  

-2 
l o c a t i o n  j .  The e f f e c t  t h a t  e .  has i n  con t r ibu t ing  t o  r e -  

-2 
cons t ruc t ion  of  t h e  ind iv idua l  p r o f i l e s  can be seen by p l o t t i n g  
lil, li2, . . . , lm as i n  Figures  5 and 6. (An analogy can be 
drawn t o  a  harmonic expansion where 

n 
f (x )  = C ai s i n  ( i x )  : 

i= 1 

t h e  a corresponds t o  a i  and s i n ( i x )  corresponds t o  ss 
The values lij correspond t o  t h e  ind iv idua l  value o f  s i n ( i x )  
f o r  some given x-ordinate  x..) 

3 



L E F T  RIGHT 

POSITION ACROSS I N L E T  ( S E A W D R o )  

N O T E  O , = S T A N D A R D  D E V I A T I O N  AT L O C A T I O N  , 

Figure  5 .  Minimw? i n l e t  width  c r o s s - s e c t i o n  parr;?:eters. ?lean c r o s s  s e c t i o n  and 
s t a n d a r d  d e v i a t i o n  a r e  shown a long  w i t h  t h e  shapes  o f  t h e  f i r s t  t h r e e  

po in twise  
e igenvec to  



Figure  6. Channel p r o f i l e  pa ramete rs .  The mean p r o f i l e  and t h e  
f i r s t  two e i g e n v e c t o r s  of p r o f i l e  shape a r e  shown. 



c t o r  a n a l y s i s  s h  nc t ions  a r e  
v a r i a t i o n s .  F he r ,  t h e r e  i s  

e c t o r  space;  

where = a r e  t h e  wei h t i n g  c o e f f i c i e n t s  d i sp l ay ing  t h e  p a r t  of t h e  decsnlgo- 
f c r a s s - sec t ion  1 shape e  Pained by e  .. 

-2 

The primary advanta e  o f  t he  e igenvec tor  a n a l y s i s  i s  now e n t  . Waving 
escending o rde r ,  i s convenient t o  f i n d  i f  t h e r e  

such tha"eK+l + ... * AN i s  f i c l e n t l y  sma 
o r i g i n a l  shapes 2; i s  

y  reducing t e n t s  i n  e igenvec tor  space t o  
e s t ima te  by M - K, Values of uce extremely 

ood reproduct ions of  , whil r of  parameters 
t o  descr ibe  the  sh  used t o  der ive  the  parameters 

i s  ob jec t ive  and r igo rous ,  

The parameters now used t o  descr ibe  t h e  shape a r e  t h e  c o e f f i c i e n t s  a l ,  a 2 >  
. . ., a  , which i n d i c a t e  t h e  importance of t h e  shape func t ions  el, g2, . . .  g~ 
i n  t h e  given i n l e t  c ros s  s e c t i o n ,  For t h e  fol lowing a n a l y s i s ,  M va r i ed  from 
20 t o  60 and N va r i ed  from 67  t o  more than  420 .  In t h e  cases  of  channel cross  
s e c t i o n s  a t  minimum i n l e t  width and f o r  t he  p r o f i l e s  alon t h e  channel thalweg, 
e x t r a  p r o f i l e s  were analyzed t o  provide a  wider v a r i e t y  of  i n l e t  condi t ions .  

I t  should be noted t h a t  t h e  method was descr ibed by an example using a  c ross  
s e c t i o n  o r  p r o f i l e ,  I t  i s  ev ident  t h a t  f o r  any s i n  le-valued func t ion  i n  two- 
o r  three-dimensional space,  a  co onent vec to r  

i f  an i n t r i s i c  g r i d  system (x;, yij c be e s t a b l i s h e d  f o r  
ion  o f  f. Hence, as  is t h e  case f o r  t h  ebb t i d a l  d e l t a .  geom- 
e r e ,  s p a t i a l  f i e l  s  of d a t a  can be analyzed, 

For every i n l e t  
ft s i d e  of the  minimum 

width c ros s  s e c t i o n  was recorded,  The depth d; was i n t e r p o l a t e d  l i n e a r l y  a t  
60 evenly spaced p o i n t s  across  t h e  i n l e t ,  r e s u l t i n g  i n  a 60-component vec tor  

P l o t s  of t he  c ross  s e c t i o n s  a r e  provided i n  Appendix A, The epths  were normal- 
i z e d  by t h e  minimirm width W of  t h e  i n l e t  t o  give a dimensionless geometry 



An e i g e n v e c t o r  a n a l y s i s  was performed and t h e  f i r s t  t h r e e  shapes  p l o t t e d  i n  
F i g u r e  5 a l o n g  w i t h  t h e  mean shape.  The v a r i a n c e  a s s o c i a t e d  w i t h  e ,  is 86 

-L 

p e r c e n t  of t h e  t o t a l ,  8  p e r c e n t  w i t h  3, and 3 p e r c e n t  w i t h  e3. Thus, t h r e e  

v e c t o r s  e x p l a i n e d  9 7  p e r c e n t  o f  t h e  v a r i a n c e  and t h e  remaining 57 shapes  were 
ignored .  

The p a r a m e t e r s  ( a l ,  a2 ,  and a 3 )  d e s c r i b i n g  t h e  shape o f  t h e  c r o s s  s e c t i o n  

w i l l  b e  n o t e d  a s  EM1, EM2, and EM3 and a r e  t h e  we igh t ing ,  d imens ion less  
c o e f f i c i e n t s  f o r  shapes  e  e  and e  r e s p e c t i v e l y .  A s  a  gu ide  t o  t h e  -1 9 -2 9 -3 ' 
i n t e r p r e t a t i o n s  o f  t h e  v a l u e s  o f  EM1, EM2, and EM3, t h e  f o l l o w i n g  gener-  
a l i z a t i o n s  a r e  made: 

(a)  P o s i t i v e  EP4l-cross s e c t i o n  s h a l l o w e r  t h a n  t h e  mean. 
(b) Negat ive  EM1-cross s e c t i o n  deeper  t h a n  t h e  mean. 
( c )  P o s i t i v e  EM2-left asymmetric.  
(d) Negat ive  EM2-right asymmetric. 
( e )  P o s i t i v e  EM3-single channel .  
( f )  Negat ive  Eb lScen te r  s h o a l  w i t h  two s i d e  channe l s .  

Examples o f  f o u r  i n l e t s  t h a t  r e p r e s e n t  t h e s e  s i x  v a r i a t i o n s  a r e  p rov ided  i n  
F igure  7 .  I t  shou ld  be n o t e d  t h a t  i n  F igure  7 t h e  p r o f i l e s  a r e  p l o t t e d  i n  r e a l  
dep th  n o t  i n  normal ized  dep th .  Hence, a l though  P o r t  Royal Sound and Dewees have 
dep ths  o f  about 40 t o  50 f e e t ,  t h e i r  r e l a t i v e  dep ths  a r e  v a s t l y  d i f f e r e n t  be- 
cause  P o r t  Royal Sound i s  10 t imes  t h e  wid th  o f  Dewees. Thus, E M 1  i s  0.0590 
f o r  P o r t  Royal and -0.0810 f o r  Dewees. 

The e i g e n v e c t o r  r e p r e s e n t a t i o n s  appear  t o  be r e a l i s t i c  e x p r e s s i o n s  o f  c r o s s -  
s e c t i o n a l  shape v a r i a b i l i t y .  The f i r s t  e i g e n v e c t o r  s c a l e s  t h e  shape  accord ing  
t o  i t s  sha l lowness  o r  deepness w i t h  r e g a r d  t o  t h e  mean. The second e i g e n v e c t o r  
d i s p l a y s  t h e  asymmetry o f  t h e  i n l e t  c h a n n e l s .  The t h i r d  e i g e n v e c t o r  d i s p l a y s  a  
t endency  toward a  s i n g l e  o r  a  m u l t i p l e  channel  system. The e i g e n v e c t o r  a n a l y s e s  
n o t  o n l y  p r o v i d e  a  s u c c i n c t  mathematical  r e p r e s e n t a t i o n  o f  c r o s s - s e c t i o n  shape,  
bu t  t h e  shapes  d e r i v e d  c l o s e l y  resemble major shape v a r i a t i o n s  g e n e r a l l y  recog- 
n i z e d  a s  i m p o r t a n t .  

I t  s h o u l d  be n o t e d  t h a t  t h e  s i g n  o f  EM2 i s  a  d i r e c t i o n a l  q u a n t i t y .  For 
t h e  a n a l y s e s  l a t e r  i n  t h i s  r e p o r t  t h e  magnitude o f  EM2 i s  used wi thou t  t h e  
s i g n .  Th is  i s  done because  t h e  d i r e c t i o n  o f  asymmetry i s  unimportant  u n l e s s  
c o r r e l a t i o n  i s  made t o  a n o t h e r  d i r e c t i o n a l  q u a n t i t y .  

b .  . The method f o r  de te rmin ing  
t h e  c e n t e r l i n e  o f  t h e  main channel  was d i s c u s s e d  p r e v i o u s l y .  A s  w i t h  t h e  MIWC, 
dep ths  were recorded  a s  a  f u n c t i o n  o f  a r c  l e n g t h  a long  t h e  channel  c e n t e r l i n e  
from t h e  minimum width  c r o s s  s e c t i o n  t o  t h e  c r e s t  o f  t h e  ebb t i d a l  d e l t a .  A t  
20 e v e n l y  spaced p o i n t s  t h e  dep th  was l i n e a r l y  i n t e r p o l a t e d  and a  p r o f i l e  v e c t o r  
c o n s t r u c t e d  

The f i r s t  two c a l c u l a t e d  e i g e n v e c t o r s  a r e  p l o t t e d , w i t h  t h e  mean i n  F igure  6 .  
The f i r s t  e i g e n v e c t o r  e x p l a i n e d  87 p e r c e n t  o f  t h e  t o t a l  v a r i a n c e ,  t h e  second 8 
p e r c e n t ,  and t h e  t h i r d  3  p e r c e n t .  Only t h e  f i r s t  two e i g e n v e c t o r s  a r e  used t o  
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Figure  7. Examples o f  i n l e t  c r o s s  s e c t i o n s  showing t h e  major v a r i a t i o n s  
i n  E M l ,  EM2, and EM3, TJote t h a t  t h e  e i g e n v e c t o r s  were 
computed f o r  t h e  normal ized  dep th .  

p a r a m e t e r i z e  channel  shape ,  and t h e  o t h e r  18 a r e  ignored.  Four examples o f  
n a t u r a l  p r o f i l e s  f o r  d i f f e r e n t  e i g e n v e c t o r  we igh t ings  a r e  given i n  F igure  8. 

The paramete rs  used a r e  denoted a s  E C 1  and EC2 and t h e  r e s p e c t i v e  
w e i g h t i n g  c o e f f i c i e n t s  f o r  e  and e  . When E C 1  i s  a  p o s i t i v e  number t h e  

-1 -2 
r e s u l t  i s  a  channel which i s  I n  g e n e r a l  s h a l l o w e r  t h a n  t h e  mean of  a l l  channe l s ;  
when it i s  a  n e g a t i v e  v a l u e ,  t h e  r e s u l t  i s  t h e  o p p o s i t e .  When E C 2  i s  a  p o s i -  
t i v e  v a l u e ,  t h e  i n n e r  p a r t  o f  t h e  channel  ( c l o s e r  t o  t h e  MIWC) i s  r e l a t i v e l y  
deep and t h e  o u t e r  p a r t  i s  sha l low.  For EC2 n e g a t i v e ,  t h e  i n n e r  p a r t  o f  t h e  
channel  i s  sha l low and t h e  o u t e r  p a r t  deep.  

Again, t h e  p a t t e r n s  r e p r e s e n t e d  i n  t h e  e i g e n v e c t o r s  a r e  v a r i a t i o n s  t y p i c a l  
of i n l e t  channel p r o f i l e s .  The f i r s t  e i g e n v e c t o r  i s  very  much r e l a t e d  t o  t h e  
t o t a l  dep th  o f  t h e  channe l .  The second e i g e n v e c t o r  i n d i c a t e s  t h e  p resence  o f  
a  b a r  n e a r  one end o f  t h e  channel  and s c o u r  n e a r  t h e  o t h e r  end .  

c .  Shape o f  t h e  Ebb D e l t a .  A p r imary  d i f f i c u l t y  i n  p a r a m e t e r i z a t i o n  o f  
i n l e t  morphology i s  r e p r e s e n t a t i o n  o f  t h e  o f f s e t  o f  t h e  i n l e t  and t h e  shape o f  
t h e  ebb t i d a l  d e l t a .  S e v e r a l  approaches  were t r i e d  u n s u c c e s s f u l l y .  I n  a l l  
c a s e s  d e f i n i t i o n a l  a m b i g u i t i e s  o c c u r r e d ,  p a r t i c u l a r l y  i n  t h e  d e f i n i t i o n  of 



p r o f i l e s  showing t h e  major  F igure  8. Exarngles o f  i n l e t  

A r a d i u s  o f  5 

c e n t r i c  s e m i c i r c l e s  were s e p a r a t e d  by o n e - h a l f  i n c h .  

The a l inernent  of the g r i  was de te rmine  by -the t rend of -the local shore- 
l i n e  and t h e  l o e a t i o n  o f  t h e  i n l e t  inimrm w i d t h  m i d p o i n t ,  The of t h e  

e o f  t h e  g r i d  was g o s i t i o n e  on t h e  of t h e  i n l e t  w i d t h  
d t h e  base  l i n e  o f  t h e  g r i d  was set p a r a l l e l  t o  t h e  g e n e r a l  t r e n d  

t h e  l o c a l  s h o r e l i n e .  The r a d i i  were d i r e c t e d  seaward,  and t h e  r e c o r d i n g  p o i n t s  
were l o c a t e d  o v e r  p a r t s  o f  t h e  ebb t i d a l  d e l t a .  The l e f t  s i d e  o f  t h e  g r i d  
viewed from t h e  base  l i n e  f a c i n g  seaward remains  l e f t  f o r  a l l  c o a s t l i n e s ;  i .  e . ,  



@ midpoint  of i n l e t  
minimum width  

p o i n t  where DCC con tou r  
l i n e  i s  maximum d i s t a n c e  
from midpoint  o f  minimum 
width  

DCC contour  l i n e  

B A R R I E R  

F igure  10, Measurement of ebb d e l t a  r a d i u s ,  T, sad alinement o f  ebb d e l t a  g r i  



f o r  t h e  U.S. A t l a n t i c  c o a s t ,  l e f t  w i l l  be d i r e c t e d  g e n e r a l l y  nor thward and f o r  
t h e  U.S. P a c i f i c  c o a s t ,  l e f t  w i l l  be t r e n d i n g  southward.  A f t e r  t h e  dep ths  were 
recorded  t h e  g r i d  was " f l i p p e d , "  a s  n e c e s s a r y ,  s o  t h a t  t h e  s h a l l o w e r  s i d e  o f  
t h e  i n l e t  was always on t h e  r i g h t  s i d e  of t h e  g r i d .  Th i s  was done because  t h e  
o b j e c t i v e  o f  t h e  a n a l y s i s  i n  which t h e  d a t a  a r e  used i s  t o  d e f i n e  t h e  geometry 
o f  t h e  d e l t a ,  which i s  by d e f i n i t i o n  n o n d i r e c t i o n a l .  I f  a  g r i d  p o i n t  f e l l  ou t -  
s i d e  o f  t h e  d e l t a ,  t h e  dep th  was recorded  a s  w e l l ,  P l o t s  o f  t h e  ebb d e l t a s  
used a r e  g iven  i n  normal ized d i s t a n c e  format i n  Appendix A. 

Because o f  t h e  d i f f e r i n g  ebb d e l t a  s i z e s  it was n e c e s s a r y  t o  normal ize  t h e  
ebb d e l t a s  s o  t h a t  t h e y  were g e o m e t r i c a l l y  s i m i l a r ;  i , e , ,  t h e  ebb d e l t a  s i z e s  
on t h e  map were reduced o r  expanded t o  have approximately  t h e  same a r e a .  Th is  
was ach ieved  by reduc ing  ( o r  expanding) t h e  s c a l e  o f  t h e  c h a r t  u n t i l  a l l  o f  
t h e  ebb d e l t a s ,  d e f i n e d  a s  a l l  p o i n t s  i n t e r i o r  o f  t h e  dep th  con tour  e q u i v a l e n t  
t o  t h e  c o n t r o l l i n g  dep th  (BCC), were j u s t  c o n t a i n e d  w i t h i n  t h e  s e m i c i r c l e  de- 
f i n e d  p r e v i o u s l y .  Th is  was, i n  g e n e r a l ,  s t r a i g h t f o r w a r d  b u t  t h e r e  were a  few 
i n s t a n c e s  such  a s  Moss Bay, C a l i f o r n i a ,  where t h e  s h o r e l i n e  i s  n o t  l i n e a r  b u t  
makes a  90" bend n e a r  t h e  i n l e t .  I n  such c a s e s  t h e  al inkment o f  t h e  g r i d  was* 
a d j u s t e d  t o  be a s  c o n s i s t e n t  a s  p o s s i b l e  t o  t h e  o t h e r  c h a r t s ,  

For a  number o f  i n l e t s ,  t h e  b a s i c  c h a r t s  d i d  n o t  c o n t a i n  s u f f i c i e n t  d a t a .  
Depths from c h a r t s  c l o s e s t  i n  t ime  t o  t h e  b a s i c  c h a r t  used were s u b s t i t u t e d .  
The i n h e r e n t  assumption i n  t h i s  s u b s t i t u t i o n  i s  t h a t  t h e  r a t e  o f  change o f  ebb 
d e l t a  shape i s  s m a l l  w i t h  t ime.  Th is  shou ld  be recognized  a s  a  p o s s i b l e  s o u r c e  
o f  random e r r o r  i n  comparison t o  t h e  o t h e r  v a r i a t e s ,  

(2) S e l e c t i o n  o f  Gr id  Kecording P o i n t s .  Within t h e  g r i d  c o n s t r u c t e d  
f o r  n o r m a l i z i  191  r a d i i  s e m i c i r c l e  i n t e r s e c -  
t i o n s .  Twenty-two were s e l e c t e d  t o  r e p r e s e n t  t h e  topography o f  t h e  ebb t i d a l  
d e l t a .  The l o c a t i o n  o f  t h o s e  p o i n t s  i s  shown i n  t h e  sample g r i d  (Fig .  9), 
The amount and l o c a t i o n  of t h e  r e c o r d i n g  p o i n t s  were n o t  i n t e n d e d  t o  g ive  a  
p r e c i s e  d e s c r i p t i o n  o f  t h e  d e l t a  bu t  t o  g i v e  a  c o n s i s t e n t  r e c o r d i n g  o f  d a t a  
f o r  s i m i l a r  l o c a t i o n s  on v a r i o u s  d e l t a s  t h a t  have been normal ized by s i z e ,  
The number o f  p o i n t s  i s  i n  p a r t  l i m i t e d  by t h e  number o f  d e l t a s  a v a i l a b l e  f o r  
e i g e n v e c t o r  a n a l y s i s  which r e q u i r e s  t h a t  t h e  number o f  g r i d  p o i n t s  be s u b s t a n -  
t i a l l y  l e s s  t h a n  t h e  number o f  i n l e t s  (22 v e r s u s  671 ,  

To r e i t e r a t e ,  t h e  
geometry ana lyzed  r e p r e s e n t s  a  r e o r i e n t a t i o n  s o  t h a t  t h e  pr imary mass o f  , t h e  
d e l t a  i s  t o  t h e  r i g h t  s i d e  o f  t h e  g r i d .  F u r t h e r ,  t h e  dep ths  over  t h e  d e l t a  
have been normal ized  by t h e  average dep th  o f  t h e  MIWC. Thus, t h e  ebb d e l t a  
v e c t o r  i s  g iven  by 

w i t h  d i  t h e  dep th  a t  t h e  ith i n t e r s e c t i o n  on t h e  g r i d .  The e i g e n v e c t o r  
a n a l y s i s  was performed on t h e  c o r r e l a t i o n  m a t r i x  r a t h e r  t h a n  t h e  c o v a r i a n c e  
m a t r i x  t o  p r e v e n t  t h e  dep ths  around t h e  p e r i m e t e r  o f  t h e  g r i d  from dominat ing 
t h e  a n a l y s i s .  



The c o r r e l a t i o n  mat r ix  conta ins  t h e  c o r r e l a t i o n  V i  j 

r i t h  - N t h e  number of  samples, ai, aj t h e  s tandard  dev ia t ions  and j and 
j t h e  mean depths a t  l oca t ions  i and j r e spec t ive ly ,  and dki  and d k j  
t h e  depths a t  l oca t ions  i and j f o r  i n l e t  k .  The mean geometry and t h e  
f i r s t  t h r e e  e igenvec tors  a r e  presented  i n  Figure 11. Examples o f  i n l e t s  cor- 
responding t o  d i f f e r e n t  weighting a r e  provided i n  F i  

The mean geometry e x h i b i t s  a  c e n t r a l  channel and a  shoal  mass on the  r i g h t  
t h a t  i s  d i s t i n c t l y  shal lower than t h e  l e f t  a s  i s  expected by d e f i n i t i o n .  The 
f i r s t  e igenvec tor  expla ins  36 percent  of  t h e  t o t a l  var iance  and r ep resen t s  a  
deep d e l t a  (depths deeper than t h e  mean d e l t a )  when t h e  weighting c o e f f i c i e n t ,  
E D l ,  i s  p o s i t i v e l y  valued; when nega t ive ly  weighted the  depths a r e  shallow 

i c a t i n g  a  r e l a t i v e l y  well-developed d e l t a .  The second e igenvec tor  expla ins  
15 percent  of  t h e  v a r i a t i o n .  When i t s  weighting func t ion ,  E D 2 ,  i s  p o s i t i v e ,  
t he  r ight-hand shoal  a r ea  i s  made even shal lower,  t h e  c e n t r a l  channel i s  
deepened, and t h e  le f t -hand  shoal  i s  shal lower (but no t  t o  t h e  same degree as  
t h e  r igh t -hand shoa l ) .  When ED2 i s  negat ive  the  shoals  a r e  deeper  and the  
channel shal lower.  The t h i r d  e igenvec tor  expla ins  10 percent  of  t h e  var iance ,  
i s  somewhat more complex, and appears t o  represent  a  f i n e r  r ep re sen ta t ion  of 
t h e  channel l oca t ion .  Only E D 1  and ED2 a r e  used i n  t h e  ana lyses  because 
t h e  t h i r d  e igenvec tor  appears t o  be a  smal le r  s c a l e  v a r i a t i o n  t h a t  i s  l e s s  
l i k e l y  t o  be r e l a t e d  t o  t h e  o t h e r  d e s c r i p t o r s  used here.  E D 1  and ED2  a r e  
dimensionless .  

To f u r t h e r  d i scuss  t h e  geometry represented  by the  parameters E D 1  and 
E D 2 ,  it should be noted t h a t  t h e  values analyzed a r e  r e l a t i v e  depths (depth 
d iv ided  by DbIIA). Thus, E D 1  r ep re sen t s  v a r i a t i o n  i n  ebb d e l t a  th ickness  r e l a -  
t i v e  t o  t h e  average channel depth. For E D 1  p o s i t i v e ,  the  d e l t a  i s  r e l a t i v e l y  
deep; i , e . ,  t h e  d i f f e r ences  between channel depth and shoal  depths a r e  l e s s  
than when E D 1  i s  nega t ive .  For E D 1  < 0 ,  t h e  shoals  a r e  h ighe r  r e l a t i v e  t o  
t h e  channel depth,  thus  t o  a  l a r g e  degree E D 1  i n d i c a t e s  how i n c i s e d  i n t o  the  
shoal  t h e  channel i s .  ED2 t o  a  c e r t a i n  degree as  wel l  i n d i c a t e s  no t  only an 
increased  (o r  decreased) asymmetry of t he  shoal  mass, but  how i n c i s e d  the  
channel . i s .  M%en ED2 i s  p o s i t i v e  the  shoa l s  a r e  more asymmetric and the  
channels deeper. When negat ive ,  t he  reverse  i s  t r u e .  

A comparison of t h e  var iance  explained by the  f t r s t  t h r e e  e igenvec tors  i n  
t he  ebb t i d a l  d e l t a  ana lys i s  t o  t h a t  f o r  t he  channel ( f i r s t  two e igenvec tors )  
and MIWC ( f i r s t  t h r e e  e igenvec tors )  analyses  i l id ica tes  t h a t  only 6 1  percent  as 
opposed t o  95- t o  97-percent var iance  i s  explained.  This i s  due t o  two major 
reasons .  The ebb d e l t a  ana lys i s  i s  over a  two-dimensional g r i d  compared t o  
one-dimensional t r a v e r s e ;  t h u s ,  t h e r e  i s  an add i t i ona l  degree of  v a r i a t i o n  
possi-ble.  Secondly, t h e  r e s u l t s  tend t o  i n d i c a t e  t h a t  t h e  channel and minimum 
i n l e t  width c ros s - sec t iona l  shapes a r e  h ighly  organized but  xhat t h e  ebb d e l t a  
shape i s  l e s s  s o .  In t h e  f i r s t  two cases ,  t he  shape f a c t o r s  a r e  l i k e l y  t o  be 
s t rong ly  r e l a t e d  t o  t i d a l  cu r r en t s  which a r e  perhaps an order  of  magnitude 
l a r g e r  than the  wave-induced fo rces .  Over the  ebb t i d a l  d e l t a ,  however, t h e  
d i f f e r ence  i s  l e s s ;  t hus ,  t h e  shape must s t r o n g l y  represent  t h e  i n t e r p l a y  of 
two d r i v i n g  fo rces .  







5. D i s t r i b u t i o n  o f  I n l e t  Paramete rs .  

The a r i t h m e t i c  mean and s t a n d a r d  d e v i a t i o n  o f  each o f  t h e  13 v a r i a b l e s  a r e  
g iven  i n  Tab le  2 .  These v a r i a b l e s  i n c l u d e  b o t h  t h e  d i r e c t  geometr ic  pa ramete rs  
(W, L ,  DMX, DP.lA, DDC,  and AED) and t h e  e i g e n v e c t o r  pa ramete rs  f o r  t h e  c r o s s -  
s e c t i o n  shape (EM1, EX!, and EM3), channel  p r o f i l e  (EC1 and EC2), and ebb d e l t a  
(ED1 and ED2). A l i s t i n g  o f  t h e  d a t a  by i n l e t  i s  prov ided  i n  Appendix B,  H is to -  
grams o f  t h e  v a l u e s  a r e  p rov ided  i n  Appendix C. 

T a b l e  2. Mean and s t a n d a r d  d e v i a t i o n  o f  pa ramete rs  

DhIX 1 -28.9851 
DbIA 2  -11.4851 
W 3  3332-04 
DCC 4  -8.51493 
L 5 7111.99 
E N 1  6  0.0085268 
Eb12 7  0.0032447 
EM3 8  -0.000441 
E C 1  9  14.769 2 
EC2 10 5. 75 760 
E D 1  11 0.000002985 
ED2 12 0.00000 1492 
A E D  13 2.52133 

-- 

Standard  d e v i a t i o n  

111. RELATIONSHIPS AMONG THE GEOMETRIC PARAMETERS 

1. Procedures .  

The number o f  p o s s i b l e  combinations o f  1 3  v a r i a b l e s ,  a s  w e l l  a s  dimension- 
l e s s  and b i f u n c t i o n a l  r e l a t i o n s h i p s  t h a t  can be formed from t h e s e  v a r i a b l e s ,  i s  
l a r g e .  Three g u i d e l i n e s  were used t o  reduce t h e  t a s k .  F i rs t ,  a l l  combinat ions  
o f  p a i r s  o f  t h e  1 3  paramete rs  were examined. Then, r e l a t i o n s h i p s  t o  t h e  a r e a  
o f  t h e  MIWC were i n v e s t i g a t e d .  F i n a l l y ,  v a r i o u s  b u t  n o t  a l l  d imens ion less  com- 
b i n a t i o n s  were c o n s i d e r e d .  The combinations s e l e c t e d  were t h o s e  t h a t  appeared 
b o t h  l o g i c a l  and f r u i t f u l  on t h e  b a s i s  o f  r e l a t i o n s h i p s  seen  on o t h e r  p l o t s .  

The .p rocedure  used t o  e v a l u a t e  p o s s i b l e  r e l a t i o n s h i p s  was t o  f i r s t  p l o t  t h e  
v a r i a b l e s  concerned i n  nontransformed c o o r d i n a t e s .  I f  a  f u n c t i o n a l  r e l a t i o n -  
s h i p  appeared,  t h e  c o o r d i n a t e s  were t r ans formed  by a p p r o p r i a t e  combination o f  
l o g a r i t h m  t r a n s f o r m s  i f  t h e  r e l a t i o n s h i p s  appeared n o n l i n e a r .  In  t h e  a p p r o p r i -  
a t e  c o o r d i n a t e  sys tem a  l i n e a r  r e g r e s s i o n  was performed t o  s t a t i s t i c a l l y  f i t  
t h e  curve ,  e s t i m a t e  t h e  degree  o f  f i t  through t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  
( R ~ ) ,  and produce 95-percent confiderice bands .  The methods used a r e  common 
s t a t i s t i c a l  t e c h n i q u e s  and a r e  d i s c u s s e d  i n  a  number o f  t ex tbooks  (Kendall  and 
S t u a r t ,  1961; Krumbein and G r a y b i l l ,  1965; Dixon and Massey, 1969).  Based on 
t h i s  r e g r e s s i o n  a n a l y s i s ,  an F r a t i o  ( t h e  r a t i o  between t h e  mean s q u a r e s  due 
t o  t h e  r e g r e s s i o n  and t h e  mean sum o f  t h e  s q u a r e d  d e v i a t i o n s  n o t  e x p l a i n e d  by 
t h e  r e g r e s s i o n )  was computed. Because t h e r e  a r e  6 7  i n l e t s  i n  t h e  s t u d y  t h i s  
r a t i o  must be g r e a t e r  t h a n  a  7.08 va lue  f o r  t h e  F  d i s t r i b u t i o n  wi th  v l  = 1 
and v2  = 65 degrees  o f  freedom f o r  t h e  r e g r e s s i o n ,  o r  curve f i t ,  t o  be s i g -  
n i f i c a n t  a t  a  5 -percen t  l e v e l .  



The a n a l y s e s  a r e  d i s c u s s e d  f i r s t  f o r  d i r e c t  r e l a t i o n s h i p s  between i n d i v i d -  
u a l  v a r i a b l e s ,  Next, r e l a t i o n s h i p s  t o  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  MIWC 
a r e  d i s c u s s e d .  F i n a l l y ,  r e l a t i o n s h i p s  t o  a  d imens ion less  pa ramete r  W/L a r e  
d i s c u s s e d .  

(1) DMX v e r s u s  DMA. Figure  13 p r o v i d e s  a  l i n e a r  p l o t  o f  DMX ve rsus  
DMA. The paramete rs  appear  s t r o n g l y  r e l a t e d  a s  i s  confirmed i n  t h e  curve  f i t  
a n a l y s i s .  The s t a t i s t i c a l l y  d e r i v e d  r e l a t i o n s h i p  i s  

n o t i n g  b o t h  DMA and DMX a r e  n e g a t i v e l y  d e f i n e d  ( i - e . ,  a  dep th  o f  17 f e e t  i s  
r e c o r d e d  a s  -17) .  The F  r a t i o  o f  t h e  curve f i t t i n g  r e g r e s s i o n  i s  215 and R' 
i s  76.8  p e r c e n t ;  b o t h  a r e  ex t remely  s i g n i f i c a n t .  

Q G u l f  
+ P o c i f i c  

Figure  13. DMX v e r s u s  D M .  

I t  was n o t  unexpected t o  f i n d  a  r e l a t i o n s h i p  between t h e  average dep th  
o f  t h e  MIWC and t h e  maximum dep th  t h e r e i n .  i-iowever, t h e  s t r e n g t h  o f  t h e  r e l a -  
t i o n s h i p  i s  g r e a t e r  t h a n  i n i t i a l l y  expec ted .  I t  would appear  t h a t  t h e r e  i s  a  
h i g h e r  degree  o f  coherence i n  t h e  form o f  t h e  c r o s s  s e c t i o n  t h a n  g e n e r a l l y  
assumed. 

(2) D14X v e r s u s  DCC. Figure  14 p r o v i d e s  a l o g  p l o t  o f  t h e s e  v a r i a t e s  
( s i g n s  d e l e t e d ) .  The r e l a t i o n s h i p  found i s  

DCC = 0.5662 D M X ~ - ~ ~  (15) 



Figure  14. DMX v e r s u s  D C C .  

The r e l a t i o n s h i p  h a s  an F r a t i o  o f  89 which i s  s i g n i f i c a n t ,  The c o e f f i c i e n t  
o f  d e t e r m i n a t i o n  i s  57.9 p e r c e n t .  

The r e l a t i o n s h i p  between t h e  maximum depth  i n  t h e  PdIWC and t h e  dep th  a t  t h e  
c r e s t  o f  t h e  o u t e r  b a r  a g a i n  i s  h i g h l y  s i g n i f i c a n t  and i m p l i e s  a  c o n s i s t e n t  
ad jus tment  o f  t h e  channe l  dep th  p r o f i l e  t o  t h e  c r e s t  o f  t h e  o u t e r  ba r .  I t  
s h o u l d  be n o t e d  however t h a t  c o n s i d e r a b l e  v a r i a b i l i t y  s t i l l  remains.  

(3) DMX v e r s u s  L. F igure  15 p r o v i d e s  a  l i n e a r  p l o t  o f  L a s  a  func-  
t i o n  o f  DMX. The r e l a t i o n s h i p  between DMX and L i s  l e s s  s i g $ i f i c a n t  t h a n  
t h o s e  p r e v i o u s l y  d i s c u s s e d  b u t  i s  s t i l l  h i g h l y  s i g n i f i c a n t  w i t h  an F r a t i o  
o f  60 and 112 o f  48 p e r c e n t .  The curve f i t  is  (wi th  DMX n e g a t i v e l y  d e f i n e d )  

A s  expec ted ,  a  r e l a t i v e l y  long  channel  is a s s o c i a t e d  wi th  a  r e l a t i v e l y  deep 
i n l e t  t h r o a t .  

(4) DYX v e r s u s  E C I .  F igure  16 i s  a  l i n e a r  p l o t  o f  t h e s e  pa ramete rs ,  
I f  E C 1  can be c o n s i s t e n t l y  p r e d i c t e d ,  t h e  channel  p r o f i l e  can be p r e d i c t e d  
r e a s o n a b l y  w e l l  because  E C 1  r e p r e s e n t s  87 p e r c e n t  o f  t h e  shape v a r i a t i o n  i n  
t h e  p r o f i l e .  The F r a t i o  o f  346 i s  t h e  h i g h e s t  ach ieved  i n  t h i s  s t u d y ,  a s  
i s  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  va lue  o f  84 p e r c e n t .  The l i n e a r  r e l a t i o n -  
s h i p  i s  (wi th  DFIX n e g a t i v e l y  d e f i n e d )  

where D:,lX i s  aga in  n e g a t i v e  valued.  I t  can be seen t h a t  a  r e l a t i v e l y  deep 
channel  cor responds  t o  a  r e l a t i v e l y  deep i n l e t ,  remembering t h a t  a  channel  
d e e p e r  t h a n  t h e  mean has  a  n e g a t i v e  E C 1 .  



Figure  15. DMX v e r s u s  L. 

CO.CQ 83.0, -5C.G: - 2 . 9  -20.30 9,;; 
D Y Y  : T ;  

Figure  16. DMX v e r s u s  E C 1 .  



(5) EC1 v e r s u s  DbIA, DCC. Given t h e  r e l a t i o n s h i p s  between DMA, DCC, 
and DMX, good r e l a t i o n s h i p s  t o  E C l  a r e  expec ted .  The e q u a t i o n s ,  F r a t i o s ,  
and R~ v a l u e s  a r e  

w i t h  F  = 131  and R2 = 66.9 p e r c e n t ,  and 

ECI = 66.7  + 6.1  DCC ( 19) 

wi th  F  = 136 and R2 = 67.6 p e r c e n t .  DMA and DCC a r e  n e g a t i v e  va lued .  Thus, 
a  r e l a t i v e l y  deep channel  cor responds  t o  b o t h  a  r e l a t i v e l y  deep i n l e t  and a  
r e l a t i v e l y  deep b a r  channel .  The cor responding  p l o t s  a r e  F i g u r e s  17 and 18, 

(6)  E C l  v e r s u s  L.  F igure  19 p r o v i d e s  a  l i n e a r  p l o t  o f  E C 1  v e r s u s  
L. The r e l a t i o n s h i p  i s  s t r o n g  w i t h  F  a t  89 and R~ a t  58 p e r c e n t .  The 
e q u a t i o n  i s  

In  t h i s  c a s e ,  l e n g t h e n i n g  t h e  channel  i n c r e a s e s  t h e  channel depth  and t h e  con- 
t r o l l i n g  dep th  a t  t h e  ebb t i d a l  d e l t a .  

(7 )  AED v e r s u s  L. A s  F igure  20 shows, t h e  a r e a  o f  t h e  ebb d e l t a  (AED) 
i s  s t r o n g l y  r e l a t e d  t o  channel  l e n g t h  and i n  s t a t i s t i c a l  s i g n i f i c a n c e  i s  second 
o n l y  t o  t h a t  betwekn DMX and EC1. The F  r a t i o  is  327 and R' i s  83.4 p e r -  
c e n t ,  The r e l a t i o n s h i p  i s  n o n l i n e a r  and g iven  by 

AED = 3.9245 x 1 0 - 7 ~ 1 . 7 1  (2 1) 

AED i s  measured i n  s q u a r e  m i l e s ,  L i n  f e e t .  S ince  t h e  ebb d e l t a  i s  bounded 
on t h e  o f f s h o r e  s i d e  b y . t h e  DCC con tour  and t h e  channel ex tends  t o  t h i s  same 
c o n t o u r ,  i t  was expec ted  t h a t  i n c r e a s i n g  L would a l s o  i n c r e a s e  AED. 

The s t r o n g  r e l a t i o n s h i p  between L and AED is  unexpected.  A smal l  p a r -  
t i a l  c o r r e l a t i o n  was i n i t i a l l y  supposed b u t  n o t  t o  t h e  degree  found. The l i m -  
i t s  o f  t h e  d e l t a  a r e  d e f i n e d  i n  t h i s  s t u d y  by t h e  con tour  e q u i v a l e n t  t o  DCC, 
t h e  depth  o f  t h e  c r e s t  o f  t h e  o u t e r  b a r  i n  t h e  channe l ,  Given t h e  r e l a t i o n -  
s h i p s  d e s c r i b e d  p r e v i o u s l y  i n  combination w i t h  t h i s  r e l a t i o n s h i p ,  i t  i s  e v i -  
den t  t h a t  t h e r e  Is a s t r o n g  covar iance  among many o f  t h e  major components o f  
t h e  i n l e t  geometry. I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  W and t o  a  l e s s e r  degree  
D M  a r e  n o t  r e l a t e d  t o  t h e  o t h e r  pa ramete rs .  

b e  The r e l a t i o n s h i p s  d i s c u s s e d  above a r e  a l l  h i g h l y  
s i g n i f i c a n t .  There  a r e  a  number o f  o t h e r  r e l a t i o n s h i p s  i n v o l v i n g  MX, DMA, 
D C C ,  and E D l ,  ED2, E M 1  and ED2, EC1 and ED2, and AED 2nd E C 1 ,  which appear  
p o t e n t i a l l y  promising.  In  a l l  c a s e s ,  however, a d d i t i o n a l  d a t a  a r e  needed t o  
f u r t h e r  d e f i n e  t h e  curve  and conf i rm a  f u n c t i o n a l  r e l a t i o n s h i p ,  For t h i s  
r eason  curve  f i t t i n g  was n o t  performed. 



Figure  17. DMA v e r s u s  E C 1 .  

F igure  18. DCC v e r s u s  E C 1 .  



Figure  19. L v e r s u s  E C 1 .  

F igure  2 0 ,  L v e r s u s  AED. 



From F i g u r e s  21, 22, and 2 3  i t  can be seen  t h a t  t h e  ebb t i d a l  d e l t a  func- 
t i o n  ED2 (which d e s c r i b e s  t h e  degree  o f  d e l t a  asymmetry) appears  r e l a t e d  t o  
DMX, DMA, and DCC i n  t h e  f o l l o w i n g  manner 

where y i s  e i t h e r  DMX, DMA, o r  DCC ( p o s i t i v e l y  d e f i n e d )  and C " ,  C 1 ,  a n d  B 
a r e  p o s i t i v e  c o n s t a n t s  t h a t  must be determined i n  a  r e g r e s s i o n  a n a l y s i s .  Thus, 
f o r  d e c r e a s i n g  d e p t h s  i n  t h e  c h a n n e l s ,  s h o a l  asymmetry appears  t o  become some- 
what more p r e v a l e n t .  Channel l e n g t h  L f o l l o w s  a  r e l a t i o n s h i p  w i t h  ED2 
e q u i v a l e n t ,  i n  form, t o  t h o s e  fo l lowed  by DMX, DNAIA, and DCC ( see  F ig ,  24) ,  

F i g u r e  25 i n d i c a t e s  a  r e l a t i o n s h i p  between t h e  shape o f  t h e  MIWC given by 
E M 1  and t h e  r e l a t i v e  dep th  o f  t h e  o u t e r  b a r  g iven by E D 1 ,  The form of  t h e  
r e l a t i o n s h i p  (wi th  Fo, F1, F2 and A p o s i t i v e  c o n s t a n t s )  i s  

This  i n d i c a t e s  t h a t  f o r  r e l a t i v e l y  sha l low i n l e t s  (widths g r e a t e r  compared t o  
d e p t h s ;  p o s i t i v e  EMl), t h e  ebb t i d a l  d e l t a  i s  r e l a t i v e l y  f l a t  (dep ths  l a r g e  
compared t o  D M ;  p o s i t i v e  EDl). A l e s s  wel l -developed ebb t i d a l  d e l t a  i s  
r e l a t e d  t o  a sha l low channe l ,  w i t h  t h e  channel  n o t  a s  w e l l  i n c i s e d  i n t o  t h e  
s h o a l .  With i n c r e a s i n g l y  n e g a t i v e  E M 1 ,  t h e  channel  i s  more i n c i s e d  i n t o  t h e  
s h o a l .  

A f i n a l  r e l a t i o n s h i p  i s  shown i n  F igure  2 6  between AED and E C 1 ,  The 
form o f  t h e  r e l a t i o n s h i p  w i t h  G o ,  G I ,  G2, and J p o s i t i v e  c o n s t a n t s  

Given t h e  c o r r e l a t i o n  between L and AED and L and E C 1 ,  t h i s  i s  no t  
unexpected.  

a .  . The geomet r ic  pa ramete r  p r e v i o u s l y  shown t o  be 
most impor tan t  t o  i n l e t  h y d r a u l i c s  i s  t h e  minimum c r o s s - s e c t i o n a l  a r e a ,  I t s  
r e l a t i o n s h i p  t o  t h e  t i d a l  p r i sm of  t h e  i n l e t  has  been d e f i n e d  by O'Brien (1931) 
and J a r r e t t  (1976). A s  mentioned p r e v i o u s l y ,  t h e  51II.VC i s ,  i n  most i n s t a n c e s ,  
l o c a t e d  c l o s e  t o  t h e  minimum a r e a  c l o s s  s e c t i o n .  Thus, t h e  a r e a s  shou ld  be 
approx imate ly  e q u i v a l e n t .  S i n c e  lV and DPlA d i d  n o t  appear  as  dominant 
f a c t o r s  i n  t h e  p r e v i o u s  a n a l y s e s ,  i t  was dec ided  t o  c o n s i d e r  t h e i r  b i f u n c -  
t i o n a l  r e l a t i o n s h i p  t o  t h e  a r e a  o f  t h e  MIWC, A, 



Figure  2 1 .  DMX v e r s u s  ED2 .  

F igure  2 2 .  DMA v e r s u s  ED2. 



Figure  23.  DCC v e r s u s  E D 2 .  

F igure  2 4 .  L v e r s u s  E D 2 .  



Figure 25. EM1 versus E D 1 .  

Figure 26. E C 1  versus AED. 



Log p l o t s  of  A, versus DMX, DCC,  L ,  and AED appeared h ighly  s i g n i f i c a n t .  The 
c t i o n a l  r e l a t i o n s h i p s ,  a s s o c i a t e  F r a t i o s  and R2 values a r e  

= 0.5479~:~*, F = 133, R2 = 67.6 percent .  

(2) DCC = 0.2367~!~~,  F = 66, R2 = 50-2 percent .  

(3) L = 2 3 . 9 2 ~ : ~ ~ ~  F = 238, R~ = 79.5 percent .  

(4) AED = 3.148Q x 1 0 - 5 ~ b 0 4 9  F = 260, Ft2 = 80.0 percent .  

The p l o t s  a r e  provided i n  Figures  2 7  t o  30. These r e l a t i o n s h i p s  a r e  unques- 
t i o n a b l y  s i g n i f i c a n t  s t a t i s t i c a l l y  and provide valuable  i n s i g h t  t o  t h e  excel-  
l e n t  covariance r e l a t i o n s h i p s  noted previous ly .  The r e l a t i o n s  have s i g n i f i c a n t  
design imp l i ca t ions  and provide an i n d i c a t i o n  of t he  g rea t  degree of t h e  co- 
adjustment o f  t h e  i n l e t  geometry. A broader  d iscuss ion  i s  given a t  t h e  end of  
t h i s  s e c t i o n ,  

b. Figure 31 i n d i c a t e s  a  r e l a t i o n s h i p  between ED2 
and A,. I t  i s  approximated by 

with C o ,  C 1 ,  and B p o s i t i v e  cons tan ts  un re l a t ed  t o  any o t h e r  cons t an t s  p rev i -  
o s l y  defined,  

Of t h e  numerous dimensionless r e l a t i o n s h i p s  t r i e d ,  t h e  parameter  W/L was 
most succes s fu l .  The primary r e l a t i o n s h i p  found i s  t o  t h e  dimensionless param- 
e t e r  DMA/DCC shown i n  Figure 32. The r e l a t i o n s h i p  i s  descr ibed  by 

Dm ---- = 0.9289 (w/L) -O .~~  DCC 

The F r a t i o  i s  30.8, R2 i s  32.1 pe rcen t .  The regress ion  i s  s i g n i f i c a n t  
above 5  pe rcen t .  There i s  apprec iab le  s c a t t e r ,  but  t h e  low 
l i k e l y  due t o  t h r e e  t o  f i v e  p o i n t s .  Addit ional  p o i n t s  would p o s s i b l y  increase  
t h e  R2 value.  

There i s  a  weak r e l a t i o n s h i p  (Fig. 33) of  W/L t o  E D 1  (which i s  dimen- 
s i o n l e s s ) .  I t  i s  given by 

The F r a t i o  i s  8 .4  and j u s t  b a r e l y  s i g n i f i c a n t .  

Both r e l a t i o n s h i p s  tend t o  i n d i c a t e  t he  fol lowing adjustment .  As W/L 
decreases  from a  value of  1 .5 o r  s o ,  t h e  ebb t i d a l  d e l t a  tends t o  become more 
developed (EDI, smal le r )  and a  s t r o n g  b a r  c r e s t  develops (DMA/DCC i n c r e a s e s ) ,  
This i s  shown g raph ica l ly  i n  Figure 34, which provides average channel p r o f i l e s  
with t h e  depths normalized by DMA, grouped .by c l a s se s  o f  IY/L va lues .  



Figure 27. Ac versus DIIX. 



Figure  29. Ac v e r s u s  L. 

Figure  30. Ac v e r s u s  AED. 
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Figure 31. ED2 versus Ace 

Figure 32. W/L versus DMA/DCC. 
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Figure  33. W/L v e r s u s  E D 1 ,  

F igure  34. Normalized channel  p r o f i l e  f o r  
d i f f e r e n t  v a l u e s  o f  W/L. 



5. Discussion,  

The ana lyses  presented  show s t r o n g  r e l a t i o n s h i p s  among many of t he  parame- 
t e r s  s e l e c t e d  t o  desc r ibe  i n l e t  geometry-. Weak-to-moderate p a r t i a l  c o r r e l a t i o n s  
had been expected,  but  t h e  s t r e n g t h  o f  t h e  r e l a t i o n s h i p s  impl ies  a  more h ighly  

zed covariance o r  coadjustment of many elements of  i n l e t  geometry than has 
ecognized previous ly .  The impl ica t ions  of  t he  r e s u l t s  have i 
ders tanding  of  t h e  adjustment of  i n l e t s  t o  wave and t i d e  processes  and 

may i n d i c a t e  r e l a t i o n s h i p s  u se fu l  f o r  t h e  design of i n l e t  improvements. 

The r e l a t i o n s h i p s  among DMX,  DM, DCC, L, and E C l  and AED a r e  p l aced  i n t o  
prospec t ive  by t h e  r e l a t i o n s h i p  of  t hese  v a r i a b l e s  t o  t he  a r e a  of t h e  MIWC, 

A,. To r e i t e r a t e ,  t h e  c ros s - sec t iona l  a r e a  i s  d i r e c t l y  r e l a t e d  t o  t h e  channel 
l eng th ,  depth a t  t h e  c r e s t  o f  t h e  o u t e r  b a r  i n  t h e  channel,  d t he  ebb t i d a l  
d e l t a  a r ea .  The r e l a t i o n s h i p  o f  a l l  t he se  v a r i a b l e s  sugges ts  t h a t ,  a s  i n  t h e  
case  of  t h e  t i d a l  prism, t h e  c ros s - sec t iona l  a r e a  o f  t he  i n l e t  appears t o  be a 
c o n t r o l l i n g  v a r i a b l e .  Thus, f o r  a  given t i d a l  pr ism,  t h e  a r e a  i s  t o  a  c e r t a i n  
degree determined f o r  f i xed  t i d a l  range. With inc reas ing  d ischarge ,  A, i n -  
c r eases ,  and a s  long as  v e l o c i t i e s  remain above t h e  c r i t i c a l  v e l o c i t y  f o r  s ed i -  
ment t r a n s p o r t ,  t h e  flow i n  t h e  channel tends on the  average t o  be l a r g e  enough" 
t o  con t ro l  t h e  length  of  t h e  channel,  and, t h e r e f o r e ,  t h e  loca t ion  of  t h e  c r e s t  
o f  t he  o u t e r  b a r .  The s t r e n g t h  of  t h e  r e l a t i o n s h i p  between DCC and A, would 
i n d i c a t e  t h a t  even a t  t h i s  p o i n t  where wave and t i d a l  t r a n s p o r t  would concep- 
t u a l l y  be of  t h e  same o rde r ,  t h e  t i d a l  fo rces  ( represented  by A,) a r e  s t i l i  
predominant i n  i n f luenc ing  c e r t a i n  geometric parameters .  Using t h e  87-percent 
explanat ion of channel p r o f i l e  var iance  by E C 1 ,  t he  con t ro l  o f  t he  channel 
depth p r o f i l e  ( represented  by E C 1 ,  EC2) i s  p r i m a r i l y  r e l a t e d  t o  Ac (given 
t h e  s t r o n g  r e l a t i o n s h i p  between Ac and EC1). EC2 i s  no t  r e l a t e d  t o  Ac and 
i t  i s  suspected,  giuen the  shape of EC2 (Fig,  6 ) ,  t h i s  v a r i a b l e  r ep re sen t s  
an adjustment of  t h e  channel f o r  varying wave c l ima te s .  However, s i n c e  t h e r e  
i s  no parameter d i s t i n c t l y  r ep re sen t ing  wave condi t ions  i n  t h i s  s tudy (which 
would correspond t o  A, f o r  t i d e s ) ,  i t  i s  impossible  t o  f u r t h e r  eva lua t e  a  wind- 
wave dependence. 

The s t r e n g t h  of  r e l a t i o n s h i p  between A, and AED i s  s u r p r i s i n g  even 
though p a r t i a l  c o r r e l a t i o n  i s  expected. However, given t h e  adjustment o f  
channel length  t o  A,, and t h e  tendency f o r  t h e  p r i n c i p a l  ebb flow t o  remain 
a s  a  j e t ,  simple c o n s t r a i n t s  of geometry, wave r e f r a c t i o n ,  and d i f f r a c t i o n  
appeared t o  d i c t a t e  t h e  eventual  s i z e  of t h e  b a r ,  as  discussed by ~ a i e s  (1953). 
Deviations from t h i s  gross-sca le  geometry would appear t o  r e s u l t  from maj o r .  
geologic  d i f f e r ences  such as  dev ia t ion  away from a  f a i r l y  s t r a i g h t  c o a s t l i n e .  

The c o r r e l a t i o n  between t h e  second e igenvec tor  of  ebb t i d a l  d e l t a  geometry 
(ED2) and t h e  c ros s - sec t iona l  a r e a  shows t h a t  f o r  sma l l e r  c ros s - sec t iona l  
a r eas  t he  r i g h t  s i d e  ( i n  normalized geometry space) of ebb t i d a l  d e l t a  i s  r e l a -  
t i v e l y  more h igh ly  developed than f o r  l a r g e r  A,. This would agree with t h e  
s c a l i n g  of  t h e  t i d e  and wave processes  d iscussed  be fo re .  For t h e  sma l l e r  A,, 
t h e  discharges a r e  lower, and v e l o c i t i e s  over t h e  i n l e t  d e l t a  f l anks  a r e  proba- 
b l y  l e s s .  Thus, f o r  even moderate wave condi t ions ,  sediment t r anspor t ed  onto 
t h e  shoals  i s  not  moved a s  e a s i l y  of fshore  o r  t o  edge of t he  d e l t a .  

The a n a l y s i s  shows t h a t  t h e  maximum depth i n  t h e  c ross  s ec t ion  i s  h igh ly  
r e l a t e d  t o  A,. This would seem t o  imply t h a t  i n  t h e  p r i n c i p a l  flow a rea  of 



t h e  channel t h e  geometry o f  t h e  channel i s  l a r g e l y  determined.by t h e  magnitude 
of t h e  flow, s ince  A, has  been shown t o  be r e l a t e d  t o  t i d a l  pr ism.  Although 
cons iderable  v a r i a b i l i t y  i n  t h e  shape i s  expected, t he  gross-sca le  geometry of  
t h e  channel represented  mainly by DMX appears determined. 

I t  i s  i n t e r e s t i n g  t o  note  again t h a t  W and ( t o  a  l e s s e r  degree) DMA did 
not  e x h i b i t  s t r o n g  covariance o r  r e l a t e  a s  wel l  t o  t he  o t h e r  parameters  as  some 
of t h e  o t h e r  parameters  d id .  This  sugges ts  t h a t  W and DMA a r e  f r e e  param- 
e t e r s  wi th  r e spec t  t o  t h e  t i d e ;  i . e . ,  given a  p a r t i c u l a r  c ros s  s e c t i o n ,  W and 
DMA a r e  much f r e e r  t o  a d j u s t  themselves and may widely vary according t o  wave 
c l ima te s .  I t  i s  unc lear ,  however, how DMA, DMX, A,, o r  W coadjuszs  t o  t he  wave- 
t i d e  regime a s  i t  i s  unc lear  how A, and t h e  t i d a l  pr ism coad jus t .  

The preceding  comments must a l s o  cons ider  t h a t  t h e  c ros s - sec t iona l  a r e a  

A, i s  an adjustment t o  capac i ty  of  t h e  t i d a l  cu r r en t  and wave t r a n s p o r t  o f  
sediment al though i t  i s  l i k e l y  t h a t  f o r  an A, of any apprec iab le  s i z e  t h e  
t i d a l  capac i ty  must dominate. The r e s u l t s  presented  here  suggest  t h a t  t o  t he  
f i r s t  o r d e r  t h e  t i d a l  flows, s ca l ed  by $Ac, determine t h e  gross-sca le  geometry 
of  t h e  i n l e t  d e l t a  and channels (within geologic  l i m i t a t i o n s ) .  The wave-related 
changes appear a s  a  modi f ica t ion  t o  t h i s  geometry u n t i l  A, becomes s o  small  
t h a t  ebb flows a r e  weak r e l a t i v e  t o  t h e  wave fo rces .  

The r e l a t i o n s h i p s  developed here  appear t o  have p o t e n t i a l  use i n  engineer-  
i n g  p lanning  and des ign .  They represent  geometric adjustments t o  n a t u r a l  con- 
d i t i o n s ,  and a t  p r e s e n t ,  c a re  must be taken i n  t h e i r  use u n t i l  t h e  impl ica t ions  
suggested by the  r e l a t i o n s h i p s  have been thoroughly analyzed. 

IV. CLASSIFICATION OF. INLETS 

1. Mathematical Considerat ions.  

C l a s s i f i c a t i o n  i s  e s s e n t i a l l y  a  s t a t i s t i c a l  process  whether done numeri- 
c a l l y  o r  manually, I f  t h e  s e t  o f  a l l  p o s s i b l e  i n l e t  morphologies (of which 
t h i s  s tudy  has a  small  sample of  i nd iv idua l s )  i s  considered,  t h e  hypothesis  
a r i s e s  t h a t  t h e r e  a r e  K subpopulat ions of  i n l e t s  which have d i f f e r e n t  mor- 
phologic  c h a r a c t e r i s t i c s  due t o  some b a s i c  phys i ca l  d i f f e r ence  i n  t h e  i n l e t s  
themselves.  Two problems need cons idera t ion :  

. (a) Can t h e  c h a r a c t e r i s t i c s  of  t h e  subpopulat ions be es t imated  
through proper  parameter  s e l e c t i o n  and sampling? 

(b) Can each ind iv idua l  i n  t h e  sample be assigned t o  t he  c o r r e c t  
subpopulat ion? 

The s i z e  of  K i s  not  known, nor  i s  a  s u f f i c i e n t  s e t  o f  parameters ,  X I ,  X 2 ,  
. . ., Xn, known which i s  necessary f o r  s o l u t i o n  of t h e  problem. Compounding 
these  b a s i c  d i f f i c u l t i e s  a r e  random, hopefu l ly  unbiased, e r r o r s  i n  e s t ima te s  
of  XI, X2, . . . , Xn f o r  each ind iv idua l  i n  t h i s  sample which may cause mis- 
assignment of t h e  ind iv idua l .  F i n a l l y ,  it must be assumed t h a t  t h e  sample 
used conta ins  enough examples from t h e  K subpopulat ions t o  allow re so lu t ion  
of t h e  problem. 

Because of t hese  d i f f i c u l t i e s ,  o b j e c t i v e  s t a t i s t i c a l  techniques f o r  c l a s s i -  
f i c a t i o n  analyses  were only r e c e n t l y  developed, with the  b i o l o g i c  s c i e n t i f i c  



community i n  t h e  f o r e f r o n t  of  i t s  development. The ana lys i s  o f  t he  s t r u c t u r e  
o f  popula t ions  through o b j e c t i v e  methods i s  termed nwnsricaZ taxonomy. Class i -  
f i c a t i o n  ana lyses  denote de r iva t ion  o f  taxonometr ic  s t r u c t u r e .  Discr iminat ion 
ana lyses  denote assignment of  i n d i v i d u a l s  t o  t h e  c l a s s e s  der ived ,  Sneath and 

73) provide  an e x c e l l e n t  i n t roduc t ion  t o  t h e  s u b j e c t ;  a  simple i n t r o -  
duct ion i s  given i n  Davis ,(1993). 

Numerical taxonomists have developed t h e i r  own terminology which i n  general  
w i l l  no t  be app l i ed  here.  The ocbjective of t h i s  p a r t  o f  t he  r epo r t  i s  t o  pre-  
s en t  a s  simply a s  p o s s i b l e  t h e  a p p l i c a t i o n  of  c l u s t e r  a n a l y s i s  t o  the  i n l e t  
c l a s s i f i c a t i o n  p r o j e c t ,  The reason f o r  use of  t h i s  technique t o  he lp  unravel  
t h e  taxonometric s t r u c t u r e  o f  i n l e t  morphologies l i e s  i n  t h e  shee r  mass of  
information t h a t  must be analyzed and i n  a  d e s i r e  t o  be ob jec t ive  i n  t he  f i n a l  
s t r a t i f i c a t i o n  o f  i n l e t s ,  

2 .  C l u s t e r  Analvsis .  

The method employed here  is a  weighted p a i r  group average (WPGA) c l u s t e r -  
i n g  technique (Sneath and Sokal,  1973; Davis, ,1973). I f  N parameters a r e  
measured f o r  M i n l e t s  t h e  da t a  can be r ep re sen ted  a s  an N x M matr ix  F 
i n  which t h e  e l e m e n t f f i j  i s  t h e  measurement of  t h e  jth parameter f o r  t h e  
i th i n l e t .  The mean value of  each parameter can be ca l cu la t ed  

and t h e  a s soc i a t ed  s tandard  dev ia t ion  es t imated  

A mat r ix  FO (with elements f'! .) can be formed by t r ans fo rn ing  each element of  
F i n  t he  fol lowing way $3 

FO r ep re sen t s  t ransformat ion  o f  parameters t o  have mean 0 and s tandard  devia- 
t i o n  1. F ina l ly ,  a  mat r ix  6 can be computed with elements C i j  d e f ine  

Gij r ep re sen t s  an Euclidean d i s t ance  between i n l e t s  i and J i n  t he  M- 
dimensional space def ined  by the  M parameters s tandard ized  t o  have mean 0 
and s tandard  dev ia t ion  1. Other d i s t ance  measures such as c o r r e l a t i o n  c o e f f i -  
c i e n t s  can be used. Here the  d i s t ance  funct ion i s  chosen because i t s  i n t e r p r e -  
t a t i o n  i s  simple and geometr ica l ly  appeal ing.  In most cases  taxonometric 
s t r u c t u r e s  der ived  us ing  t h e  d i s t ance  and c o r r e l a t i o n  func t ions  a r e  equiva len t  
(Sneath and Sokal , 19 73; Davis, 1973) . 



C l u s t e r  a n a l y s i s  i s  s o  termed because  t h e  t e c h n i q u e  o r d e r s  t h e  i n d i v i d u a l  
i n l e t s  i n t o  groups o r  c l u s t e r s  based upon c e r t a i n  f i x e d  methodologies .  A s  
i n d i c a t e d  i n  Snea th  and Sokal  (1973) t h e r e  i s  a  w e a l t h  o f  p o s s i b i l i t i e s  from 
which t o  choose.  I n  t h e  WPGA method, t h e  m a t r i x  C i s  surveyed t o  f i n d  t h e  
e lement  C i j  which i s  minimum. The o t h e r  e lements  o f  C i n v o l v i n g  e i t h e r  
i o r  j  (such a s  Cik o r  C i k ) ,  a r e  r e p l a c e d  w i t h  1/2 (Cik + Cjk) I n  e s s e n c e  
t h e  i n d i v i d u a l  i n l e t s  i and J a r e  r e p l a c e d  by a  co o s i t e ,  s y n t h e t i c  i n l e t  
e q u a l  t o  t h e i r  average .  The i n l e t s  j o i n e d  t o g e t h e r  a r e  t h o s e  ' s c l o s e s t ' f  o r  most 
s i m i l a r  i n  t e rms  of  t h e  d i s t a n c e  f u n c t i o n .  Thus, t h e  i n l e t s  i and j  form 
a  c l u s t e r ,  T h i s  p r o c e s s  is con t inued  w i t h  new c l u s t e r s  b e i n g  formed o r  w i t h  
i n l e t s  added t o  o l d  c l u s t e r s .  E v e n t u a l l y ,  t h e s e  groups o f  i n l e t s  a r e  l i k e w i s e  
j o i n e d  t o g e t h e r  u n t i l  t h e  d i s t a n c e  r e l a t i o n s h i p  among a l l  i n l e t s ,  a s  a r ranged  
i n  h i e r a r c h i a l  o r d e r  o f  s i m i l a r i t y ,  h a s  been determined.  The p a t t e r n  i n  which 
t h e  i n l e t s  c l u s t e r ,  and t h e  v a l u e s  o f  t h e  f u n c t i o n  C i j  a t  which t h e  c l u s t e r -  
i n g  o c c u r s ,  can be  shown by a  dendrogram (F ig ,  35) .  

The v a l u e  C i j  a t  which t h e  c l u s t e r i n g  o c c u r s  i s  i n d i c a t i v e  o f  t h e  s i m i -  
l a r i t y  o f  t h e  two e lements  under  c o n s i d e r a t i o n .  For C i j -  n e a r  z e r o ,  t h e  i n -  
l e t s  a r e  q u i t e  s i m i l a r  because  t h e  d i s t a n c e  i n  t h e  normal ized  p a r a m e t e r  space 
i s  s m a l l ,  The unreso lved  problem o f  many c l u s t e r  a n a l y s e s  i s  t o  de te rmine  a t  
what v a l u e s  o f  Ci- d i s t i n c t  c l u s t e r  d i s c r i m i n a t i o n  occurs .  I n  g e n e r a l ,  t h e  
q u e s t i o n  cannot  be answered. I n  t h e  c a s e  o f  M normal ly  d i s t r i b u t e d  random 
v a r i a b l e s  w i t h  mean O and s t a n d a r d  d e v i a t i o n  1, a  mean v a l u e  o f  t h e  Euc l id -  
ean d i s t a n c e  measure C i j  can be c a l c u l a t e d  f o r  which t h e  h y p o t h e s i s  t h a t  i n -  
d i v i d u a l  c l u s t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  i s  a c c e p t a b l e .  I n  t h e  case  of  
t h i s  s t u d y  ( f o r  M = 1 3  v a r i a b l e s ) ,  t h i s  v a l u e  is approximately  1 . 3  wi th  a  95- 
p e r c e n t  conf idence  band o f  0.95 t o  1.85 (Sneath and Soka l ,  1973).  The hypoth- 
e s i s  o f  normal d i s ~ r i b u t i o n  c e r t a i n l y  is  n o t  t r u e  f o r  a l l  o f  t h e  v a r i a b l e s  
t r e a t e d  h e r e ,  bu t  t h e  p r e c i s e  e f f e c t  of t h i s  upon t h e  d i s t a n c e  f u n c t i o n  i s  
unknown. Because t h e  v a r i a b l e s  do n o t  d i f f e r  r a d i c a l l y  from t h e  normal ,  t h e  
e f f e c t  i s  n o t  expec ted  t o  be major.  However, t h e  c l u s t e r  a n a l y s i s  shou ld  be 
c o n s i d e r e d  o n l y  a s  a  guide  t o  p o s s i b l e  s u b p o p u l a t i o n s ,  

The dendrogram ( o r  g r a p h i c a l  p r e s e n t a t i o n s  o f  t h e  t axonomet r ic  s t r u c t u r e )  
o f  t h e  i n l e t  r e l a t i o n s h i p s  was examined. Den rograms a r e  c o n s t r u c t e d  s o  t h a t  
i t  i s  p o s s i b l e  t o  e te rmine  how t h e  i n d i v i d u a l  i n l e t s  a r e  grouped t o g e t h e r  a s  
c l u s t e r s ,  a t  what v a l u e s  of  t h e  d i s t a n c e  f u n c t i o n  t h e  i n l e t s  j o i n  a  c l u s t e r  
and t h e  v a l u e s  o f  t h e  d i s t a n c e  f u n c t i o n  between c l u s t e r s ,  C l u s t e r s ' w i t h  d i s -  
t a n c e  f u n c t i o n  v a l u e s  o f  1 - 3  o r  g r e a t e r  were s e p a r a t e d ,  For each p a i r  o f  
c l u s t e r s ,  t h e  h y p o t h e s i s  t h a t  t h e  d i f f e r e n c e  i n  means i s  ze ro  was t e s t e d  f o r  
each  o f  t h e  13 v a r i a b l e s  u s i n g  a  s t a n d a r d  s t u d e n t P s  t t e s t  a p p l i e d  f o r  compar- 
i s o n  o f  means (Davis,  1973) . R e j e c t i o n  o f  t h i s  h y p o t h e s i s  a t  a  10-percent  l e v e l  
o f  s i g n i f i c a n c e  w i l l  be termed s i g n i f i c a n t  c l u s t e r i n g  on t h e  b a s i s  o f  t h e  v a r i -  
a b l e  t e s t e d .  

3 .  I n l e t  C l u s t e r s  Der ived.  

The dendrogram showing t h e  t axonomet r ic  s t r u c t u r e  ~ f  t h e  6 7  i n l e t s  (Fig ,  35) 
i s  e x p l a i n e d  a s  fo l lows  : The h o r i z o n t a l  a x i s  l a b e l e d  d i s t a n c e  c o e f f i c i e n t  i n d i -  
c a t e s  t h e  v a l u e  of C i j  f o r  which ?,n i n l e t  j o i n s  one c l u s t e r  o r  two c l u s t e r s  
j o i n  t o g e t h e r ,  The v e r t i c a l  a x i s  c o n t a i n s  t h e  names o f  t h e  i n l e t s  and t h e  va lues  
a t  which t h e  i n l e t  j o i n s  t h e  dendrogram. The d o t t e d  l i n e s  a r e  t h e  branches  o f  
t h e  dendrogram d i s p l a y i n g  how t h e  i n l e t s  a r e  l i n k e d .  I n  F igure  35, Moriches 
j o i n s  Stump I n l e t  a t  a  v a l u e  o f  0.27,  and P r i c e  j o i n s  t h i s  c l u s t e r  w i t h  a  value  
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F i g u r e  35. Dendrogram o f  t h e  c l u s t e r  a n a l y s i s .  



o f  0.41.  The c l u s t e r  c o n t a i n i n g  Ploriches,  Stump, P r i c e ,  Gordan, and Midnight 
i s  j o i n e d  w i t h  Tubbs and F o r t  George. The d i s t a n c e  v a l u e s  a r e  a l l  below 1.3 ,  
which i s  t h e  c r i t e r i o n  s e l e c t e d  a s  t h e  p o i n t  o f  i n l e t  c l u s t e r  d e f i n i t i o n .  The 
c l u s t e r  l a b e l e d  c l u s t e r  1 j o i n s  c l u s t e r  2 w i t h  a  v a l u e  o f  1 .34,  Because t h e  
d i s t a n c e  f u n c t i o n  i s  above 1 - 3 ,  t h e  two c l u s t e r s  a r e  c o n s i d e r e d  f a r  enough 
a p a r t  t o  be  s t a t  i s t i c a l l y  d i f f e r e n t ,  t h u s  i n d i c a t i n g  two subpopulat  i o n s .  For 
t h e  d i s t a n c e  v a l u e  o f  1 . 3  chosen t o  i n d i c a t e  s i g n i f i c a n t  c l u s t e r i n g ,  s i x  c l u s -  
t e r s  were d e f i n e d .  The i n l e t s  i n  each  c l u s t e r  a r e  l i s t e d  i n  Tab le  3.  Of 67  
i n l e t s  i n  t h e  a n a l y s i s ,  a l l  b u t  f i v e  a r e  i n  w e l l - d e f i n e d  c l u s t e r s .  These f i v e  
i n l e t s  w i l l  be termed o u t l i e r s  because  t h e y  do n o t  f i t  i n  t h e  c l u s t e r s  de f ined .  
The f i v e  i n l e t s  w i l l  be d i s c u s s e d  a t  t h e  end o f  t h e  s e c t i o n  d e s c r i b i n g  t h e  
i n d i v i d u a l  c l u s t e r s .  

Table  3, I n l e t s  bv c l u s t e r  group. 
Group 1 - 

Moriches 
S t m p  
P r i c e  
Gordon 
blidnight 
'Tubbs 
For t  George 
S h a l l o t t e  
S e b a s t i a n  
N e t a r t s  
Corson 
G a s p a r i l l a  
Xorth 
Suuth S a n t e e  
ronce dc Leon 
Sius law 
Clca rwa te r  
Chincoteague 
Pass A G r i l l e  
San Luis 
i ia t  t e r a s  
Big S a r a s o t a  
F i r e  I s l a n d  
Rr ignn t ine  
Oregon 
f lcreford  
Great  Egg 
Coos Bay 
Beach Haven 
Stono 
Nassau 

Group 2 

F r ipps  
S t .  August ine  
Cap t iva  
Umpqua 
Yaquina 
M u r r e l l s  

Group 3 

C a r o l i n a  Beach 
Bodega 
Boca Rator. 
Bo l inas  

Group 4 

Lockwoods F o l l y  
blorrq Bay 
Al sea  
Nehalem 

Group 5 -- 
Toknsend 
Lietornkin 
Uehees 
Lighthouse  
Big blarco 
Longboat 
L i t t l e  R ive r  
Capers 
Drakes 
Redf i sh  
lu'achapreague 
S i l e t z  

-- 
Group 6 - a 

Beaufor t  
Boca Grande 
Pens aco l a 
Hurr,boldt 
Til lamook 

O u t l i e r s  - 
H i l l s b o r o  
Doboy 
Pass  Caval lo  
l l i l l a p a  
Grays Harbor 

was chosen on t h e  b a s i s  o f  t h e  expec ted  d i f f e r e n c e  i f  t h e  v a r i a b l e s  conformed 
t o  t h e  c o n s t r a i n t s  l i s t e d  p r e v i o u s l y .  

Given s i x  c l u s t e r s  t h e r e  a r e  15 p o s s i b l e  p a i r s  o f  c l u s t e r s ,  i . e . ,  c l u s t e r s  
1 and 2 ,  1 and 3, and s o  f o r t h .  I n  Tab le  4,  f o r  each o f  t h e  15 p a i r s ,  t h e  lev-  
e l s  o f  s i g n i f i c a n c e  based on a  s t u d e n t P s  t t e s t  f o r  t h e  h y p o t h i s e s  t h a t  t h e  mean 
c l u s t e r  v a l u e  f o r  each o f  t h e  13 paramete rs  i s  d i f f e r e n t  a r e  p rov ided .  The num- 
b e r  o f  t i m e s  t h a t  t h i s  h y p o t h e s i s  i s  a c c e p t e d  a s  t r u e  p r o v i d e s  a  measure of how 
d i f f e r e n t  t h e  two c l u s t e r s  i n  a p a i r  a r e .  I f  on ly  a  few of  t h e  1 3  paramete rs  
t e s t  ~ u t  a s  s i g n i f i c a n t ,  t h e n  s t a t i s t i c a l l y  t h e r e  i s  l e s s  conf idence  t h a t  t h e  
c l u s t e r s  a r e  d i s t i n c t ,  Of t h e  15 p a i r s  o f  c l u s t e r s ,  c l u s t e r s  1 and 5 a r e  most 



Table  4 .  S i g n i f i c a n c e  o f  d i f f e r e n c e s  among c l u s t e r s ,  based on a 

Variable and NO,  
s t u d e n t ' s  t . t e s t  f o  

C l u s r e ~  

D I M  1 
DMA 2 
W 3 
DCC 4 

ECI 9 
LC2 10 
ED1 11 
ED2 12 
A E D  1 3  

Total  
A t  10 pct 
A t  5 bet 

___a_y_n___.=_p____a_y_n___.=_p_ 

At 1 pct  

x = no d i f f e r ence  
10 = s i g n i f i c a n t  above 10 pc t  
5 = s i g n i f i c a n t  above 5 pc t  
1 = significant above 1 p c t  

l l x  

:es  between means. 
v 

~ a l r s l  

d i f f e r e n t  i n  t h a t  1 2  o f  1 3  v a r i a b l e s  have mean v a l u e s  accep ted  a s  d i f f e r e n t  a t  
a  10-percent  l e v e l  o f  s i g n i f i c a n c e ;  on ly  5 v a r i a b l e s  a r e  s i g n i f i c a n t  above 1 
p e r c e n t ,  however. C l u s t e r s  1 and 5 have e i g h t  v a r i a b l e s  d i f f e r e n t  above 1 
p e r c e n t ,  Comparisons o f  c l u s t e r s  1 and 6 ,  3 and 5,  4 and 6 ,  and 5 and 6  have 
seven v a r i a b l e s  s i g n i f i c a n t l y  d i f f e r e n t  above 1 p e r c e n t .  C l u s t e r s  2 and 4 
appear  most s i m i l a r  w i t h  on ly  s i x  v a r i a b l e s  d i f f e r e n t  a t  s i g n i f i c a n t  l e v e l s  
above 10 p e r c e n t ;  however, f o u r  o f  t h e  v a r i a b l e s  a r e  s i g n i f i c a n t l y  above 1 
p e r c e n t .  

The comparisons p r e s e n t e d  i n  Tab le  4 s t r e n g t h e n  t h e  conc lus ion  t h a t  t h e  
c l u s t e r s  s e l e c t e d  s t r a t i f y  t h e  i n l e t  sample i n t o  a p p a r e n t  d i s t i n c t  groups which 
have measurable d i f f e r e n c e s .  I t  i s  an i n a b i l i t y  o f  c u r r e n t  s t a t i s t i c a l  t h e o r y ,  
however, t o  s t a t e  w i t h  a  l e v e l  o f  c e r t a i n t y  t h a t  t h e  groups chose 
op t imal  i n  a  populat ion-wide s e n s e .  However, t h e  grouping appears  a  u s e f u l  
s e p a r a t i o n  of i n l e t s  i n t o  groups  which a r e  d i s t i n g u i s h a b l e  i n  terms o f  
geometry. 

An i n t e r e s t i n g  o b s e r v a t i o n  i s  a p p a r e n t i n  t h e  a n a l y s i s  shown i n  Tab le  4. 
There i s  no s i n g l e  v a r i a t e  t h a t  s e r v e s  a s  a  d i s t i n g u i s h i n g  paramete r  f o r  a l l  
c l u s t e r s .  The d i f f e r e n c e s  between c l u s t e r s  r e s u l t  from d i f f e r i n g  combina- 
t i o n s  o f  t h e  13 v a r i a t e s ,  Th i s  o b s e r v a t i o n  a g r e e s  i n  l a r g e  degree  w i t h  t h e  
o b s e r v a t i o n s  o f  S n e a t h  and Sokal (19731, who n o t e  t h a t  it  i s  a  r a r i t y  t o  f i n d  
one s i n g l e  pa ramete r  which s e r v e s  a s  t h e  d i s t i n g u i s h i n g  c h a r a c t e r  i n  popula -  
t i o n s  c h a r a c t e r i z e d  by cont inuous  v a r i a t e s .  T h i s  c o n d i t i o n  appears  t o  be a  
p r o p e r t y  o f  n a t u r a l  sys tems which a r e  i n  some s e n s e  e v o l u t i o n a r y .  

The p r imary  r e a s o n s  f o r  pe r fo rming  t h e  c l u s t e r  a n a l y s i s  were t o  a c h i e v e  an 
o b ~ e c t i v e  c l a s s i f i c a t i o n  a n a l y s i s  and t o  have an automated a n a l y s i s  because  o f  
t h e  d i f f i c u l t y  o f  t r y i n g  t o  ana lyze  manually many v a r i a b l e s  f o r  a  l a r g e  sample. 
The problem o f  t h e  massiveness o f  t h e  d a t a  s e t  and i t s  m u l t i v a r i a t e  n a t u r e ,  
though circumvented i n  t h e  c l u s t e r  a n a l y s i s ,  i s  s t i l l  p r e s e n t  when t h e  charac -  
t e r i s t i c s  o f  t h e  c l u s t e r s  must be p r e s e n t e d .  Tab le  5 p r o v i d e s  a  summary o f  t h e  
mean va lue  and s t a n d a r d  d e v i a t i o n  o f  each v a r i a b l e  by c l u s t e r  group. F igure  36 
p r o v i d e s  p l o t s  o f  t h e s e  v a l u e s  by group. F igure  37 p r o v i d e s  p l o t s  of t h e  l i m i t s  
o f  each c l u s t e r  i n  s e l e c t e d  b i v a r i a t e  spaces .  Tab le  5 and F igures  36 and 37 a r e  



Table 5 ,  Mean (x) and s tandard  dev ia t i ons  (Sx) of  geometric parameters  
by c l u s t e r  groups. 

Group 1 
31 i n  group 

Group 3 
4 i n  group 

4 i n  group I / 1 2  i n  E 5 i n  group 
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F i g u r e  36, ?lean and s t a n d a r d  d e v i a t i o n s  o f  t h e  
13 v a r i a b l e s  by c l u s t e r s .  
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Figure  36. !lean and s t a n d a r d  d e v i a t i o n s  o f  t h e  
13 v a r i a b l e s  by clusters.--Continued 



Figure 36. !lean and s t a n d a r d  d e v i a t i o n s  o f  t h e  
13 v a r i a b l e s  by c l u s t e r s .  --Continued 



Figure 37. Variational range of variables by inlet group, 



Figure 3 7 *  ! ' , r i a t ima1 range o f  l r a r i a b l e s  by inlet group.--Contunued 



i n t e n d e d  t o  h e l p  c l a r i f y  d i f f e r e n c e s  and s i m i l a r i t i e s  between c l u s t e r s .  The 
l i m i t s  a r e  d e f i n e d  t o  be  t h o s e  r e c t a n g l e s  w i t h  c e n t e r s  l o c a t e d  a t  

- 
where oXb i s  t h e  mean v a l u e  o f  t h e  bth ( o f  13) v a r i a t e s  f o r  t h e  a  t h  

(o f  6 )  c l u s t e r s .  The c o r n e r s  o f  t h e  r e c t a n g l e s  a r e  l o c a t e d  a t  

- 
where aSb i s  t h e  s t a n d a r d  d e v i a t i o n  a s s o c i a t e d  w i t h  aXb. Thus, f o r  F igure  
37(a)  t h e  s i x  r e c t a n g l e s  cor responding  t o  t h e  s i x  c l u s t e r s  a r e  p l o t t e d  i n  (W,L) 
s p a c e ,  Each r e c t a n g l e  can be i n t e r p r e t e d  a s  t h e  r e g i o n  i n  ( W , L )  space  f o r  
which no l e s s  t h a n  66 p e r c e n t  o f  t h e  i n l e t s  i n  each c l u s t e r  l i e .  Where two 
r e c t a n g l e s  such a s  f o r  c l u s t e r s  1 and 3 do n o t  o v e r l a p ,  i t  i s  e v i d e n t  t h a t  
based  on W and L t h e  c l u s t e r s  a r e  r e l a t i v e l y  d i s j o i n t e d ,  f o r  t h e  same 
v a l u e  range f o r  a v a r i a b l e ,  a s  shown i n  Table  4 .  Conversely ,  o v e r l a p p i n g  
r e c t a n g l e s  u s u a l l y  i n d i c a t e  t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  two v a r i a b l e s  ( e . g . ,  s e e  N and L f o r  c l u s t e r  p a i r s  3 and 4  i n  Table  41,  
The degree  o f  o v e r l a p  de te rmines  t h e  degree  o f  s i m i l a r i t y  between t h e  two 
c l u s t e r s .  I t  shou ld  be n o t e d  t h a t  major o v e r l a p  can occur  on ly  i n  one v a r i -  
a b l e ,  a s  i n  c l u s t e r s  1 and 6 f o r  channel l e n g t h ,  L, F u r t h e r ,  even though 
c l u s t e r s  2 and 5  do n o t  o v e r l a p  f o r  W, t h e y  do i n  L. 

b. (mean v a l u e s  a r e  given f o r  a l l  
v a r i a t e s ) .  

(1) C l u s t e r  I. The f i r s t  c l u s t e r  i s  by f a r  t h e  l a r g e s t  and r e p r e s e n t s  
a lmost  h a l f  o f  t h e  i n l e t s .  The geograph ic  e x t e n t  o f  t h e  31 i n l e t s  i n c l u d e s  i n -  
l e t s  on a l l  t h r e e  c o a s t s .  The dendrogram (Fig .  35) does n o t  i n d i c a t e  a  n e c e s -  
s a r i l y  homogeneous grouping because o f  t h e  number o f  smal l  c l u s t e r s .  However, 
t h e  low v a l u e s  o f  t h e  d i s t a n c e  c o e f f i c i e n t s  s u g g e s t  t h a t  t h i s  i n t e r n a l  s t r a t i -  
f i c a t i o n  i s  p o s s i b l y  due t o  on ly  a few v a r i a t e s ,  S i n c e  i t  i s  a  s u b s t r u c t u r e ,  
i t  w i l l  n o t  be f u r t h e r  cons idered  h e r e  because  i t  o c c u r r e d  a t  t o o  low a  l e v e l  
o f  s i g n i f i c a n c e ,  

From Table  5 ,  a  c l u s t e r  1 i n l e t  has  moderate width  and l e n g t h  (W - 3,800 
f e e t ,  L = 5,800 f e e t ) .  I n  (DDIX,D.IA) space  (Fig .  37,b) it  has  sha l low average  
and maximum dep ths  (D!IA - 7.5 f e e t ,  DIU - -22 f e e t ) .  Depth a t  t h e  c r e s t  o f  t h e  
b a r  i s  moderate (DCC - -7 f e e t ) ,  The IIIIIVC shape i s  q u i t e  sha l low (EM1 - 0.053) , 
t e n d s  n o t  t o  be o v e r l y  asymmetric (EF12 = 0.0074),  and is  n e i t h e r  c o n s i s t e n t l y  
deep-cen te red  n o r  mul t i channe led  ( E l 3  - 0.0018).  The channel p r o f i l e  (F ig .  
3 7 , f )  i s  moderate ly  sha l low (EC1 - 31) and has  a  s l i g h t l y  s t e e p e r  s l o p e  (EC2 

3 . 4 ) .  The ebb d e l t a  geometry i s  moderate ly  deeper  ( E D 1  - 0,60)  and no t  ex-  
t r emely  asymmetric (ED2 - 0.075) .  The ebb d e l t a  a r e a  i s  smal l  (AED - 1.45 
s q u a r e  m i l e s ) .  The v a r i a b l e s  by which c l u s t e r  1 d i f f e r s  from t h e  o t h e r  c l u s t e r s  
a r e  given i n  Tab le  4. 

( 2 )  C l u s t e r  2 ,  The second c l u s t e r  i s  conpr i sed  o f  s i x  i n l e t s  l o c a t e d  
on t h e  t h r e e  c o a s t s ,  C l u s t e r  2 i n l e t s  a r e  moderate ly  wide (W = 2,400 f e e t ) ,  
b u t  n o t  a s  wide a s  c l u s t e r  1 i n l e t s ,  and have a  f a i r l y  long  channel (L = 8,500 
f e e t ) .  The MIWC i s  moderate ly  deep (DI4A = 16.5 f e e t ,  DrlX = 32 f e e t ) .  The 
dep th  o f  t h e  c r e s t  of  t h e  ebb t i d a l  d e l t a  i s  moderate (DCC = 8  f e e t ) .  The 



IWC i s  n e a r  t h e  mean sha l lowness  (EM1 = 0.009) ,  and i s  moderate ly  asymmetric 
(EM2 = 0.013, EM3 = -0.031).  The channel p r o f i l e  i s  r e l a t i v e l y  sha l low b u t  
c l o s e  t o  t h e  mean (ECl = 1 3 - 3 ) .  The channel  p r o f i l e  s t e e p n e s s  i s  r e l a t i v e l y  
v a r i a b l e  (EC2 = 0 .59) .  The ebb t i d a l  d e l t a  i s  modera te ly  d  ep (ED1 = 0.93) 

h i g h l y  asymmetric (ED2 = - 1 - 5 ) .  The average ebb t i  a$  d e l t a  a r e a  i s  
i a t e  ( E D  = 1 - 9 8  s q u a r e  m i l e s ) .  

(3) C l u s t e r  3. C l u s t e r  3  has  o n l y  f o u r  i n l e t s .  Two a r e  on t h e  
A t l a n t i c  c o a s t  and two on t h e  P a c i f i c  c o a s t .  These i n l e t s  have t h e  na r rowes t  

t h  (W = 480 f e e t )  and t h e  s o r t e s t  channel  l e n g t h  (L = ,700 f e e t ) .  The 
dep th  v a l u e s  a r e  s h a l l o w e s t  (DEIX = 11 f e e t ,  DMA = 5 f e e t ,  DCC = 3 f e e t ) ;  t h e  
channe l  p r o f i l e  i s  a l s o  s h a l l o w  (EC1 = 64, EC2 = -2 .4) .  The :4IWC shape i s  
s l i g h t l y  d e e p e r  t h a n  t h e  mean shape (EM1 = -0.013) and more a s  
0 ,036 ,  EM3 5: -0 .008) .  The ebb t i d a l  d e l t a  i s  s h a l l o w  (ED1 = -O,94), f a i r l y  
asymmetric (ED2 = 3.35) , and s m a l l  (AED = 0.09 s q u a r e  m i l e s ) .  

(4) C l u s t e r  4. C l u s t e r  4  i s  comprised o f  f o u r  i n l e t s ,  t h r e e  o f  which 
a r e  on t h e  P a c i f i c  c o a s t ,  The minimum i n l e t  width  i s  r e l a t i v e l y  smal l  (W = 625 
f e e t )  and t h e  channel  l e n g t h  i s  s h o r t  (L = 2,850 f e e t ) .  The p r i n c i p a l  dep ths  
a r e  g e n e r a l l y  i n  t h e  s h a l l o w - t o - i n t e r m e d i a t e  range (DMX = 25 f e e t ,  DM = 11 
f e e t ,  DCC = 8 f e e t )  and t h e  channel  p r o f i l e  is i n  t h e  i n t e r m e d i a t e  v a l u e  ranges  
(EC1 = 26 ,4 ,  EC2 = 8 . 8 ) ,  The MIWC shape i s  r e l a t i v e l y  deep (EM1 = -0.10) and 
v e r y  asymmetric (EM2 = 0,099,  EM3 = -0.045),  The ebb t i d a l  d e l t a  i s  r e l a t i v e l y  
s h a l l o w  and s l i g h t l y  asymmetric (ED1 = -2.95,  ED2  = 0 .17) ,  and has  an a r e a  of 
1 .18 s q u a r e  m i l e s .  

(5) C l u s t e r  5.  C l u s t e r  5  i n c l u d e s  12 i n l e t s  t h a t  a r e  g e o g r a p h i c a l l y  
d i s t r i b u t e d  on a l l  t h r e e  c o a s t s .  These i n l e t s  a r e  r e l a t i v e l y  narrow b u t  have 
modera te ly  long  channe l s  (W = 990 f e e t ,  L = 6,300 f e e t ) .  Depths i n  t h e  channe l s  
a r e  r e l a t i v e l y  deep (DMX = 32 f e e t ,  DblA = 15 f e e t ,  DCC = 6 f e e t ,  E C 1  = 18.5,  
EC2 = 1 3 . 6 ) .  The ?4IWC geometry i s  deep and moderate ly  asymmetric (EM1 = -0.09,  
EM2 = 0.024, EM3 = 0.026) ,  The ebb t i d a l  d e l t a  i s  s h a l l o w  and symmetric (ED1 = 
-1.7, ED2  = - 0 . 3 4 ) ,  and h a s  an a e r a  o f  1.02 s q u a r e  m i l e s .  

(6) C l u s t e r  6 .  C l u s t e r  6 c o n s i s t s  o f  f i v e  i n l e t s ,  aga in  geographi-  
c a l l y  d i s t r i b u t e d  on a l l  c o a s t s ,  These i n l e t s  a r e  t h e  w i d e s t ,  l o n g e s t ,  and 
d e e p e s t  ( W  = 4,100 f e e t ,  L = 11,000 f e e t ,  DMX = 55 f e e t ,  DMA = 20 f e e t ,  DCC = 
26 f e e t ,  E C 1  = -76, EC2 = 42) .  The M I W C  i s  sha l low and o n l y  moderate ly  asym- 
m e t r i c  (EM1 = 0.027, EM2 = 0.028, EM3 = 0.0003). The ebb delta i s  r e l a t i v e l y  
deep,  symmetric and l a r g e  (ED1 = -1 .2 ,  ED2 = -0.79,  AED = 6 , 3  square  m i l e s ) ,  
though n o t  as deep o r  symmetric a s  some o t h e r  i n l e t  c l u s t e r s .  

(7) O u t l i e r s .  There  a r e  f i v e  i n l e t s  t h a t  do n o t  f i t  any o f  t h e  c l u s -  
t e r s  d e f i n e d ,  Most o f  t h e s e  i n l e t s  appear  r e l a t i v e l y  l a r g e .  They do n o t  a l l ,  
however, c l u s t e r  t o g e t h e r ,  H i l l s b o r o  appears  i n t e r m e d i a t e  t o  a  combination o f  
c l u s t e r s  1, 3 ,  and 4. Doboy and Pass  Cava l lo  a r e  c l o s e  t o  each o t h e r  as  a r e  
Wi l lapa  and Grays Harbors .  Unfor tuna te ly ,  f o r  i n l e t s  o f  t h i s  s i z e  i t  i s  o f t e n  
d i f f i c u l t  t o  d e f i n e  t h e  measures such a s  c r e s t  of  t h e  b a r  and l e n g t h  o f  channel  
because  o f  e i t h e r  t h e  complexi ty  and s i z e  o f  t h e  i n l e t  o r  poor  d a t a ,  

c.  I n  terms o f  width  and l e n g t h ,  c l u s t e r s  3  
and 4  a r e  t h e  most s i m i l a r ,  w i t h  c l u s t e r  5  i n l e t s  s l i g h t l y  wider  and longer .  
I n l e t s  o f  c l u s t e r s  1, 2 ,  and 6  t e n d  t o  be much wider  and l o n g e r  than  c l u s t e r s  
3, 4 ,  and 5.  The p r imary  d i f f e r e n c e s  between c l u s t e r s  3 ,  4 ,  and 5  a r e  i n  depth  



(Fig. 37,b) and r e l a t i v e  asymmetry (EM2, Table 5 ) -  C l u s t e r  
shal lower than  c l u s t e r  4  which i s  shal lower than c l u s t e r  5. C lus t e r s  1, 2 ,  
and 6 fol low a  s i m i l a r  order ing;  however, c l u s t e r  1 i n l e t s  tend t o  be some- 
what sha l lower  than  c l u s t e r  4. 

Figure 37 (e) provides an i n t e r e s t i n g  summary of  t h e  geometric d i f f e r ences .  
In t h i s  f i g u r e  t h e  f i r s t  p r i n c i p a l  components of  i n l e t  c ross -sec t ion  geometry 
(EMP) (which gives r e l a t i v e  depth of  t h e  c ross  s e c t i o n  t o  i t s  width) a r e  
p l o t t e d  aga ins t  t h e  corresponding component of  ebb d e l t a  geometry (EDI) (which 
gives r e l a t i v e  depth of t h e  d e l t a  t o  channel depth) .  The arrangement o  
t e r s  i s  n e a r l y  h i e r a r c h i c a l ,  C lus t e r  1 rep resen t s  t h e  shal lowest  i n l e t  

and has correspondingly a  r e l a t i v e l y  deep o u t e r  ba r  com- 
ep ths  (ED1 > 0) .  C l u s t e r  6 has  almost a s  shal low an :4IWC, 
i s  much shal lower co a red  t o  channel depths (ED1 < 0).  

g h t l y  deeper c ros s  s e c t i o n  than  c l u s t e r  1 o r  6 ,  bu t  t h e  ebb 
d e l t a  i s  r e l a t i v e l y  more l i k e  c l u s t e r  1. C l u s t e r  3  has  deeper c ross  s e c t i o n s  
than c l u s t e r s  1, 2 ,  o r  6 ,  acd a  shal lower b a r  than c l u s t e r s  1 and 2 .  C l u s t e r  
5 has a  much deeper c ros s  s ec t ion  and shal lower d e l t a  than those c l u s t e r s  p re -  
v ious ly  mentioned, C lus t e r  4  has a  s l i g h t l y  deeper c ros s  s e c t i o n  and sha l lower  
b a r  than c l u s t e r  5.  

I f  t h e  c l u s t e r s  a r e  ranked i n  ascending value of  mean c ros s - sec t iona l  a r e a s ,  
t h e  o rde r  of c l u s t e r s  i s  c l u s t e r  3 (2,000 square f e e t ) ,  c l u s t e r  4  (7,000 square 
f e e t ) ,  c l u s t e r  5 (14,000 square f e e t ) ,  c l u s t e r  1 (29,000 square f e e t ) ,  c l u s t e r  
2 (40,000 square f e e t ) ,  and c l u s t e r  6 (84,000 square f e e t ) .  The ranking he re  
follows t h a t  f o r  both width and average depth as should be expected, I t  again 
confirms t h e  observa t ion  t h a t ,  t o  a  g rea t  degree,  i n l e t s  a r e  ordered by s i z e .  

4. Discussion. 

The ob jec t ive  o f  t h e  analyses  j u s t  p resented  was t o  i n v e s t i g a t e  t h e  poss i -  
b i l i t y  t h a t  i n l e t s  can be s t r a t i f i e d  i n t o  a  small  s e t  of c l a s s e s  on t h e  b a s i s  
of  i n l e t  geometry and t o  descr ibe  t h e  c l a s s e s  found, The c l a s s i f i c a t i o n  ana l -  
y s i s  was based upon t h e  mul t iva r i a t e  s t a t i s t i c a l  method of  c l u s t e r  ana lys i s .  
The s t a t i s t i c a l  s i g n i f i c a n c e  of t he  c l u s t e r s  found was t e s t e d  i n  a  v a r i e t y  of  
ways and showe t h e  c l u s t e r i n g  acceptab le .  

The a n a l y s i s  determined s i x  c l u s t e r s  of i n l e t s  t h a t  contained a l l  but f i v e  
i n l e t s  i n  t he  o r i g i n a l  sample. I n l e t s  i n  t h e  ind iv idua l  c l u s t e r s  normally i n -  

l e s  from two o r  t h r e e  coas t s  which must imply t h a t  t h e r e  i s  no i n -  
he ren t  reason,  based on t h e  geometric parameters analyzed, f o r  s t r a t i f i c a t i o n  
of i n l e t s  s o l e l y  on a  geograpllic b a s i s ,  The i n l e t  c l u s t e r s  can be arranged 
h i e r a r c h i c a l l y  on t h e  b a s i s  of s i z e .  The s t a t i s t i c a l  t e s t s  give s t rong  e v i -  
dence t h a t  even f o r  t h e  c l u s t e r s  with a  small  number of i n l e t s  t h e  d i f f e r ences  
would no t  be expected by sampling e r r o r s  and g ive  credence t o  a  hypothesis  of  
a  s e r i e s  of i n l e t  subpopulat ions.  

I t  is  i n s t r u c t i v e  t o  cons ider  f u r t h e r  t he  ques t ion  of whether t he  c l u s t e r s  
r ep re sen t  a  taxonometric subs t ruc tu re .  The d i scuss ion  on t h e  r e l a t i o n s h i p s  
between t h e  geometric parameters provided evidence t h a t  i n l e t  geometry was 
organized o r  s ca l ed  according t o  s i z e .  The c l u s t e r s  a r e  l ikewise  organized.  
That t h e  c l u s t e r i n g  i s  not  l i k e l y  due t o  a  lack of more i n l e t s  i n  t h e  sample 
t o  f i l l  i n  t h e  gaps can be exemplif ied by comparison of c l u s t e r s  3 and 4 .  The 
d i f f e r e n c e s  i n  mean width between these  two c l u s t e r s  i s  l e s s  than 200 f e e t ,  y e t  



t h e  mean D!MA f o r  c l u s t e r  3 i s  a lmost  o n e - t h i r d  t h a t  o f  c l u s t e r  4. Th i s  would 
be  unexpected i f  t h e  d i f f e r e n c e s  were due t o  sampl ing a lone .  The c l u s t e r s  rep-  
r e s e n t  impor tan t  d i f f e r e n c e s  i n  i n l e t  geometry o t h e r  t h a n  j u s t  a  s c a l i n g  p r o c e s s .  
The i m p l i c a t i o n s  o f  t h i s  i n  r e l a t i o n  t o  s c a l i n g  o f  i n l e t  geometry shown p r e v i -  
o u s l y  a r e  c o n s i d e r e d  i n  more d e t a i l  i n  S e c t i o n  VII. 

The c l u s t e r s  p r e s e n t e d  h e r e  r e p r e s e n t  t h e  t axonomet r ic  s t r u c t u r e  of t h e  
sample o f  6 7  i n l e t s  analyzed.  Because i t  i s  f e l t  t h a t  t h i s  sample i s  f a i r l y  
r e p r e s e n t a t i v e  o f  t h e  range  o f  i n l e t s  on t h e  U.S. c o a s t s ,  t h e  s t a t i s t i c s .  de- 
r i v e d  can be cons idered  e s t i m a t e s  o f  t h e  p o p u l a t i o n  s t a t i s t i c s  f o r  a l l  i n l e t s  
o f  t h e  t y p e s  s a q l e d  h e r e .  A s  h a s  been i n d i c a t e d  by t h e  o u t l i e r s  i n  t h e  ana ly -  
sis,  t h e  ve ry  l a r g e  i n l e t s  a r e  n o t  w e l l  r e p r e s e n t e d  i n  t h i s  a n a l y s i s .  An add i -  
t i o n  o f  i n l e t s  i n  t h i s  range might p r o v i d e  a d d i t i o n a l  c l u s t e r i n g .  Addi t ion o f  
i n l e t s  i n  t h e  range a l r e a d y  c l u s t e r e d  shou ld  be expec ted  t o  r e d e f i n e  t h e  s t a -  
t i s t i c s  o f  t h e  c l u s t e r s  p r e s e n t e d  bu t  shou ld  n o t  f o r c e  combinat ion o f  c l u s t e r s  
a l r e a d y  d e f i n e d ,  

I t  s h o u l d  a g a i n  be s t r e s s e d  t h a t  t h e  i n l e t s  a s s i g n e d  t o  each c l u s t e r  r e p r e -  
s e n t  t h e  c o n d i t i o n  of  t h e  i n l e t  a t  a  p a r t i c u l a r  t ime (Table  l j ,  n o t  n e c e s s a r i l y  
today .  There  i s  no a  p r i o r i  r eason  why an i n l e t  i n  a  p a r t i c u l a r  c l u s t e r  must 
remain t h e r e ,  A q u e s t i o n  n o t  c o n s i d e r e d  h e r e  i s  t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  
o f  each o f  t h e  c l u s t e r  t y p e s .  

The c l u s t e r  a n a l y s i s  shows t h a t  i n l e t  geometry has  a  s t r o n g  s u b s t r u c t u r e  
r a t h e r  t h a n  b e i n g  a  homogeneous b u t  randomly v a r i a b l e  p o p u l a t i o n .  The a n a l y s i s  
i s  based  on a  sample o f  i n l e t s  b e l i e v e d  t y p i c a l  o f  a  m a j o r i t y  o f  U.S. i n l e t s  
and c l e a r l y  i m p l i e s  an ad jus tment  o f  i n l e t  geometry, i n  a d d i t i o n  t o  t h e  s c a l i n g  
o f  i n l e t s ,  accord ing  t o  s i z e ,  t h a t  r e q u i r e s  e x p l a n a t i o n .  The p a r t i c u l a r  c l u s -  
t e r s  p r e s e n t e d  must 6 e  c o n s i d e r e d  a  f i r s t - o r d e r  s t r a t i f i c a t i o n  o f  i n l e t s  on t h e  
b a s i s  o f  i n l e t  geometry t h a t  cou ld  be r e f i n e d  by a d d i t i o n  o f  more i n l e t s  o r  
more pa ramete rs .  The s m a l l  number o f  c l u s t e r s  p rov ided  a  r e a s o n a b l e  framework 
f o r  i n v e s t i g a t i n g  t h e  geomet r ic  v a r i a b i l i t y  o f  i n l e t s .  I t  i s  i n t u i t i v e  t h a t  a  
f i n e r  s t r a t i f i c a t i o n  might be f o r c e d  through a d d i t i o n  o f  more pa ramete rs ,  b u t  
i t  i s  pe rhaps  j u d i c i o u s  t o  n o t  f u r t h e r  r e f i n e  t h e  c l a s s i f i c a t i o n  u n t i l  t h e  
p h y s i c a l  r easons  f o r  t h e  s t r u c t u r e  p r e s e n t e d  have been b e t t e r  exp la ined .  

V. MATHEMATICAL DEFINITION OF INLET CLASSIFICATION 

1. O b j e c t i v e s .  

The c l u s t e r  a n a l y s i s  i n d i c a t e d  t h a t  s i x  c l u s t e r s  o f  i n l e t s  can be d e f i n e d  
i n  t h e  sample analyzed.  I f  t h e  view i s  t a k e n  t h a t  t h i s  sample p rov ides  t h e  
e s t i m a t e s  o f  t h e  m u l t i v a r i a t e  mean and v a r i a n c e  s t a t i s t i c s  o f  t h e  13 v a r i a b l e s  
f o r  6 c l u s t e r s  o f  i n l e t s ,  i t  i s  d e s i r a b l e  t o  form a  s e r i e s  o f  e q u a t i o n s  which 
mathemat ica l ly  d e f i n e s  t h e  c l a s s e s .  What i s  sought i s  a  way o f  a s s i g n i n g  each 
member o f  t h e  sample t o  a  c l u s t e r  on t h e  b a s i s  o f  a  p r o b a b i l i t y  measure and a  
way t o  u l t i m a t e l y  d e r i v e  a  s e r i e s  o f  e q u a t i o n s  which a l lows  assignment o f  i n -  
l e t s  n o t  i n  t h e  a n a l y s i s  t o  t h e  c l u s t e r s .  

The method used t o  produce t h e  e q u a t i o n s  i s  a  d i s c r i m i n a n t  a n a l y s i s .  The 
c l u s t e r  a n a l y s i s  gave an  i n d i c a t i o n  o f  t h e  subpopula t ion  s t r u c t u r e  of i n l e t  
geometry from a  sample o f  i n l e t s .  The c l u s t e r s  so  d e f i n e d  were used t o  develop 
e s t i m a t e s  o f  t h e  s u b p o p u l a t i o n  mean and v a r i a n c e  s t a t i s t i c s .  The d i s c r i m i n a n t  



a n a l y s i s  t a k e s  t h e s e  subpopulation es t imates  and produces equat ions de f in ing  
t h e  subpopulat ion l i m i t s .  The o r i g i n a l  sample i s  reexamined t o  s ee  i f  any 
m i s c l a s s i f i c a t i o n  has occurred.  

2 ,  Mathematical Considerat ions.  

Discriminant a n a l y s i s  i s  a  widely used s t a t i s t i c a l  technique. Any number 
of sources a r e  a v a i l a b l e  f o r  re ference  but  Kendall and S t u a r t  (1968), Davis 
( l973) ,  and Dixon (1974) a r e  p a r t i c u l a r l y  h e l p f u l .  The equat ions presented  
here  a r e  from Dixon 11974)-  They a r e  presented  b r i e f l y  s o  t h a t  q u a n t i t i e s  
l a t e r  presented  i n  t a b l e s  can be more r e a d i l y  explained.  

The b a s i c  concept behind a  d iscr iminant  a n a l y s i s  can be seen i n  Figure 38 
i f  i t  i s  assumed t h a t  two c l u s t e r s  (A,B) have been f o m d  i n  a n a l y s i s  on two 
v a r i a b l e s  X I ,  X2. I t  i s  somewhat i n t u i t i v e  t o  seek a  l i n e  

where Q, A 1  and X 2  a r e  cons t an t s ,  i n  (X1,X2) space such t h a t  c l u s t e r  A p r i m a r i l y  
l i e s  t o  one s i d e ,  with B on t h e  o the r .  Depending on t h e  c l u s t e r  means and v a r i -  
ances,  t h e r e  may be many o r  few elements t h a t  may be misc l a s s i f i ed .  The mis- 
c l a s s i f i c a t i o n  occurs  e i t h e r  because random e r r o r s  i n  measurement happen o r  
because o f  f a u l t y  recogni t ion ;  i . e . ,  an element of  A i s  i n c o r r e c t l y  c a l l e d  
an element of  B. The l i n e  defined provides a  b a s i s  of  d iv id ing  (X1,X2) space 
i n t o  h a l f  p l anes ,  mathematically def in ing  t h e  c l u s t e r s  A and B. The equat ion 
of t h e  l i n e  i s  def ined  t o  minimize t h e  r a t i o  of t h e  d i f f e r ence  between t h e  p a i r  
o f  m u l t i v a r i a t e  means t o  t he  mul t iva r i a t e  var iance wi th in  c l u s t e r s .  

0 
000, = elements  of A 

DISCRIMINANT L I N E  

Figclre 38. Schematic of t h e  r e l a t i o n s h i p  between c l u s t e r s  
A and B ,  t h e  l i n e  defined by t h e  d iscr iminant  
a n a l y s i s  f o r  va r i ab l e s  X1 and X2 by which 
A and B a r e  c l a s s i f i e d .  



The problem i s  somewhat more complex i n  t h a t  t h e r e  a r e  g(=  5) c l u s t e r s  
and p (= 13) va r i ab l e s .  The simple explana t ions  above have mat r ix  equat ion 
analogs.  The equat ions presented  here  a r e  def ined f o r  a s tepwise  d iscr iminant  
a n a l y s i s  where va r i ab l e s  a r e  added one by one i n  o rde r  o f  "best" d i sc r imina t ion ,  
This  i s  t o  imply t h a t  t he  v a r i a b l e  added i n t o  t h e  ana lys i s  i s  t h a t  va r i ab l e  
which maximizes an F r a t i o  which t e s t s  t he  hypothesis  t h a t  t h e  m u l t i v a r i a t e  
mean values f o r  t h e  c l u s t e r s  d i f f e r ,  The process  of  t h e  a d d i t i o n  of  va r i ab l e s  
cont inues  u n t i l  a l l  a r e  i n  t h e  a n a l y s i s .  A t  any s t e p  i n  t h e  a lyses  consider  
t h a t  1 2 r i p v a r i a t e s  a r e  c u r r e n t l y  i n  t h e  ana lys i s  and t h a  p - r a r e  no t .  
The fol lowing parameters a r e  nee d .  Defining 

(a)  ski t o  be t h e  va lue  o r  t h e  i'h v a r i a b l e  of  t h e  kth 
i n l e t  from t h e  mth c l u s t e r  

(b) Nm number of i n l e t s  i n  c l u s t e r  m 

(c) n  = n l  + n2 + ... + %" t o t a l  number o f  i n l e t s  

g  nm 
(d) = , i h k i :  t he  mean value of  t h e  v a r i a b l e  Xi 

m = l  k=1  

1 nm ( )  i = i h k i :  t h e  mean of i n  c l u s t e r  m 
m k = 1  

m 1 /2 

c ( h k i  - m K ~ 2  : t h e  s tandard  
k= 1 

dev ia t ion  of t h e  ith var i ab le  f o r  i n l e t s  i n  c l u s t e r  m 

t h e  matr ices  

and 

a r e  formed where W11 and T i  1 a r e  r x r cross-product mat r ices  
(within group and population-wide) with elements wi- and ti- 
(g and h above) r e s p e c t i v e l y ,  f o r  t h e  r v a r i a b l e s  i n  t h e  a n a l y s i s  



a t  t h e  given s t e p ;  W12> W21, W22, T 1 2 9  T21, and T22 involve p - r 
of  t h e  p v a r i a t e s  not c u r r e n t l y  i n  t h e  a n a l y s i s .  ( I f  a l l  p  v a r i -  
ab l e s  a r e  i n  t h e  a n a l y s i s ,  1'J = W 1  and T = T1 ) 

Forming two  new matr ices  

g d iscr iminant  func t ions  can be formed, one f o r  each c l u s t e r .  

The g d iscr iminant  c t i o n s  a r e  def ined by 

where SRmk i s  t h e  va lue  f o r  t h e  kth i n l e t  o f  t he  Rth c l u s t e r  on t h e  m t h 
(of g) d i scr iminant  func t ions ,  The c o e f f i c i e n t s  i n  t h e  equat ion a r e  def ined  as 

and 

where r i s  t he  number of va r i ab l e s  i n  t h e  ana lys i s  a t  t h e  given s t e p  and t h e  
o t h e r  v a r i a b l e s  a r e  a s  prev ious ly  def ined .  

Given two a r b i t r a r y  c l u s t e r s  (m, R )  t h e  Mahalanobis squared d i s t ance ,  D' 
is  

This func t ion  measures t he  s t a t i s t i c a l  d i f f e r ence  between the  mul t iva r i a t e  
means f o r  t h e  two c l u s t e r s .  An F value f o r  t h e  d i f f e r ence  between c l u s t e r s  
f o r  t e s t i n g  purposes i s  



w i t h  r and n  - g - r c 1 degrees  o f  freedom. I f  t h e  v a l u e  o f  F i s  s i g n i f i -  
c a n t  a t  some l e v e l  a ,  t h e n  t h e  chance t h a t  t h e  m u l t i v a r i a b l e  means f o r  t h e  
two c l u s t e r s  a r e  equa l  i s  no more t h a n  a.  The v a l u e s  o f  a normal ly  use  
5 and 1 p e r c e n t .  I f  t h e  F t e s t  i s  s i g n i f i c a n t  a t  one o f  t h e s e  a ,  t h e  c l u s t e r s  
a r e  c o n s i d e r e d  d i s t i n c t .  

I t  i s  a l s o  p o s s i b l e  t o  t e s t  t h e  e q u a l i t y  o f  a l l  group me s s imul taneous ly  
by forming t h e  r a t i o  

and c a l c u l a t i n g  

T h i s  F r a t i o  has  r ( g  - 1) and yz + I - r ( g  - 1 j / 2  degrees  o f  freedom. The F 
t e s t  a g a i n  t e s t s  whether o r  n o t  t h e  c l u s t e r s  d e f i n e d  a r e  c o n s i d e r e d  d i s t i n c t  
among each o t h e r  on some l e v e l  o f  s i g n i f i c a n c e .  

F i n a l l y ,  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h e  p o s t e r i o r  p r o b a b i l i t y  t h a t  i n l e t  
k o f  c l u s t e r  R a c t u a l l y  belonged t o  c l u s t e r  m; 

w i t h  SRmk d e f i n e d  p r e v i o u s l y  and 

t h e  p r i o r  p r o b a b i l i t y  t h a t  t h e  i n l e t  belonged t o  a  given c l u s t e r ,  q .  As d i s -  
c u s s e d  i n  t h e  d i s c r i m i n a n t  a n a l y s i s  o f  t h e  d a t a ,  e q u a t i o n  (54) can be used t o  
c a l c u l a t e  t h e  p r o b a b i l i t y  t h a t  an i n l e t  n o t  i n  t h e  a n a l y s i s  belongs  t o  a  p a r -  
t i c u l a r  c l u s t e r .  

3.  Discr iminan t  Analysis  o f  I n l e t  Data.  

A s t e p w i s e  d i s c r i m i n a n t  a n a l y s i s  a s  d e s c r i b e d  was performed i n c o r p o r a t i n g  
a l l  13 v a r i a b l e s .  Then a  more r e s t r i c t e d  a n a l y s i s  was perfomled i n v o l v i n g  only  
t h e  s i x  v a r i a b l e s  DMX, DMA, W, DCC, L, and AED t o  s e e  i f  s i m p l e r  d i s c r i m i n a n t  
f u n c t i o n s  could  be d e r i v e d .  



it. . In t he  f i r s t  a n a l y s i s  the  ob jec t ive  i s  t o  f i n d  what 
minimum s e t  of  v a r i a b l e s  provided adquate c l u s t e r  d i scr imina t ion;  i . e . ,  what 
s e t  o f  v a r i a t e s  produces a  s e r i e s  o f  equat ions  t h a t  s e p a r a t e s  t he  major i ty  o f  
t h e  i n l e t s  i n t o  t h e  o r i g i n a l  c l u s t e r s  der ived  on t h e  b a s i s  of  equat ion (49) and 
l i s t e d  by equat lon (50) .  For t h i s  t o  occur,  t h e  F r a t i o  must be s i g n i f i c a n t l y  
above a given l e v e l ,  taken t o  be 4 percent  i n  t h i s  s tudy,  f o r  every p a i r  o f  t he  
o r i g i n a l  s i x  c l u s t e r s .  The a n a l y s i s  proceeded by s e l e c t i n g  one by one from the  
s e t  o f  13 v a r i a b l e s  t h e  ones t h a t  i nc rease  d i sc r imina t ion .  Using a  1-percent 
l e v e l  of s i g n i f i c a n c e ,  t h e  f i r s t  t h r e e  v a r i a b l e s  added were EM2, DCC,  EM3, and 
provided acceptab le  d iscr imina t ion  a t  1 pe rcen t .  The d iscr iminant  func t ions  
der ived  a r e  given i n  Table 6 a s  a r e  t h e  F r a t i o s  and a  c l a s s i f i c a t i o n  mat r ix  
which i n d i c a t e s  how many i n l e t s  of each c l u s t e r  a r e  c l a s s i f i e d  a s  belonging t o  
ano the r  c l u s t e r .  The c o e f f i c i e n t s  o f  t h e  d iscr iminant  func t ion  given i n  Table 
6(a)  can be used t o  c a l c u l a t e  t h e  p r o b a b i l i t i e s  t h a t  i n l e t  belongs t o  a  given 
c l u s t e r  us ing  equat ion (54) .  The mat r ix  of  F r a t i o s  (Table 6,b)  i s  used t o  
t e s t  t h e  s i g n i f i c a n c e  t h a t  any two c l u s t e r s  a r e  s t a t i s t i c a l l y  d i f f e r e n t  based 
on a  c r i t i c a l  value of  t h e  F r a t i o .  In  t h i s  case,  t h e  F r a t i o  must have a  
value of a t  l e a s t  4 . 3  i n  o rde r  t o  accept  t he  hypothesis  t h a t  t h e  m u l t i v a r i a t e  
means f o r  p a i r s  of  c l u s t e r s  a r e  not  equal .  The c l a s s i f i c a t i o n  mat r ix  (Table 
6 , c )  i n d i c a t e s  t h e  number of  i n l e t s  i n  each c l u s t e r  c l a s s i f i e d  as  being i n  
given c l u s t e r s  based on the  d iscr iminant  func t ions .  The c l a s s i f i c a t i o n  mat r ix  
i n d i c a t e s  t h a t  a  t o t a l  o f  11 of  t he  62 i n l e t s  analyzed ( the o t h e r  f i v e  were 
neglec ted)  a r e  m i s c l a s s i f i e d ;  i .  e . ,  on t h e  b a s i s  o f  t h e  func t ions  developed, 
t he  i n l e t s  a r e  i n  t h e  wrong c l u s t e r .  

Table 6.  Descriminant ana lys i s  r e s u l t s  f o r  t h r e e  va r i ab l e s  (DCC, EMZ, and EM3) . - - -. - - -. -- - -- -. -- -. 
! a .  Coefficients for diicriminant f u n c t ~ o n c  based o n  three variahlt,~. 

r - - -  -. -. 

Function 

c. Classification matrix. 
- - - - . . . - - 

h'umber o f  cases classified into group i I 

I 

A -- - - - -- 
l l h e  F text !1,5s 3 a ~ d  5 4  degrees of freed3m and an  F v a l u e  o r  4.3 i s  signiii~.arlt at a 1-percent level. 

The next  s t e p  was t o  cont inue adding v a r i a b l e s  i n  o rde r  t o  determine what 
minimal group o f  v a r i a b l e s  provides adequate c l u s t e r  d i scr imina t ion  and i s  
c l o s e s t  t o  t he  i n i t i a l  c l u s t e r s  determined. Af t e r  n ine  va r i ab l e s  (EM2, DCC,  
DM3, DM, EM1, ED2,  E D 1 ,  E C 2 ,  and W) were added, t h e  c l u s t e r  d i sc r imina t ion  
d i d  not d i f f e r  i n  c l a s s i f i c a t i o n  matr ix f o r  an a n a l y s i s  with t h e  f u l l  s e t  o f  



v a r i a b l e s .  In t h i s  i n s t ance  only  one i n l e t  i s  m i s c l a s s i f i e d .  This is T i l l a -  
mook of  c l u s t e r  6 which i s  c l a s s i f i e d  i n  c l u s t e r  2 by t h e  a n a l y s i s .  The d i s -  
c r iminant  func t ions  f o r  t h e  f u l l  case  of 13 v a r i a b l e s ,  t h e  F r a t i o s  f o r  c l u s t e r  
p a i r s ,  and t h e  c l a s s i f i c a t i o n  mat r ix  a r e  given i n  Table 7. Table 8 gives t h e  
p o s t e r i o r  p r o b a b i l i t i e s  f o r  each of  t h e  62 i n l e t s ;  i . e . ,  t h e  p r o b a b i l i t y  based 
on t h e  a n a l y s i s  t h a t  t h e  i n l e t  should be i n  a  given c l u s t e r .  A a i n ,  t h e  s t a -  
t i s t i c a l  t e s t s  on t h e  c l u s t e r  p a i r s  a r e  s i  i f i c a n t l y  above 1 p  

The second d iscr iminant  a n a l y s i s  was 
DM, W ,  DCC,  L, and E D .  I t  was rec-  . . 

i z e d  t h a t  t hese  v a r i a b l e s  a r e  more e a s i l y  measured than  t h e  o t h e r  v a r i a b l e s .  
Thus, i f  t he se  v a r i a b l e s  provide a  v i ab le  c l u s t e r  d i sc r imina t ion ,  they  would 
provide  a  s impler  b a s i s  f o r  c l a s s i f i c a t i o n .  

Table 9 provides t he  F r a t i o s  f o r  c l u s t e r  p a i r s  and t h e  c l a s s i f i c a t i o n  
ma t r ix  f o r  t h i s  a n a l y s i s .  FOP t h e  F r a t i o s  computed wi th  u l  = 6 and v 2  = 5 1  

egrees  of  f r e e  om, a  value g r e a t e r  than 3.25 i s  r equ i r ed  t o  r e j e c t  t he  h  
e s i s  o f  equal  m u l t i v a r i a t e  means (or  t o  accept  the  hypothesis  t h a t  t he  c l u s t e r s  
a r e  d i f f e r e n t ) .  Table 9 i n d i c a t e s  t h a t  numerous c l u s t e r  p a i r s  (1-5, 1-4, 2-4, 
2-5, 3-4, 4-5) do not  meet t h i s  c r i t e r i a .  Hence, t h e  s i ~ n p l i f i c a t i o n  t o  t hese  
few v a r i a b l e s  does not  reproduce t h e  c l u s t e r s  o r i g i n a l l y  formed on the  b a s i s  of 
a l l  13 v a r i a b l e s .  

- -- 
Table 7 .  Discriminant ana lys i s  r e s u l t s  f o r  13 v a r i a b l e s .  

---- - .- - 
-- a  L o e t f i c l e i ~ t s  f o r  d l s c r i m l n m t  functions baicd ion 13 \ n l l a ~ l e s  - - - - -- 

-- -- Funct ion -- 
' J a r i ab l e  Typc 1 T O ) ~  2 

-- - . . 
Type 3 T,Ve '4 Type 5 Type 6 

,‘, I - 1 . 3 1 . ~ 3 6  - 1 . 7 6 r q 2  - 1  , 3 i 3 3 4 6  -1 67;4b53 

;.oilstniit 
. -- 

- 4 8 :  $ 5 2 1 6  - 7 4 : 7 5 9 / h  ~ - 5 7 , 2 4 f 1 1 9  .. - ' 1 8 : 3 6 5 5 5  - 5 2 , 8 2 6 5 6  & 1 0 2 * 4 4 2 5 5  -- 
b .  F r a t i o s  f o r  c l u s t e r  ~2irs.l 

Gr0IJji 

p r 0 1 1 p  ~ y p c  1 ~ y p e  2 Type 3 'rypu a -- - -- .- - - -. 
T Y P E  2 5 , 6 7 7 . 1 9  
T'fc'E 3 4 + 9 9 1 f i l .  7 , 7 1 5 2 1 3  

4 
T Y D F  n l f i ‘ 6 4 2 Q 1  1 4 , 3 8 2 6 5  4 , 3 1 1 4 2  
T Y P E  5 B ! 6 4 2 0 6  7 , 1 6 3 9 9  5 , 9 1 8 9 2  l , 4 , 3 ; 3 1 2  
T Y P E  6 15,38557 6 , 2 0 5 5 8  1 5 , 5 2 3 2 0  1 0 t 3 5 S 2 i  1 5 e d 2 k P 1  

c .  C l a s s i f i c a t i o n  ma t r ix  

Sumber o f  c:15cs c l a s s i f i e d  I n t o  proun 

1 Group T)pe 1 7 i p c  2 Type 3 Pype 4 Type 5 T y ~ r  6 

T V U F  1 0 r) 0 J 
31 6 T I  2 0 0 0 I I 0 

T Y ;' 1. 3 (1 0 4 0 ;1 U 
1 T Y P E  4 13 3 0 4 U 1 T Y P E  5 0 0 0 0 p ,? 
: f f P E  6 0 1 0 C 0 

: 1 
- 4 - a 

' ~ i l e  F t e s t  has 13 and 4 4  deg rees  o f  freedom and an F v a l u e  o f  2 .6  i s  s l g n r f l c a n t  a t  a  1 -pe rcen t  l e v e l .  



Table  8. P o s t e r i o r  p r o b a b i l i t i e s  ( P I  t h a t  i n l e t s  belong t o  s p e c i f i e d  c l u s t e r s  
(S) i s  t h e  d i s c r i m i n a n t  f u n c t i o n  v a l u e ) .  

t i ro~lv  
-. .-- - -- 

'I'ypc 2 Type 3 Type 4 T Y ? ~  5 1yi.c 6 
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Table.9. Descriminant analysis  r e su l t s  for  s i x  variables  (DMX, DM* W) DCC, L ,  and E D ) .  

1 - - - - -- - -- - -- 
b. F r a t i o s  f o r  c l u s t e r  p a i r s .  

1 C .  Ci:rss i f ica t io i r  m a t r i x .  

--- 
r < t . F t c s +  h ~ s  6 and 51 dcdrecs  o f  freedom, m d  dn F va lue  o f  3 . 2 5  I S  s l g n l f ~ c a n t  at a I -pe rcen t  l z v e l .  

D i scuss ion .  

S i n c e  it i s  n o t  p o s s i b l e  t o  d i s c r i m i n a t e  t h e  o r i g i n a l  c l u s t e r s  wi th  a  t r u n -  
c a t e d  paramete r  s e t ,  ' t h e  d i s c r i m i n a n t  f u n c t i o n s  must be chosen from t h e  s t e p -  
wise  a n a l y s i s  o f  t h e  complete pa ramete r  s e t .  I t  would be p o s s i b l e  t o  use t h e  
t h r e e  v a r i a b l e - b a s e d  f u n c t i o n s  (Table 6 ) .  However, t h e s e  v a r i a b l e s  a r e  r e l a -  
t i v e l y  d i f f i c u l t  t o  d e r i v e .  I t  i s  recommended t h a t  t h e  f u n c t i o n s  based  on t h e  
f u l l  s e t  (Table  8)  be used.  The e f f o r t  invo lved  i s  n o t  t h a t  much g r e a t e r  t h a n  
f o r  t h e  t h r e e  v a r i a b l e  c a s e s .  

S e v e r a l  i m p l i c a t i o n s  r e s u l t  from t h e  d i s c r i m i n a n t  a n a l y s i s .  F i r s t ,  t h e  
s t e p ~ i s e  d i s c r i m i n a n t  a n a l y s i s  aga in  o f f e r s  s t r o n g  ev idence ,  based  upon m u l t i -  
v a r i a t e  a n a l y s e s  o f  v a r i a n c e ,  t h a t  t h e  c l u s t e r s  a r e  w e l l  de f ined .  The misc las -  
s i f i c a t i o n  o f  o n l y  one i n l e t  and t h e  s t r e n g t h  o f  t h e  p o s t e r i o r  p o s s i b i l i t i e s  
(Table 9) p rov ide-ev idence  o f  t h i s .  The d i s c r i m i n a n t  f u n c t i o n s  d e r i v e d  p r o v i d e  
a  b a s i s  o f  ass ignment  o f  t h e  i n l e t s  t o  t h e  o r i g i n a l  c l u s t e r s .  

The second i m p l i c a t i o n  seen  i s  t h e  dependence o f  t h e  a n a l y s i s  on t h e  shape 
f u n c t i o n s  i n t r o d u c e d  (EYL, Eb12, EM3, E C 2 ,  E D 1 ,  and ED2). The c l u s t e r s  cannot 
be d i s c r i m i n a t e d  wi thou t  them, T h i s ,  i n  c o n j u n c t i o n  w i t h  t h e i r  a p p e a l i n g  geo- 
m e t r i c  i n t e r p r e t a t i o n ,  s u g g e s t s  t h a t  t h e y  perform an adequa te  and u s e f u l  r e p r e -  
s e n t a t i o n  o f  i n l e t  geometry. 

T h i r d l y ,  it i s  seen  t h a t  DMX, AED, E C L ,  and L a r e  pe rhaps  redundant param- 
e t e r s  because  i n  t h e  s t e p w i s e  d i s c r i m i n a t i o n  t h e y  p r o v i d e  no f u r t h e r  re f inement ,  
They a r e  mainta ined f o r  p u r e l y  d e s c r i p t i v e  purposes .  

Through t h e  d i s c r i m i n a n t  a n a l y s i s ,  f u n c t i o n s  have been d e r i v e d  t h a t  mathe- 
m a t i c a l l y  d e f i n e  t h e  c l u s t e r s ,  From t h e s e  f u n c t i o n s  it i s  p o s s i b l e  t o  d e r i v e  



t h e  p r o b a b i l i t y  t h a t  an i n l e t  belongs  t o  a  g iven  c l u s t e r .  The r e l a t i o n s h i p s  
and c l u s t e r  d i s c r i m i n a t i o n  appear  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a  v e r y  h igh  
l e v e l .  

VI. EVALUATION OF THE PROBABILITY THAT AN INLET 
NOT IN THE ANALYSIS BELONGS TO A CLUSTER 

The a n a l y s e s  p r e s e n t e d  i n  t h i s  r e p o r t  r e p r e s e n t  a  c l a s s i f i c a t i o n  o f  6 7  i n -  
l e t s  a t  s e l e c t e d  t imes .  I t  i s  d e s i r a b l e  t o  have a  method f o r  p l a c i n g  an  i n l e t  
n o t  i n  t h e  a n a l y s i s  i n t o  t h e  c l a s s i f i c a t i o n ,  Such a  method hould a l s o  a l low 
comparison of t h e  l a t e r  c o n d i t i o n  o f  an i n l e t  i n  t h e  a n a l y s i s  wi th  t h e  condi-  
t i o n  o r i g i n a l l y  used.  In  t h e  s t r i c t e s t  s e n s e ,  t h e  a p p r o p r i a t e  method would be  
t o  e n t e r  t h e  new i n l e t  i n t o  t h e  a n a l y s i s  and r e d o  t h e  e n t i r e  c l a s s i f i c a t i o n  and 
d i s c r i m i n a n t  a n a l y s i s ,  Th i s  i s  a  time-consuming and l a b o r i o u s  e x e r c i s e .  I t  
s h o u l d  n o t  be c o n s i d e r e d  u n l e s s  a  l a r g e  number o f  i n l e t s  a r e  t o  be e n t e r e d .  
The f o l l o w i n g  method r e p r e s e n t s  a  s i m p l i f i e d  method f o r  e s t i m a t i n g  t h e  proba-  
b i l i t y  t h a t  t h e  new i n l e t  belongs  t o  a  g iven c l u s t e r .  The p r i n c i p a l  assump- 
t i o n s  r e q u i r e d  a r e  t h a t  ( a )  t h e  new i n l e t  does be long  t o  one o f  t h e  c l u s t e r s  
and (b) t h e  d i s c r i m i n a n t  f u n c t i o n s  c a l c u l a t e d  i n  S e c t i o n  V a r e  adequate  s t a -  
t i s t i c a l  formulas  d e s c r i b i n g  t h e  c l a s s i f i c a t i o n .  

To use  t h e  d i s c r i m i n a n t  f u n c t i o n s ,  i t  i s  n e c e s s a r y  t o  measure and c a l c u l a t e  
t h e  1 3  v a r i a b l e s  used i n  t h e  same fash ion  a s  t h e y  were f o r  t h i s  r e p o r t .  For  
t h e  v a r i a b l e s ,  DMX, DMA, W, DCC, L, and AED, t h e  d e f i n i t i o n s  a r e  s t r a i g h t f o r -  
ward. F o r  t h e  v a r i a b l e s  EM1, E M 2 ,  EM3, E C 1 ,  EC2, E D 1 ,  and E D 2 ,  t h e  d e f i n i t i o n s  
a r e  l e s s  s t r a i g h t f o r t v a r d .  The f o l l o w i n g  d i s c u s s i o n  d e s c r i b e s  how t h e  v a l u e s  
can be c a l c u l a t e d  e f f i c i e n t l y .  

Taking t h e  minimum i n l e t  width  c r o s s - s e c t i o n  e i g e n v e c t o r s  (el, ."> e3) a s  
an example, t h e  f o l l o w i n g  s t e p s  from S e c t i o n  I1 a r e  n e c e s s a r y  t o  f m d  t h e  
we igh t ings  E M l ,  EFd2, and EP13: 

(a) A c r o s s  s e c t i o n  a t  t h e  minimum i n l e t  width  i s  drawn. 

(b) The 60 even ly  spaced p o i n t s  a c r o s s  t h e  p r o f i l e  a r e  l o c a t e d  
and t h e  dep th  recorded  w i t h  t h e  o r d e r  i n  which t h e  depths  a r e  l i s t e d  
based on t h e  conven t ion  o f  S e c t i o n  I I ,  Each dep th  i s  d i v i d e d  by W. 

( c )  The mean dep th  and t h e  s t a n d a r d  d e v i a t i o n  f o r  each depth 
l o c a t i o n  ( c a l c u l a t e d  and l i s t e d  i n  App. D) a r e  used t o  normal ize  
each dep th  

- 
where d; i s  t h e  newly measured dep th ,  d; and Si a r e  t h e  
mean and s t a n d a r d  d e v i a t i o n  r e s p e c t i v e l y ,  and d i  i s  t h e  
normal ized  v a l u e .  

(d) A new v e c t o r  = . . . , die) i s  formed 



) For el t h e  c o e f f i c i e n t s  a r e  t a k e n  from p e n d i x  E t o  form 

f )  The v a l u e  o f  EM1 i s  c a l c u l a t e  by t h e  v e c t o r  do t  p roduc t  

- 1 (from App. E j  and D,, 

(g) EM2 i s  c a l c u l a t e d  by forming e2 from Appendix E and t a k i n g  

(h) EM3 i s  c a l c u l a t e d  by forming - eg from Appendix E and t a k i n g  

The va lues  o f  E C I ,  E C 2 ,  ED1, and ED2 can l i k e w i s e  be c a l c u l a t e d  follow- 
i n g  t h e  p rocedures  o f  S e c t i o n  I1 and u s i n g  v a l u e s  o f  Appendixes D and 
E .  A f i n a l  check would be t o  f i n d  an i n l e t  s i m i l a r  i n  c h a r a c t e r i s t i c s  
t o  one i n  t h i s  r e p o r t  and compare v a l u e s  t o  s e e  i f  t h e  ones newly c a l -  
c u l a t e d  look r e a s o n a b l e .  

2 .  P r o b a b i l i t y  C a l c u l a t i o n s .  

To c a l c u l a t e  t h e  d e s i r e d  p r o b a b i l i t y ,  it i s  n e c e s s a r y  t o  e v a l u a t e  t h e  
f o l l o w i n g  v a l u e s ,  Si where i w i l l  range from I t o  6 ,  

where C i ,  i s  t h e  c o n s t a n t  on t h e  ith di-scr iminant  f u n c t i o n  (eq.  4 8 ) ,  Cij 
i s  t h e  c o e f f i c i e n t  f o r  t h e  j th  o f  13 v a r i a b l e s  f o r  t h e  ith d i s c r i m i n a n t  
f u n c t i o n  (eq.  471,  and X is the v a l u e  o f  t h e  j th  v a r i a b l e .  The s u b s c r i p t  

t.7' i r e l a t e s  t h e  d i s c r i m i n a n t  f u n c t i o n  t o  t h e  a p p r o p r i a t e  i n l e t  group and equa- 
t i o n  (62)  i s  seen  t o  be analogous t o  e q u a t i o n  (46) .  I n  a c t u a l  computat ions ,  
t h e  v a l u e s  o f  Cio and Ci j would come from Table  7(a) , 

The computation o f  t he  s i x  v a l u e s  S i  g i v e s  on ly  t h e  v a l u e s  o f  t h e  d i s -  
c r i m i 2 a n t  f u n c t i o n s .  The p r o b a b i l i t y  t h a t  t h e  i n l e t  be longs  t o  i n l e t  group i 
i s  p i  c a l c u l a t e d  by 



where P i s  t h e  a  p r i o r i  p r o b a b i l i t y  o f  b e l o n g i n g  t o  a  g iven i n l e t  group d' 

where Nj i s  t h e  number o f  i n l e t s  i n  t h e  j t h  group (Nj = 31, 6,  4, 4, 12, 5  
f o r  j  = I t o  6 ,  r e s p e c t i v e l y ) .  Equat ion (6 J i s  analogous t o  e q u a t i o n  ( 5 4 ) .  

These e q u a t i o n s  f o r  c a l c u l a t i n g  t h e  d i s c r i m i n a n t  f u n c t i o n s  and t h e  proba-  
b i l i t i e s  have been programed i n t o  a  s imple  computer program given i n  Appendix 
F .  I t  i s  w r i t t e n  i n  a  t ime-shar ing  format  wi th  unformat ted  i n p u t  and o u t p u t .  
With minor m o d i f i c a t i o n s ,  it can be o p e r a t i o n a l  on a lmost  any d i g i t a l  computer.  

3 ,  

Table  10 p r o v i d e s  a  s imple  example o f  i n p u t  to t h e  program-the va lues  o f  
t h e  13 v a r i a b l e s  f o r  a  h y p o t h e t i c a l  i n l e t .  The r e s u l t s  i n d i c a t e  t h a t  t h e  i n l e t  
group f o r  which t h e  p r o b a b i l i t y  i s  h i g h e s t  i s  group 3 with  a  v a l u e  o f  0.85.  The 
second h i g h e s t  i s  group 4 w i t h  a  va lue  o f  0.14.  

Table  10, A s imple  example o f  t h e  c a l c u l a t i o n  o f  t h e  proba- 
b i l i t y  t h a t  an i n l e t  belongs  t o  a  g iven group. --.------ 

' E M ~  i n p u t  as absolute  va lue .  

VII . IKLET GEOMETRY: A SUblblARY DISCUSSION 

The i n i t i a l  o b j e c t i v e  o f  t h e  s t u d y  was t h e  d e f i n i t i o n  o f  a  s e r i e s  o f  param- 
e t e r s  t h a t  s a t i s f a c t o r i l y  d e s c r i b e s  t h e  major components o f  t h e  i n l e t  t h r o a t  and 
o u t e r  b a r .  A f t e r  p r e l i m i n a r y  s t u d i e s  13 v a r i a b l e s  were s e l e c t e d  i n c o r p o r a t i n g  
i t s  f a c t o r s  t h a t  d e s c r i b e  bo th  t h e  p h y s i c a l  dimensions o f  t h e  i n l e t  and t h e  shape 
( o r  geometry),  Many of  t h e  pa ramete rs  have been used p r e v i o u s l y  and have a n a l -  
ogous r o l e s  i n  d e s c r i b i n g  t h e  h y d r a u l i c  c h a r a c t e r  o f  i n l e t s ,  Other  pa ramete rs  
a r e  new and a r e  a  r e s u l t  o f  r e c e n t  r e s e a r c h  i n t o  t h e  f i e l d  o f  shape a n a l y s i s .  

The r e s u l t s  o f  t h e  s t a t i s t i c a l  a n a l y s e s  performed i n  t h e  s t u d y  sugges t  t h a t  
t h e  pa ramete rs  chosen a r e  a  s e t  s u f f i c i e n t  f o r  r e s o l v i n g  a  s e r i e s  o f  p r i n c i p a l  
q u e s t i o n s  r e g a r d i n g  t h e  v a r i a b i l i t y  of i n l e t  geometry. Through c a r e f u l  measure- 
ment o f  t h e s e  v a r i a t e s  a  s e r i e s  o f  r e l a t i o n s h i p s  among t h e  geometr ic  pa ramete rs  
h a s  been d e f i n e d .  



The e i g e n v e c t o r - g e n e r a t e d  d e s c r i p t i o n  o f  geometr ic  components o f  i n l e t  b a r  
and channel  shapes  p rov ided  a  c l e a r ,  c o n c i s e  i n d i c a t i o n  o f  t h e  c o v a r i a b i l i t y  of 
t h e s e  f a c t o r s  w i t h  t h e  o t h e r  v a r i a t e s .  Although t h e  mathematics o f  t h e i r  d e r i -  
v a t i o n  i s  n o t  t r i v i a l ,  t h e  r e s u l t i n g  paramete rs  can be i n t e r p r e t e d  i n  a  s imple  
f a s h i o n ,  A s  t h e  d i s c r i m i n a n t  a n a l y s i s  i n d i c a t e s ,  t h e y  have an impor tan t  r o l e  
i n  d e f i n i n g  t h e  c l u s t e r i n g  found. I t  i s  expec ted  t h a t  t h e s e  pa ramete rs  and 
o t h e r s  l i k e  them w i l l  f i n d  an i n c r e a s i n g l y  impor tan t  r o l e  i n  t h e  d e s c r i p t i o n  
and a n a l y s i s  o f  landforms. 

The s e t  o f  pa ramete rs  chosen and t h e  p a r t i c u l a r  d e f i n i t i o n s  used a r e  by no 
means t h e  on ly  ways o f  r e p r e s e n t i n g  i n l e t  morphology, I t  i s  e v i d e n t  t h a t  some 
o f  t h e  pa ramete rs  a r e  redundan t ,  bu t  t h e s e  have been r e t a i n e d  f o r  d e s c r i p t i v e  
p u r p o s e s .  , b y  f u t u r e  c l a s s i f i c a t i o n  a n a l y s e s  shou ld  c o n s i d e r  t h e i r  e l i m i n a t i o n ,  
One major v a r i a t e  n o t  d i r e c t l y  used i n  t h e  s t u d y  i s  ebb d e l t a  valume d e f i n e d  
a l o n g  t h e  l i n e s  sugges ted  i n  Dean and. Walton (1975). I t  i s  obvious t h a t  some 
o f  t h i s  i n f o r m a t i o n  i s  r e t a i n e d  i n  t h e  ebb d e l t a  e i g e n v e c t o r s ;  t h e  p r i n c i p a l  
d i f f i c u l t y  l i e s  i n  t h e  c o n s i s t e n t  d e f i n i t i o n  o f  t h e  b a s e  s u r f a c e  above which 
t h e  volume i s  taken .  I n  a r e a s  w i t h  m u l t i p l e ,  and p o s s i b l y  o v e r l a p p i n g  i n l e t  
d e l t a s  a s  i s  t h e  case  i n  a  number o f  c o a s t a l  a r e a s ,  t h e  base  s u r f a c e  i s  d i f f i -  
c u l t  i f  n o t  imposs ib le  t o  d e f i n e .  

One p r i n c i p a l  goal  o f  t h e  c l a s s i f i c a t i o n  s t u d y  was t o  ana lyze  t h e  r e l a t i o n -  
s h i p s  among t h e  geometr ic  pa ramete rs  chosen.  I t  was a  r e a s o n a b l e  e x p e c t a t i o n  
t o  f i n d  moderate p a r t i a l  c o r r e l a t i o n s  among t h e  pa ramete rs .  A major outcome 
o f  t h e  s t u d y  i s  t h e  s e r i e s  o f  s t r o n g  r e l a t i o n s h i p s  found t h a t  i s  s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  h i g h  l e v e l s .  I t  i s  apparen t  from t h e  s t u d y  t h a t  many of  t h e  
geomet r ic  f a c t o r s  a r e  i n t e r r e l a t e d  i n  a  p r e d i c t a b l e  manner and t h a t  t h e  param- 
e t e r s  DMX, DFIA, DCC, L ,  and AED i n  p a r t i c u l a r  can be c o - r e l a t e d ,  Likewise, 
when i n l e t  width  d i d  n o t  appear  a s  a  c o n t r o l l i n g  paramete r  i n  t h e  v a r i a b l e  
c r o s s  p l o t s ,  t h e  s t r e n g t h  o f  t h e  r e l a t i o n s h i p s  o f  so  many paramete rs  t o  t h e  
a r e a  o f  t h e  minimum i n l e t  wid th  c r o s s  s e c t i o n ,  A, ( e s t i m a t e d  by W x DM),  
was unexpected.  These r e l a t i o n s h i p s  t o  A, p rov ided  a  key t o  an unders tand ing  
o f  t h e  adjus tment  o f  i n l e t  geometry. 

The major i m p l i c a t i o n  o f  t h e  r e l a t i o n s h i p s  found i s  t h e  l a r g e  s c a l e  c o a d j u s t -  
ment of i n l e t  geometry t h a t  appears  s c a l e d  by t h e  pa ramete r  A,. A s  A i n -  
c r e a s e s ,  t h e  i n l e t  channel  becomes l e s s  i n c i s e d  i n t o  t h e  o u t e r  bak,  t h e  r e l a t i v e  
dep th  o f  t h e  channel a c r o s s  t h e  b a r  i n c r e a s e s ,  t h e  channel  l e n g t h  i s  i n c r e a s e d ,  
t h e  ebb d e l t a  a r e a  e n l a r g e s ,  and channel  dep ths  deepen, I t  i s  apparen t  t h a t  
t h i s  ad jus tment  occurs  a s  a  response  t o  t h e  wave and t i d e  p r o c e s s e s  and t h a t  
t h e  r e l a t i o n s h i p s  found a r e  s t a t i s t i c a l  summaries o f  complex hydrau l ic - sed iment  
i n t e r a c t i o n s  i n  widely  r a n g i n g  g e o l o g i c  s e t t i n g s .  An impor tan t  component o f  
f u t u r e  r e s e a r c h  shou ld  be an e f f o r t  t o  p l a c e  t h e  r e l a t i o n s h i p s  i n  t h e  pe rspec-  
t i v e  o f  t h e  wave and t i d e  p r o c e s s e s  a t  t h e  i n l e t s  s t u d i e d .  

The r e l a t i o n s h i p s  found may have d i r e c t  des ign  i m p l i c a t i o n s  f o r  a  number o f  
p r a c t i c a l  e n g i n e e r i n g  problems i n v o l v i n g  t h e  des ign  o f  i n l e t  m o d i f i c a t i o n s .  I f  
t h e  t i d a l  prism-minimum c r o s s - s e c t i o n a l  a r e a  r e l a t i o n s h i p  o f  O'Brien (1931) i s  
assumed, i t  i s  apparen t  t h a t  g iven  one p r i sm,  t h e n  one Ac, and hence a  narrow 
range  o f  i n l e t  geometr ies  i s  p o s s i b l e .  Whether t h i s  i s  i n  f a c t  r e a l i s t i c ,  o r  
whether  t h e  geometry p r e d i c t e d  i s  an e q u i l i b r i u m - t y p e  form t h a t  t h e  c o n d i t i o n  
might produce i s  unknown, A f u r t h e r  i m p l i c a t i o n  o f  t h e  a n a l y s i s  i s  t h a t  t h e  



i n t e r n a l  ad jus tment  o f  DMX, DMA, L, and DCC (among o t h e r  pa ramete rs )  s u g g e s t s  
t h a t  t h e  d e t a i l  o f  t h e  geometry i s  h i g h l y  c o o r d i n a t e d .  Even t h e  shape o f  t h e  
channel  p r o f i l e  a p p e a r s  t o  be  determined t o  a  l a r g e  degree ,  The ad jus tments  
e s t a b l i s h e d  i n  t h i s  r e p o r t  r e s u l t  i n  i n l e t  channel  geometr ies  u n l i k e  t h o s e  
c u r r e n t l y  used  i n  des ign  p r a c t i c e .  Examples o f  t h i s  c o n s t r u c t i o n  o f  c o n s t a n t  
dep th  channe l s  w h i l e  most o f  t h e  n a t u r a l  channe l s  have a  s i g n i f i c a n t  s l o p e  and 
c o n s t r u c t i o n  o f  s t e e p - s i d e d  o r  U-shaped channel c r o s s  s e c t i o n s  whi le  n a t u r a l  
channe l s  a r e  more g e n t l y  s l o p i n g .  The i m p l i c a t i o n  o f  t h i s  upon t h e  s u c c e s s  o r  
f a i l u r e  o f  t h e  proposed m o d i f i c a t i o n s  t o  an i n l e t  i s  unknown, 

I t  i s  n o t  c l e a r ,  i f  t h e  r e l a t i o n s h i p s  developed h e r e  a r e  a p p l i e d  i n  t h e  
d e s i g n  o f  a  j e t t i e d  o r  dredged channel ,  how t h e y  a r e  t o  be a p p l i e d ,  o r  whether  
t h e y  w i l l  be  a  v a l i d  p r e d i c t i o n  o f  i n l e t  r esponse .  A s  an example, i f  an i n l e t  
i s  modif ied t o  have a  h i g h l y  c o n s t r i c t e d  c r o s s - s e c t i o n a l  a r e a ,  i t  i s  n o t  e v i -  
den t  t h a t  DMX, DCC, o r  L must respond a s  p r e d i c t e d  because  t h e  t h r o a t  geometry 
i n h e r e n t l y  a s s o c i a t e d  w i t h  t h e  given c r o s s  s e c t i o n  is n o t  n e c e s s a r i l y  p r e s e r v e d  
i n  t h e  proposed m o d i f i c a t i o n ,  I t  i s  perhaps  r e a s o n a b l e  t o  expec t  t h a t  t h e  equa- 
t i o n s  w i l l  p roduce bounds f o r  t h e  response ;  however, even t h i s  i s  n o t  assured .  
I t  i s  t h u s  recommended t h a t ,  b e f o r e  t h e s e  r e l a t i o n s h i p s  a r e  used i n  des ign ,  more 
resea rc l i  and exper imenta l  e f f o r t  be given t o  p r o v i d e  a  b e t t e r  unders tand ing  o f  
t h e i r  i m p l i c a t i o n s .  

The second p r i n c i p a l  goa l  o f  t h e  s t u d y  was t o  i n v e s t i g a t e  a  p o s s i b l e  c l a s s i -  
f i c a t i o n  o f  i n l e t s  based upon i n l e t  geometry, The o b j e c t i v e s  were t o  s e e  i f  a  
subpopula t ion  s t r u c t u r e  e x i s t e d  and, i f  i t  e x i s t e d ,  t o  d e f i n e  i t .  The r e s u l t -  
i n g  c l a s s i f i c a t i o n  would produce a  b e t t e r  u n d e r s t a n d i n g  o f  i n l e t  v a r i a b i l i t y  
and would a i d  p e r s o n n e l  i n  des ign  p r o j e c t s  t o  f i n d  p r o t o t y p e  i n l e t s  o f  s i m i l a r  
c h a r a c t e r i s t i c s .  The r e s u l t s  o f  bo th  t h e  c l u s t e r  a n a l y s i s  and t h e  d i s c r i m i n a n t  
a n a l y s i s  i n d i c a t e  t h e  p r e s e n c e  o f  a t  l e a s t  s i x  w e l l - d e f i n e d  c l u s t e r s  o r  t y p e s  
o f  i n l e t s  based  on geometry. The c l u s t e r  a n a l y s i s  p rov ided  t h e  t axonomet r ic  
s t r u c t u r e  o f  t h e  s e t  o f  i n l e t s  ana lyzed  and produced a  p r e l i m i n a r y  c l a s s i f i c a -  
t i o n .  The d i s c r i m i n a n t  a n a l y s i s  f u r t h e r  r e f i n e d  t h e  c l a s s i f i c a t i o n  t o  produce 
a  s e r i e s  o f  f u n c t i o n s  t h a t  a l l o w s  assignment o f  i n l e t s  t o  t h e  s i x  c l u s t e r s .  I t  
was a l s o  recognized  t h a t  t h e  ve ry  l a r g e  i n l e t s  were n o t  r e p r e s e n t e d  s u f f i c i e n t l y  
i n  t h e  a n a l y s i s  t o  p r o v i d e  r e l i a b l e  c l u s t e r i n g  o r  d i s c r i m i n a t i o n .  

Examination o f  t h e  r e l a t i o n s h i p s  among t h e  c l u s t e r s  d e r i v e d  i n d i c a t e d  t h a t  
t h e  s c a l i n g  p r o c e s s  e v i d e n t  i n  t h e  o t h e r  a n a l y s e s  i s  p r e s e r v e d .  The s i g n i f i -  
c a n t  r e s u l t  o f  t h e  c l a s s i f i c a t i o n  a n a l y s e s ,  however, i s  t h a t  t h e  c l u s t e r s  sys -  
t e m a t i c a l l y  o r g a n i z e  i n l e t s  on t h e  b a s i s  o f  wid th ,  dep th ,  and shape i n  a  way 
t h a t  accounts  f o r  some o f  t h e  s c a t t e r  observed i n  s imple  r e l a t i o n s h i p s  among 
p a r a m e t e r s .  Thus,  c l u s t e r s  3 and 4 d i f f e r  o n l y  s l i g h t l y  i n  width ,  bu t  g r e a t l y  
i n  terms o f  t h e  o t h e r  v a r i a b l e s .  C l u s t e r s  4 and 5 have s i m i l a r  dep ths  and 
wid ths  o f  t h e  c r o s s  s e c t i o n  b u t  d i f f e r i n g  dep ths  a t  t h e  c r e s t  o f  t h e  o u t e r  
b a r ,  and s o  f o r t h  f o r  o t h e r  p a i r s  o f  c l u s t e r s .  I n  p a r t ,  t h e  c l u s t e r s  would 
appear  t o  account  f o r  some o f  t h e  v a r i a b i l i t y  i n  geometry t h a t  may be a t t r i b -  
u t a b l e  t o  wave a c t i o n .  Whether t h i s  i s  indeed  t h e  c a s e  w i l l  r e q u i r e  f u t u r e  
r e s e a r c h  r e l a t i n g  t h e  wave and t i d e  p r o c e s s e s  t o  t h e  geometry.  

To summarize t h e  i m p l i c a t i o n s  o f  both  t h e  c l a s s i f i c a t i o n  and paramete r  
v a r i a t i o n  s t u d i e s ,  i t  i s  e s s e n t i a l  t o  r e a l i z e  t h a t  t h e y  a r e  complementary, 
t o g e t h e r  e x p l a i n i n g  i n  some d e t a i l  t h e  s y s t e m a t i c  o r g a n i z a t i o n  o f  t i d a l  i n l e t  
geometry. The c r o s s - s e c t i o n a l  a r e a ,  A,, can be s i m p l i s t i c a l l y  cons idered  a s  



a  s c a l i n g  parameter t h a t  r e l a t e s  t he  r e l a t i v e  magnitudes of  wave- and t i d e -  
genera ted  sediment t r a n s p o r t ,  With inc reas ing  a r e a ,  t h e  t i d e  processes  appear 
t o  dominate t h e  wave processes ;  i n l e t  geometry v a r i e s  accordingly.  The s i z e  of  
t h e  c ros s - sec t iona l  a r e a  s c a l e s  t h e  ba r  and channel geometry i n  a  f a i r l y  reg- 
u l a r  p a t t e r n ,  As a  r e s u l t  i t  must be concluded t h a t ,  except f o r  small  i n l e t s ,  
t h e  t ide-genera ted  processes  t o  a  l a r g e  degree determine t h e  geometry. Even 
i n  t h e  sma l l e r  i n l e t s  t i a a l  con t ro l  i s  s t i l l  ev ident .  

The c l a s s i f i c a t i o n  ana lyses  s u b s t a n t i a t e  t h e  s c a l i n g  r e l a t i o n s h i p ,  but 
i n d i c a t e  t h a t  t h e r e  a r e  sys temat ic  devia t ions  o f  i n l e t  geometry not  f u l l y  

l a i n e d  by t h e  s c a l i n g  r e l a t i o n s h i p .  The c l u s t e r s  found r ep resen t  t h i s  
o rgan iza t ion .  I t  i s  c l e a r  a l s o  t h a t  i f  t h e  dev ia t ions  away from the  s c a l i n g  
r e l a t i o n s h i p s  were pu re ly  random i t  would be f o r t u i t o u s  t o  have the  d iscr imi-  
nant  a n a l y s i s  s i g n i f i c a n t  a t  a  high l e v e l ,  The imp l i ca t ion  must be t h a t  t he  
o rgan iza t ion  i s  r e a l  and forced  by some underlying cause. 

The absence of  width, and l e s s  so  average depth,  as  important s c a l i n g  fac-  
t o r s  i n  many r e l a t i o n s h i p s  shown i n  Sec t ion  111 and t h e  absence of r e l a t i o n -  
s h i p s  between EC2 and EM2 and o the r  parameters u n d e ~ s c o r e  t h e  lack of a  
parameter  t h a t  performs a  s c a l i n g  f o r  wave ac t ion  i n  t he  way t h a t  A, s c a l e s  
t h e  l a r g e r  s c a l e  eometry, E C 2 ,  which descr ibes  t he  s lope  of t h e  channel 
p r o f i l e ,  i s  probably r e l a t e d  t o  onshore-offshore sediment t r a n s p o r t  by waves 
a t  t h e  edges o f  t he  d e l t a  and perhaps l e s s  so  t o  longshore t r a n s p o r t .  EM2, 
which g ives  c ross -sec t ion  asymmetry, would be more l i k e l y  r e l a t e d  t o  wave-caused 
longshore t r a n s p o r t .  I f  t h i s  i s  so ,  t h e r e  would not  he n e c e s s a r i l y  a  good r e l a -  
t i o n s h i p  between EM2 and E C 2 .  

In  add i t i on  t o  meeting t h e  primary ob jec t ives  of t he  s tudy,  t he  parameters 
chosen and t h e  analyses  performed p l ace  t h e  v a r i a t i o n  of i n l e t  geometry i n t o  
a  b e t t e r  pe r spec t ive  of  t h e  varying in f luences  o f  waves and t i d e s .  I t  i s  i m -  
p o r t a n t  t o  recognize t h a t  t h e  conclusions d r a m  a r e  based upon an i n t e r p r e t a -  
t i o n  of t h e  morphology of  t i d a l  i n l e t  systems and by design have no t  involved 
e s t ima te s  o f  t he  hydrcdynamic processes .  This approach was, i n  p a r t ,  followed 
t o  s ee  i f  a  n a t u r a l  o rganiza t ion  of i n l e t  v a r i a b i l i t y  was ev ident  which would 
motivate  research  i n t o  the  correspondence between process  and form. The r e s u l t s  
o f  t h e  s t udy  j u s t i f y  t h e  need f o r  performance of  t h i s  work, 

As i s  o f t e n  t h e  case i n  s t u d i e s  of t h i s  type ,  more ques t ions  a r e  generated 
than  reso lved .  In . p a r t i c u l a r  t h e  r e s u l t s  should motivate s tudy  i n t o  t h e  r e l a -  
t i o n s h i p s  between t h e  types o f  i n l e t  geometry found and t i d a l  pr isms,  ran 
and c u r r e n t s ,  n e t  and gross  longshore d r i f t ,  and onshore and o f f sho re  sediment 
movement by waves. The c e r t a i n t y  of  whether t h e  i n l e t  types a r e  n a t u r a l  by- 
p a s s e r s  o f  sand o r  not  needs t o  be e s t ab l i shed .  The v a r i a t i o n  of  i n l e t  s t a -  

by i n l e t  type r equ i r e s  examination. F i n a l l y ,  t he  number of  i n l e t s  
d should be increased ,  

Severa l  of  t he  parameters and a  number of analyses  used i n  t h i s  r epo r t  have 
not been ex tens ive ly  used i n  e i t h e r  t h e  engineer ing  o r  geologic  l i t e r a t u r e ,  

en the  s c i e n t i f i c  ques t ions  of  a  s tudy involve multidimensional v a r i a t i o n ,  
t h e r e  i s  a  wealth of s t a t i s t i c a l  procedures t h a t  can be used i n  a  r igorous 
method o f  i n v e s t i g a t i o n .  Given t h e  complex multidimensional v a r i a t i o n  t y p i c a l  
of  i n l e t  geometry, i t  i s  d i f f i c u l t  t o  s ee  how t h e  r e s u l t s  ob ta ined  here  could 
have been achieved using only one-dimensional methods, 



a t  measure and desc r ibe  i n l e  
ammeters  a r e  measured f o r  i 

s u f f i c i e n t  c h a r t  da t a  a r e  a v a i l a b l e ,  t h e  parameters  a r e  shown t o  vary i n  a  
c o n s i s t e n t  f a s  ion  t h a t  appears t o  be sca l ed  according t o  t h e  r e l a t i v e  m 
tude  of  t h e  t i  a1  p roces ses .  When the  subpopulation s t r u c t u r e  i s  examin 
i n l e t s  can be i n i t i a l l y  c l u s t e r e d  i n t o  s i x  c l a s s e s  which can be mathematically 
d i sc r imina ted ,  The c l a s s i f i c a t i o n  provides a  sys t ema t i c  organiza t ion  of i n l e t  
geometry t h a t  i s  r e l a t e d  t o  dev ia t ions  from t h e  b a s i c  s c a l i n g  r e l a t i o n s h i p  
probably due t o  t h e  i n f l u  nce of  wave a c t i o n .  The r e l a t i o n s h i p s  and c l a s s i -  
f i c a t i o n  found a r e  s t a t i s  i c a l l y  s i g n i f i c a n t  a t  high l e v e l s  which provides 
confidence i n  t h e  r e s u l t s .  

In  a  s ta tement  gene ra l ly  a t t r i b u t e d  t o  OIBrien,  t h e r e  a r e  s a i d  t o  be two 
types of  i n l e t s :  l a r g e  and smal l .  This s tudy t o  a  l a rge  degree confirms t h i s  
observa t ion ,  bu t  beyond t h a t  shows t h e  adjustment of i n l e t  geometry t o  be 
sys t ema t i c  an 
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APPENDIX C 
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APPENDIX D 

MEAN AND STANDARD DEVIATION VECTORS REQUIRED I N  EIGENVECTOR A N A L Y S I S  

a. Normalized cross s e c t i o n  

39 -0,0132 
10 -0.0082 40 -0.0130 
11 -0.0086 41 -0.0129 
12 -0 .0091 42 -0.0126 
1 3  -0.0095 4 3  -0.0124 
14 -0.0099 44 -0 .0121 
15 -0.0102 45 -0.0118 
16 -0.0106 46 -0.0114 










