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I have only r e c e n t l y  subsided.  Due t o  t h e  smal l  t i d a l  prism of Freepor t  
Harbor en t r ance ,  f r equen t  dredging i s  r equ i r ed ,  wi th  shoa l ing  r a t e s  up t o  
1,450,000 cubic  yards per  year.  

San Luis 'Pass is s t a b l e  geograph ica l ly ,  a l though i t  has been i n c r e a s i n g  
slowly i n  s i z e  over t he  pas t  hundred years .  The volume of t he  ebb and f lood  
t i d a l  d e l t a s  has remained almost  cons t an t  i n  r e c e n t  yea r s ,  and p a r t s  of 
t he se  d e l t a s  would be good sources  f o r  b e a c h - f i l l  m a t e r i a l .  Such sou rces  
a r e  a l s o  found a t  Galveston Bay en t r ance ,  where j e t t y  c o n s t r u c t i o n  produced 
e x t e n s i v e  a r e a s  of a c c r e t i o n  on t h e  a d j a c e n t  beaches. H i s t o r i c a l l y ,  
i n c r e a s i n g  c r o s s - s e c t i o n a l  a r e a  a t  Galveston r e s u l t e d  i n  corresponding 
i n c r e a s e s  i n  Galveston Bay t i d a l  range,  and ebb d i scha rges  dur ing  "no r the r s "  
c o n t r i b u t e d  s i g n i f i c a n t l y  t o  n a t u r a l  scour ing  of t h e  channel .  

Although sma l l ,  Rol lover  Pass a f f e c t e d  a d j a c e n t  bay and beach 
c h a r a c t e r i s t i c s  i n  a  p a t t e r n  s i m i l a r  t o  t h a t  found a t  l a r g e  i n l e t s  wi th  
manmade improvements. Complex p a t t e r n s  of flow occur w i th in  the  Sabine Pass 
i n l e t -bay  system, but  s t r o n g  ebb d i scha rges  du r ing  win t e r  n o r t h e r s  
undoubtedly enhance channel  maintenance. Although bottom sediments  a t  t h e  
pass  a r e  much f i n e r  than  a t  o t h e r  Texas i n l e t s ,  changes i n  response t o  j e t t y  
c o n s t r u c t i o n  c l o s e l y  p a r a l l e l  those a t  Galveston Bay en t r ance .  
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PREFACE 

T h i s  r e p o r t  i s  pub l i shed  t o  provide  c o a s t a l  e n g i n e e r s  w i t h  improved 
p l a n n i n g  and d e s i g n  i n f o r m a t i o n  on 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 ,  s t a b i l i t y ,  
and e f f e c t  on the  longshore  t r a n s p o r t  regime and a d j a c e n t  beaches of t h e  upper  
Texas c o a s t  i n l e t - b a y  systems.  The work was i n  r esponse  t o  t h e  needs of t h e  
U.S. Army Engineer  D i s t r i c t ,  Ga lves ton ,  which is  c u r r e n t l y  conduc t ing  t h e  
Ga lves ton  County S h o r e l i n e  Eros ion  Study,  and w a s  c a r r i e d  o u t  under t h e  
c o a s t a l  p rocesses  program of t h e  U.S. Army C o a s t a l  Eng ineer ing  Research Cen te r  
( CERC) , 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT 

U.S. customary units of measurement used in this report can be converted to 
metric (SI) units as follows: 

- - -- -- 

Multiply by To obtain 

inches 25.4 millimeters 
2.54 centimeters 

square inches 
cubic inches 

feet 

square feet 
cubic feet 

yards 
square yards 
cubic yards 

miles 
square miles 

square centimeters 
cubic centimeters 

centimeters 
meters 

square meters 
cubic meters 

meters 
square meters 
cubic meters 

kilometers 
hectares 

knots 1.852 kilometers per hour 

acres 0.4047 hectares 

foot-pounds 1.3558 newton meters 

millibars 1.0197 x kilograms per square centimeter 

ounces 28.35 grams 

pounds grams 
kilograms 

ton, long 1,0160 metric tons 

ton, short 0.9072 metric tons 

degrees (angle) 0.01745 radians 

Fahrenheit degrees 5/ 9 Celsius degrees or Kelvins1 

 TO obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 
use formula: C = (5/9) (F -32), 

To obtain Kelvin (K) readings, use formula: K = (519) (F -32) + 273.15. 



SYMBOLS AND DEFINITIONS 

bay a r e a  

i n l e t  c r o s s - s e c t i o n a l  a r e a  

a r e a  of Choco la te  Bayou 

e q u i l i b r i u m  c r o s s - s e c t i o n a l  a r e a  

a r e a  of Chr is tmas  and Bast rop Bays 

d i f f e r e n c e  between pos td redg ing  and subsequen t  p redredg ing  
cross-channel  p r o f i l e  

a r e a  of West Bay ( t o  Carancahua Reef o n l y )  

mean d i u r n a l  t i d a l  ampl i tude  

d i s t a n c e  between s t a t i o n s  

water d e p t h  

Darcy Weisbach f r i c t i o n  c o e f f i c i e n t  

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

Keulegan r e p l e t i o n  c o e f f i c i e n t  

wave number 

channe l  l e n g t h  

e f f e c t i v e  channe l  l e n g t h  

Manning's c o e f f i c i e n t  

t i d a l  pr ism 

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

h y d r a u l i c  r a d i u s  a t  i n l e t  minimurn c r o s s - s e c t i o n a l  a r e a  

h y d r a u l i c  r a d i u s  of gorge  

h y d r a u l i c  r a d i u s  of sha l low s e c t i o n  

t i d a l  range a t  A l l i g a t o r  Po in t  i n  West Bay 

s h o a l i n g  r a t e  

t i d a l  pe r iod  

t ime between s u r v e y s  



SYMBOLS AND DEFINITIONS--Continued 

maximum wave o r b i t a l  v e l o c i t y  

a v e r a g e  c u r r e n t  speed 

a v e r a g e  c u r r e n t  speed a t  gorge  c e n t e r l i n e  

a v e r a g e  c u r r e n t  speed i n  gorge  

maximum average  c u r r e n t  speed 

a v e r a g e  c u r r e n t  speed i n  sha l low s e c t i o n  

a v e r a g e  c u r r e n t  speed through pass  

maxirnuni ave rage  c u r r e n t  speed th rough  pass  

d imens ion less  v e l o c i t y  c o e f f i c i e n t  

w i d t h  over  which d e p o s i t i o n  occur red  a t  s t a t i o n  n 

head d i f f e r e n t i a l  



HYDRAULICS AND STABILITY OF FIVE TEXAS INLETS 

by 
Curtis ,Vason 

I, INTRODUCTION 

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

The o b j e c t i v e s  of t h i s  s t u d y  were t o  ( a )  d e f i n e  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 t h e  upper Texas c o a s t  i n l e t - b a y  sys tems (F ig .  I ) ,  ( b )  q u a n t i t a t i v e l y  
a n a l y z e  t h e  observed and p r e d i c t e d  s t a b i l i t y  of t h e s e  i n l e t s ,  and ( c )  a s s e s s  
t h e i r  e f f e c t  on the  longshore  t r a n s p o r t  regime and a d j a c e n t  beaches .  The 
r e s u l t s  a r e  i n t e n d e d  t o  p rov ide  improved p l a n n i n g  and d e s i g n  i n f o r m a t i o n  f o r  
the  Galves ton County S h o r e l i n e  Eros ion  Study be ing  conducted by the  U,Se Army 
Engineer  D i s t r i c t ,  Galves ton,  

F i g u r e  1, Longshore c u r r e n t  and sediment  t r a n s p o r t  
r a t e s ,  based on v i s u a l  o b s e r v a t i o n s .  

The r e p o r t  r ev iews  p r e v i o u s  r e p o r t s ,  p r o v i d e s  a  g e n e r a l  d i s c u s s i o n  'of 
f a c t o r s  i n f l u e n c i n g  t h e  s t a b i l i t y  of Texas i n l e t s ,  and a n a l y z e s  t h e  t i d a l  
c h a r a c t e r i s t i c s  of t h e  gu l f  and major bays i n  t h e  s t u d y  a r e a .  D i s c u s s i o n s  on 
t h e  h y d r a u l i c s  and s t a b i l i t y  of each s p e c i f i c  i n l e t ,  beginning wi th  t h e  s o u t h -  
westernmost ( F r e e p o r t  l h r b o r  e n t r a n c e )  and p r o g r e s s i n g  s e q u e n t i a l l y  t o  t h e  
e a s t e r n m o s t  (Sab ine  P a s s ) ,  i n c l u d e  a h i s t o r i c a l  review,  sediment volume 
changes ,  t i d a l  c h a r a c t e r i s t i c s ,  t i d a l  h y d r a u l i c s ,  and i n l e t  s t a b i l i t y .  

2. P rev ious  Repor t ing  on Texas Coast I n l e t s .  

Most r e p o r t i n g  on s p e c i f i c  i n l e t s  a long  t h e  upper Texas c o a s t  has  been by 
t h e  Corps of Eng ineers .  However, s e v e r a l  Texas u n i v e r s i t i e s  have p u b l i s h e d  
r e s u l t s  of f i e l d  and in-house r e s e a r c h  on San Lu i s  Pass  (Herbich and I - h l e s ,  
1970) ,  F r e e p o r t  Harbor e n t r a n c e  ( S e e l i g  and Sorensen,  1973),  and Rol lover  P a s s  



 rather and Sorensen,  1972);  Morton (1977) summarized long-term changes 
o c c u r r i n g  a f t e r  j e t t y  c o n s t r u c t i o n  a t  F r e e p o r t  Harbor and Ga lves ton  Bay 
e n t r a n c e s  and Sabine Pass. P r i c e  (1947,  1951, 1963) a l s o  p u b l i s h e d  ex ten-  
s i v e l y  on i n l e t  p rocesses  a long  t h e  Texas c o a s t .  Hydraul ic  d a t a  have been 
documented p r i m a r i l y  by t h e  Corps of Eng ineers  and t h e  Texas Water Development 
Board ( u s u a l l y  under c o n t r a c t ) ,  a l t h o u g h  t h e  N a t i o n a l  Ocean Survey (NOS) and 
t h e  U.S. Geo log ica l  Survey (USGS) have e x t e n s i v e  unpubl ished d a t a .  

3. Summarv of F a c t o r s  A f f e c t i n g  Texas Coast  I n l e t s .  

The s i g n i f i c a n t  env i ronmenta l  f a c t o r s  c o n t r o l l i n g  t h e  s i z e ,  shape,  arid 
s t a b i l i t y  of a  t i d a l  i n l e t  a r e  t h e  a s t r o n o m i c a l  t i d e  c h a r a c t e r i s t i c s ,  the  wave 
c l i m a t e  and r e l a t e d  longshore  sediment t r a n s p o r t  r a t e s ,  bottom sediment  type  
and s i z e ,  and storm-induced water  l e v e l  changes ,  whether by wind e f f e c t s  o r  
i n c r e a s e s  i n  f r e s h w a t e r  f low i n t o  t h e  bays. 

a .  T ides ,  The average  d i u r n a l  gu l f  t i d a l  range of about  2 f e e t  produces  
maximum c u r r e n t s  between 3  and 4  f e e t  per  second through most i n l e t s  on t h e  
Texas c o a s t ,  Monthly and s e a s o n a l  v a r i a t i o n s  i n  t i d e  l e v e l  and range have 
been found t o  a f f e c t  t h e  s t a b i l i t y  of Corpus C h r i s t i  Pass  (Behrens ,  Watson, 
and Mason, 1977) and probably  most o t h e r  i n l e t s  a s  w e l l ,  Depos i t ion  u s u a l l y  
o c c u r s  d u r i n g  low mean t i d e  l e v e l s  i n  t h e  w i n t e r  and summer, arid e r o s i o n  
dur ing  high l e v e l s  i n  the  f a l l  and s p r i n g .  There is  a l s o  c o r r e l a t i o n  between 
d e p o s i t i o n  and d e c r e a s i n g  t i d a l  r anges  and e r o s i o n  and i n c r e a s i n g  ranges ,  

b. Wave Cl imate .  The wave c l i m a t e  a long  t h e  Texas c o a s t  i s  g e n e r a l l y  
mi ld  w i t h  a n  annual  average s i g n i f i c a n t  h e i g h t  of about  1.5 f e e t  and a  mean 
pe r iod  of about 6 seconds a t  Ga lves ton  (Thompson, 1977). E s t i m a t e s  of 1974-77 
l o n g s h o r e  sediment t r a n s p o r t  r a t e s ,  based on v i s u a l  o b s e r v a t i o n s  of wave 
h e i g h t ,  p e r i o d ,  and d i r e c t i o n  (F ig .  l ) ,  i n d i c a t e  n e t  southwestward t r a n s p o r t  
th roughout  t h e  s tudy  a r e a  and a g r e e  w i t h  t h e  d i r e c t i o n  of n e t  longshore  
c u r r e n t s  measured c o n c u r r e n t l y ,  a s  w e l l  a s  wi th  h i s t o r i c a l  c o n c l u s i o n s  on n e t  
t r a n s p o r t  d i r e c t i o n .  

c.  Sediment Type and S ize .  Sand a long  t h e  Texas c o a s t  i s  f i n e r  than  on 
o t h e r  U.Se c o a s t s ,  ranging g e n e r a l l y  between 0.15 and 0.20 m i l l i m e t e r ,  and i s  
t h e  pr imary sediment found a t  San Lu i s ,  Galves ton,  and Rol lover  Pass.  
However, muds and s i l t s  predominate a t  Sabine e n t r a n c e  and,  t o  some e x t e n t ,  a t  
F r e e p o r t ;  l a r g e - s c a l e  d e p o s i t i o n a l  f e a t u r e 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 ,  

d. Storms. During t h e  w i n t e r ,  s t r o n g  f r o n t a l  systems ( n o r t h e r s )  s i g n i f i -  
c a n t l y  i n f l u e n c e  t h e  s t a b i l i t y  of most Texas c o a s t  i n l e t s .  Before t h e  a r r i v a l  
of t h e  f r o n t ,  s t r o n g  s o u t h e r l y  winds u s u a l l y  produce l a r g e r  than  average  
waves. Upon a r r i v a l ,  n o r t h  winds r a p i d l y  d r i v e  l a r g e  volumes of wa te r  s o u t h  
o r  southwestward a long the  bays and out  of t h e  i n l e t s ,  c a u s i n g  e x t e n s i v e  
channe l  s c o u r i n g ,  P r i c e  (1951) noted t h a t  s t a b l e  i n l e t s  a r e  u s u a l l y  a t  t h e  
sou thwes te rn  ends of t h e  Texas bays and a t t r i b u t e d  t h i s  s t a b l e  p o s i t i o n  t o  t h e  
nor the r - induced  ebb f lows d e s c r i b e d  above. However, t h e  n e t  s o u t h w e s t e r l y  
longshore  sediment t r a n s p o r t  could  a l s o  c o n t r i b u t e  t o  t h i s  p r e f e r e n t i a l  
l o c a t  ion.  

H u r r i c a n e s  a r e  perhaps  t h e  s i n g l e  most impor tan t  f a c t o r  c o n t r o l l i n g  t h e  
Texas i n l e t  and beach changes,  but  t h e  l a c k  of q u a n t i t a t i v e  h y d r a u l i c  d a t a  and 
p res to rm and posts torm i n l e t  and beach b a t h y m e t r i e s  p r o h i b i t s  a  d e t a i l e d  
assessment  of t h e i r  e f f e c t .  



11. TIDE CHARACTERISTICS 

1, D e f i n i t i o n s  of Tide V a r i a t i o n s .  

T i d e s  i n  t h e  Gulf of Mexico c o n t r o l  t h e  d a i l y  exchange of w a t e r  th rough  
the  many Texas p a s s e s ,  enhancing t h e  q u a l i t y  of t h e  water  i n  t h e  bays and 
e s t u a r i e s .  The exchange a l s o  p r o v i d e s  a  means of t r a n s p o r t  f o r  l a r v a l  and 
a d u l t  animal  p o p u l a t i o n s ,  and t r a n s p o r t s  sediment i n t o  and ou t  of t h e  p a s s e s ,  
s i g n i f i c a n t l y  a f f e c t i n g  t h e i r  s t a b i l i t y ,  Knowledge of t h e  v a r i a b i l i t y  i n  gu l f  
t i d e s  is impor tan t  t o  unders tand  t h e  v a r i a b i l i t y  i n  bay t i d e s  and t h e  hydrau- 
l i c  c h a r a c t e r i s t i c s  of t h e  Texas passes .  Th i s  s e c t i o n  p r e s e n t s  t h e  r e s u l t s  of 
an  a n a l y s i s  d e f i n i n g  t h e  s h o r t -  and long-term v a r i a t i o n s  i n  gu l f  t i d e s ,  u s i n g  
d a t a  c o l l e c t e d  from t h e  U,S. Army Engineer  D i s t r i c t ,  Galves ton (SWG) and NOS 
( f o r m e r l y  UeS. Coast and Geodet ic  Survey) t i d e  gages .  The f o l l o w i n g  d e f i n i -  
t i o n s  a r e  used:  ( a )  Diurna l  t i d a l  r ange ,  d a i l y  h i g h e r  h i g h  w a t e r  rninus lower  
low wate r ;  ( b )  d i u r n a l  t i d e  l e v e l ,  ave rage  of h i g h e r  h igh  wa te r  and lower  low 
w a t e r ;  and ( c )  mean wa te r  l e v e l ,  ave rage  of hour ly  wa te r  l e v e l s  over  some t ime 
pe r iod ,  

I n  a n a l y z i n g  t i d e  d a t a  c o l l e c t e d  s i m u l t a n e o u s l y  from t h e  NOS and SWG gages  
a t  about  t h e  same l o c a t i o n ,  it  was found t h a t  mean water  l e v e l s  o f t e n  d i f f e r e d  
s i g n i f i c a n t l y  w i t h  r e s p e c t  t o  s t a t e d  mean low wate r  (MLW) datums. Whether 
t h i s  was caused by a d i f f e r e n c e  i n  t h e  MLW datums o r  by e r r o r s  i n  t h e  gage 
e l e v a t i o n s  is  unknown. Regard less  of t h e  c a u s e ,  q u a n t i t a t i v e  l e v e l  compar- 
i s o n s  between t h e  gages of t h e  two a g e n c i e s  could  not  be made, T h e r e f o r e ,  
much of t h e  l e v e l  d a t a  a r e  p resen ted  a s  t h e  d i f f e r e n c e  between s e l e c t e d  v a l u e s  
and a  long-term mean computed from t h o s e  v a l u e s ,  

2. Seasona l  V a r i a b i l i t y  i n  T i d a l  Range and Level.  

Behrens,  Watson, and Mason ( 1977) found t h a t  s e a s o n a l  v a r i a b i l i t y  i n  
monthly mean d i u r n a l  t i d a l  ranges  and l e v e l s  a f f e c t s  t h e  s t a b i l i t y  of t i d a l  
i n l e t s  on the  Texas c o a s t .  There fo re ,  d a t a  from t h e  NOS gages a t  F r e e p o r t  
Harbor,  Ga lves ton  P l e a s u r e  P i e r ,  and Sabine  Pass  were used t o  examine s e a s o n a l  
f l u c t u a t i o n s  between 1955 and 1975. F i g u r e s  2 and 3 show t h e  mean d e v i a t i o n  
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Figure  2. Long-term monthly mean 
t i d a l  range v a r i a b i l i t y .  
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F i g u r e  3. Long-term monthly mean wa te r  l e v e l  v a r i a b i l i t y ,  

of monthly mean v a l u e s  of the  t i d a l  range and the  water  l e v e l  from t h e  long-  
term average.  Good agreement e x i s t s  among t h e  t h r e e  s t a t i o n s ,  i n d i c a t i n g  
r e l a t i v e l y  uniform long-term behavior  of t h e  gu l f  t i d e s  throughout  t h e  s t u d y  
a r e a .  F i g u r e  3 a l s o  i n c l u d e s  t h e  mean l e v e l s  a t  Ga lves ton  due s o l e l y  t o  
a s t r o n o m i c a l  f o r c e s ,  which were p r e d i c t e d  us ing  a computer program developed 
a t  CERC (Dr, D.L. H a r r i s ,  Oceanographer,  p e r s o n a l  communication,  1978). 

Maximum monthly ranges  occur  a t  the  summer and w i n t e r  s o l s t i c e s  ( June  and 
December) when t h e  s u n ' s  g r a v i t a t i o n a l  v e c t o r  i s  more n e a r l y  p a r a l l e l  t o  t h e  
E a r t h ' s  i n  s u b t r o p i c a l  and h i g h e r  l a t i t u d e s  (Fig .  2). Minimum ranges  occur  a t  
t h e  equinoxes  (September and March) when t h e  s u n ' s  g r a v i t a t i o n a l  v e c t o r  i s  
s m a l l e s t .  The t i d a l  range f l u c t u a t i o n s  shown i n  F igure  2 i n c l u d e  t h e  e f f e c t s  
of winds. 

The s e a s o n a l  c y c l e  i n  t i d a l  range i s  no t  i n  phase w i t h  a s i m i l a r  c y c l e  
i n  wa te r  l e v e l ,  which r e s u l t s  p r i m a r i l y  from a s t r o n o m i c a l  f o r c e s ,  modif ied  



somewhat by m e t e o r o l o g i c a l  and s t e r i c  e f f e c t s .  Maximum wate r  l e v e l s  occur  i n  
September when onshore winds combine wi th  warmest ( l e a s t  dense )  wa te r .  A 
secondary  maximum a s s o c i a t e d  w i t h  onshore  winds and a s t r o n o m i c a l  f o r c e s  o c c u r s  
i n  May. Minimum l e v e l s  occur  i n  February ,  when t h e  water i s  c o l d e s t  (most 
dense )  and a s t r o n o m i c a l  i n f l u e n c e s  produce a  near-minimum l e v e l ,  and i n  Ju ly .  

F i g u r e  4 i l l u s t r a t e s  t h e  v a r i a b i l i t y  i n  d i u r n a l  t i d e  l e v e l  and range f o r  a  
r e p r e s e n t a t i v e  y e a r  (1974) ,  us ing  d a t a  from a  number of NOS and SWG gages 
throughout  t h e  s t u d y  a r e a .  Note t h e  t y p i c a l  p a t t e r n  of t i d e  l e v e l  v a r i a t i o n  
a t  s t a t i o n s  from F r e e p o r t  t o  Sabine  Pass ,  a l t h o u g h  d e v i a t i o n s  from t h e  mean 
a r e  much l a r g e r  than t h e  long-term d a t a  i n  F igure  3. F igure  5  shows g r e a t e r  
s c a t t e r  i n  t h e  range v a r i a t i o n ,  probably  due t o  m e t e o r o l o g i c a l  e f f e c t s .  

3. Annual V a r i a b i l i t y  i n  T i d a l  Range and Level.  

I n  a n a l y z i n g  t h e  d a t a ,  i t  became a p p a r e n t  t h a t  a n o t h e r  t y p e  of v a r i a b i l -  
i t y ,  t h e  d i f f e r e n c e  between mean annua l  ranges  and l e v e l s  and t h e i r  long-term 
means, cou ld  be impor tan t ,  A v a i l a b l e  d a t a  from 1955 t o  1975 f o r  t h r e e  NOS 
gu l f  c o a s t  t i d e  s t a t i o n s  a r e  p l o t t e d  i n  F igures  6 and 7. The NOS Galves ton  
channe l  gage r e c o r d s ,  which began i n  1909, p rov ide  p e r s p e c t i v e  t o  t h e  t r e n d s  
shown a t  t h e  t h r e e  s t a t i o n s  i n  F igures  6 and 7. P l o t s  of t h e  h i s t o r i c a l  
v a r i a t i o n  i n  l e v e l  and range a t  t h i s  s i t e  a r e  shown i n  F i g u r e s  8 and 9. 
F i g u r e s  6  and 8 i l l u s t r a t e  a  r e c e n t  r a p i d  i n c r e a s e  i n  mean annua l  water  l e v e l s  
a t  a l l  s t a t i o n s ;  t h e  average  r a t e  of r i s e  was r a t h e r  g r a d u a l  between 1955 and 
1970, then  i n c r e a s e d  d r a s t i c a l l y  between 1970 and 1975. The l a s t  t i m e  such a  
r a p i d  i n c r e a s e  occur red  was i n  1940. Most of t h e  r e c e n t  r i s e  may be due t o  
i n c r e a s e d  subs idence ,  s i n c e  t h e  p a t t e r n  of r e l a t i v e  water  l e v e l  r i s e ,  which 
had been s i m i l a r  f o r  t h e  t h r e e  s t a t i o n s  between 1960 and 1970, shows cons ide r -  
a b l y  d i f f e r e n t  t r e n d s  i n  t h e  l a s t  5  y e a r s  of r ecord  (F ig ,  6) .  Marmer (1951) 
ana lyzed  long-term r e c o r d s  from a  number of gu l f  c o a s t  s t a t i o n s  and found t h e  
average  r a t e  of r i s e  w a s  no t  c o n s t a n t  throughout  t h e  g u l f .  He assumed t h i s  
d i f f e r e n c e  was due t o  l o c a l i z e d  subsidence.  The importance  of mean wa te r  
e l e v a t i o n  changes t o  beach and i n l e t  s t a b i l i t y  cannot  be n e g l e c t e d  and i s  
d i s c u s s e d  l a t e r  i n  t h i s  r e p o r t .  

The h i s t o r i c a l  r ecord  of annua l  mean d i u r n a l  t i d a l  range a t  Galves ton 
(Fig .  9)  c l e a r l y  shows t h e  19-year-cycle c h a r a c t e r i s t i c  of ocean t i d e s .  Th i s  
r e s u l t s  from i n t e r f e r e n c e  of s h o r t e r  p e r i o d  a s t r o n o m i c a l  t i d e  components; 
t h e r e f o r e ,  the  p a t t e r n  a l s o  h o l d s  f o r  F r e e p o r t  Harbor and Ga lves ton  P l e a s u r e  
P i e r ,  where t h e  mean annua l  d i u r n a l  range v a r i e d  a s  much a s  0.34 f o o t  between 
1955 and 1975 (Fig .  7 ) .  The Sabine  Pass range v a r i a t i o n  d i d  no t  f o l l o w  t h i s  
p a t t e r n ,  perhaps  due t o  t h e  e f f e c t s  of f r e s h w a t e r  f low on t h e  midpass wa te r  
l e v e l s .  The p r e d i c t e d  v a l u e s  shown i n  Figure  7  r e s u l t  from t h e  computer 
program developed a t  CERC (Dr. D.L. H a r r i s ) .  

111. HYDRAULICS AND STABILITY OF SPECIFIC INLETS 

1. Brazos River-Freepor t  Harbor Entrance .  

a.  H i s t o r i c a l  Review. F r e e p o r t  Harbor ( t h e  o l d  Brazos River  E s t u a r y )  i s  
t h e  southernmost  e n t r a n c e  s t u d i e d  (F ig .  10).  Before  t h e  e x i s t e n c e  of F r e e p o r t  
Harbor, t h e  Brazos River was a  major sediment c o n t r i b u t o r  t o  t h i s  a r e a  of 
t h e  Texas c o a s t ;  t h e  ha rbor  i s  under c o n s i d e r a t i o n  a s  a  s i t e  f o r  a  deep-dra f t  
p o r t .  C o n s t r u c t i o n  a c t i v i t i e s  i n  t h i s  a r e a  have been e x t e n s i v e  and v a r i e d ,  
and i n t e r e s t i n g  e f f e c t s  of such a c t i v i t i e s  on t h e  l i t t o r a l  regime have 
developed.  



F r e e p o r t  E n t r a n c e  C h o n n e l  

C h o c o l a t e  B a y o u  
-.- G a l v e s t o n  S o u t h  J e t t y  

Jan. Feb. Mor.  Apr .  May  J u n e  July Aug. Sept. Oct.  Now. Dec. 

F i g u r e  4 ,  Upper Texas c o a s t  monthly mean t i d e  l e v e l  v a r i a b i l i t y ,  1974. 



- S y m b o l  S t a t i o n  Mean Range ( f t )  1 
Freepor t  ( S W G )  1.78 ( w i t h o u t  Apr., M a y )  
F r e e p o r t  ( N O S )  1.80 ( w i  thou! Apr., M a y )  
Son L u i s  Pass 1.62 ( w i t h o u t  Jan . )  
Choco la te  Bayou  1 . 0 5  
Golweston South J e t t y  1.9 1 ( w i t h o u t  J u n e )  
Sobine Pass ( NOS)  I . 8 3  
Golweston P l e a s u r e  P i e r  2 . 1 8  

Jan. Feb. Mar.  Apr. May June Ju ly  Aug. Sept. Oct. Mov. Dec. 

F i g u r e  5 .  Upper Texas c o a s t  monthly mean t i d a l  range v a r i a b i l i t y ,  1974. 

Galveston P I e o % u r e  P i e r  0 . 3 6  
F r e e p o r t  H a r b o r  
S a b i n e  Posa 

R e l o l i v e  Sea  L e v e l  R i s e ,  1 9 6 Q - 1 9 7 %  ( . f 9 )  

----- Golveston P leasure  P i e r  
F r e e p o r i  Harbor  

-.- Sobine Poss (mid length)  

1960 1965 1970 1975 
Year  

Figure  6. H i s t o r i c a l  v a r i a t i o n  i n  mean wa te r  l e v e l .  
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F i g u r e  7. H i s t o r i c a l  v a r i a t i o n  i n  mean d i u r n a l  t i d a l  range.  

F igure  8. V a r i a t i o n  of annual  mean water  l e v e l ,  
Galves t o n  Channel, Texas. 
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Figure  9. V a r i a t i o n  of annual  mean t i d a l  r a n g e ,  
Ga lves ton  Channel, Texas. 



F i g u r e  10. F r e e p o r t  Harbor e n t r a n c e ,  Texas. 
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Before 1881, t h e  r i v e r  mouth w a s  n a t u r a l ,  and s h i p s  v i s i t i n g  t h e  p o r t s  of 
Quintana and Velasco,  on e i t h e r  s i d e  of t h e  r i v e r ,  probably  had t o  contend 
w i t h  a  sha l low,  f r e q u e n t l y  s h i f t i n g  channe l  through t h e  ebb t i d a l  d e l t a .  The 
e a r l i e s t  a v a i l a b l e  c h a r t s  of t h e  F r e e p o r t  a r e a  show t h a t  i n  1852 t h e  Brazos 
River  mouth was f l a n k e d  on t h e  west s i d e  by a r e l a t i v e l y  s m a l l  s u b a e r i a l  
d e l t a ,  but  the  subaqueous p a r t  of t h e  d e l t a  extended some d i s t a n c e  i n t o  t h e  
g u l f  and s l i g h t l y  eas tward (Fig.  l a )  An i n i t i a l  a t t e m p t  by t h e  F e d e r a l  
government t o  s t a b i l i z e  t h e  e n t r a n c e  wi th  j e t t i e s  i n  1881 r e s u l t e d  i n  r a p i d  
a c c r e t i o n  on t h e  west s i d e  and l e s s e r  a c c r e t i o n  a d j a c e n t  t o  t h e  e a s t  j e t t y  
(Fig .  b )  Accumulation on t h e  west  s i d e  of t h i s  s i g n i f i c a n t  sediment  
source  i n d i c a t e d  n e t  westward longshore  sediment t r a n s p o r t ,  The j e t t i e s  were 
completed i n  1899, and by 1909 e x t e n s i v e  a c c r e t i o n  ( p a r t i c u l a r l y  on t h e  west  
s i d e )  had occur red  and a  l a r g e  ebb t i d a l  d e l t a  e x i s t e d  (Fig.  c ) .  The 
d i v e r s i o n  of t h e  Brazos River t o  a  new l o c a t i o n  6  m i l e s  west of F r e e p o r t  i n  
1929 e l i m i n a t e d  t h e  source  of m a t e r i a l  t o  t h e  s u r f  zone, and t h e  beaches  bo th  
downdri f t  (wes t )  and u p d r i f t  ( e a s t )  of F r e e p o r t  began e rod ing .  A t  t h e  new 
Brazos o u t l e t ,  a  d e l t a  r a p i d l y  formed, reach ing  i t s  maximum seaward e x t e n t  by 
1948. Again, t h e  maximum accumulat ion was on t h e  downdri f t  (wes t )  s i d e .  Some 
m a t e r i a l  i n  t h e  new d e l t a  was probably  d e r i v e d  from e r o s i o n  of t h e  l a r g e  
accumulat ion west of t h e  Freepor t  e n t r a n c e ;  most of t h i s  bulge had been o b l i t -  
e r a t e d  by 1948. 

Dam c o n s t r u c t i o n  on t h e  Brazos River i n  t h e  1940 's  g r e a t l y  reduced t h e  
peak f lows,  d r a s t i c a l l y  reducing t h e  sediment supply  a t  t h e  mouth (Mathewson 
and Min te r ,  1976). This  caused r e c e s s i o n  of t h e  new Brazos River  d e l t a  a f t e r  
1948. S e e l i g  and Sorensen (1973) e s t i m a t e d  t h a t  only  one- thi rd  of t h e  pre-  
1940 sediment supply  w a s  a v a i l a b l e  a f t e r  1950, The major change i n  t h e  
bathymetry o f f s h o r e  of Freepor t  e n t r a n c e  between 1946 and 1966 w a s  a  g e n e r a l  
deepening of t h e  e n t i r e  a r e a  ( S e e l i g  and Sorensen,  1973). To de te rmine  r e c e n t  
vo lumet r ic  changes i n  t h e  nearshore  bathymetry a d j a c e n t  t o  F r e e p o r t ,  SWG 
surveys  from 1966, 1970, and 1975 were used t o  c o n s t r u c t  F i g u r e s  12 and 13, A 
p lan imete r  was used t o  determine a r e a s  w i t h i n  s e l e c t e d  c o n t o u r s ,  which were 
m u l t i p l i e d  by t h e  average dep th  change w i t h i n  t h a t  a r e a  t o  y i e l d  v o l u m e t r i c  
changes. P o s i t i o n s  of t h e  12-, 20-, and 2.9-foot con tours  a r e  pLot ted i n  
F igure  14. 

Within t h e  survey l i m i t s  on t h e  e a s t  s i d e  of t h e  e n t r a n c e ,  a  l o s s  of 3.'3 x  
lo6  cub ic  ya rds  occurred between 1966 and 1975, most ly  i n  a  zone c e n t e r e d  
about  4,000 f e e t  e a s t  of t h e  j e t t i e s .  Some m a t e r i a l  accumulated i n  a  l o c a l -  
i zed  a r e a  between t h i s  e r o s i o n  zone and the  j e t t i e s ,  and about 4,000 f e e t  
o f f s h o r e .  These zones of d e p o s i t i o n  and e r o s i o n  were formed p r i m a r i l y  between 
1970 and 1975. Within t h e  scour  zone, t h e  12- and 20-foot c o n t o u r s  moved 
inshore .  Th is  e r o s i o n  may have c o n t r i b u t e d  t o  t h e  c u r r e n t  i n c r e a s e d  s h o r e l i n e  
r e c e s s i o n  r a t e s  e a s t  of t h e  j e t t i e s  by a l lowing  l a r g e r  waves t o  r e a c h  t h e  
f o r e s h o r e ,  p a r t i c u l a r l y  a t  t h e  apex of t h e  zone where r e c e n t  MSL r e t r e a t  r a t e s  
have been about  33 f e e t  per  year .  However, subs idence  i s  a l s o  a  p o s s i b l e  
c o n t r i b u t i n g  f a c t o r .  

On t h e  west  s i d e  of t h e  e n t r a n c e ,  a n  a c c r e t i o n  zone occur red  between 1966 
and 1975 i n  t h e  same r e l a t i v e  p o s i t i o n  wi th  r e s p e c t  t o  t h e  j e t t i e s  a s  on t h e  
e a s t  s i d e :  4,000 f e e t  o f f s h o r e  and 4,000 f e e t  west of t h e  j e t t i e s .  However, a  
ne t  e r o s i o n  of 2.1 x  l o 6  c u b i c  yards occur red  between 1966 and 1975. Along 
t h e  o f f s h o r e  l i m i t s  of t h e  c o n t r o l  a r e a ,  e x t e n s i v e  e r o s i o n  occur red  between 
1966 and 1970, w i t h  some a c c r e t i o n  immediately a d j a c e n t  t o  t h e  west j e t t y .  



a .  Chart  206 d a t e d  A p r i l  1858 ( s u r v e y  d a t e  1852) 

be  Chart  206 d a t e d  January  1881 

c.  Char t  206 d a t e d  March 1909 

F i g u r e  11, F r e e p o r t  e n t r a n c e  c h a r t s  wi th  dep th  con tours  i n  
f e e t  below MLW ( a f t e r  S e e l i g  and Sorensen,  1973)  



Contours in  f t  
+ = Deposition 
- = Erosion 

F i g u r e  12. Depth changes ,  F r e e p o r t  Harbor,  Texas,  1966-75. 

+ = Deposition 
.- = Erosion 

Figure  13. Depth changes ,  F r e e p o r t  Harbor,  Texas, 1970-75, 



2 0 - f t  Contour 

F i g u r e  14. P o s i t i o n s  of 12-, 20-, and 29-foot c o n t o u r s  i n  
1966, 1970, and 1975, F r e e p o r t  e n t r a n c e ,  Texas. 

The 29-foot con tour  moved landward n e a r  t h e  dredged channe l ;  away from t h e  
channe l  t h e  con tour  moved o f f s h o r e .  The 20-foot c o n t o u r ,  l o c a t e d  i n  the  o f f -  
s h o r e  e r o s i o n  zone, migra ted  landward i n  two l o c a t i o n s  between 1966 and 1970. 
However, t h e  12-f oo t  c o n t o u r ,  which moved i n s h o r e  between 1966 and 1970, 
showed e x t e n s i v e  o f f s h o r e  movement i n  l a t e r  y e a r s ,  co r respond ing  t o  t h e  depo- 
s i t i o n  zone shown i n  Figure  13. 

T h i s  c o n c u r r e n t  e r o s i o n  i n  t h e  a r e a  of t h e  20-foot wa te r  d e p t h  and t h e  
d e p o s i t i o n  near  t h e  12-foot con tour  l e d  t o  a n  examina t ion  of beach p r o f i l e s  
t a k e n  between 1966 and 1975 w i t h i n  6,000 f e e t  west  of t h e  j e t t i e s .  The pro- 
f i l e s  showed a  zone of anomalously s t e e p  o f f s h o r e  s l o p e  between t h e  18- and 
30-foot wa te r  dep ths  which eroded r a p i d l y  d u r i n g  t h a t  pe r iod .  It i s  spec- 
u l a t e d  t h a t  t h i s  i s  t h e  s l i p f a c e  of t h e  o l d  Brazos River d e l t a  which i s  erod- 
i n g  and supp ly ing  sediment t o  t h e  s h a l l o w e r  a r e a s  n e a r  t h e  12-foot contour .  
If t h i s  i s  t h e  c a s e ,  then r a p i d  beach r e c e s s i o n  west of t h e  j e t t y  may occur  i n  
t h e  f u t u r e  a s  t h e  o f f s h o r e  zone r e a c h e s  e q u i l i b r i u m .  Morton (1977) documented 
e r o s i o n  of the  d e l t a  between 1937 and 1974 (F ig .  15).  Over t h e  long term 
(1855 t o  1974) ,  Morton showed n e t  nea r shore  d e p o s i t i o n  w i t h  o f f s h o r e  and 
downdr i f t  e r o s i o n ,  

b e  Tide  C h a r a c t e r i s t i c s .  Two t i d e  gages  have been i n  c o n t i n u o u s  opera- 
t i o n  a t  F r e e p o r t  ( s e e  Fig.  10) :  a n  NOS c o n t r o l  s t a t i o n  near  t h e  Dow barge  
c a n a l  s i n c e  May 1954, and a n  SWG gage between t h e  j e t t i e s  s i n c e  June 1965. T'he 
t i d e  c h a r a c t e r i s t i c s  a t  t h e s e  l o c a t i o n s  were determined by c a l c u l a t i n g  t h e  
mean monthly d i u r n a l  t i d a l  r anges  and l e v e l s ,  and t h e  annua l  means, f o r  t h e  
r e p r e s e n t a t i v e  year  (1974) .  U n f o r t u n a t e l y ,  some days i n  A p r i l  and May were 
m i s s i n g  from t h e  SWG gage,  s o  t h e s e  months were no t  inc luded .  The 1974 mean 



Figure  15. Nearshore changes ,  F r e e p o r t  Harbor 
( a f t e r  Morton, 1977) .  



r a n g e s  d i f f e r e d  l i t t l e  between s t a t i o n s :  1.80 f e e t  f o r  t h e  NOS gage and 1.78 
f e e t  f o r  t h e  SWG gage. However, t h e  annua l  mean d i u r n a l  l e v e l s  d i f f e r e d  
s i g n i f i c a n t l y - - 0 , 5 0  f o o t  above t h e  Na t iona l  Geodet ic  V e r t i c a l  Datum (NGVD) of 
1929 o r  1.90 f e e t  above MLW f o r  t h e  NOS gage,  and 0.80 f o o t  above SWG MSL 
datum o r  2.36 f e e t  above SWG MLW. This  e x e m p l i f i e s  t h e  datum problem d i s -  
cussed p rev ious ly .  F igures  4  and 5  show a lmos t  i d e n t i c a l  monthly v a r i a t i o n s  
i n  l e v e l  and range f o r  t h e  two gages ,  

c .  T i d a l  Hydraul ics .  Unl ike  t h e  o t h e r  passes  ana lyzed ,  t h e  F r e e p o r t  
Harbor system has  a  very  s m a l l  t i d a l  prism, No t i d a l  c u r r e n t  d a t a  were found;  
t h e r e f o r e ,  s e v e r a l  t h e o r e t i c a l  approaches  were t a k e n  t o  de te rmine  t h e  hydrau- 
l i c  regime. Due t o  t ime and funding c o n s t r a i n t s ,  two-dimensional numer ica l  
models were not  a p p l i e d .  The s i m p l e s t  method t o  compute i n l e t  h y d r a u l i c  
c h a r a c t e r i s t i c s  is t h a t  of Keulegan (1967) ,  but r e c e n t  r e f inements  by S e e l i g ,  
H a r r i s ,  and Herchenroder (1977) ,  based on l e s s  r e s t r i c t i v e  assumpt ions ,  have 
been found t o  provide  more a c c u r a t e  r e s u l t s  i n  most c a s e s ,  

( 1 )  Keulegan Method. Keulegan (1967) d e f i n e d  t h e  a b i l i t y  of a n  i n l e t  
t o  f i l l  i t s  bay i n  terms of a  r e p l e t i o n  c o e f f i c i e n t ,  K, given  by 

where 

T = gul f  d i u r n a l  t i d a l  p e r i o d  (89,000 seconds )  

2a0 = mean d i u r n a l  gu l f  t i d a l  range (2.17 f e e t )  (20-year mean a t  
Galves ton P l e a s u r e  P i e r )  

A, = i n l e t  c r o s s - s e c t i o n a l  a r e a  ( s q u a r e  f e e t )  

Ab = bay a r e a  ( s q u a r e  f e e t )  

R = h y d r a u l i c  r a d i u s  of i n l e t  c r o s s  s e c t i o n  ( f e e t )  

f  = Darcy Weisbach f r i c t i o n . c o e f f i c i e n t  = 116n /R 1/3  , a 

where n  i s  Manning's c o e f f i c i e n t ,  and 0.025 i s  t h e  
average  va lue  from f i e l d  d a t a  on many i n l e t s  

L  = channel  l e n g t h  ( f e e t )  

g  = a c c e l e r a t i o n  of g r a v i t y  (32.2 f e e t  pe r  second squared)  

From c h a r t s  and o t h e r  s o u r c e s ,  t h e  Freepor t  e n t r a n c e  parameters  of A, = 25,000 
s q u a r e  f e e t ,  Ab = 1.9 x 1g7 s q u a r e  f e e t ,  R = 30 f e e t ,  L = 4,660 f e e t ,  and f  = 
0.023: K = 22.4, i n d i c a t i n g  complete f i l l i n g  of the  bay. However, i f  t h i s  
were t h e  c a s e  t h e  t i d a l  range i n  t h e  ha rbor  would be c l o s e  t o  t h a t  a t  t h e  
P l e a s u r e  P i e r ,  I n s t e a d ,  i t  is  about  0 - 3  f o o t  l e d s ,  i n d i c a t i n g  e i t h e r  t h e  
open-coast  range i s  l e s s  a t  F r e e p o r t  o r  t h e r e  is  some minor l o s s  through t h e  
e n t r a n c e  channel  unaccounted f o r  by t h e  Keulegan method. Mul t ip ly ing  t h e  
long-term average harbor  t i d a l  range of 1,84 f e e t  by t h e  harbor  a r e a  a l o n e  
y i e l d s  an  average  t i d a l  prism of 3.5 la l o 7  cub ic  f e e t ,  However, t h i s  i s  a  
minimum val.ue, s i n c e  t h e  e x t e n t  t o  which f i l l i n g  of t h e  gu l f  I n t r a c o a s t a l  



- 
Waterway a f f e c t s  t h e  h y d r a u l i c s  i s  unknown. The average  c u r r e n t  speed ,  V ,  
through the  e n t r a n c e  i s  g iven  by 

- t i d a l  pr ism v = 
T 

Tn (*c) 

For t h e  v a l u e s  above,  a n  average  speed i s  0.05 f o o t  p e r  second. I f  a  s i n u s -  
o i d a l  v a r i a t i o n  is  assumed, t h e  maximum v e l o c i t y  i s  n/2(0 .05) .  

( 2 )  Long Wave Method. Because some m a t e r i a l  has  been d e p o s i t e d  i n  
t h e  e n t r a n c e  channe l ,  ave rage  speeds  a r e  probably  h i g h e r  than 0.05 f o o t  p e r  
second. T h e r e f o r e ,  t h e  second approach i s  t o  c o n s i d e r  speeds  a s s o c i a t e d  w i t h  
p ropaga t ion  of the  t i d a l  wave through t h e  e n t r a n c e ,  r a t h e r  than  those  produced 
h y d r a u l i c a l l y .  From smal l -ampl i tude t h e o r y ,  t h e  maximum h o r i z o n t a l  o r b i t a l  
v e l o c i t y ,  umax, of a  shallow-water wave is g i v e n  by 

where a, i s  t h e  ampl i tude  of a  wave whose p e r i o d  e q u a l s  t h e  t i d a l  p e r i o d ,  g  
i s  t h e  a c c e l e r a t i o n  of g r a v i t y ,  and d  i s  t h e  depth .  For a. = 0.9 f o o t  and 
d  = 38 f e e t :  umax = 0.82 f o o t  per  second,  which is  c o n s i d e r a b l y  g r e a t e r  t h a n  
t h e  h y d r a u l i c  speed found us ing  e q u a t i o n  ( 2 ) .  

( 3 )  Harbor Resonance Model. The e f f e c t s  of o t h e r  long wave a c t i o n  i n  
t h e  ha rbor  were c o n s i d e r e d  by app ly ing  Ippen and Goda's (1963) h a r b o r  r eso-  
nance model. The i r  model provides  a c c e p t a b l e  r e s u l t s  over  a  l a r g e  range of 
v a l u e s  of kd ( k  = wave number = 2n/L, L = wavelength ,  d  = h a l f  of t h e  h a r b o r  
wid th )  f o r  r e l a t i v e l y  l a r g e  v a l u e s  of the  r e f l e c t i o n  c o e f f i c i e n t  (between 0.8 
and 0.9). The t h e o r y  i s  based on t h e  f o l l o w i n g  assumpt ions :  

( a )  The ha rbor  is  e x c i t e d  by a  r e g u l a r  wave t r a i n  moving normal 
t o  t h e  c o a s t l i n e .  

( b )  A l l  boundar ies  a r e  p e r f e c t l y  r e f l e c t i n g .  

( c )  The wa te r  dep th  i s  c o n s t a n t  and e q u a l ,  both  i n s i d e  and ou t -  
s i d e  t h e  ha rbor .  

( d )  Small-amplitude wave t h e o r y  i s  a p p l i c a b l e .  

( e )  The h a r b o r  e n t r a n c e  i s  smal l  compared t o  t h e  wavelength  
(kc12 < - 1; c  = width  of t h e  ha rbor  e n t r a n c e ) .  

For t i d a l  p e r i o d s ,  no a m p l i f i c a t i o n  of t h e  t i d a l  range was p r e d i c t e d .  
However, f o r  waves of t h e  p e r i o d s  shown i n  Table 1 ,  s i g n i f i c a n t  a m p l i f i c a t i o n  
could  occur .  U n f o r t u n a t e l y ,  t h e  c o a r s e n e s s  of t h e  t i d a l  d a t a  p rec luded  
performing a  s p e c t r a l  a n a l y s i s  t o  de te rmine  i f  energy i s  p r e s e n t  i n  t h e  gu l f  
a t  t h e s e  p e r i o d s .  

Ga lves ton  D i s t r i c t  h a s  proposed m o d i f i c a t i o n s  t o  t h e  ha rbor  and e n t r a n c e  
which roughly  double  t h e  p r e s e n t  channel  width ,  j e t t y  s p a c i n g ,  and c r o s s -  
s e c t i o n a l  a r e a ,  and i n c r e a s e  t h e  a u t h o r i z e d  d e p t h  from 45 t o  50 f e e t .  Using 



Table  1. A m p l i f i c a t i o n  of f a c t o r s  f o r  long  waves* 

wave p e r i o d  

e q u a t i o n  ( 3 ) ,  i t  i s  p r e d i c t e d  t h a t  umax i n  t h e  new channel  reduces  t o  a b o u t  
Oe7 f o o t  pe r  second, Lppen and Godass program shows t h a t  a m p l i f i c a t i o n  of any 
long  waves w i l l  be reduced,  

( 4 )  E x t e r n a l  E f f e c t s .  The h y d r a u l i c s  of F r e e p o r t  a r e  a l s o  i n f l u e n c e d  
by a  manmade f a c t o r ,  t h e  Dow Chemical Company's wi thdrawal  of water  from t h e  
h a r b o r  and subsequent  d i s c h a r g e  i n t o  t h e  Brazos River ,  F i g u r e s  o b t a i n e d  from 
Dow ( J . M ,  K i e s l i c h ,  Ga lves ton  D i s t r i c t ,  p e r s o n a l  communication, 1977) show 
t h a t  t h e  q u a n t i t i e s  of wa te r  range from abou t  5.4 x  lo9  c u b i c  f e e t  pe r  month 
( w i n t e r )  t o  7.6 x  l o9  c u b i c  f e e t  per month (summer) o r  a n  average  f low th rough  
t h e  e n t r a n c e  of between 2,000 and 2,900 c u b i c  f e e t  pe r  second. Thus, a  l and-  
ward average  v e l o c i t y  of 0.14 t o  0,10 f o o t  per  second would be superimposed on 
any t i d a l  c u r r e n t s .  These v e l o c i t i e s  w i l l  be g r e a t e r  i f  t h e  i n s t a n t a n e o u s  
wi thdrawal  r a t e  is g r e a t e r  than  the  monthly average .  This v e l o c i t y  component 
may seem s m a l l ,  but  c o n s i d e r  t h a t  sediment t r a n s p o r t  r a t e  i s  a n  e x p o n e n t i a l  
f u n c t i o n  of v e l o c i t y  (assume t h i r d  power). For uma, = 0.82 f o o t  per  second 
( t i d a l  o n l y )  and t h e  maximum average  a r t i f i c i a l  c u r r e n t ,  0.19 f o o t  pe r  second,  
umax flood = Oe82 -1- 0.19 = 1.01 f e e t  per  second and u,~,, = 0182 - 0.19 = 

0 0 6 3  f o o t  per second. The f l o o d  sediment t r a n s p o r t  c a p a b r l r t y  would t h e n  be 
f o u r  t imes a s  g r e a t  a s  the  ebb,  a  f a c t o r  which could  be c o n t r i b u t i n g  t o  t h e  
e n t r a n c e  s h o a l i n g  problems. 

d. S t a b i l i t y  of F r e e p o r t  Entrance .  F r e e p o r t  Harbor e n t r a n c e  i s  a t y p i c a l  
of o t h e r  i n l e t s  i n  t h i s  s tudy  s i n c e  c u r r e n t s  a r e  probably  unable  t o  t r a n s p o r t  
sand  s i z e  m a t e r i a l  o r  scour  f i n e r  sediment.  T h e r e f o r e ,  t h e  major problem a t  
t h e  e n t r a n c e  is  e x t e n s i v e  d e p o s i t i o n  of ve ry  f i n e  s i l t s  and c l a y s .  To 
q u a n t i f y  t h e  d e p o s i t i o n  r a t e  of t h i s  m a t e r i a l ,  d redg ing  su rveys  from 1970 t o  
1973 were ana lyzed ,  and t h e s e  r a t e s  were computed us ing  e q u a t i o n  ( 4 ) :  

where 

'n = s h o a l i n g  r a t e  ( c u b i c  yards  pe r  month per  f o o t )  wid th  
between s t a t i o n s  n  and n+l  

%I = d i f f e r e n c e  between pos td redg ing  and subsequent  predredg- 
ing cross-channel  p r o f i l e  ( s q u a r e  y a r d s )  a t  s t a t i o n  n  

'ni- 1 - Dn = d i s t a n c e  between s t a t i o n s  n  and n3-b 

'n = width over  which d e p o s i t i o n  ocur red  a t  s t a t i o n  n  ( f e e t )  

s = time between su rveys  (months) 



Values of Sn f o r  s t a t i o n s  0  ( t h e  j e t t y  heads )  t o  -100 ( t h e  gulfward l i m i t  
of dredging a t  the  40-foot con tour  10,000 f e e t  seaward of j e t t y  ends )  a r e  
p l o t t e d  i n  F i g u r e  16. Note t h a t  t h e  a r e a  of g r e a t e s t  d e p o s i t i o n  i n  t h e  o f f -  
shore  s e c t i o n  of channel  i s  u s u a l l y  3,000 t o  4 ,000 f e e t  gul fward of t h e  j e t t y  
e n d s ,  whi le  between t h e  j e t t i e s  a  s l i g h t  maximum o c c u r s  1,000 f e e t  i n s i d e  t h e  
ends ,  The o f f s h o r e  maximum may r e f l e c t  m a t e r i a l  moved e i t h e r  from t h e  o f f s h o r e  
bottom o r  from t h e  a d j a c e n t  (5 ,000 f e e t  downcoast)  d i s p o s a l  a r e a  by wind- 
d r i v e n  c u r r e n t s ,  A l t e r n a t i v e l y ,  i t  may be ve ry  f i n e  m a t e r i a l  from t h e  long-  
s h o r e  t r a n s p o r t  regime which has  been d e f l e c t e d  gu l fward  by t h e  j e t t i e s .  

Channel dredging r a t e s  have g e n e r a l l y  i n c r e a s e d  over t h e  y e a r s  (F ig .  17) .  
Between 1940 and 1957 t h e  annua l  r a t e  was abou t  940,000 c u b i c  ya rds  pe r  y e a r ;  
between 1957 and 1968 about 800,000 cub ic  ya rds  pe r  yea r ;  and between 1968 and 
1975 about  1,450,000 cub ic  yards  p e r  year.  Th i s  may be a t t r i b u t e d  t o  i n c r e a s -  
ing  depths  i n  the  n a v i g a t i o n  channel  (1932 t o  1961, 32 f e e t ;  1961 t o  p r e s e n t ,  
38 f e e t )  , but  r ea l inement  of t h e  o f f  s h o r e  bottom a d j a c e n t  t o  t h e  channe l  may 
a l s o  have i n c r e a s e d  maintenance requ i rements .  

e. Summary. Since  F r e e p o r t  e n t r a n c e  has  no s e l f - s c o u r i n g  c a p a b i l i t y ,  
c o n v e n t i o n a l  s t a b i l i t y  a n a l y s e s  d i s c u s s e d  l a t e r  cannot be a p p l i e d .  However, 
due t o  t h e  l a c k  of s i g n i f i c a n t  water  exchange between F r e e p o r t  Harbor and t h e  
Gulf of Mexico, t h e  dredged n a v i g a t i o n  channe l  s e r v e s  a s  an  e x c e l l e n t  t r a p  f o r  
d e p o s i t i o n  of f i n e - g r a i n e d  sediment.  Three p o s s i b l e  s o u r c e s  of t h i s  m a t e r i a l  
a r e  ( 1 )  dredged-spoi l  d i s p o s a l  too c l o s e  t o  t h e  channel  wi th  subsequent  move- 
ment i n t o  t h e  channe l ;  ( 2 )  seaward d e f l e c t i o n  of t h e  longshore  c u r r e n t s  which,  
when f lowing over  the  channe l ;  l o s e  much of t h e i r  t r a n s p o r t i v e  power and a l l o w  
f i n e  sediment d e p o s i t i o n ;  and ( 3 )  ad jus tment  of t h e  o f f s h o r e  bottom t o  t h e  
a r t i f i c i a l l y  s t e e p  channel  shape.  

Two approaches  can be used t o  p o s s i b l y  reduce d e p o s i t i o n  i n  t h e  e n t r a n c e  
and ha rbor .  F i r s t ,  surveys  i n d i c a t e  t h a t  hopper-dredged m a t e r i a l ,  c u r r e n t l y  
d i s p o s e d  of w i t h i n  5,000 f e e t  of t h e  channe l ,  i s  no t  accumulat ing i n  t h e  
d i s p o s a l  a r e a .  There fo re ,  the  m a t e r i a l  may be r e t u r n i n g  t o  t h e  n a v i g a t i o n  
channel .  A t r a c e r  t e s t  could be used t o  de te rmine  whether moving t h e  d i s p o s a l  
s i t e s  f a r t h e r  away from t h e  e n t r a n c e  w i l l  r educe  maintenance dredging r e q u i r e -  
ments i n  both  t h e  o f f s h o r e  and j e t t y  channe l s ,  Second, r educ ing  t h e  i n t a k e  of 
Dow Chemical Company's waterf low could produce b e n e f i c i a l  r e s u l t s .  However, 
more d a t a  on i n l e t  f low v e l o c i t i e s  and s a l i n i t i e s  should  be c o l l e c t e d  b e f o r e  
such a  procedure  is  cons ide red .  

2. San Luis  Pass.  

a .  H i s t o r i c a l  Review. San Luis  Pass ,  which connec t s  t h e  Gulf of Mexico 
wi th  Chr is tmas ,  Bas t rop ,  and West Bays (F ig .  l ) ,  i s  l o c a t e d  a t  t h e  sou thwes t  
end of West Bay. P r i c e  (1951) c h a r a c t e r i z e d  t h e  southwest  end a s  a n  e q u i l i b -  
rium p o s i t i o n  f o r  many Texas i n l e t s .  

The f i r s t  U,S. Coast and Geodet ic  Survey (USChGS) c h a r t  survey of San Lu i s  
Pass  was made i n  1853 ( c h a r t  H389, Fig. 1 8 ) ,  a l t h o u g h  the  pass had been i n  
e x i s t e n c e  s i n c e  a t  l e a s t  1834 (Lee, 1966). A d d i t i o n a l  USC&GS surveys  were 
made i n  1867 ( c h a r t  H931, Fig. 19) and 1933 ( c h a r t  H5488, Fig.  20). There i s  
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F i g u r e  17. Cumula t ive  dredged  volumes ,  F r e e p o r t ,  Texas ,  1910-75. 





F i g u r e  20. San Luis  Pass ,  1933 ( a f t e r  USCGGS c h a r t  H5488). 

some d i s c r e p a n c y  between t h e  l o n g i t u d e s  on t h e  f i r s t  two su rveys  and t h e  1933 
survey.  I f  permanent i n t e r i o r  r e f e r e n c e  p o i n t s  a r e  used,  t h e  l o n g i t u d e  l i n e s  
of the  e a r l y  su rveys  a r e  1,460 f e e t  (more than  0.4') west of t h e i r  c o u n t e r -  
p a r t s  on t h e  1933 survey.  The 1867 survey i s  a l s o  q u e s t i o n a b l e  i n  o t h e r  
r e s p e c t s ;  t h e  survey shows t h a t  t h e  west end of Galves ton I s l a n d  had ex tended  
westward more t h a n  2,000 f e e t  i n  on ly  14 yea rs .  These su rveys  and numerous 
a e r i a l  photos  were used t o  de te rmine  t h e  h i s t o r i c a l  v a r i a t i o n  i n  i n l e t  c r o s s -  
s e c t i o n a l  a r e a ,  minimum wid th ,  and h y d r a u l i c  r a d i u s  (Fig .  21). Widths 
ob ta ined  from t h e  photos a r e  approx imate ly  from mean h igh  water (MHW) t o  FIHW 
and a r e  a c c u r a t e  t o  a t  l e a s t  10 pe rcen t .  C r o s s - s e c t i o n a l  p r o f i l e s  of t h e  
minimum-width c r o s s  s e c t i o n  a r e  shown i n  F igure  22. 

The d e e p e s t  p a r t  of San Luis  Pass has  h i s t o r i c a l l y  been t h e  sou thwes t  s i d e  
of the  i n l e t ,  ve ry  c l o s e  t o  San Luis  and F o l l e t t ' s  I s l a n d s .  Through a t  l e a s t  
1867, San Lu i s  I s l a n d  and F o l l e t t ' s  I s l a n d  were s e p a r a t e d  by a  wide and r e l a -  
t i v e l y  deep channe l  known a s  Cold Pass  which, wi th  a n o t h e r  channel  on t h e  
n o r t h  s i d e  of San Luis  I s l a n d ,  s u p p l i e d  gu l f  wa te r  t o  Chr is tmas  Bay and a d j a -  
c e n t  a r e a s .  By 1933 (Fig .  20) ,  F o l l e t t ' s  I s l a n d  extended a c r o s s  Cold P a s s  and 
connected w i t h  San Luis  I s l a n d .  By 1938 (F ig .  23) ,  a  wide p l a t f o r m  w i t h  a  
h igh berm a long  the  o u t e r  edge had developed gulfward of San Luis  I s l a n d .  
Between 1938 and 1952 (Fig .  24) t h e  width  d r a s t i c a l l y  d e c r e a s e d , d u e  t o  west-  
ward growth of Ga lves ton  I s l a n d .  U n f o r t u n a t e l y ,  no photos  were a v a i l a b l e  
which r e v e a l e d  t h e  p o s s i b l e  causes  of t h i s  even t .  Major h u r r i c a n e s  i n  t h e  
e a r l y  1940's  and weather  p a t t e r n s  a s s o c i a t e d  wi th  a  drought  i n  the  l a t e  1940 ' s  
and e a r l y  1950 's  may have c o n t r i b u t e d .  
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F i g u r e  21. San Luis  Pass  h i s t o r i c a l  v a r i a t i o n  i n  i n l e t  width ,  
a r e a ,  and h y d r a u l i c  r a d i u s .  

F igure  22. Minimum-width cross-sectional p r o f i l e s ,  §an Luis  Pass, Texas. 



Figure 23, §an Luis Pass, 1938. 

Figure 2 4 ,  §an Luis Pass, 1952, 



A p e r i o d  of i n l e t  widening began between 1952 and 1954. F igure  25 shows 
p a r t s  of the  ebb t i d a l  d e l t a .  Continued widening between 1954 and 1956 coin-  
c i d e d  w i t h  s l i g h t  a c c r e t i o n  on t h e  southwest  s h o u l d e r  and minor r o t a t i o n  of 
t h e  s h o a l  a d j a c e n t  t o  i t .  F i g u r e s  26 and 27 p rov ide  a  comparison of t h e  
e n t i r e  e x t e n t  of t h e  ebb t i d a l  d e l t a  i n  1957 and t h e  p o s t h u r r i c a n e  c o n d i t i o n  
i n  1961. During t h i s  4-year p e r i o d ,  t h e  end of Cold Pass  was over topped and a  
l a r g e  h u r r i c a n e  washover, wi th  a  s i m i l a r  b reach  on t h e  e a s t  s i d e ,  developed.  
A l a r g e  bulge formed on t h e  southwest  s h o u l d e r ;  gul fward of t h e  bulge  t h e  ebb 
t i d a l  d e l t a  had moved about  1 ,700 f e e t  southwest .  These major changes were 
undoubtedly  due t o  h u r r i c a n e s .  A h u r r i c a n e  i n  1959 passed d i r e c t l y  over  t h e  
p a s s ,  and i n  1961 Car la  s t r u c k  t h e  c o a s t  a t  Pass  Cava l lo ,  producing unusua l ly  
l a r g e  waves and s t r o n g  c u r r e n t s  a t  San Luis Pass .  U n f o r t u n a t e l y ,  no photos  
were a v a i l a b l e  between 1957 and 1961 t o  i n d i c a t e  t h e  e x t e n t  of t h e s e  changes. 

The 1962 photo (F ig .  28) shows con t inued  change i n  t h e  l o c a t i o n  and shape 
of t h e  ebb t i d a l  d e l t a ,  but  t h e  sou thwes t  beach remained r e l a t i v e l y  c o n s t a n t .  
The f i r s t  a v a i l a b l e  c r o s s  s e c t i o n  s i n c e  1933 showed an i n c r e a s e  of about  4,000 
s q u a r e  f e e t  i n  t h e  minimum a r e a ,  w i t h  a  s h a l l o w e r  thalweg l o c a t e d  about  500 
f e e t  e a s t  and a  deeper  e a s t  s i d e  (F ig .  22). Between 1962 and 1965 (F ig .  29) 
t h e  sou thwes t  s h o r e l i n e  bulge remained e x a c t l y  i n  l i n e  wi th  t h e  end of t h e  ebb 
t ida l .  d e l t a ,  but  both had moved away from t h e  p a s s ,  and t h e  i n l e t  width had 
i n c r e a s e d  t o  more than 4,000 f e e t .  On t h e  n o r t h e a s t  s i d e ,  a  t h i n  s p i t  con- 
n e c t i n g  Galves ton I s l a n d  wi th  t h e  h i g h e r  remnants of t h e  i s l a n d  was exposed i n  
1962 (F ig .  23). Since  1965, t h e  i n l e t  width has  remained a lmos t  c o n s t a n t  a t  
s l i g h t l y  more than 4,000 f e e t ;  the  c r o s s - s e c t i o n a l  a r e a  a p p a r e n t l y  remained 
c o n s t a n t  between 1962 and 1976. Beaches w i t h i n  5,000 f e e t  southwest  of the  
pass have a c c r e t e d ,  whi le  those  w i t h i n  10,000 f e e t  n o r t h e a s t  have e roded ,  
a c c e n t u a t i n g  t h e  downdrif t of £ s e t  t y p i c a l  of many Texas i n l e t s *  

b, Sediment Volume Changes. 

( 1 )  Ebb T i d a l  De l t a .  The 1853 and 1933 su rveys  p rov ided  enough d a t a  
t o  q u a n t i t a t i v e l y  d e f i n e  t h e  ebb t i d a l  d e l t a ,  and t h r e e  methods were used t o  
c a l c u l a t e  sediment volume changes.  The f i r s t  method was t h a t '  of Dean and 
Walton (1973) ,  where the  ebb t i d a l  d e l t a  was d e l i n e a t e d  by t h e  p o i n t s  a t  which 
s h o r e - p a r a l l e l  bottom con tours  a r e  f i r s t  d i s t o r t e d  by t h e  i n f l u e n c e  of t h e  
i n l e t .  These con tours  were then  drawn s h o r e - p a r a l l e l  a c r o s s  t h e  i n l e t  l o c a -  
t i o n  t o  t h e i r  c o u n t e r p a r t s  on t h e  o p p o s i t e  s i d e .  Grids  were superimposed on 
t h e s e  con tours  and t h e  a c t u a l  s u r v e y ,  and d i f f e r e n c e s  between t h e  a r t i f i c i a l  
and a c t u a l  dep ths  a t  each g r i d  p o i n t  were c a l c u l a t e d .  An average  d e p t h  d i f -  
f e r e n c e  from the  f o u r  c o r n e r s  of each g r i d  square  was c a l c u l a t e d ,  and t h i s  
d i f f e r e n c e  was m u l t i p l i e d  by t h e  g r i d  square  a r e a  t o  a r r i v e  a t  a  volume. The 
volumes were then summed over t h e  e n t i r e  ebb t i d a l  d e l t a  t o  y i e l d  t h e  t o t a l  
volume of sediment i n  t h e  d e l t a .  Each s i d e  of t h e  s q u a r e s  used i n  t h i s  ana ly -  
s is  was 625 f e e t  long.  

The ebb t i d a l  d e l t a  volume i n  1853 was 4,815,000 c u b i c  ya rds  over  a n  a r e a  
of 8.67 x l o 7  square  f e e t .  By 1933 the  volume had i n c r e a s e d  t o  6 ,070,000 
c u b i c  ya rds  over an  a r e a  of 7.3 x lo7 s q u a r e  f e e t .  Between 1853 and 1933 
r e l a t i v e  sea  l e v e l  rose  1.4 f e e t  o r  0.0175 f o o t  per  yea r  (Hicks ,  1972),  which 
o v e r  a n  a r e a  of 7.3 x  l o 7  s q u a r e  f e e t  amounts t o  a  v o l u m e t r i c  i n c r e a s e  of 
3,790,000 cub ic  ya rds .  T h e r e f o r e ,  t h e  t o t a l  volume change on the  ebb t i d a l  
d e l t a  between 1853 and 1933 was 5 ,050,000 c u b i c  y a r d s ,  w i t h  a n  a n n u a l  a c c r e -  
t i o n  r a t e  of 63,000 cubic  yards  per  yea r .  An a r e a  d e c r e a s e  of 1.37 x l o 7  
s q u a r e  f e e t  o f f  t h e  t i p  of F o l l e t t ' s  I s l a n d  a l s o  occur red  d u r i n g  t h i s  pe r iod .  



F i g u r e  25. San L u i s  P a s s ,  1954. 

F i g u r e  26. San Lu i s  P a s s ,  1957. 

F i g u r e  27, San Lu i s  P a s s ,  1961, 



F i g u r e  28. San Luis  P a s s ,  1962. 

Figure  29. San Luis  P a s s ,  1965. 

Ln 1853, t h e  thalweg extended sou th - sou theas t  from t h e  pass  and was f l a n k e d  by 
a  l a r g e  s h o a l  t o  the  west. By 1933, t h e  thalweg had s h i f t e d  such t h a t  t h e  
g u l f  end was a l i n e d  a lmost  due e a s t ,  and t h e  s h o a l  had been d r i v e n  n o r t h  and 
e a s t ,  thus  reducing the  t o t a l  a r e a  of the  ebb t i d a l  d e l t a .  Fu tu re  s h i f t s  i n  
t h e  thalweg l o c a t i o n s  (Fig .  30) were o b t a i n e d  froro a e r i a l  photos.  Compared t o  
most o t h e r  i n l e t s ,  the  l o c a t i o n  of the  San Luis  Pass  thalweg has  remained 
q u i t e  s t a b l e .  



F i g u r e  30. San Luis  Pass  thalwegs ,  

( 2 )  Flood T i d a l  De l t a .  The boat  s h e e t s  and a e r i a l  photos  examined 
provided l i t t l e  q u a n t i t a t i v e  d a t a  f o r  t h e  f l o o d  t i d a l  d e l t a .  Only abou t  60 
pe rcen t  of the  a r e a  surveyed i n  1933 had been surveyed i n  1853 and 1867, and 
then  wide ly  spaced survey l i n e s  were used* T h e r e f o r e ,  t h e  accuracy  of t h e  
second method i s  not  a s  g r e a t  a s  the  method used f o r  t h e  ebb t i d a l  d e l t a .  An 
833-foot g r i d  square  was superimposed on each b o a t  s h e e t  and t h e  d e p t h s  a t  
each g r i d  p o i n t  were no ted ,  The d i f f e r e n c e  between t h e  1853 and 1933 d e p t h s  
a t  each g r i d  p o i n t  was averaged f o r  each  square .  T h i s  d i f f e r e n c e  was then  
m u l t i p l i e d  by t h e  g r i d  square  a r e a  t o  y i e l d  t h e  volume d i f f e r e n c e .  The volume 
d i f f e r e n c e  f o r  t h e  f l o o d  t i d a l  d e l t a  a r e a  (abou t  8.7 x  l o7  s q u a r e  f e e t )  was 
178,000 c u b i c  yards .  However, accoun t ing  f o r  the  r e l a t i v e  sea  l e v e l  r i s e  of 
1.4 f e e t ,  t h e  t o t a l  volume d e p o s i t e d  was 4,690,000 c u b i c  ya rds  w i t h  a n  annua l  
a c c r e t i o n  r a t e  of 59,000 cub ic  yards  per y e a r ,  which is about  t h e  s a n e  a s  t h e  
ebb t i d a l  d e l t a  r a t e  of 63,000 c u b i c  ya rds  pe r  y e a r o  S ince  t h e  sum of t h e s e  
r a t e s  (122,000 cub ic  ya rds  per  y e a r )  d i f f e r e d  from o t h e r  computed e s t i m a t e s ,  a  
more a c c u r a t e  method was then  a p p l i e d  t o  bo th  t h e  ebb and f l o o d  t i d a l  d e l t a s .  

( 3 )  Ebb and Flood T i d a l  D e l t a s .  The t h i r d  method c o n s i s t e d  of a g a i n  
us ing  625-foot g r i d  s q u a r e s ,  bu t  t h i s  t ime a p p l i e d  over  t h e  e n t i r e  a r e a  of t h e  
1853 survey ( 2 , 3  x lo8 square  f e e t ) .  A t  each g r i d  p o i n t ,  the  1853 and 1933 
d e p t h s  were recorded  and t h e  1933 v a l u e  s u b t r a c t e d  from t h e  1853 v a l u e ,  The 
r e s u l t s  of t h e  d i f f e r e n c e s  were then  con toured  (F ig .  3 1 ) ,  To o b t a i n  t h e  
volume change,  t h e  a r e a s  w i t h i n  each con tour  l i n e  were measured, u s i n g  a  
p l a n i m e t e r ,  and then m u l t i p l i e d  by the  average  dep th  change w i t h i n  t h e  a r e a ,  
These volumes were then  summed, a r r i v i n g  a t  v a l u e s  of 2,540,000 c u b i c  ya rds  of 
d e p o s i t i o n  on the  f l o o d  t i d a l  d e l t a  and 11 m i l l i o n  c u b i c  ya rds  of e r o s i o n  on 
t h e  ebb t i d a l  d e l t a ,  I f  t h e  1.4-foot s e a  l e v e l  r i s e  i s  m u l t i p l i e d  by t h e  ebb 
and f l o o d  d e l t a  a r e a s ,  and t h e  p roduc t s  added t o  t h e s e  v a l u e s ,  d e p o s i t i o n  was 
7,700,000 c u b i c  ya rds  on t h e  f l o o d  t i d a l  d e l t a  and e r o s i o n  was 4,330,000 c u b i c  
yards  from the  ebb t i d a l  d e l t a ,  f o r  a  n e t  d e p o s i t i o n  of 3,370,000 c u b i c  ya rds  
a t  an a v e r a g e  annua l  d e p o s i t i o n  r a t e  of 42,000 c u b i c  ya rds  per  y e a r ,  Th i s  
t h i r d  method was a l s o  used by Morton (1977) t o  e s t i m a t e  volume changes a t  
o t h e r  Texas i n l e t s ,  



Survey  L imi ts  

Su rvey  L im i ts  

Figure 31, §an Luis Pass depth changes, 1853-1933, 
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c .  T i d e  C h a r a c t e r i s t i c s .  

( 1 )  Summary of  H y d r a u l i c  Data C o l l e c t i o n .  E x t e n s i v e  t i d e  and c u r r e n t  
d a t a  f o r  t h e  San Lu i s  P a s s  sys t em ( C h r i s t m a s  Bay, B a s t r o p  Bay, and West Bay) 
were a v a i l a b l e  t o  a n a l y z e  t h e  h y d r a u l i c s  of  t h e  sys tem.  The f i r s t  t i d e  meas- 
urements  were made by NOS i n  c o n n e c t i o n  w i t h  t h e  1933 b a t h y m e t r i c  s u r v e y  and 
were o b t a i n e d  j u s t  i n s i d e  t h e  i n l e t  a t  t h e  s i t e  shown i n  F i g u r e  32. Between 
October  1936 and October  1937, SWG conducted  a n  e x t e n s i v e  t i d e  g a g i n g  program 
t h r o u g h o u t  G a l v e s t o n  Bay, and r e c o r d s  f o r  t h e  months November 1936 and June  
1937 were p u b l i s h e d  (U.S. Army Eng inee r  D i s t r i c t ,  G a l v e s t o n ,  1942).  

G Goge  ( Continuous since 1964) 

X 

WEST BAY 

CHRISTIWAS BAY 

F i g u r e  32. San Lu i s  Pass  t i d e  gage  l o c a t i o n s  ( a f t e r  NOS c h a r t  11322) .  



Tide and c u r r e n t  d a t a  measured over  a  15-hour p e r i o d  were o b t a i n e d  by SWG 
i n  February  1962 f o r  use  i n  c a l i b r a t i n g  a  p h y s i c a l  model of Galves ton Bay. 
Only two c u r r e n t  s t a t i o n s  i n  t h e  t h r o a t  were occup ied ;  v e l o c i t i e s  were meas- 
ured every  h a l f  hour a t  t h r e e  dep ths :  u s u a l l y  1, 7 ,  and 13 f e e t *  

Cur ren t  speeds  were a g a i n  measured f o r  28 hours  by SWG between 4  and 5  May 
1965 f o r  the  p h y s i c a l  model i n  the  Texas Coast  Hur r i cane  S t u d i e s s  Measure- 
ments were made a t  on ly  one s t a t i o n  i n  t h e  t h r o a t  a t  f o u r  dep ths :  2 ,  7, 12, 
and 18 f e e t ,  An SWG t i d e  gage a t  Sea I s l e  Marina i n  West Bay was o p e r a t i o n a l  
from 14 August 1964 t o  3 January  1968, p r o v i d i n g  a n  a n a l o g  r e c o r d  of t h e  bay , 

t i d e .  

S e v e r a l  t i d e  gages  were o p e r a t i o n a l  between September and November 1965: 
NOS gage a t  Jamaica Beach i n  West Bay and t h e  Ga lves ton  P l e a s u r e  P i e r ,  SWG 
gages  i n  Chocola te  Bayou (26 August 1964 t o  p r e s e n t )  and Sea Esle  Marina, 

In  J u l y  and August 1969, t i d e  measurements were made by NOS i n  Chr is tmas  
Bay, West Bay ( A l l i g a t o r  P o i n t ) ,  and a t  t h e  P l e a s u r e  P i e r ,  h a l o g  r e c o r d s  f o r  
1974 were o b t a i n e d  f o r  t h e  SW §an Luis Pass  and Choco la te  Bayou gages ,  a s  
were t a b u l a t e d  h ighs  and lows f o r  t h e  NOS Ga lves ton  P l e a s u r e  P i e r  gage. 

On 24 June 1976, c u r r e n t  measurements between 1300 and 2400 hours  were 
made by Espey, Huston and A s s o c i a t e s  t o  o b t a i n  a  r a t i n g  curve  f o r  t h e  pass  
( J o h n s t o n  and Ward, 1976). Three s t a t i o n s  were occupied i n  t h e  t h r o a t  of t h e  
pass .  From t h e s e  d a t a ,  a  d i s c h a r g e  v e r s u s  c e n t e r  v e l o c i t y  curve  was developed 
f o r  f u t u r e  measurements. Espey, tIuston and A s s o c i a t e s  r eoccup ied  t h e  c e n t e r  
s t a t i o n  i n  t h e  t h r o a t  between 20 and 23 J u l y  1976, and o b t a i n e d  hour ly  meas- 
urements,  u s u a l l y  a t  f i v e  d e p t h s ,  wi th  o c c a s i o n a l  r e a d i n g s  a t  t h e  bottom, 
Concurrent  t i d a l  d a t a  were a v a i l a b l e  from t h e  SWG gages  a t  t h e  pass  and 
Chocola te  Bayou, 

( 2 )  Data h a l y s f s  -- and R e s u l t s .  The o b j e c t i v e  of tile h .ydraul ic  d a t a  
a n a l y s i s  was o  de te rmine  t h e  t i d e  ~ G r a c t e r i s t i c s ,  c u r r e n t s ,  and d i s c h a r g e s ,  
a l o n g  w i t h  f r i c t i o n  and d i s c h a r g e  c o e f f i c i e n t s .  

( a )  T i d a l  Ranges and Leve l s ,  Table 2  summarizes t h e  a v a i l a b l e  -- 
i n f o r m a t i o n  on t i d a l  r anges  throughout  t h e  i n l e t - b a y  system, West Bay 
( i n c l u d i n g  Chocola te  Bayou) and Chris tmas  Bay respo~zd s i m i l a r l y  t o  t h e  g u l f  
t i d e ;  i , e . ,  t h e  t i d a l  range i n  each bay i s  about  0.45 t h a t  a t  t h e  Galves ton 
P l e a s u r e  P i e r .  The 197'4 average  annual  §an Luis  Pass  range i s  about  t h r e e -  
f o u r t h s  t h a t  of t h e  p i e r ,  i n d i c a t i n g  some energy l o s s  over  t h e  ebb t i d a l  
d e l t a ,  The p a t t e r n  of 1944 monthly v a r i a b i l i t y  i n  t i d a l  range f o r  the  San 
L u i s  Pass gage (Fig .  5) was c o n s i d e r a b l y  d i f f e r e n t  from t h a t  of Chocola te  
Bayou and the  P l e a s u r e  P i e r ,  presumably the  r e s u l t  of m e t e o r o l o g i c a l  e f f e c t s  
a t  t h e  pass  s i n c e  t h e  p a t t e r n  of range v a r i a b i l i t y  due t o  a s t r o n o m i c a l  c a u s e s  
more c l o s e l y  approximates  t h e  Chocola te  Bayou p a t t e r n .  The monthly & i d e  l e v e l  
v a r i a b i l i t y  p a t t e r n s  (F ig .  4) a r e  s i m i l a r  t o  t h o s e  of o t h e r  gu l f  c o a s t  
l o c a t i o n s .  

( b )  T i d a l  Phases ,  Phase i n f o r m a t i o n  is u s e f u l  i n  anal-yzing t h e  
h y d r a u l i c s  of an  i n l e t  bay s G t e m ,  Concurrent  t i d a l  d a t a  from 15 t o  30 J u l y  
1969 were ana lyzed  t o  de te rmine  t h e  phase l a g s  between h i g h  and low w a t e r s  a t  
s e v e r a l  l o c a t i o n s ;  the  r e s u l t s  a r e  summarized i n  Table 3, High and low wate r s  
oc.cur a lmos t  s i m u l t a n e o u s l y  a t  San Luis  Pass  and. t h e  Ga lves ton  P l e a s u r e  P i e r ,  



Table  2 -  San Luis  Pass  t i d a l  r anges ,  

Nov, 1936 

J u n e  1937 

J u s t  i n s i d e  i n l e t  
Karancahua Reef 

J u s t  i n s i d e  i n l e t  
Karancahua Reef 

Sep t ,  t o  Nov. Ga lves ton  P l e a s u r e  P i e r  (NOS) 
1965 I Janalca Beach, West Bay (NOS) 

I Cho-ola te  3ayou (SWG) 

J u l y  t o  Aug. 
1969 

1974 

J u l y  1974 

G a l v e s t ~ a  P l e a s u r e  P i e r  (NOS) 
San Luis  b r idge  (SWG) 
Chr is tmas  Day (NOS) 
A l l i g a t o r  Po in t  (NOS) 
Chocola te  Bayou ( S W )  

Ga lves ton  P l e a s u r e  P i e r  (NOS) 
San Luis  Pass  b r idge  (SWG) 
Chocola te  Bayou (SWG) 

Galves ton  P l e a s u r e  P i e r  (NOS) 
San Luis  Pass  b r i d g e  (SWG) 
Chocola te  Bayou (SWG) 

Diu rna l  
r ange ,  R 

( f t )  
P. .  

1.13 

0 ,71  
0.89 

0.72 
0.90 

2.06 
0.98 
0.98 

2.16 
1.81 
0.98 
0.91 
0.94 

2 ,18  
1 - 6 2  
1.05 

2 ,18  
1.72 
0.95 

- 
P i e r  San L u i s  

Table 3. T i d a l  l a g s  i n  San Luis  Pass  svstem 

San Luis  Pass  
Galves ton P i e r  
A l l i g a t o r  P o i n t  
Chr is tmas  Ba 

However, t h e  h igh  wa te r  l a g s  i n  West and Chris tmas  Bays a r e  a b o u t  6 hours ,  and 
low wate r  l a g s  a r e  s u b s t a n t i a l l y  l e s s .  . These phase l a g s  a r e  c o n s i d e r a b l y  
g r e a t e r  t h a n  those  p r e d i c t e d  from s l~a l low-wate r  theory.. For example, t h e  
d i s t a n c e  from the  San Luis  Pass  gage t o  t h e  Chocola te  Bayou gage is  abou t  
60,000 f e e t .  I f  an  average  d e p t h  of 5 f e e t  i s  assumed, t h e  t r a v e l t i m e  f o r  a  
long wave would be about  1,3 hours .  

I n  a  few c a s e s ,  h igh water  l a g s  of a s  much a s  15 hours  o c c u r r e d ,  due t o  
d i s t o r t i o n  of t h e  dual-peak gu l f  water  l e v e l  f l u c t u a t i o n .  The second peak,  
which i s  lower on t h e  open c o a s t ,  is  more r e a d i l y  t r a n s m i t t e d  through t h e  
i n l e t  due t o  t h e  h i g h e r  water  l e v e l .  Consequent ly ,  t h e  wa te r  r e a c h e s  a  
g r e a t e r  ampl i tude  i n  t h e  bay than  d u r i n g  t h e  f i r s t  peak. An example of t h i s  
s i t u a t i o n  i s  shown i n  Figure  3 3 ,  

d. T i d a l  H y d r a l u l i c s .  Current  and d i s c h a r g e  c h a r a c t e r i s t i c s  of San Lu i s  
Pass  a r e  summarized; the  t o t a l  d i s c h a r g e  through the  pass  was computed as 
f o l l o w s :  When two o r  t h r e e  c u r r e n t  measureroent s t a t i o n s  were l o c a t e d  i n  t h e  
gorge ,  a s  i n  1962 and June 1976, t h e  gorge  c r o s s  s e c t i o n  was subd iv ided  i n t o  
p a r t s  whose boundar ies  were e q u i d i s t a n t  ( h o r i z o n t a l l y  and v e r t i c a l l y )  frorn 
c u r r e n t  meter l o c a t i o n s .  Each of t h e s e  p a r t s  was then m u l t i p l i e d  by t h e  



F i g u r e  33. I l l u s t r a t i o n  of t i d e  d i s t o r t i o n  
i n t o  West Bay. 

i n s t a n t a n e o u s  c u r r e n t  s p e e d s ,  and t h e  p roduc t s  smmed t o  p rov ide  t h e  d i s c h a r g e  
through t h e  gorge.  Div id ing  t h i s  sun1 by t h e  t o t a l  gorge  a r e a  gave t h e  average  
c u r r e n t  speed through t h e  gorge.  The t o t a l  d i s c h a r g e  through t h e  pass  must 
i n c l u d e  t h a t  through t h e  sha l low e a s t  p a r t  of t h e  p r o f i l e ,  and no c u r r e n t s  
were measured t h e r e .  J a r r e t t ' s  (1976) method was used t o  e s t i m a t e  t h e  average  
v e l o c i t y  i n  t h i s  s e c t i o n :  

where 
- 
Vs = average  c u r r e n t  speed i n  sha l low s e c t i o n  
- 
Vg = average  c u r r e n t  speed i n  gorge  

Rs = h y d r a u l i c  r a d i u s  of sha l low s e c t i o n  

Kg = h y d r a u l i c  r a d i u s  of gorge 

Using t h i s  r e l a t i o n s h i p ,  i n  1962 vs = 0015 vn; i n  1976 vs = 0.27 vge The 
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t o t a l  d i s c h a r g e  through t h e  pass  i s  t h e  sun of t h e  channe l  d i s c h a r g e  and 
t h e  s e c t i o n  d i s c h a r g e ,  and t h e  average  c u r r e n t  speed through t h e  pass  i s  VT. A 



p l o t  of t o t a l  d i s c h a r g e  v e r s u s  t ime f o r  24 June  1976 i s  shown i n  F i g u r e  3 4 ;  
t i d a l  p r i sms  f o r  1962 and 1976 a r e  g i v e n  i n  Tab le  4 .  

F i g u r e  34.  San Lu i s  Pass  t i d e s  and 
d i s c h a r g e  24 J u n e  1976. 

3-5 May 1965 

July-Aug. 1969 Bay range-area 

24  June 1976 

Z ~ a : u c s  based on 1962 discharge-valoci~y r e l a t l o n s l l i p s .  

3 ~ a l u e s  based on June 1976 d i s c h a r g e - v e l o c i t y  r e l a t l o n s h l p s .  



C u r r e n t s  i n  1965 and J u l y  1976 were measured on ly  i n  t h e  c e n t e r  of 
t h e  i n l e t  t h r o a t ;  t h e r e f o r e ,  a  r e l a t i o n s h i p  between t o t a l  d i s c h a r g e  th rough  
t h e  i n l e t  and a v e r a g e  c e n t e r l i n e  v e l o c i t y  was needed t o  de te rmine  t h e  
t i d a l  pr isms.  The June 1976 c e n t e r l i n e  measurements showed t h a t  QT = 19,050 - - 
Va, where QT i s  t h e  i n s t a n t a n e o u s  d i s c h a r g e  th rough  t h e  e n t i r e  p a s s ,  and Va 
i s  t h e  average  speed a t  t h e  c e n t e r l i n e  of t h e  gorge .  This  r e l a t i o n s h i p  was 
used t o  c a l c u l a t e  t h e  J u l y  d i s c h a r g e s  (Fig .  35).  However, no c e n t e r l i n e  
measurements were made i n  1962, s o  a  p r e d i c t e d  c e n t e r l i n e  speed was c a l c u l a t e d  
u s i n g  t h e  observed 1976 r e l a t i o n s h i p  va = 1.05 Tg. Using e q u a t i o n  ( 5 )  and t h e  
a p p r o p r i a t e  f low a r e a s ,  d i s c h a r g e s  f o r  1965 c o n d i t i o n s  were c a l c u l a t e d  
(F ig .  36). T i d a l  pr isms were ob ta ined  by i n t e g r a t i n g  t h e  a r e a  benea th  t h e  
d i s c h a r g e  curves  of F i g u r e s  35 and 36 ( s e e  Table 4 ) .  

I n  1969 no d i s c h a r g e s  were measured and t i d a l  pr isms were o b t a i n e d  by 
m u l t i p l y i n g  the  bay t i d a l  range by the  bay a r e a  a f f e c t e d  by t h a t  range.  The 
mean t i d a l  pr isms f o r  J u l y  and August 1969 i n  each bay (Tab le  5) i n d i c a t e  t h a t  
West Bay a c c e p t s  most of t h e  f low pass ing  through San Luis  Pass ,  

Table  5e  Mean t i d a l  prisms i n  §an Luis  Pass ,  J u l y  and August 1969, 

Chocola te  Bayou 1 0.16 7 1 0.167 1 0.94 I 

For comparison purposes ,  prisms based on bay t i d a l  r anges  were a l s o  com- 
puted f o r  d i s c h a r g e  measurement p e r i o d s  (Tab le  b ) ,  R e l a t i o n s h i p s  between t h e  
ranges  measured a t  t h e  t h r e e  l o c a t i o n s  i n  1969 were used t o  a r r i v e  a t  t h e  
f o l l o w i n g  e q u a t i o n  f o r  San Luis  Pass t i d a l  pr ism,  P: 

West Bay prism Chocola te  Bayou pr ism Christmas and Bas t rop  Bays prisrll 

where 

Qb = t i d a l  range a t  A l l i g a t o r  Po in t  i n  West h y  

%b = a r e a  of West Bay ( t o  Carancahua Reef o n l y ) ,  1.0b x l o 9  s q u a r e  
f e e t  

Acb 
= a r e a  of Chocola te  Bayou, 0.17 x 10' s q u a r e  f e e t  

Ac+b = a r e a  of Chr is tmas  and Bast rop Bays, 0,32 x l o 9  square  f e e t  

Using bo th  d i s c h a r g e  and range-area  t i d a l  p r i sms ,  t h e  average  San Luis  Pass  
prism computed from d i s c h a r g e  measurements i s  1.65 x 10' cub ic  f e e t ;  t h e  
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Figure  36. Discharge and water  l e v e l  time 
h i s t o r i e s ,  3-6 May 1965. 



range-area method average  prism is  1.63 x lo9  c u b i c  f e e t ,  which i s  i n  remark- 
a b l y  c l o s e  agreement c o n s i d e r i n g  t h e  assumptions  made i n  d e l i m i t i n g  t h e  bay 
a r e a s  and o t h e r  p o s s i b l e  sources  of e r r o r ,  For t h e  1974 annual  mean West Bay 
range of 1.02 f e e t ,  a  mean annual  prism of 1.61 x  l o 9  cub ic  f e e t  i s  o b t a i n e d .  
On t h e  average ,  t h e  J u l y  1976 prisms showed no f l o o d  o r  ebb predominance, b u t  
wind e f f e c t s  may have been important  i n  t h i s  r egard .  In  a d d i t i o n ,  F igure  5  
shows t h a t  some s e a s o n a l  v a r i a t i o n  i n  t h e  monthly mean t i d a l  range o c c u r s ,  s o  
s e a s o n a l  v a r i a t i o n s  i n  t i d a l  prisms can be expec ted ,  wi th  s l i g h t l y  g r e a t e r  
t h a n  average prisms i n  January,  May, June,  November, and December, and lower  
than  average prisms i n  March, August, and October.  

e.  S t a b i l i t y  of San Luis Pass. The s t a b i l i t y  of San Luis Pass was 
ana lyzed  us ing  OqBr ien  and Dean's (1972) method. This method combines a  - 
s t a b i l i t y  r e l a t i ~ ~ l s h i p  between maximum average  v e l o c i t y ,  Vmax, and i n l e t  
c r o s s - s e c t i o n a l  a r e a ,  A,, s i m i l a r  t o  t h a t  of E s c o f f i e r  (1940) ,  wi th  t h e  
s i m p l i f i e d  h y d r a u l i c  a n a l y s i s  of Keulegan (1967) d i s c u s s e d  p r e v i o u s l y ,  A t  San 
Luis  Pass ,  t h e  fo l lowing  c o n s t a n t s  were used: T = 89,000 seconds;  Ab = 2.42 x  
l o9  square  f e e t  and 2ao = 2.17 f e e t .  The most d i f f i c u l t  v a r i a b l e  t o  d e f i n e  
was t h e  i n l e t  l e n g t h ,  L. This was ob ta ined  by us ing  the  r e c e n t  v a l u e s  of Ac 
= 25,550 square  f e e t ,  R = 6.2 f e e t ,  f  = 0,042, and t h e  observed long-term 
v a l u e  of K i n  e q u a t i o n  ( 1 ) .  The bay t o  gu l f  t i d a l  range r a t i o  of 0.44 w a s  
determined from t h e  t i d a l  d a t a ;  a  cor responding  K v a l u e  of 0.40 was 
determined from Figure  37(c ) .  Solving f o r  L y i e l d s  an  e f f e c t i v e  l e n g t h ,  Le 
= 4,325 f e e t .  

0 '  Br ien and Dean's (1972) s t a b i l i t y  method i s  based on t h e  f a c t  t h a t  a t  
t h e  two extremes of a  c r o s s - s e c t i o n a l  a r e a ,  A, = 0  and Ac = a, t h e  v e l o c i t y  
through t h e  i n l e t  w i l l  be 0. For i n t e r m e d i a t e  v a l u e s ,  t h e  r e l a t i o n s h i p  - 
between Vmax and Ac i s  given by 

where V '  i s  a  d imens ion less  v e l o c i t y  c o e f f i c i e n t  r e l a t e d  t o  K by F i g u r e  
37(b) .  The s t a b i l i t y  curves  shown i n  F igure  38 were developed a s  f o l l o w s :  f o r  
each va lue  of Ac, a  corresponding va lue  of K was c a l c u l a t e d  froril e q u a t i o n  
(1) using one of f o u r  l e n g t h s :  L  = Le, L  = 432 f e e t  (0.1 Le),  L = 1,000 f e e t  
(0.23 Le),  and L  = 2,000 f e e t  (0.46 Le). Various l e n g t h s  a r e  n e c e s s a r y  
because  t h e  l e n g t h  over  which t h e  c r o s s - s e c t i o n a l  a r e a  may change w i l l  i n f l -  
uence the  h y d r a u l i c  response of t h e  i n l e t .  0 '  Br ien and Dean ( 1972) r e f e r  t o  
" d e p o s i t i o n  l e n g t h s "  ( i .  channel segments i n  which sand is  d e p o s i t e d  t o  
change t h e  c r o s s - s e c t i o n a l  a r e a ) ,  and they s u g g e s t  a  s t a n d a r d  l e n g t h  of 1 ,000 
f e e t .  It was found t h a t  the  h y d r a u l i c  r a d i u s  v a r i e s  w i t h  Ac a s  f o l l o w s :  
R = 0.5 + 2.3 x A,. 

K v a l u e s  were c a l c u l a t e d  f o r  i n d i v i d u a l  v a l u e s  of Ac, R ,  and L;  - the 
corresponding v a l u e s  of V '  were ob ta ined  from Figure  37(b) ;  v a l u e s  of V,,, - 
were c a l c u l a t e d  u s i n g  e q u a t i o n  ( 7 ) ;  and VmaX v e r s u s  Ac was p l o t t e d  I n  
F igure  38. The peaks of each curve r e p r e s e n t  t h e  c r i t i c a l  c r o s s - s e c t i o n a l  
a r e a  f o r  t h a t  p a r t i c u l a r  l e n g t h .  For a r e a s  l e s s  t h a n  t h e  c r i t i c a l  v a l u e ,  t h e  
i n l e t  i s  u n s t a b l e ;  i . e . ,  an i n c r e a s e  ( d e c r e a s e )  i n  a r e a  causes  an i n c r e a s e  
( d e c r e a s e )  i n  maximum v e l o c i t y .  For a r e a s  g r e a t e r  t h a n  t h e  c r i t i c a l  v a l u e ,  
t h e  i n l e t  is  s t a b l e ,  and an i n c r e a s e  ( d e c r e a s e )  i n  a r e a  produces a  d e c r e a s e  
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F i g u r e  38. V,,, v e r s u s  Ac s t a b i l i t y  c u r v e s ,  San Luis  Pass ,  Texas, 

- 
( i n c r e a s e )  i n  v e l o c i t y .  Note t h a t  t h e  a c t u a l  v a l u e s  of Ac and V,,,, i n d i -  
c a t e  t h a t  San Lu i s  Pass i s  s l i g h t l y  below t h e  c r i t i c a l  a r e a  f o r  t h e  c a l c u l a t e d  
l e n g t h  of 4,325 f e e t .  

Another measure of the  s t a b i l i t y  of San Lu i s  Pass i s  t o  use J a r r e t t ' s  
(1976) r e l a t i o n s h i p  between e q u i l i b r i u m  c r o s s - s e c t i o n a l  a r e a ,  Ace and 
d i u r n a l  t i d a l  pr ism,  P ,  f o r  u n j e t t i e d  g u l f  c o a s t  i n l e t s :  

For t h e  average  t i d a l  prism of 1.6 x l o 9  c u b i c  f e e t ,  an e q u i l i b r i u m .  a r e a  of 
27,490 square  f e e t  i s  found, which i s  on ly  s l i g h t l y  g r e a t e r  than  t h e  p r e s e n t  
v a l u e  of 25,790 s q u a r e  f e e t .  

f .  Summary. Throughout i t s  h i s t o r y ,  San Luis  Pass  has  been a  d o w n d r i f t  
o f f s e t  i n l e t  i n  t h e  c l a s s i c  p a t t e r n  d e s c r i b e d  by Hayes, Goldsmith,  and Ilobbs 
(1970) and Ga lv in  (1971) ,  and has  remained i n  t h e  same l o c a t i o n  a t  t h e  sou th -  
west  end of West Bay, t y p i f y i n g  t h e  s t a b l e  Texas I n l e t  ( P r i c e ,  1951). Between 
1853 and 1933, annual  sediment volume changes w i t h i n  t h e  i n l e t  sys tem were 
r e l a t i v e l y  minor ,  wi th  a  n e t  e r o s i o n  of t h e  ebb t i d a l  d e l t a  a s s o c i a t e d  w i t h  a  
coun te rc lockwise  r o t a t i o n  of t h e  d e l t a  and thalweg. The eroded m a t e r i a l  may 
have moved downcoast o r  i n t o  the  bay where d e p o s i t i o n  occur red  on t h e  f l o o d  
t i d a l  d e l t a .  The minimum c r o s s - s e c t i o n a l  a r e a  has  doubled s i n c e  1853; un- 
f o r t u n a t e l y ,  t h e r e  a r e  no t  enough d a t a  t o  de te rmine  t h e  p o s s i b l e  c a u s e s .  
Hur r i cane  C a r l a  a p p a r e n t l y  caused a  major change i n  ebb t i d a l  d e l t a  c o n f i g u r a -  
t i o n  i n  about  1961, but  s i n c e  then both  t h e  c r o s s - s e c t i o n a l  a r e a  and t h e  i n l e t  
wid th  have remained r e l a t i v e l y  c o n s t a n t .  Long-term changes on t h e  a d j a c e n t  
beaches i n d i c a t e  a  r e l a t i v e l y  s t a b l e  u p d r i f t  a r e a  w i t h  minor e r o s i o n  d o w n d r i f t  
of t h e  p a s s ,  probably  due t o  sediment t r a p p i n g  by t h e  pass  (Fig .  39). Theo- 
r e t i c a l  s t a b i l i t y  p r e d i c t i o n s  a g r e e  w e l l  wi th  t h e  a c t u a l  s t a b i l i t y ,  i n d i c a t i n g  
t h a t  San Luis  Pass  has been i n  a n  u n s t a b l e  s c o u r i n g  mode, but  is  p r e d i c t e d  t o  



reach a  s t a b l e  c r i t i c a l  a r e a  of about  35,000 s q u a r e  f e e t ,  which w i l l  r e s u l t  i n  
maximum average  v e l o c i t i e s  of about  3  f e e t  pe r  second. 

B, D o w n d r i f t  Eros ion  

F i g u r e  39. S h o r e l i n e  change r a t e s ,  upper Texas c o a s t  ( a f t e r  Morton, 1975)-  

3, Galves ton Bay Entrance .  

a ,  H i s t o r i c a l  Review, Galves ton b y  e n t r a n c e  i s  t h e  l a r g e s t  pass  on t h e  
Texas c o a s t  and t h e  b e s t  documented of t h e  f i v e  p a s s e s  s t u d i e d .  SWG and NOS 
b o a t  s h e e t s  were ana lyzed  t o  document long-term changes i n  c r o s s - s e c t i o n a l  

. a r e a s  of t h e  pass  and more r e c e n t  changes i n  t h e  a d j a c e n t  beach and o f f s h o r e  
zones r e s u l t i n g  from j e t t y  c o n s t r u c t i o n ,  

( 1 )  Cross -Sec t iona l  Changes, F igures  40 and 41 show c r o s s - s e c t i o n a l  
p r o f i l e s  a t  t h e  minimum i n l e t  width  made from t h e  e a r l i e s t  su rvey ,  1851, 
through the  l a t e s t  a v a i l a b l e ,  1975. H i s t o r i c a l  v a r i a t i o n s  i n  minimum i n l e t  
a r e a ,  wid th ,  and h y d r a u l i c  r a d i u s  a r e  p l o t t e d  i n  F igure  42, 

From 1851 t o  1908 ( F i g ,  4 0 ) ,  t h e  po in t  of maximum dep th  i n  the  i n l e t  
t h r o a t  moved c o n s i s t e n t l y  westward a t  a  r a t e  of about  30 f e e t  per  y e a r ;  t h e  
e a s t  s i d e  of the  channel  ( B o l i v a r  P e n i n s u l a )  migra ted  westward a t  a  s l o w e r  
r a t e .  C o n s t r u c t i o n  of t h e  s o u t h  j e t t y  by 1888 f i x e d  t h e  west end of t h e  
p r o f i l e ,  and d e p o s i t i o n  on Bol iva r  Pen insu la  r e s u l t e d  i n  a  c o n s t a n t l y  d e c r e a s -  
i n g  width  t o  1933 ( F i g ,  42). Concurrent  w i t h  t h e  width  r e d u c t i o n  was a  
g e n e r a l  deepening o f ' t h e  p r o f i l e .  P o s t c o n s t r u c t i o n  h y d r a u l i c  r a d i i  were abou t  
5 f e e t  g r e a t e r  than  d u r i n g  p r e j e t t y  c o n d i t i o n s .  Note t h a t  i n  1888, a  deep 
channe l  began deve lop ing  west of the  main thalweg,  and t h e  con t inued  growth of  
t h i s  channe l  a p p a r e n t l y  caused t h e  i n c r e a s e  i n  c r o s s - s e c t i o n a l  a r e a  between 
1867 and 1908. This r a t h e r  sudden change i n  p r o f i l e  shape could  have r e s u l t e d  
from e i t h e r  n a t u r a l  o r  manmade s c o u r i n g  a c t i o n .  Between 1874 and 1880, t h e  
United S t a t e s  c o n s t r u c t e d  a  submerged j e t t y  e x t e n d i n g  nor theas tward  from t h e  
n o r t h  end of Galves ton I s l a n d  t o  t h e  edge of t h e  e n t r a n c e  channe l  (Fig .  4 3 ) ,  
which could  have c o n s t r i c t e d  the  channel  and i n c r e a s e d  scour .  

Between 1908 and 1933 (F ig .  41) t h e  thalweg i n c r e a s e d  i t s  westward move- 
ment r a t e  t o  about 60 f e e t  per y e a r ,  double  i t s  r a t e  from 1867 t o  1908. T h i s  
movement could  have been a c c e l e r a t e d  by t h e  1919-22 d redg ing  p r o j e c t s  which 
i n c r e a s e d  n a v i g a t i o n  channel  dep ths  t o  35 f e e t .  The major r eason  g iven  f o r  
t h i s  movement i s  c o n s t r u c t i o n  of t h e  Texas C i t y  d i k e  ( F i g ,  44) i n  1915, which 



Figure 40. Galveston entrance minimum-width cross-sectional 
area profiles, 1851-1908. 
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Figure 41. Galveston entrance minimum-width cross-sectional 
area profiles, 1908-75. 
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Figure 42. Time h i s t o r y  of minimum i n l e t  width, a r e a ,  and 
hydraul ic  r ad ius ,  Galveston en t rance ,  Texas. 

Figure 43. Galveston Is land  s h o r e l i n e s ,  1851-89. 
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d i r e c t e d  c u r r e n t s  toward t h e  n o r t h  end of Galves ton I s l a n d  (U,S, Army Engineer  
D i s t r i c t ,  Ga lves ton ,  1942). By 1965, t h e  channe l  had once a g a i n  reached a  
50-foot-maximum dep th ,  though t h i s  p o i n t  was westward of i t s  1933 p o s i t i o n ,  
caus ing  a  s t eep-s ided  channel  a d j a c e n t  t o  t h e  s o u t h  j e t t y ,  I n c r e a s e s  i n  
c r o s s - s e c t i o n a l  a r e a  and h y d r a u l i c  r a d i u s  between 1933 and 1965 ( F i g ,  42) may 
have been due t o  n a t u r a l  expans ions  of t h e  p r o f i l e  o r  from t h e  d redg ing  t o  
i n c r e a s e d  p r o j e c t  depths .  

( 2 )  Changes t o  Adjacent Beaches and Of f shore  Zones, The e f f e c t  of 
j e t t y  c o n s t r u c t i o n  on Galves ton e n t r a n c e  is i l l u s t r a t e d  i n  t h e  Ga lves ton  
I s l a n d  s h o r e l i n e s  from 1851 t o  1975 ( F i g s .  43 and 4 5 ) ,  and maps of ba thymet r i c  
changes between survey d a t e s  ( F ' g s .  46 t o  50) .  The e f f e c t  of a  r e l a t i v e  s e a  
l e v e l  r i s e  of 0.02 f o o t  per  y e a r  dur ing  t h i s  c e n t u r y  was i n c l u d e d  i n  a l l  
v o l u m e t r i c  c a l c u l a t i o n s  ( s e e  Fig. 8 ) .  

( a )  Changes Between 1851 and 1889. Between 1851 and 1867, t h e  
n o r t h e r n  end of Galves ton I s l a n d  receded g r e a t l y  (F ig .  43) ;  a  s to rm i n  October 
1867 c u t  a  1,000-foot-wide channe l  2  f e e t  deep a c r o s s  t h e  n o r t h e r n  end of t h e  
i s l a n d  (U.Se Army Corps of Eng ineers ,  1868). C o n s t r u c t i o n  of t h e  submerged 
j e t t y  i n  1880 caused l o c a l  a c c r e t i o n  a t  t h e  t i p  of t h e  i s l a n d  (compare t h e  
1867 and 1884 s h o r e l i n e s  i n  Pig. 4 3 ) ,  More e x t e n s i v e  d e p o s i t i o n  occur red  
between 1884 and 1889, co r respond ing  t o  c o n s t r u c t i o n  of t h e  shoreward p a r t  of 
the  s o u t h  j e t t y  between 1887 and 1889. F igure  46 shows t h e  b a t h y m e t r i c  
changes which occur red  between 1867 and 1888. About 3.5 m i l l i o n  c u b i c  ya rds  
of sand accumulated i n  the  f i l l e t  on t h e  t i p  of Galves ton I s l a n d ,  a t  a n  aver -  
age  r a t e  of about  166,000 c u b i c  y a r d s  p e r  year .  However, r,iost of t h i s  accumu- 
l a t i o n  may have occur red  between 1884 and 1888, when the  impermeable j e t t y  
p robab ly  p r o h i b i t e d  sand movement around t h e  t i p .  Ex tens ive  o f f s h o r e  deposi -  
t i o n  occur red  on the  n o r t h  s i d e ,  and n e a r s h o r e  d e p o s i t i o n  on t h e  s o u t h  s i d e  of 
t h e  e n t r a n c e ;  about twice  a s  much was d e p o s i t e d  on t h e  n o r t h  a s  on t h e  
sou th .  The n o r t h e r n  d e p o s i t i o n  was due t o  n a t u r a l  p r o c e s s e s ,  s i n c e  t h e  s o u t h  
j e t t y  had no t  been extended seaward i n  1888 and n o r t h  j e t t y  c o n s t r u c t i o n  d i d  
not  s t a r t  u n t i l  1893. An e x t e n s i v e  zone of n i n o r  e r o s i o n  e x i s t e d  i n  t h e  
o f f s h o r e  a r e a  on t h e  s o u t h  s i d e .  

( b )  Changes Between 1888 and 1908. The n o r t h  t i p  of Galves ton 
I s l a n d  a c c r e t e d  r a p i d l y  i n  response  t o  j e t t y  c o n s t r u c t i o n  (Fig .  45).  Compar- 
i n g  F i g u r e s  46 and- 47 shows t h a t  abou t  14.7 m i l l i o n  c u b i c  ya rds  of sand accu- 
mulated i n  t h e  s o u t h  f i l l e t  between 1888 and 1908. However, F igure  47 a l s o  
shows a  l a r g e  o f f s h o r e  e r o s i o n  zone w i t h  a  d e p o s i t i o n  zone landward e x t e n d i n g  
t o  t h e  f i l l e t .  The volume d e p o s i t e d  between 1867 and 1908 was about  t h e  same 
a s  t h e  volume eroded ( i , e . ,  about  15 m i l l i o n  c u b i c  y a r d s ) .  

Between 1888 and 1908, s o u t h  s i d e  e r o s i o n  t o t a l e d  15.5 m i l l i o n  c u b i c  
y a r d s ,  n e a r s h o r e  d e p o s i t i o n  was 5 , 8  m i l l i o n  c u b i c  y a r d s ,  and 14.7 m i l l i o n  
cub ic  ya rds  accumulated i n  t h e  f i l l e t .  Thus, t o t a l  s o u t h  s i d e  d e p o s i t i o n  
f o l l o w i n g  j e t t y  c o n s t r u c t i o n  was 20.5 m i l l i o n  c u b i c  yards  and t h e  n e t  change 
was +5 m i l l i o n  c u b i c  yards  o r  abou t  250,000 c u b i c  ya rds  per y e a r .  It i s  
concluded t h a t  much of t h e  m a t e r i a l  which comprised t h e  f i l l e t  a c t u a l l y  came 
from ad jus tment  of the  ebb t i d a l  d e l t a  t o  j e t t y  c o n s t r u c t i o n ,  With j e t t y  
c o n s t r u c t i o n ,  t h e  e r o s i o n  zone, which had p r e v i o u s l y  exper ienced  c o n s i d e r a b l e  
t i d a l  c u r r e n t  a c t i o n ,  was s u b j e c t e d  on ly  t o  waves and wave-induced c u r r e n t s .  
These tended t o  d r i v e  the  m a t e r i a l  landward i n t o  t h e  f i l l e t  and perhaps  a l s o  
through t h e  j e t t y .  
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Figure 45. Galveston Island shorelines, 1889-1975. 
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F i g u r e  46. Galveston entrance bathynetric changes, 1867-88. 
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Figure 47. Galveston entrance bathymetric 
changes, 1867-1908. 

Figure 48. Galveston entrance bathymetric 
changes, 1908-33. 





On t h e  n o r t h e a s t  s i d e ,  d e p o s i t i o n  between 1888 and 1908 was about 8,6 
m i l l i o n  cubic  yards ,  a  r a t e  o f  430,000 cub ic  yards per year ,  Wow much o f  t h i s  
occurred as  a  r e s u l t  o f  t h e  n o r t h  j e t t y  i s  d i f f i c u l t  t o  de termine ,  The area 
had accreted r a p i d l y  ( 1,060,000 cub ic  yards per year )  b e f o r e  j e t t y  cons t ruc-  
t i o n .  The 1908 s h o r e l i n e  showed l i t t l e  change from t h e  1867 c o n d i t i o n ,  

( c )  g n g e s  Between 1908 and 1933, The s h o r e l i n e  o f  Galves ton  
I s land  continued t o  grow seaward during t h i s  period ( P i g .  4 5 ) .  Next t o  b o t h  
t h e  n o r t h  and sou th  j e t t i e s ,  a  s i m i l a r  p a t t e r n  o f  o f f s h o r e  e r o s i o n  and near- 
shore  a c c r e t i o n  occurred ( F i g ,  4 8 ) .  One m i l l i o n  c u b i c  yards accre ted  s o u t h  of 
t h e  j e t t y ,  a t  an average r a t e  o f  about 40,000 cub ic  yards per year ,  However, 
e x t e n s i v e  d e p o s i t i o n  occurred jus t  n o r t h  o f  t h e  j e t t y ,  and much o f  t h i s  
m a t e r i a l  may have come through or over t h e  j e t t y ,  Some o f  t h e  m a t e r i a l  could  
a l s o  have come from scour o f  t h e  entrance channel ,  On t h e  n o r t h e a s t  s i d e ,  n e t  
d e p o s i t i o n  was 10.8 m i l l i o n  cubic  yards ,  an annual r a t e  o f  430,000 cub ic  yards 
per year. The shape o f  t h e  d e p o s i t i o n  area shown i n  Figure 48 i n d i c a t e s  t h a t  
t h e  n o r t h  j e t t y  may have been impermeable,  t rapp ing  most o f  t h e  westward- 
moving longshore t r a n s p o r t .  If t h i s  was t h e  c a s e ,  and t h e  area o f  d e p o s i t i o n  
extended eastward beyond t h e  l i m i t s  o f  t h e  avai l -able  d a t a ,  then  t h e  minimum 
westward t r a n s p o r t  r a t e  was 500,000 cub ic  yards per year between 1908 and 
1933. 

( d )  Changes Between 1933 and 1965, Figure 49 shows t h e  1965 
s h o r e l i n e  i n t e r c e p t i n g  t h e  south  j e t t y  about 2,300 f e e t  seaward o f  t h e  1933 
i n t e r c e p t a  However, o f f  shore changes sou th  o f  t h e  j e t t y  were r e l a t i v e l y  
minor ,  and it i s  concluded t h a t  t h e  adjus tment  o f  t h e  ebb t i d a l  d e l t a  t o  a  
wave-dominated environment had been completed by 1933, On t h e  n o r t h  s i d e ,  
however,  d e p o s i t i o n  cont inued between 1933 and 1965 ( a t  a  r a t e  o f  a t  l e a s t  
420,000 cubic  yards per y e a r ) ,  and minor e r o s i o n  occurred along t h e  seaward 
s e c t i o n  o f  t h e  j e t t y .  

( e )  Changes Between 1965 and 1975. The s h o r e l i n e s  on e i t h e r  
s i d e  o f  t h e  pass changed l i t t l e  between 1965 and 4.975 ( F i g .  4 5 ) ,  In t h e  
o f f s h o r e  zone sou th  o f  t h e  sou th  j e t t y ,  e r o s i o n  t o t a l e d  about 1 m i l l i o n  c u b i c  
yards between 1968 and 1975 ( F i g ,  5 0 ) ;  on t h e  n o r t h  s i d e  t h e  e r o s i o n  was about 
s i x  t imes  grea ter*  Much o f  t h i s  was concentrated i n  a. reg ion  jus t  n o r t h  o f  
t h e  g u l f  end o f  t h e  j e t t y .  

( f )  Summary o f  Changes Between 1867 and 1975, Bathyenetric and 
-"--- 

s h o r e l i n e  changes were prev ious ly  examined a t  20- t o  25-year i n t e r v a l s ,  
Morton (1977)  analyzed changes a t  many Texas i n l e t s  and found t h o s e  f o r  
Galves ton  between 1867 and 1974 ( F i g .  51)  t o  be s i m i l a r  t o  those  a t  Sab ine ,  
Brazos-Santiago, and Freepor t ,  i . e e ,  a  d o w n d r i f t  t r i p a r t i t e  p a t t e r n  o f  o f f -  
shore d e p o s i t i o n ,  nearshore e r o s i o n ,  f i l l e t  and beach a c c r e t i o n ,  and an up- 
d r i f t  pa t t ern  o f  widespread a c c r e t i o n ,  T h i s  a n a l y s i s  revealed t h a t  t h e s e  
pat t e r n s  were e s t a b l i s h e d  s h o r t l y  a f t e r  t h e  complet ion o f  the  j e t t y  cons t ruc-  
t i o n ,  and t h a t  l a t e r  ad jus tments  were r e l a t i v e l y  minor compared t o  t h o s e  
occurr ing i n  t h e  f i r s t  10 t o  15 years ,  Est imates  o f  westward longshore s e d i -  
ment t r a n s p o r t  r a t e s  based on p o s t c o n s t r u c t i o n  accumulat ion are  between 
420,000 and 500,000 cub ic  yards.  C a l c u l a t i o n s  o f  eastward r a t e s  were compli-  
ca ted  by landward m i g r a t i o n  o f  t h e  ebb t i d a l  d e l t a  but  averaged 170,000 c u b i c  
yards per year ,  f o r  about a  2 , 5 : 1  westward-to-eastward r a t i o .  

( g )  Changes i n  Entrance Channel. Shoaling and scour p a t t e r n s  
f o r  t h e  en t rance  channel between 1890 and 1940-41 were provided by U.S.  Army 
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Figure  51. Bathymetry and n e a r s h o r e  changes,  
Galveston Harbor ( a f t e r  Morton, 1977).  



Engineer  D i s t r i c t ,  Galves ton (1942) (Fig .  52) ,  I n  t h i s  time p e r i o d ,  6.6 
m i l l i o n  cub ic  yards  of m a t e r i a l  was d e p o s i t e d  between t h e  j e t t i e s ,  and 28.3 
m i l l i o n  cub ic  ya rds  was eroded,  f o r  a  n e t  e r o s i o n  of 21.7 m i l l i o n  c u b i c  
ya rds .  One major zone of e r o s i o n  j u s t  n o r t h  of t h e  base of t h e  s o u t h  j e t t y  
was d i s c u s s e d  p r e v i o u s l y  i n  connec t ion  w i t h  t h e  c r o s s - s e c t i o n a l  a r e a  p r o f i l e s ;  
about  5  m i l l i o n  c u b i c  yards  eroded from t h i s  a r e a .  The o t h e r  zone was 
a d j a c e n t  t o  t h e  middle of t h e  n o r t h  j e t t y ,  where more than  10 m i l l i o n  c u b i c  
ya rds  eroded.  U n f o r t u n a t e l y ,  t h e  e f f e c t s  of e x t e n s i v e  channel  d redg ing  c o u l d  
n o t  be a s s e s s e d  because  t h e  p r e c i s e  d redg ing  l i m i t s  a r e  unknown. However, 
from khe c o n f i g u r a t i o n  of the  changes ,  i t  appears  t h a t  a  n a t u r a l  s h i f t  i n  t h e  
thalweg r e s u l t e d  from t h e  j e t t y  c o n s t r u c t i o n  and perhaps  c o n s t r u c t i o n  of t h e  
Texas Ci ty  d i k e ,  This  s h i f t  could have c o n t r i b u t e d  t o  i n c r e a s e d  d e p o s i t i o n ,  
i n s i d e  t h e  j e t t i e s  a d j a c e n t  t o  t h e  southwest  f i l l e t ,  which t o t a l e d  abou t  2.8 
m i l l i o n  cub ic  ya rds .  

b e  Galves ton Bay T ides  and C u r r e n t s .  

( 1 )  Summary of Hydraul ic  Data C o l l e c t i o n ,  Tide measurements have 
been t aken  i n  Galves ton Bay s i n c e  1852; a  summary of t h e  t i d e  s t a t i o n s  and 
d a t e s  of o p e r a t i o n  i s  g iven  i n  Figure  44 f o r  1852-1940 and i n  F igure  53  
f o r  1940-78. Cur ren t  measurements from 1867 t o  p r e s e n t  have been t a k e n  
e x t e n s i v e l y .  

( 2 )  Data Ana lys i s  and R e s u l t s ,  T h i s  a n a l y s i s  summarizes 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 Galves ton e n t r a n c e  f o r  s e l e c t e d  t ime p e r i o d s ,  A s  
w i l l  be seen ,  t h e s e  c h a r a c t e r i s t i c s  v a r i e d  l i t t l e  over  t h e  yea r s ,  

( a )  T i d a l  Ranges and Leve l s .  F igures  54 and 55 show t h e  t i d a l  
r ange  r a t i o  d i s t r i b u t i o n  i n  Galves ton h y  f o r  November 1936 and June 1937, 
r e s p e c t i v e l y .  The v a l u e s  shown a r e  t h e  r a t i o s  between t h e  monthly mean range 
a t  each s t a t i o n  and t h e  monthly mean range a t  t h e  Galves ton P l e a s u r e  P i e r ,  
Cons ide r ing  Galves ton and East  bays a s  a  combined sys tem,  t h e  average  November 
1936 range r a t i o  was 0.51, and t h e  average  June range r a t i o  was 0.49. T i d a l  
ranges  and r a t i o s  f o r  each month i n  1974 a r e  p r e s e n t e d  i n  t h e  Appendix. A p l o t  
of t h e  annua l  mean r a t i o s  (F ig ,  56) shows t h a t  t h e  average  bay range r a t i o  i n  
1974 was 0.56, about  12 pe rcen t  more than t h e  1936-37 range,  and i n  q u a l i t a -  
t i v e  agreement wi th  t h e  25-percent i n c r e a s e  i n  c r o s s - s e c t i o n a l  a r e a  d u r i n g  
t h a t  t ime.  

U n f o r t u n a t e l y ,  s t a t i o n s  3, 6 ,  and 7  were miss ing  s e v e r a l  months of d a t a .  
T h e r e f o r e ,  the  range and l e v e l  v a r i a b i l i t y  p l o t s  ( F i g s ,  57 and 58) show con- 
s i d e r a b l y  more s c a t t e r  than  t h o s e  f o r  a  complete  y e a r  of d a t a  shown i n  S e c t i o n  
11. In g e n e r a l ,  however, t h e  same t r e n d s  p r e v a i l ,  

( b )  C u r r e n t s  and Discharges .  Table  6  summarizes t h e  c u r r e n t  and 
t i d a l  prism d a t a  used i n  t h i s  s tudy.  Data f o r  1936 and e a r l i e r  were o b t a i n e d  
from U.S, Army Engineer  D i s t r i c t ,  Galves ton (1942) ;  those  f o r  1962 were 
o b t a i n e d  from raw d a t a  s u p p l i e d  by t h e  Ga lves ton  D i s t r i c t .  The a v e r a g e  
d i u r n a l  t i d a l  prism i s  about  11 x  109 c u b i c  f e e t ;  f o r  a  mean t i d a l  range t h e  
prism i s  about 6.5 x lo9 cub ic  f e e t ,  

c .  T h e o r e t i c a l  S t a b i l i t y  Ana lys i s .  OPBr ien  and Dean's (1972) s t a b i l i t y  
method was used t o  p r e d i c t  t h e  response  of Ga lves ton  e n t r a n c e  t o  
s e d i m e n t a t i o n ,  However, s i n c e  Manning's n  v a l u e  could  not  be determined due - 
t o  t h e  l a c k  of a p p r o p r i a t e  t i d a l  d a t a ,  cu rves  of VInax v e r s u s  Ac were 
p l o t t e d  i n  F igure  59 f o r  v a r i o u s  v a l u e s  of n 2 ~ ,  Thus, us ing  a  r e p r e s e n t a t i v e  
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F i g u r e  55, G a l v e s t o n  Bay t i d a l  r ange  d i s t r i b u t i o n ,  J u n e  1937 .  
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F i g u r e  56. Ga lves ton  Bay t i d a l  range r a t i o  d i s t r i b u t i o n ,  
a v e r a g e  a n n u a l ,  1974. 
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F i g u r e  57. Ga lves ton  Bay monthly  mean t i d a l  
range  v a r i a b i l i t y ,  1974. 
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Figure 58, Galveseon Bay monthly mean water 
level variability, 1 9 7 4 ,  
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F i g u r e  59. Average maximum v e l o c i t y  v e r s u s  minimum c r o s s -  
s e c t i o n a l  a r e a ,  Galves ton Bay e n t r a n c e ,  Texas,  



v a l u e  of 0.025 f  
of between 6 ,400 ,  

'c c r l t l c a l  f a l l  
d e p o s l t l o n  l e n g t h  

o r  Manning's n ,  t h e s e  curves  r e p r e s e n t  d e p o s i t i o n  l e n g t h s  - 
and 38,400 f e e t .  Note t h a t  t h e  a c t u a l  v a l u e s  of Vmax and 
above t h e  curve  n 2 ~  = 6. Thus f o r  n  = 0.025, t h e  p r e d i c t e d  
is  l e s s  t h a n  19,200 f e e t ;  t h e  a c t u a l  l e n g t h  i s  about  35,000 

f e e t ,  Thus, t h e  t h e o r e t i c a l  s t a b i l i t y  does  no t  match a c t u a l  c o n d i t i o n s ,  
perhaps  because of the  j e t t y ' s  e f f e c t  on longshore  sediment t r a n s p o r t  i n t o  t h e  
i n l e t  . 

d. Summary. I n  i t s  n a t u r a l  s t a t e ,  Ga lves ton  e n t r a n c e  was a  t y p i c a l  
downdr i f t  o f f s e t  i n l e t ,  s i m i l a r  t o  most i n l e t s  on t h e  upper Texas c o a s t .  
J e t t y  c o n s t r u c t i o n  caused e x t e n s i v e  changes i n  t h e  ebb t i d a l  d e l t a ,  w i t h  a  
t r i p a r t i t e  p a t t e r n  of downdr i f t  d e p o s i t i o n  o f f s h o r e  and i n  t h e  f i l l e t ,  and 
e r o s i o n  between t h e s e  zones ,  and u p d r i f t  d e p o s i t i o n .  Th i s  e n t r a n c e  a p p e a r s  t o  
e f f e c t i v e l y  b lock any n e t  westward t r a n s p o r t  t o  the  beaches on Ga lves ton  
I s l a n d ;  longshore  sediment t r a n s p o r t  i s  d i r e c t e d  toward t h e  i n l e t  from bo th  
t h e  n o r t h  and s o u t h  s i d e s .  However, e x t e n s i v e  sand d e p o s i t s  i n  t h e  s o u t h  
f i l l e t  and a long  t h e  i n s i d e  of t h e  s o u t h  j e t t y  could  be dredged and pumped o r  
hauled t o  n o u r i s h  Galves ton beaches.  

A f t e r  a  pe r iod  of r e l a t i v e  s t a b i l i t y ,  t h e  minimum c r o s s - s e c t i o n a l  a r e a  of 
the  e n t r a n c e  i n c r e a s e d  about  30 pe rcen t  between 1933 and 1974 which, wi th  a n  
e s s e n t i a l 1 . y  c o n s t a n t  width ,  i n c r e a s e d  t h e  h y d r a u l i c  r a d i u s  by about  t h e  same 
amount. Most of t h i s  change presumably r e s u l t e d  from dredg ing ,  a l t h o u g h  
c o n s t r u c t i o r :  of: che Texas c i t y  d i k e  ( s e e  Fig. 44) may have changed t h e  ebb 
f low d i r e c t i o n  s u f f i c i e n t l y  t o  i n c r e a s e  t h e  t h r o a t  a r e a .  Limited d a t a  
i n d i c a t e  t h a t ,  c o n t r a r y  t o  e x p e c t a t i o n s ,  t h e  t i d a l  prism d i d  not  i n c r e a s e  
p r o p o r t i o n a t e l y .  

4. Ro l lover  Pass. 

a .  H i s t o r i c a l  Review. Rol lover  Pass  (F ig .  5 6 ) ,  an  a r t i f i c i a l  pass  con- 
n e c t i n g  Rol lover  Bay t o  t h e  Gulf of Mexico about  22 m i l e s  n o r t h e a s t  of - 
Galves ton ,  was c o n s t r u c t e d  by t h e  Texas Parks  and W i l d l i f e  Department t o  
enhance f i s h  m i g r a t i o n  i n t o  E a s t  Bay and improve bay water  q u a l i t y  and s a l i n -  
i t y .  A number of r e p o r t s  have been pub l i shed  on t h e  c h a r a c t e r i s t i c s  and behav- 
i o r  of Ro l lover  Pass ,  t h e  t h r e e  most comprehensive being those  by U.S. Army 
Engineer  D i s t r i c t ,  Galves ton (1958) ,  P r a t h e r  and Sorensen (1972) ,  and 
Lockwood, Andrews, and Newnam, Inc. (1974).  The fo l lowing  b r i e f  h i s t o r i c a l  
review i s  quoted from t h e  l a t t e r  r e p o r t :  

"Engineer ing and e c o l o g i c a l  s t u d i e s  p r i o r  t o  1954 e s t a b l i s h e d  t h e  
f e a s i b i l i t y  and d e s i r a b i l i t y  of a  t i d a l  i n l e t  a t  t h i s  l o c a t i o n .  The 
pass  was c o n s t r u c t e d  between October 1954 and February 1955. It had 
a n  80-foot bottom width  and a n  8-foot  depth .  S lop ing  e a r t h e n  s i d e s  
were c o n s t r u c t e d  except  f o r  t h e  southwest  s i d e  which was p r o t e c t e d  by 
a  s t e e l  s h e e t  p i l e  bulkhead. 

"Unusual ly  h igh t i d e s  d u r i n g  1955 r e s u l t e d  i n  e x t e n s i v e  e r o s i o n  of t h e  
pass .  The Gulf e n t r a n c e  widened t o  about  500 f e e t  and t h e  dep th  of 
w a t e r  under Highway 87 b r i d g e  i n c r e a s e d  t o  30 f e e t .  I n  November 1955, 
i n  a n  e f f o r t  t o  s t o p  e r o s i o n ,  a  s t e e l  s h e e t  p i l e  w a l l  ( s i l l )  was con- 
s t r u c t e d  a c r o s s  t h e  pass  40 f e e t  s o u t h  of t h e  Highway b r idge .  A l t e r -  
n a t e  s h e e t  p i l e s  of t h i s  s i l l  were d r i v e n  2  f e e t  below mean sea  l e v e l  
(MSL) t o  permit  some wate r  f low through t h e  pass.  A s h o r t  s t e e l  s h e e t  



p i l e  g r o i n  was c o n s t r u c t e d  about 350 f e e t  n o r t h e a s t  of t h e  i n l e t  
c e n t e r l i n e  on t h e  Gulf s i d e  t o  s t o p  f u r t h e r  e r o s i o n  of beach f r o n t  and 
t o  p r o t e c t  nearby summer homes. 

"The Pass  remained p a r t i a l l y  c losed  u n t i l  J u l y  1958 whi le  t h e  Corps of 
Engineers  was p repar ing  recommendations f o r  i t s  s t a b i l i z a t i o n .  T h e i r  
r e p o r t  w a s  pub l i shed  i n  A p r i l  1958. The r e p o r t  proposed c o n s t r u c t i n g  
s t e e l  s h e e t  p i l e  bulkheads a long  bo th  s i d e s  of t h e  p a s s ,  n o r t h  and 
s o u t h  of t h e  highway b r i d g e ,  i n s t a l l a t i o n  of a  second s i l l  a c r o s s  t h e  
Gulf e n t r a n c e ,  and p e r i o d i c  d e p o s i t i o n  of sand on t h e  Gulf beach a r e a  
southwest  of t h e  pass  t o  r e p l a c e  m a t e r i a l  l o s t  th rough  l i t t o r a l  d r i f t  
p rocesses .  These recommendations were implemented between J u l y  1958 
and May 1959, w i t h  t h e  e x c e p t i o n  of beach nourishment.  

"The Pass  has remained open s i n c e  1959 i n  a  r e l a t i v e l y  s t a b l e  condi-  
t i o n  t o  t h i s  d a t e ,  A n t i c i p a t i n g  t h e  g r a d u a l  weakening of t h e  s t e e l  
bulkheads through c o r r o s i o n ,  Texas Parks  and W i l d l i f e  Department 
c o n s t r u c t e d  a  c o n c r e t e  r e t a i n i n g  w a l l  behind t h e  sou thwes t  s t e e l  bulk- 
head i n  1966. A s i m i l a r  c o n c r e t e  w a l l  was i n s t a l l e d  behind the  sou th-  
east bulkhead. i n  1972. These c o n c r e t e  w a l l s  ex tend  from t h e  highway 
br idge  t o  a p o i n t  600 f e e t  south." 

be Beach Changes. Between 1882 and 1974, beaches w i t h i n  about  10 m i l e s  
n o r t h  and 7 m i l e s  s o u t h  of t h e  pass eroded a t  a  r a t e  of about  5  f e e t  per  y e a r  
(Morton, 1975);  however, e r o s i o n  r a t e s  s i n c e  t h e  pass  was c r e a t e d  have been 
g r e a t e r ,  a l though  e s t i m a t e s  d i f f e r .  Morton (1975) found t h a t  r a t e s  v a r i e d  
between 15 and 25 f e e t  pe r  year ;  r a t e s  developed f o r  t h e  Galveston County 
Shore Erosion Study being conducted by t h e  Galveston D i s t r i c t  v a r i e d  between 7  
and 14 f e e t  per  year.  The volume l o s s e s  a s s o c i a t e d  w i t h  t h i s  e r o s i o n  were 
e s t a b l i s h e d  from t h e  fo l lowing  a n a l y s i s  of beach p r o f i l e s .  

P r o f i l e s  near  Rol lover  Pass were pub l i shed  by Lockwood, Andrews, and 
Newnam, Inc. (1974) ,  and p r o f i l e s  f o r  t h e  High I s l a n d  a r e a  by t h e  U.Se Army 
Engineer D i s t r i c t ,  Galveston (1975),  The annua l  r a t e s  of v o l u m e t r i c  change 
per longshore  f o o t  of beach were p l o t t e d  from a  p lan imete r  of t h e  a r e a  between 
t h e  e a r l i e s t  p r o f i l e  and t h e  l a t e s t  p r o f i l e  a t  each s t a t i o n  (Fig.  6 0 ) -  A t  
High I s l a n d ,  t h e  average r a t e  of volume change between 1967 and 1973 was 2.3 
c u b i c  yards  per  f o o t  per year ,  The r a t e  f o r  t h e  two p r o f i l e s  j u s t  u p d r i f t  of 
Rol lover  Pass was about 1.5 c u b i c  yards  per f o o t  per  year .  If a n  average r a t e  
of about  2  c u b i c  ya rds  pe r  f o o t  per  year  i s  assumed t o  r e p r e s e n t  t h e  n o n i n l e t -  
r e l a t e d  beach e r o s i o n ,  p r o f i l e  d a t a  show t h a t  h i g h e r  r a t e s  occur  downdr i f t  a t  
l e a s t  a s  f a r  west a s  s t a t i o n  2000W ( s e e  Fig,  60). Although no p r o f i l e  d a t a  
between s t a t i o n s  2000W and 14000W were a v a i l a b l e ,  t h e  p l o t  of s h o r e l i n e  r e c e s -  
s i o n  r a t e s  shows t h a t  e r o s i o n  can be assumed t o  d e c r e a s e  l i n e a r l y  toward 
s t a t i o n  14000W. Thus, t h e  shaded a r e a  i n  Figure  60 r e p r e s e n t s  t h e  a n n u a l  
volume l o s s  from t h e  longshore  t r a n s p o r t  sys tem due t o  i n l e t  p r o c e s s e s ,  i . e . ,  
about 26,000 c u b i c  y a r d s .  

c. Tide C h a r a c t e r i s t i c s .  

( 1 )  Summary of Hydraul ic  Data C o l l e c t i o n .  The e a r l i e s t  t i d e  measure- 
ments i n  t h e  v i c i n i t y  of Rol lover  Bay were r e p o r t e d l y  o b t a i n e d  between 1887 
and 1890 but were not  pub l i shed  (U.Se Army Engineer D i s t r i c t ,  Ga lves ton ,  
1942). Since  o t h e r  p r e i n l e t  d a t a  were a v a i l a b l e ,  no a t t e m p t  was made t o  
l o c a t e  t h e s e  measurements, 
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Figure  65. R e l a t i o n s h i p  between a v e r a g e  v e l o c i t y  
and head d i f f e r e n c e ,  Ro l lover  Pass .  

concluded t h a t  t h e  a c t u a l  ave rage  v e l o c i t i e s  a r e  c l o s e r  t o  t h e  3.1 f e e t  pe r  
second p r e d i c t e d  us ing  t h e  1965 r e l a t i o n s h i p  than  t o  the  0.66 c a l c u l a t e d  by 
P r a t h e r  and Sorensen (1972).  

e .  I n l e t  S t a b i l i t y .  

( 1 )  Observed. Ro l lover  Pass ,  when f i r s t  b u i l t ,  was i n  an  ex t remely  
u n s t a b l e  e r o s i o n  c o n d i t i o n .  However, w i t h  t h e  a r t i f i c i a l  s t a b i l i z a t i o n  of t h e  
banks by s h e e t  p i l e  and t h e  cross-channel  w e i r ,  v e l o c i t i e s  were reduced and 
f u r t h e r  e r o s i o n  was h a l t e d .  ~ i ~ u r e  66 shows the  v a r i a t i o n  i n  c r o s s - s e c t i o n a l  
a r e a  a t  f o u r  l o c a t i o n s  s i n c e  1957. The minimum c r o s s - s e c t i o n a l  a r e a ,  a lways  
l o c a t e d  a t  s t a t i o n  500s ( s e e  Fig. 66) ,  has  been c o n s t a n t  s i n c e  1963; however, 
P r a t h e r  and Sorensen (1972) showed t h a t  between 1968 and 1971 t h e  d e e p e s t  p a r t  
of t h e  channe l  s o u t h  of t h e  weir  moved from t h e  e a s t  t o  t h e  west s i d e .  I n  
a d d i t i o n ,  a deep scour  h o l e  j u s t  s o u t h  of t h e  we i r  i n  1968 s h o a l e d  e x t e n s i v e l y  
by 1971, r educ ing  the  maximum dep ths  from 28 f e e t  t o  o n l y  about  12 f e e t  
( F i g .  67). Th i s  s h o a l i n g ,  combined w i t h  a  p o s s i b l e  i n c r e a s e  i n  t h e  i n l e t  
l e n g t h  due t o  d e p o s i t i o n  i n  Rol lover  Bay, may be t h e  cause  of the  d e c r e a s e d  
e f f i c i e n c y  of t h e  pass  ( i . e . ,  lower  bay ranges  and l o n g e r  l a g s )  which o c c u r r e d  
between 1965 and 1971. 

( 2 )  T h e o r e t i c a l .  O'Brien and Dean's (1972) s t a b i l i t y  method was used 
t o  p r e d i c t  t h e  response  of Ro l lover  Pass  t o  s e d i m e n t a t i o n .  The most d i f f i c u l t  
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Figure  66. Time h i s t o r y  of c r o s s - s e c t i o n a l  a r e a  changes 
by s e c t i o n  l o c a t i o n  ( i n  f e e t  n o r t h  o r  s o u t h  
of w e i r ,  e.g.,  150 N) l i o l lover  P a s s ,  1957-74. 
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Figure  67. Depth changes ,  Ro l lover  P a s s ,  
Texas,  J u l y  1968-winter 1971-72 
( a f t e r  P r a t h e r  and Sorensen,  1972).  



parameter  t o  de te rmine  f o r  Rol lover  Pass  was t h e  e f f e c t i v e  bay a r e a ,  s i n c e  
E a s t  Bay f i l l s  botih from the  pass  and from Galves ton e n t r a n c e .  Before t h e  
i n l e t  was c u t ,  t h e  r a t i o  of Ro l lover  Bay t i d a l  range t o  Galves ton South J e t t y  
gage was 0.57. En 1971, t h i s  r a t i o  was 0.63. There fo re ,  it i s  assumed t h a t  
t h e  d i f f e r e n c e  is  due t o  f low through Rol lover  Pass ,  o r  t h a t  t h e  e f f e c t i v e  
range due t o  t h i s  f low e q u a l s  ( 0 8 6 3  minus 0857)  t imes t h e  South J e t t y  
r ange .  From c o n t i n u i t y ,  t h e  e f f e c t i v e  bay a r e a  i s  e q u a l  t o  t h e  t i d a l  pr ism 
d i v i d e d  by t h e  e f f e c t i v e  range.  Using t h e  1971 average  prism of 1 - 8  x  108 
c u b i c  f e e t  and a n  e f f e c t i v e  range of 0.06 ( 2 )  = 0.12 f o o t ,  an  e f f e c t i v e  a r e a  
of 1.5 x l o 9  square  f e e t  i s  found,  which i s  e x a c t l y  t h e  same a s  the  measured 
a r e a  of E a s t  Bay, 

L e t t i n g  t h e  minimum i n l e t  wid th  remain c o n s t a n t  a t  200 f e e t  ( i , e . ,  l e t t i n g  
t h e  h y d r a u l i c  r a d i u s  vary  d i r e c t l y  wi th  A,), v a l u e s  of t h e  maximum a v e r a g e  
v e l o c i t y  and minimunl c r o s s - s e c t i o n a l  a r e a  a r e  p l o t t e d  i n  F igure  68 f o r  a n  
i n l e t  l e n g t h  of 1,200 f e e t ,  bay a r e a  of 1.5 x 10' square  f e e t ,  t i d a l  p e r i o d  of 
89,400 seconds ,  and Manningss n  of 0.032. Also p l o t t e d  a r e  measured v a l u e s  - 

'ma, and Ac Note t h a t  t h e  t h e o r e t i c a l  curve does not  a g r e e  w i t h  
a c t u a l  v a l u e s ,  B e t t e r  agreement could  be ach ieved  i f  t h e  curve  was developed 
us ing  a  much s m a l l e r  bay a r e a .  For i n s t a n c e ,  i f  the  bay range was assumed t o  
r e s u l t  only from f low through Rol lover  Pass ,  then  t h e  e f f e c t i v e  bay a r e a  
f i l l e d  by t h i s  f low would be about  4  x 108 s q u a r e  f e e t e  This would produce a  
s t a b i l i t y  cu rve ,  shown a s  t h e  d a s h l i n e  i n  F i g u r e  68, which e x a c t l y  f i t s  t h e  
f i e l d  d a t a .  In  e i t h e r  c a s e ,  t h e  pass is  on t h e  u n s t a b l e  s i d e  of t h e  c r i t i c a l  
c r o s s - s e c t i o n a l  a r e a *  

- 

@ =  Loca t i on  of A, and so, for d a t e s  shown 
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F i g u r e  68. Average maximum v e l o c i t y  v e r s u s  c r o s s -  
s e c t i o n a l  a r e a ,  Ro l lover  P a s s ,  Texas. 



J a r r e t t s s  (1976) r e l a t i o n s h i p  between e q u i l i b r i u m  c r o s s - s e c t i o n a l  a r e a  and 
t i d a l  prism g i v e s  an  e q u i l i b r i u m  a r e a  of 4,400 s q u a r e  f e e t  f o r  the  1971 t i d a l  
p r i s m ,  which i s  c o n s i d e r a b l y  l a r g e r  than  t h e  minimum a r e a  h a s  e v e r  been a t  t h e  
p a s s .  Thus, wi thou t  t h e  weir  s e c t i o n  i n  t h e  t h r o a t ,  t h e  i n l e t  could  be 
expec ted  t o  resume i t s  i n i t i a l  u n s t a b l e  s c o u r  modee 

f e  Summary. The c o n s t r u c t i o n  of Ro l lover  Pass  has  a f f e c t e d  t h e  a d j a c e n t  
d o w n d r i f t  beach,  producing a  d e f i c i t  of about  26,000 c u b i c  ya rds  p e r  y e a r  i n  
t h e  n e t  longshore  sediment t r a n s p o r t  r a t e .  The minimum c r o s s - s e c t i o n a l  a r e a ,  
abou t  875 square  f e e t ,  has  remained r e l a t i v e l y  c o n s t a n t ,  a l t h o u g h  t h e  seaward 
p a r t  of t h e  pass exper ienced  e x t e n s i v e  d e p o s i t i o n  i n  r e c e n t  yea r s .  Unfortu- 
n a t e l y ,  t h e  l a c k  of long-term v e l o c i t y  d a t a  i n  t h e  p a s s  p r e c l u d e s  d e t e r m i n i n g  
t h e  predominance of f l o o d  o r  ebb f lows ,  a s  w e l l  a s  a n  a c c u r a t e  p o r t r a y a l  of 
t h e  c u r r e n t  speed c h a r a c t e r i s t i c s ,  Limited sand-s ize  d i s t r i b u t i o n  d a t a  i n d i -  
c a t e  t h a t  m a t e r i a l  d e p o s i t e d  i n  Rol lover  Bay i s  p robab ly  f i n e r  than t h a t  on 
t h e  gu l f  beaches,  A d d i t i o n a l  samples shou ld  be t a k e n  i f  nourishment of a d j a -  
c e n t  beaches wi th  bay s h o a l  m a t e r i a l  i s  con templa ted ,  

5. Sabine  Pass.  

a .  H i s t o r i c a l  Review. Sabine  Pass ,  on t h e  Texas-Louisiana border ,  i s  a 
t i d a l  i n l e t  about  7  m i l e s  long  and 2,000 t o  5,000 f e e t  wide, connec t ing  Sab ine  
Lake t o  t h e  Gulf of Mexico. The Sabine and Neches R i v e r s  empty i n t o  t h e  n o r t h  
end of Sabine Lake, c o n t r i b u t i n g  a n  average  of 14,650 c u b i c  f e e t  per  second of 
f r e s h w a t e r  t o  t h e  system. During s to rms ,  d i s c h a r g e s  exceed 200,000 c u b i c  f e e t  
pe r  second. Unlike t h e  o t h e r  i n l e t s  c o n s i d e r e d ,  where sand bottoms predomi- 
n a t e ,  t h e  ebb t i d a l  d e l t a  and o f f s h o r e  a r e a s  a t  Sabine  Pass  a r e  comprised of 
t h i c k  l a y e r s  of mud, Net longshore  t r a n s p o r t  is t o  t h e  west. F igure  69 shows 
t h e  longshore  and shore-normal components of t h e  monthly r e s u l t a n t  winds f o r  
t h e  Sabine  Pass  ( P o r t  A r t h u r )  s h o r e l i n e  o r i e n t a t i o n  f o r  1973. Note t h e  s t r o n g  
westward longshore  component which a g r e e s  w i t h  t h e  n e t  longs  hore  sediment  
t r a n s p o r t  d i r e c t i o n .  

2.5 1 Shore-Normal  Compencnf -f 8 . 2  

Longshore Component 

don. Ftb. Mar. Apt. l o g  June July bug. Sepl. Oct. Nor. Dac. 

Figure .  69. Longshore and shore-normal components 
of monthly r e s u l t a n t  wind, Sabine  Pass  
( P o r t  A r t h u r ) ,  Texas, 1973. 



The f i r s t  USC&GS c h a r t  of Sabine Pass ,  made i n  1840 (Fig .  7 0 , a ) ,  i n d i c a t e s  
t h a t  the  c o n t r o l l i n g  dep th  was l e s s  than 6  f e e t ,  wi th  a  small, symmetr ical  ebb 
t i d a l  d e l t a .  Under t h e  o r i g i n a l  improvement p l a n ,  an  e n t r a n c e  channel  12 f e e t  
deep, 150 f e e t  wide, and 2.5 mi les  long ,  was t o  be mainta ined through t h e  
bar .  However, y e a r l y  dredging between 1876 and 1881 f a i l e d  t o  m a i n t a i n  t h e  
d e s i r e d  channel  dimensions.  Cons t ruc t ion  of two j e t t i e s  began i n  1883, and by 
1885 they had extended 13,000 f e e t  gulfward (Fig.  70,b).  Between 1840 and 
1885 (Fig .  71 ,a )  e x t e n s i v e  d e p o s i t i o n  occur red  i n  t h e  nearshore  zone on t h e  
west  ( d o w n d r i f t )  s i d e ,  and i n  an u p d r i f t  f i l l e t  a d j a c e n t  t o  t h e  t o e  of t h e  
e a s t  j e t t y .  Over t h e  y e a r s ,  t h e  j e t t i e s  were extended,  r a i s e d ,  and r e p a i r e d ,  
r each ing  t h e i r  p r e s e n t  l e n g t h s  i n  1929, w i t h  an  1,800-foot width  a t  t h e i r  
gulfward ends.  J e t t y  c o n s t r u c t i o n  has  no t  produced t h e  scour ing  a c t i o n  neces-  
s a r y  f o r  enhanced s e l f  -maintenance, and d redg ing  has been r e q u i r e d  a lmos t  
y e a r l y  s i n c e  1893. 

Following j e t t y  c o n s t r u c t i o n ,  l a r g e  f i l l e t s  (1.7 m i l l i o n  and 5.8 m i l l i o n  
cubic  y a r d s )  formed on both the  west and e a s t  s i d e s  of t h e  e n t r a n c e ,  r espec-  
t i v e l y ,  w i t h  e x t e n s i v e  o f f s h o r e  d e p o s i t i o n  (5.1 m i l l i o n  c u b i c  y a r d s )  w e s t  of 
t h e  j e t t y  ends (F ig ,  71,b) .  Erosion occur red  seaward of t h e  f i l l e t  on t h e  
e a s t  s i d e  and between t h e  f i l l e t  and d e p o s i t i o n  zone on t h e  west. . Blackman 
(1938) a t t r i b u t e d  t h e  west-side d e p o s i t i o n  t o  two p r i n c i p a l  causes .  F i r s t ,  
longshore  c u r r e n t s  c a r r y i n g  very f i n e  suspended m a t e r i a l  can more r e a d i l y  
r e t a i n  it i n  suspens ion  and c a r r y  it around and p a s t  t h e  j e t t y  ends f o r  
d e p o s i t  i n  t h e  q u i e t e r  waters  west  of t h e  j e t t i e s .  Second, much dredge s p o i l  
has been d e p o s i t e d  a d j a c e n t  t o  the  west j e t t y .  More r e c e n t  nearshore  changes  
(1966 t o  1974) have been minor (Fig.  72)--a small a r e a  of d e p o s i t i o n  u p d r i f t  
of the  j e t t i e s  and about 12,000 f e e t  o f f s h o r e .  

be  Tide C h a r a c t e r i s t i c s .  

( 1 )  Summary of Hydraul ic  Data C o l l e c t i o n .  The f i r s t  SWG t i d e  meas- 
urements a t  P o r t  Arthur began on 29 December 1934 and con t inue  t o  d a t e .  NOS - 
i n s t a l l e d  a  c o n t r o l  s t a t i o n  t i d e  gage i n  t h e  pass  i n  June 1958; t h e  gage h a s  
a l s o  opera ted  con t inuous ly .  SWG i n s t a l l e d  a  con t inuous ly  o p e r a t i n g ,  permanent 
gage on t h e  southwest  j e t t y  i n  May 1965. Loca t ions  of t h e s e  and o t h e r  t i d e  
and c u r r e n t  measurement p o i n t s  a r e  shown i n  F igure  73. 

Between June 1960 and A p r i l  1961, NOS o p e r a t e d  a  gage n e a r  t h e  end of t h e  
southwest j e t t y .  This s t a t i o n  was r e e s t a b l i s h e d  wi th  a p o r t a b l e  NOS gage 
between 22 J u l y  and 26 August 1962, i n  connec t ion  w i t h  e x t e n s i v e  c u r r e n t  
measurements taken by NOS between 17 and 23 J u l y .  A temporary NOS gage was 
a l s o  o p e r a t i n g  a t  Mesquite Po in t  between 18 J u l y  and 9  August. I n  J u l y  1966, 
SWG i n s t a l l e d  a  gage a t  t h e  n o r t h  end of Sabine Lake; t h e  gage has o p e r a t e d  
c o n t i n u o u s l y  s i n c e  then.  

Tide  d a t a  f o r  t h e  r e p r e s e n t a t i v e  year  (1974) a t  o t h e r  l o c a t i o n s  were 
incomplete  f o r  t h e  P o r t  Arthur gage,  so  1973 d a t a  were used t o  examine v a r i a -  
b i l i t y  i n  t h e  t i d a l  ranges  and l e v e l s  a t  f o u r  s t a t i o n s  i n  t h e  Sabine Pass-Lake 
system. U n f o r t u n a t e l y ,  t h e  NOS pass gage was o p e r a t i o n a l  only  between March 
and August 1973. 

F i n a l l y ,  r e s u l t s  of r e c e n t  h y d r a u l i c  s t u d i e s  were o b t a i n e d  from Ward and 
Johnston (1977) and Ward and Chambers (1978).  



F i g u r e  70. Bathymetry ,  Sab ine  P a s s  ( a f t e r  Morton,  1977).  

F i g u r e  71. Nea r sho re  c h a n g e s ,  Sab ine  P a s s  ( a f t e r  Morton,  1977) .  

A Sobine Pass 1840-1885 B Sobine Pass 1840-1974 c Sobine Poss 1885-1974 





( 2 )  Data Ana lys i s  and R e s u l t s ,  - 
( a )  T i d a l  Ranges and Levels .  Tab le  10 summarizes t h e  a v a i l a b l e  

i n f o r m a t i o n  on t i d a l  ranges  throughout  t h e  i n l e t - b a y  system, Long-term a v e r -  
a g e s  i n d i c a t e  t h a t  t h e  t i d a l  range a t  t h e  Sabine  Pass  southwest  j e t t y  i s  a b o u t  
95 pe rcen t  of t h e  range a t  the  Galves ton P l e a s u r e  P i e r ,  and t h a t  t h e  p i e r  
r ange  i s  reduced a n o t h e r  10 p e r c e n t  midway th rough  t h e  pass.  A t  Mesqui te  
P o i n t ,  the  e n t r a n c e  t o  Sabine Lake, t h e  t i d a l  range dur ing  t h e  s h o r t  p e r i o d  
r e c o r d  was about  h a l f  t h a t  of t h e  range a t  t h e  j e t t y .  However, long-term 
a v e r a g e s  from o t h e r  gages i n d i c a t e  t h a t  t h e  Mesquite Po in t  range u s u a l l y  
exceeds  60 p e r c e n t  of t h e  j e t t y  range,  

Table 10. T i d a l  r a n g e s ,  Sabine  P a s s ,  Texas,  

June  1960-Apr. 1961 Galveston P leasu re  P i e r  (NOS) 2.01 
(excluding  Jan.  ) J e t t y  (NOS) 1 2 3 0  

Pass (NOS) 1.80 

23 July-9 Bug. 1962 Galveston Pl-easure P i e r  (NOS) 2.12 
J e t t y  (NOS) 1.95 
Pass (NOS) l e 5 4  

Por t  A ~ t h u r  (SWG) 0.83 
Mesquite Poin t  (NOS) 1 ,03  

Galveston P leasu re  P i e r  (NOS) 2.27 
J e t t y  (NOS) 2.18 
Pass (NOS) 1.90 

Por t  Arthur (SWG) 1.10 
North Sabine Lake (SWG) 0.91 

easu re  P i e r  (NOS) 

A s  shown p r e v i o u s l y  i n  F igure  2, monthly t i d a l  r ange  v a ' r i a b i l i t y  a t  Sabine  
Pass  (NOS gage) c l o s e l y  aproximates  t h a t  of o t h e r  Texas l o c a t i o n s .  Incomplete  
d a t a  f o r  1973 (F ig .  74) i n d i c a t e  t h a t  t h e  P o r t  Ar thur  and n o r t h  Sabine  Lake 
gages  respond s i m i l a r l y  but d i f f e r  i n  range c h a r a c t e r i s t i c s  from t h e  NOS p a s s  
gage. I n  1936, t h e  P o r t  Arthur  gage d a t a  e x h i b i t e d  a  d i f f e r e n t  p a t t e r n  i n  
range v a r i a b i l i t y  (F ig .  75). Over t h e  p a s t  20 y e a r s ,  t h e  p a t t e r n  of a n n u a l  
mean range v a r i a b i l i t y  a t  Sabine Pass  has  d i f f e r e d  s i g n i f i c a n t l y  from t h a t  a t  
Galves ton and F r e e p o r t  (Fig .  7 ) ,  Thus, i t  a p p e a r s  t h a t  over  t h e  long t e rm,  
minor v a r i a t i o n s  i n  ' t i d a l  range a r e  caused by d i f f e r i n g  l o c a l  m e t e o r o l o g i c a l  
c o n d i t i o n s  i n  the  l a k e  (wind, r a i n f a l l ,  e t c . )  r a t h e r  than  a s t r o n o m i c a l  f o r c e s  
on gu l f  t i d e s ,  Both s h o r t -  and long-term p a t t e r n s  of t i d e  l e v e l  v a r i a b i l i t y  
(F igs .  3,  4 ,  and 76) a r e  s i m i l a r  f o r  a l l  s t a t i o n s  w i t h i n  t h e  pass  system. 

( b )  T i d a l  Phases,  Average phase l a g s  were computed from a v a i l -  
a b l e  d a t a  f o r  the  NOS Sabine Pass and j e t t y  gages  and f o r  t h e  SWG P o r t  Ar thur  
gage (Tab le  I l ) ,  A s  expec ted ,  ext remes occur  a t  abou t  t h e  same t imes  a t  t h e  
j e t t i e s  and i n  t h e  p a s s ,  whi le  a t  P o r t  Arthur  t h e y  occur  much l a t e r ,  

c. T i d a l  Hydrau l i c s .  

( I )  T i d a l  Cur ren t s .  NOS made e x t e n s i v e  c u r r e n t  measurements a t  t h e  
f o u r  ranges  shown i n  Figure  73 between 17 and 22 J u l y  1962. The d a t a  were 
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Figure  74.  Sabine  Lake monthly mean t i d a l  
range v a r i a b i l i t y ,  1973. 

F igure  75. Mean monthly h i g h s ,  lows, and ranges ,  
P o r t  Arthur c a n a l  SWG gage,  1936. 
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F i g u r e  76. Sabine  Lake monthly mean t i d e  
l e v e l  v a r i a b i l i t y ,  1973. 

Table  11. T i d a l  l a g s  i n  Sabine  Pass  sys tem,  
23 July-5 August 1962. 

I Sabine  Pass  / I  0.11 1 0.05 I 

t a k e n  a t  t h r e e  d e p t h s  ( s u r f a c e ,  middepth,  and bottom) a t  each s t a t i o n ;  t h e  
s t a t i o n s  were l o c a t e d  near  the  c e n t e r  of t h e  channe l .  Winds dur ing  t h e  s u r v e y  
p e r i o d  were l e s s  t h a n  10 m i l e s  pe r  hour and v a r i a b l e  i n  d i r e c t i o n .  F reshwate r  
d i s c h a r g e s  from t h e  Sabine and Neches Rivers  were about  2,300 c u b i c  f e e t  p e r  
second ,  we l l  below t h e  1961-65 average  of 14,650 c u b i c  f e e t  per  second. A 
p l o t  of the  s u r f a c e  c u r r e n t s  is  shown i n  F igure  77. 

( 2 )  T i d a l  Discharges  and Prisms.  Discharges  through each range ( s e e  
Fig.  73 f o r  l o c a t i o n s )  were computed a s  f o l l o w s :  C r o s s - s e c t i o n a l  p r o f i l e s  f o r  
NOS ranges  2, 3 ,  and 4  were o b t a i n e d  frorn NOS c h a r t  517 d a t e d  12 February  
1968, and f o r  range 1 from dredging su rveys  made i n  1962. For each ebb o r  
f l o o d  phase ,  t h e  a r e a s  under t h e  v e l o c i t y - t i m e  c u r v e s  were p lan imete red .  
Because of t h e  c rudeness  of the  c r o s s - s e c t i o n a l  p r o f i l e s  a t  ranges  3  and 4 ,  
t h e  d i s c h a r g e  through each range was taken t o  be t h e  p roduc t  of t h e  t o t a l  
c r o s s - s e c t i o n a l  a r e a  and the  average  of the  t h r e e  i n t e g r a t e d  a r e a s  under t h e  
v e l o c i t y  curve .  A t  range 1 ,  however, t h e  c u r r e n t  meter  p o s i t i o n s  were p lot , ted  
on each p r o f i l e ,  and h o r i z o n t a l  l i n e s  were drawn a c r o s s  t h e  p r o f i l e  midway 
between t h e  meter  p o s i t i o n s .  The a r e a  w i t h i n  each  of t h e  t h r e e  s e c t i o n s  w a s  
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F i g u r e  7 7 .  Tides  and s u r f a c e  c u r r e n t s ,  Sabine Pass ,  Texas,  19-21 J u l y  1962, 

measured, and t h e  d i s c h a r g e  through t h e  s e c t i o n  was t h e  product  of t h a t  a r e a  
and t h e  i n t e g r a t e d  v e l o c i t y - t i m e  a r e a .  The t o t a l  d i s c h a r g e  is  t h e  sum of t h e  
t h r e e  d i s c h a r g e s .  

Th i s  same procedure  was a t t e m p t e d  a t  range 2, us ing  a  c rude  p r o f i l e  
o b t a i n e d  from NOS c h a r t  517. However, a  qu ick  comparison of d i s c h a r g e s  showed 
t h a t  range 2 v a l u e s  were c o n s i d e r a b l y  lower t h a n  range 1 ,  a p p a r e n t l y  due t o  an  
i n c o r r e c t  c r o s s - s e c t i o n a l  a r e a .  T h e r e f o r e ,  an " e f f e c t i v e "  c r o s s - s e c t i o n a l  
a r e a  f o r  range 2 was determined a s  f o l l o w s :  F i r s t ,  t h e  average  ebb-to-flood 
d i s c h a r g e  r a t i o  a t  range 1  was 1.24; t h e  r a t i o  a t  range 2  was ve ry  c l o s e  t o  
u n i t y ,  Th i s  i n d i c a t e s  some of t h e  f l o o d  t i d a l  pr ism a p p a r e n t l y  e n t e r s  t h e  
pass  landward of the  j e t t y  r ange ,  whi le  a l l  the  ebb d i s c h a r g e  p a s s e s  th rough  
bo th  ranges  1 and 2, Thus, t h e  e f f e c t i v e  c r o s s - s e c t i o n a l  a r e a  of range 2, 

Ac2 was o b t a i n e d  f o r  ebb f low o n l y :  

where 

Qebb = i n s t a n t a n e o u s  ebb t i d a l  d i s c h a r g e  

1  = c r o s s - s e c t i o n a l  a r e a  of range 1 

JV2,dt = a r e a  under v e l o c i t y - t i m e  ebb curve  f o r  one of t h e  c u r r e n t  
me te r s  (numbered 1 t o  3) on range 2  

JVlndt = a r e a  under v e l o c i t y - t i m e  ebb curve  f o r  one of t h e  c u r r e n t  
meters  on range 1  

Averaging v a l u e s  f o r  each of t h e  ebb pr isms gave an e f f e c t i v e  a r e a  of 35,250 
s q u a r e  f e e t ,  which was then  used t o  o b t a i n  c o r r e c t e d  d i s c h a r g e s  through range 
2. Tables  12 and 13 show the  d i s c h a r g e s  and phase predominance f o r  t h e  f o u r  
r anges  f o r  f l o o d  and ebb phases  between 18 and 23 J u l y  1962. 



Table  12, Discharges  through Sabine Pass  ranges ,  18-23 J u l y  1962, 

------ ------ 
------ ------ 
------ 
------ 

------ 
------ 
------ 
------ 
------ 
----em 

'No d a t a  a v a i l a b l e ,  

2 ~ a t a  used t o  compare pass  d i s c h a r g e  w i t h  sum of c a n a l  and l a k e  d i s c h a r g e s ,  

Table  13. T i d a l  prisms through Sabine P a s s ,  18-23 J u l y  1962. 

/ 11.6 t o  23.4 f e e t  1 4.83 1 4.22 0 . 8 7  1 



A s  mentioned p r e v i o u s l y ,  ebb d i s c h a r g e s  predominate  between t h e  gulfward 
j e t t y  ends  a t  range 1 ,  Thus, about  24 p e r c e n t  of t h e  f l o o d  pr ism e n t e r s  t h e  
i n l e t  through t h e  small-boat  p a s s e s  and perhaps  t h e  j e t t y  s t o n e s .  On ebb 
f low,  t h e  channel  through the  b a r r i e r  i s l a n d  and t h e  j e t t i e s  c o n f i n e  t h e  f low,  
and a l l  t h e  ebb prism p a s s e s  through range 1. Th i s  ebb f low predominance 
promotes se l f -maintenance of t h e  j e t t y  channe l ,  keeping s h o a l i n g  r a t e s  below 
what they  would be i f  t h e  f low were balanced.  

Flood and ebb flows a t  range 2 were even ly  ba lanced ,  s i n c e  r i v e r  d i s c h a r g e  
was f a r  below normal dur ing  t h e  measurement pe r iod .  None the less ,  i t s  e f f e c t  
on f low d i s t r i b u t i o n  i n  t h e  pass  can be determined by comparing t h e  d i s c h a r g e s  
th rough  each v e r t i c a l  s e c t i o n  of t h i s  range. Table  13 shows t h a t  ebb flows 
predominate  i n  the  u s u a l l y  f r e s h e r  upper l a y e r ,  whi le  f l o o d f l o w s  predominatc 
i n  t h e  d e n s e r  bottom l a y e r .  Temperature,  s a l i n i t y ,  and c u r r e n t  d a t a  t aken  i r  
1974-75 more c l e a r l y  i l l u s t r a t e  t h i s  c o n d i t i o n  (Ward and Johns  t o n ,  1977). 

A t  range 4 ( P o r t  Arthur  c a n a l  e n t r a n c e ) ,  p e c u l i a r  c i r c u l a t i o n  p a t t e r n s  
develop.  Note t h a t  on 19, 20, and 21 J u l y  1962, whi le  c e r t a i n  ebb f lows were 
o c c u r r i n g  a t  a l l  o t h e r  r anges ,  f l o o d f l o w  was p a s s i n g  through t h i s  range. As a 
r e s u l t ,  f l o o d  d i s c h a r g e s  predominated by about  1.7 : 1. This a l s o  is  e v i d e n t  i n  
F i g u r e  77 which shows t h a t  wa te r  f lowed i n t o  t h e  c a n a l  whi le  i t  flowed o u t  of 
the  l a k e  and pass .  

A t  range 3 (Sab ine  Lake e n t r a n c e ) ,  ebb f lows predominate  f o r  two reasons :  
F i r s t ,  f r e s h w a t e r  from Sabine and Neches Rivers  e x i t s  here .  Second, f l o o d f  low 
predominance through t h e  P o r t  Arthur  Canal must a l s o  l e a v e  Sabine  Lake ( i . e . ,  
t h e r e  is  a n e t  c lockwise  c i r c u l a t i o n  through t h e  c a n a l  and l a k e ) .  

During t h e  s imul taneous  measurements a t  a l l  f o u r  l o c a t i o n s  (19 t o  21 
J u l y ) ,  t h e  accuracy  of t h e  d i s c h a r g e  c a l c u l a t i o n s  was checked by summing t h e  
v a l u e s  from ranges  3 and 4 and comparing them t o  t h o s e  of range 2. For t h e  
s i x  t i d a l  phases i n  which t h e  f low d i r e c t i o n s  were always i n  agreement 
( f o o t n o t e  2 v a l u e s  i n  Table 12) t h e  average  d i f f e r e n c e  was on ly  7 p e r c e n t  and 
i n  a l l  but one case  the  sum of t h e  two channe l s  exceeded t h e  pass  d i s c h a r g e .  
Th i s  s m a l l  e r r o r  adds conf idence  t o  t h e  e s t i m a t e  of t h e  e f f e c t i v e  c r o s s -  
s e c t i o n a l  a r e a  of range 2 determined e a r l i e r  i n  t h i s  r e p o r t .  

An a t t e m p t  was made t o  v e r i f y  t h e  t i d a l  d i s c h a r g e s  by c a l c u l a t i n g  t h e  
t i d a l  pr ism a s  t h e  product of bay a r e a  and bay t i d a l  range.  However, t h e  o n l y  
bay t i d e  d a t a  were from t h e  P o r t  Arthur  SWG gage,  and t h e s e  d a t a  were no t  
compat ib le  wi th  d i s c h a r g e s  through Sabine  Pass ,  s i n c e  t h e  c a n a l  r e c e i v e s  wa te r  
( i . e . ,  f l o o d s )  d u r i n g  p a r t s  of ebb f low i n  t h e  pass .  

Rathbun and Goodwin's (1976) d a t a  r e p o r t e d  i n  Ward and Johns ton  (1977) a r e  
p l o t t e d  i n  F igures  78 t o  81. Note t h e  same p a t t e r n  e x h i b i t e d  i n  t h e  1962 
d a t a :  f l o o d f l o w  i n t o  P o r t  Arthur  c a n a l ,  ebb f lows from Sabine Lake. The two 
measurement pe r iods  (1974 and 1975) were d u r i n g  d i u r n a l  t i d e s ;  t h e  1962 d i s -  
cha rges  were s e m i d i u r n a l .  T h e r e f o r e ,  the  more r e c e n t  ave rage  t i d a l  c y c l e  
d i s c h a r g e s  a r e  about  twice  t h o s e  of 1962 (Tab le  14) .  

d. T h e o r e t i c a l  S t a b i l i t y  Ana lys i s .  O 'Br ien and Dean's (1972) s t a b i l i t y  
method was a g a i n  used t o  p r e d i c t  t h e  response  of t h i s  j e t t i e d  e n t r a n c e  t o  
s e d i m e n t a t i o n .  The 1973 t i d e  d a t a  i n d i c a t e d  t h a t  t h e  Sabine Lake t i d a l  range 
was about  0.41 t h e  j e t t y  range which, from F igure  37, y i e l d s  a K v a l u e  



Figure  78. Sabine Pass  d i s c h a r g e s ,  10-12 September 1974 
( a f t e r  Ward and Johns ton ,  1977). 

T i d o l  R e c o r d  

Figure  79. Sabine Pass s t a g e ,  10-12 September 1974 
( a f t e r  Ward and Johns ton ,  1977). 
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F i g u r e  80. S a b i n e  Pass  d i s c h a r g e s ,  22-24 J u l y  1975 
( a f t e r  Ward and J o h n s t o n ,  1977) .  

2.0 I-- T i d e l  R e c o r d  

F i g u r e  81, Sab ine  Pass  s t a g e ,  22-24 J u l y  1975 
( a f t e r  Ward and J o h n s t o n ,  1977) .  



Table 14. T i d a l  pr isms a t  Sabine  Lake and 
P o r t  Ar thur  Canal e n t r a n c e s .  

23 J u l y  / Flood 11 2 ,35 ( L e 7 4  

Flood I Ebb I1 
23-24 J u l y  I Ebb 11 2.52 1 1.18 

24 J u l y  Flood I Ebb 

of 0,44, For Sabine Pass ,  t h e  most d i f f i c u l t  parameter  t o  de te rmine  was t h e  
f r i c t i o n  f a c t o r ,  f e  S u b s t i t u t i n g  t h e  v a l u e s  l i s t e d  below i n t o  e q u a t i o n  ( 1 )  
gave a n  f v a l u e  of 0.0145 (n  = 0,018) ,  which i s  c o n s i d e r a b l y  lower  t h a n  t h e  
p r e v i o u s l y  assumed va lue  of 0.025 but may be r e a l i s t i c  due t o  t h e  mud bottom 
a t  Sabine ,  

Ac = 35,250 s q u a r e  f e e t  

Ab = 2,6 x l o 9  s q u a r e  f e e t  

L  = 43,000 f e e t  

R = 17e6  f e e t  

T = 89,000 seconds  

L e t t i n g  t h e  minimum i n b e t  width  remain c o n s t a n t  ( L e e ,  l e t t i n g  R v a r y  
d i r e c t l y  w i t h  A,), v a l u e s  of maximum average  v e l o c i t y  and c r o s s - s e c t i o n a l  a r e a  
a r e  p l o t t e d  i n  F igure  82 f o r  v a r i o u s  d e p o s f t i o n  l e n g t h s .  Note t h a t  t h e  1962 
a r e a  and v e l o c i t y  p l o t  very c l o s e  t o  t h e  l o c u s  of c r i t i c a l  A ' s  f o r  a  depo- 
s i t i o n  l e n g t h  about  t h r e e - f o u r t h s  t h e  a c t u a l  l e n g t h ,  and t h a t C  vma, i s  about  
3 f e e t  per  second a t  the  c r i t i c a l  a r e a .  

Comparing Sabine  Pass t o  J a r r e t t P s  (1976)  s t a b i l i t y  r e l a t i o n s h i p  f o r  o t h e r  
d u a l - j e t t i e d  i n l e t s ,  Ac = 3.76 x P, t h e  p r e d i c t e d  e q u i l i b r i u m  a r e a  i s  
26,917 square  f e e t ,  Th i s  e q u i l i b r i u m  a r e a  i s  probably  c l o s e  t o  t h a t  of t h e  
o r i g i n a l  u n j e t t i e d  e n t r a n c e ,  but l e s s  than  the  p r e s e n t  a r e a  and t h e  c r i t i c a l  
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Figure  82. Vmax v e r s u s  Ac s t a b i l i t y  c u r v e s ,  Sab ine  Pass ,  Texas. 

a r e a  p r e d i c t e d  by F igure  82. Thus, O'Brien and Dean's (1972) method shows 
Sab ine  t o  be nea r  e q u i l i b r i u m ;  J a r r e t t ' s  (1976)  method i n d i c a t e s  t h a t  t h e  
channe l  should  be s h o a l i n g .  

e. Summary. Sabine  Pass  i s  an anomalous i n l e t  compared t o  t h e  o t h e r  
i n l e t s  i n  t h e  s tudy  a r e a .  Sediments i n  t h e  i n l e t  and on t h e  a d j a c e n t  beaches  
a r e  v e r y  f i n e  s i l t s  and mud; f r e s h w a t e r  ou t f low a f f e c t s  t h e  v e r t i c a l  d i s t r i b u -  
t i o n  of f l o o d  and ebb c u r r e n t s  and may produce d e n s i t y  c u r r e n t s  which i n f l u -  
ence  d e p o s i t i o n a l  p a t t e r n s .  Although t h e  Sabine  and Neches Rivers  probably  
t r a n s p o r t  sand-sized m a t e r i a l  t o  t h e i r  mouths, Sabine  Lake a c t s  a s  a  f i l t e r  
and p r e v e n t s  t h i s  sediment  from r e a c h i n g  g u l f  beaches.  Even w i t h  t h i s  d i f f e r -  
ence  i n  sed iment ,  changes fo l lowing  j e t t y  c o n s t r u c t i o n  fo l lowed  t h e  same 
p a t t e r n  a s  a t  Galves ton:  downdr i f t  d e p o s i t i o n  o f f s h o r e  and i n  t h e  f i l l e t ,  
w i th  e r o s i o n  i n  between, and u p d r i f t  d e p o s i t i o n .  U n f o r t u n a t e l y ,  the  l a c k  of  
s u f f i c i e n t  survey d a t a  p rec luded  a n a l y s i s  of changes i n  t h e  c r o s s - s e c t i o n a l  
a r e a  a t  Sabine Pass ,  However, i t  a p p e a r s  t h a t  c o n s t r u c t i o n  of the  j e t t i e s  
w i t h  smal l -boat  passes  h a s  i n c r e a s e d  t h e  n a t u r a l  s c o u r i n g  c a p a c i t y  of t i d a l  
c u r r e n t s  by e s t a b l i s h i n g  an ebb flow predominance between t h e  j e t t i e s .  Th i s  
s c o u r i n g  i s  p a r t i c u l a r l y  a c c e n t u a t e d  d u r i n g  t h e  passage of n o r t h e r s ,  when 
i n s t a n t a n e o u s  d i s c h a r g e s  t h r e e  t imes  those  of normal d i u r n a l  t i d e s  produce ebb 
c u r r e n t s  i n  excess  of 6 f e e t  pe r  second (Ward and Chambers, 1978). 

IV. SUMMARY 

1. Tide  C h a r a c t e r i s t i c s .  

T ide  d a t a  from a  number of SWG and NOS gages  th roughout  t h e  upper Texas 
c o a s t  r e v e a l e d  the  f o l l o w i n g  c h a r a c t e r i s t i c s :  

( a )  Long-term v a r i a b i l i t y  i n  monthly mean t i d a l  range and wa te r  
l e v e l  i s  uniform throughout  the  a r e a ,  wi th  two maximums and two mini-  
mums per  yea r ,  Annual v a r i a b i l i l t y  i n  range i s  s m a l l  (16 p e r c e n t ) ,  



b u t  mean monthly wa te r  l e v e l s  c a n  v a r y  by a s  much a s  0.9 f o o t  d u r i n g  
t h e  year  a s  a  r e s u l t  of a s t r o n o m i c a l  and m e t e o r o l o g i c a l  i n f l u e n c e s .  
The v a r i a b i l i t y  of t h e  p r e d i c t e d  t i d a l  range i s  l e s s  t h a n  t h a t  a c t u -  
a l l y  measured. 

( b )  Mean monthly range  v a r i a b i l i t y  i n  1974 was g r e a t e r  t h a n  nor- 
mal ( abou t  25 p e r c e n t ) ,  and mean monthly l e v e l s  v a r i e d  a s  much a s  1.4 
f e e t .  Thus, c o n s i d e r a b l e  v a r i a t i o n  i n  t i d a l  pr isms can be expec ted ,  
which impacts  not  on ly  on t h e  n a t u r a l  s c o u r i n g  c a p a c i t y  of t h e  i n l e t s ,  
b u t  a l s o  on t h e  exchange r a t e  of gu l f  and bay w a t e r s ,  

( c )  Hicks (1972) showed t h a t  t h e  t r e n d  i n  s e a  l e v e l  r i s e  between 
1940 and 1970 a t  Galves ton was 0.014 f o o t  p e r  year .  Th i s  r a t e  i s  l e s s  
than  t h a t  shown i n  F igure  8 f o r  1900 t o  1970 (abou t  0.018 f o o t  p e r  
y e a r ) ,  and a n  o r d e r  of magnitude l e s s  t h a n  t h e  post-1970 rates qf a s  
much a s  0.15 f o o t  per  yea r  a t  F r e e p o r t  and Galves ton.  The annua l  mean 
w a t e r  l e v e l s  a t  F r e e p o r t  and Galves ton shou ld  be moni tored t o  d e t e r -  
mine whether t h e s e  p r e s e n t  t r e n d s  c o n t i n u e .  Con t inua t ion  of t h e  SWG 
t i d e  gage network i s  a l s o  recommended t o  document l o c a l i z e d  t r e n d s  i n  
i n t e r i o r  w a t e r s ,  

( d )  In  t h e  mid-1970's mean annua l  t i d a l  r anges  have been a t  a  
minimum i n  t h e  19-year c y c l e  (Fig .  9) .  However, r anges  w i t h i n  t h e  
f o l l o w i n g  decade w i l l  i n c r e a s e  about  20 p e r c e n t ,  r e a c h i n g  a maximum 
between about 1986 and 1988. I f  t h e  mean annua l  water  l e v e l  remains  
a t  t h e  1975 v a l u e ,  by 1986 bay t i d e s  w i l l  p e n e t r a t e  t o  a r e a s  which a r e  
a s  much a s  1  f o o t  above h i g h  water  v a l u e s  i n  1970. More i m p o r t a n t l y ,  
i f  t h e  p r e s e n t  t r e n d  i n  s e a  l e v e l  r i s e  c o n t i n u e s ,  t h i s  p e n e t r a t i o n  
between 1986 and 1988 cou ld  reach  a r e a s  t h a t  a r e  more than 2,5 f e e t  
above 1970 high waters .  

2. F r e e p o r t  Entrance .  

a. Bathyrnetric Changes. S i n c e  1946, t h e  a r e a s  o f f s h o r e  of F r e e p o r t  
( F i g s ,  12 and 13) have g e n e r a l l y  been e r o d i n g  ( S e e l i g  and Sorensen,  1973; 
Morton, 1977),  Most of t h e  downdr i f t  o f f s h o r e  change t o  t h e  west  i s  a t t r i b -  
u t e d  t o  e r o s i o n  of the  former Brazos River d e l t a .  Between 1960 and 1975, 
s h o r e l i n e  r e c e s s i o n  on t h e  e a s t  s i d e  of t h e  e n t r a n c e  o c c u r r e d  a t  abou t  twice  
t h e  r a t e  a s  on t h e  west  s i d e .  This  d i f f e r e n c e  may have r e s u l t e d  from t h e  
p r o t e c t i o n  a f f o r d e d  t h e  west  s i d e  by t h e  r e l i c  d e l t a  and by t h e  wave shadow 
zone c r e a t e d  by t h e  j e t t i e s ,  However, t h e  a c t u a l  causes  of t h i s  e r o s i o n  a r e  
d i f f i c u l t  t o  de te rmine  due t o  t h e  l a c k  of d e f i n i t i v e  p r o c e s s  d a t a s  

b. Tides  and Hydraul ics .  Lack of p r o t o t y p e  d a t a  a l s o  h indered  a n a l y s i s  
of  t h e  F r e e p o r t  e n t r a n c e  h y d r a u l i c s .  I n  t h e  absence of c u r r e n t  measurements,  
the  long-wave e q u a t i o n  i s  assumed t o  be t h e  most a p p l i c a b l e  model f o r  p red ic -  
t i o n  of e n t r a n c e  channel  c u r r e n t s .  However, a  ha rbor  r esonance  model shows 
t h a t  a m p l i f i c a t i o n  of long wave ampl i tudes  i n  t h e  ha rbor  and c u r r e n t s  i n  t h e  
e n t r a n c e  channe l  w i l l  be reduced i f  t h e  h a r b o r  i s  expanded a s  p lanneds  

c.  S t a b i l i t y ,  The o f f s h o r e  p a r t  of t h e  F r e e p o r t  n a v i g a t i o n  channe l  i s  
plagued w i t h  r a p i d  s e d i m e n t a t i o n ,  p a r t i c u l a r l y  between 3,000 and 4,000 f e e t  
gul fward of t h e  j e t t y  ends.  Between t h e  j e t t i e s ,  c u r r e n t s  a r e  a p p a r e n t l y  t o o  
weak t o  s c o u r  t h e  bottom, and d e p o s i t i o n  a l s o  occurs ,  I n  view of t h e  l a c k  of 



b u i l d u p  of dredged d i s p o s a l  m a t e r i a l  i n  t h e  o f f s h o r e  dumping zone, and t h e  low 
r a t e  of o f f s h o r e  e r o s i o n  v e r s u s  annua l  d redg ing  r a t e s  (600,000 v e r s u s  
1,450,000 c u b i c  y a r d s  p e r  y e a r ,  r e s p e c t i v e l y ) ,  f u r t h e r  s t u d i e s  a r e  r e q u i r e d  t o  
de te rmine  the  major source  of channel  d e p o s i t s .  C o n s i d e r a t i o n  should  a l s o  be 
g i v e n  t o  moni to r ing  t h e  c u r r e n t  f low and c i r c u l a t i o n  i n  F r e e p o r t  Harbor,  
p a r t i c u l a r l y  t h e  e f f e c t s  of c o o l i n g  water  wi thdrawal  by Dow Chemical Company, 

3. San Luis  Pass.  

a ,  Bathymetr ic  Changes. The p r e s e n t  s i t e  of §an Lu i s  Pass  h a s  been open 
s i n c e  a t  l e a s t  1834. This e q u i l i b r i u m  c o n d i t i o n  i s  exempl i f i ed  by t h e  f a c t  
t h a t  on ly  minor changes i n  sediment volumes o c c u r r e d  on t h e  ebb and f l o o d  
t i d a l  d e l t a s  between 1853 and 1933, However, t h e  i n l e t  c r o s s - s e c t i o n a l  a r e a  
and wid th  have g e n e r a l l y  been i n c r e a s i n g  s i n c e  1853, which a g r e e s  w i t h  O t B r i e n  
and Dean's (1972) t h e o r e t i c a l  s t a b i l i t y  a n a l y s i s  i n d i c a t i n g  San Luis  Pass  t o  
be on t h e  u n s t a b l e  s i d e  of t h e  c r i t i c a l  c r o s s - s e c t i o n a l  a r e a .  

The s h o u l d e r s  of t h e  i n l e t  ( w i t h i n  t h e  i n f l u e n c e  of the  ebb t i d a l  d e l t a )  
show f r e q u e n t  shor t - t e rm changes ,  b u t  t h e  p r e s e n t  t r e n d  i s  one of a c c r e t i o n  on 
the  west  shou lde r  and e r o s i o n  on t h e  e a s t ,  The d e e p e s t  p a r t  of t h e  i n l e t  
t h r o a t  has  always been on t h e  west  ( d o w n d r i f t )  s i d e ;  t h e  o u t e r  p a r t  of t h e  
channe l  has  u s u a l l y  been o r i e n t e d  a t  about  90' t o  t h e  s h o r e l i n e  t r e n d .  

Both t h e  ebb and f l o o d  t i d a l  d e l t a s  c o n t a i n  s u f f i c i e n t l y  l a r g e  volumes of 
sand t o  s e r v e  a s  beach nourishment borrow a r e a s .  Dredging of m a t e r i a l  from 
t h e  r e l a t i v e l y  p r o t e c t e d  landward edge of a n  e a s t  c o a s t  ebb t i d a l  d e l t a  h a s  
been accomplished i n  r e c e n t  y e a r s  by t h e  UeS. Army Engineer  D i v i s i o n ,  South  
A t l a n t i c .  S i m i l a r  o p e r a t i o n s  a r e  f e a s i b l e  a t  §an Lu i s  Pass ,  but  sand samples  
should  be o b t a i n e d  from throughout  t h e  i n l e t  complex t o  determine t h e  l o c a -  
t i o n s  of o p t i m a l l y  s i z e d  sediment.  

b e  Tides  and Hydrau l i c s .  T ides  a t  t h e  §an L u i s  Pass  b r i d g e ,  a l t h o u g h  i n  
phase wi th  those  a t  t h e  Galves ton P l e a s u r e  P i e r ,  e x h i b i t  on ly  about 75 p e r c e n t  
of t h e  p i e r ' s  range.  Bay t i d a l  r anges  a r e  s l i g h t l y  more than  50 p e r c e n t  of 
t h e  b r i d g e  range and show g r e a t e r  than  expec ted  phase l a g s .  The average  t i d a l  
pr ism was 1.65 x  109 c u b i c  f e e t ,  and i t  was found t h a t  computat ions  of t h e  
pr ism us ing  t h e  bay t i d a l  range and bay a r e a  r e l a t i o n s h i p  given by e q u a t i o n  
( 6 )  a g r e e d  w e l l  w i t h  t h e  d i s c h a r g e  method. Measured mean c u r r e n t s  th rough  t h e  
i n l e t  t h r o a t  were about  2  f e e t  per second,  a l t h o u g h  h i g h e r  c u r r e n t s  w i l l  o c c u r  
d u r i n g  d i u r n a l  t i d e s ,  S l i g h t  i n c r e a s e s  i n  t h e  t i d a l  prism w i l l  occur  i n  
f u t u r e  y e a r s  i f  t h e  p r e d i c t i o n s  of i n c r e a s e d  i n l e t  c r o s s - s e c t i o n a l  a r e a  and 
maximum v e l o c i t y  a r e  c o r r e c t .  

4. Galves ton Bay En t rance .  

a .  Bathymetr ic  Changes. Ex tens ive  changes t o  a d j a c e n t  beaches and t h e  
e n t r a n c e  channel  have occur red  s i n c e  c o n s t r u c t i o n  of the  Galves ton e n t r a n c e  
j e t t i e s ,  On t h e  u p d r i f t  s i d e ,  sediment has  been d e p o s i t i n g  a t  a  r e l a t i v e l y  
c o n s t a n t  r a t e  of about  430,000 cub ic  ya rds  per  yea r .  On t h e  downdr i f t  ( s o u t h )  
s i d e ,  a n  ad jus tment  of t h e  ebb t i d a l  d e l t a  t o  t h e  a l t e r e d  wave and c u r r e n t  
c o n d i t i o n s  r e s u l t e d  i n  a  t r i p a r t i t e  p a t t e r n  of d e p o s i t i o n  o f f s h o r e  and i n  t h e  
f i l l e t ,  and e r o s i o n  between t h e s e  zones;  t h i s  p a t t e r n  was a p p a r e n t l y  completed 
by 1933, Subsequent changes t o  the  s o u t h  s i d e  have been minor,  a l t h o u g h  t h e  
s h o r e l i n e  s lowly moved gulfward between 1933 and 1965, The minimum wid th  of 



t h e  e n t r a n c e  has  remained r e l a t i v e l y  c o n s t a n t  s i n c e  1850 a t  about  9,500 f e e t ,  
but  t h e  c r o s s - s e c t i o n a l  a r e a  and h y d r a u l i c  r a d i u s  have i n c r e a s e d  from 13,000 
t o  19,000 f e e t  and 14 t o  21 f e e t ,  r e s p e c t i v e l y .  

A s  a t  San Luis P a s s ,  t h e  l a r g e  d e p o s i t i o n  volumes a t  Galves ton could  be  
used f o r  beach nour ishment ,  p a r t i c u l a r l y  t h e  sou thwes t  f i l l e t  and t h e  a d j a c e n t  
s p i t  ex tend ing  eas tward i n t o  t h e  channel .  Located on ly  a  few m i l e s  from t h e  
Ga lves ton  Beach g r o i n  f i e l d ,  t h e  sand h a s  l i t t l e  f u n c t i o n a l  importance  i n  i t s  
p r e s e n t  s t a t e ,  and i t  is  probably  the  most economical  borrow s i t e ,  both  i n  
terms of g r a i n - s i z e  c h a r a c t e r i s t i c s  and t r a n s p o r t a t i o n  c o s t s s  

b e  Tides  and Hydrau l i c s .  T i d a l  ranges  i n  Galves ton Bay i n c r e a s e d  a b o u t  
12 pe rcen t  between 1936 and 1974, and a r e  p r e s e n t l y  abou t  0,56 t h a t  of t h e  
Ga lves ton  P l e a s u r e  P i e r .  This  i n c r e a s e  .is c o n s i d e r a b l y  l e s s  than might be 
e x p e c t e d ,  based on t h e  observed 25-percent i n c r e a s e  i n  minimum c r o s s - s e c t i o n a l  
a r e a .  The average  d i u r n a l  t i d a l  prism i s  about  11 x l o 9  c u b i c  f e e t ,  but ebb 
d i s c h a r g e s  dur ing  n o r t h e r s  were more t h a n  t h r e e  t imes  a s  g r e a t  and must con- 
t r i b u t e  s i g n i f i c a n t l y  t o  n a t u r a l  maintenance of t h e  c h a n n e l *  

5. Ro l lover  Pass. 

The h i s t o r y  of t h i s  s m a l l  manmade i n l e t  o f f e r s  a n  o b j e c t  l e s s o n  i n  p roper  
i n l e t  des ign  c o n s i d e r a t i o n s .  F i r s t ,  numerical  o r  physkcal  model s t u d i e s  of 
proposed p l a n s  should  be performed t o  de te rmine  t h e  e f f e c t s  of any i n l e t  on 
t h e  bay sys tem,  and t o  p r e d i c t  t h e  f low c h a r a c t e r i s t i c s  through t h e  i n l e t .  
C r e a t i o n  of Rol lover  Pass  i n c r e a s e d  t h e  Eas t  Bay t i d a l  r anges  by about  10 
p e r c e n t  and c u r r e n t s  were ex t remely  r a p i d ,  due t o  i n i t i a l l y  low f r i c t i o n a l  
r e s i s t a n c e .  Subsequent i n s t a l l a t i o n  of a  weir  and growth of a  f l o o d  t i d a l  
d e l t a  i n c r e a s e d  f r i c t i o n  t o  a  Manning's n  v a l u e  of 0,032,  Second, i n l e t  
s t a b i l i t y  should  be a s s e s s e d :  W i l l  t h e  planned i n l e t  be u n s t a b l e ,  i . e e ,  i n  
scour  o r  d e p o s i t i o n  modes, o r  w i l l  i t  be i n  harmony wi th  t h e  l o c a l  t i d e  and 
wave regimes? T h i r d ,  i n l e t s  t y p i c a l l y  a c t  a s  sediment  s i n k s ,  removing 
m a t e r i a l  from the  longshore  t r a n s p o r t  regime th rough  development of f i l l e t s  
and ebb and f l o o d  t i d a l  d e l t a s ,  Removal of t h i s  m a t e r i a l  and t h e  r e s u l t i n g  
d e f i c i t  i n  a v a i l a b l e  l i t t o r a l  m a t e r i a l  t y p i c a l l y  produces downdr i f t  beach 
e r o s i o n .  A t  Rol lover  Pass ,  t h e  excess  volume removed from t h e  beaches  was 
a lmost  e x a c t l y  equa l  t o  t h e  volume d e p o s i t e d  i n  t h e  i n l e t .  

6. Sabine Pass ,  

a .  Bathymetr ic  Changes. Although t h e  m a t e r i a l  compr i s ing  t h e  p r e s e n t  
n e a r s h o r e  and channel  bottoms is  much f i n e r  t h a n  t h a t  of o t h e r  Texas c o a s t  
i n l e t s ,  Sabine  Pass  p o s t c o n s t r u c t i o n  ba thymet r i c  changes c l o s e l y  p a r a l l e l  
t h o s e  a t  Ga lves ton- -updr i f t ,  d e p o s i t i o n  i n  a  f i l l e t  w i t h  o f f s h o r e  e r o s i o n ;  
d o w n d r i f t ,  a  t r i p a r t i t e  p a t t e r n  of d e p o s i t i o n - e r o s i o n - d e p o s i t i o n  (Fig .  73)*  
1,ack of s u f f i c i e n t  survey d a t a  p rec ludes  c a l c u l a t i o n  of t h e  t o t a l  amounts of 
m a t e r i a l  which accumulated n e a r  t h e  p a s s ,  bu t  w i t h i n  t h e  d a t a  l i m i t s  t h e r e  was 
a n e t  a c c r e t i o n  of 900,000 c u b i c  ya rds  on t h e  u p d r i f t  s i d e  and 2  m i l l i o n  c u b i c  
y a r d s  on t h e  downdr i f t  s i d e  between 1885 and 1974, 

b e  Tides  and Hydrau l i c s ,  A v a i l a b l e  t i d e  d a t a  i n d i c a t e  t h a t  the  a n n u a l  
mean bay t i d a l  range has  remained c o n s t a n t  a t  abou t  50 p e r c e n t  of t h e  pass  
range s i n c e  1936, a l t h o u g h  t h e  p a t t e r n  of s e a s o n a l  v a r i a b i l i t y  i n  range d i f -  
f e r s  g r e a t l y ,  The mean pass  range between 1960 and 1975 was 1,85 f e e t .  Ebb 
f lows predominate between t h e  j e t t i e s  (1 ,24:1 ,  e b b z f l o o d )  due t o  f r e s h w a t e r  



d i s c h a r g e  from t h e  Sabine and Neches Rivers ,  and from t h e  f a c t  t h a t  a p p a r e n t l y  
t h e  j e t t i e s  a r e  q u i t e  porous,  a l lowing  r e l a t i v e l y  uniform in f low of f l o o d -  
t i d e s  but c o n s t r a i n i n g  t h e  ebb d i s c h a r g e  t o  t h e  channel.  A d i s c h a r g e  imbal- 
ance a l s o  p r e v a i l s  i n  t h e  P o r t  Arthur Canal ,  where f loodf lows  predominate  
(1.7:1,  f loodzebb) ,  which may produce i n c r e a s e d  d e p o s i t i i o n  i n  t h i s  p a r t  of 
t h e  system. Net ebb flows a l s o  predominate a t  t h e  Sabine Lake e n t r a n c e ;  t h e  
e x c e s s  f l o o d  d i s c h a r g e  from t h e  system i n t o  t h e  c a n a l  must e x i t  here .  

c, S t a b i l i t y .  The n e c e s s i t y  f o r  con t inued  dredging of Sabine Pass  i n d i -  
c a t e s  t h a t  t h e  e n t r a n c e  i s  uns tab le .  However, t h e  s t a b i l i t y  i s  undoubtedly  
enhanced by f r e q u e n t  s t r o n g  ebb d i s c h a r g e s  which occur  dur ing  t h e  passage of 
w i n t e r  f r o n t a l  systems. OIBrien and Dean's (1972) s t a b i l i t y  a n a l y s i s  r e v e a l e d  
t h a t  t h e  1962 channel  dimensions were on ly  s l i g h t l y  l e s s  than t h e  c r i t i c a l  
c r o s s - s e c t i o n a l  a r e a  r e q u i r e d  f o r  s t a b i l i t y ,  There fore ,  maximum n a t u r a l  main- 
tenance of t h e  channel  i s  probably  being ach ieved .  
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