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— -~var iabi1i ty  in wave hei ght , per iod and direct ion .-~ An es t imated  1 m i l l i o n  cub ic
yards of sand accumulated at the  pass during cons t ruc t ion  of two gu l f  j e t t i e s .
The rea f t e r, a loss of sand g rea te r  than the e s t ima ted  net annua l longshore
t ranspor t  ra te  occurred on beaches south ( d ow n d r i f t ) of the jetties . Con-
siderable sediment was deposited on shoals at the bay end of the pass with
little accumulation in the pass. hydra ulic measurements indicate that channe l
frictional resistance increased by about 50 percent over the study period ,
al though greater variability occurred during ind ividual tidal cycles. Tidal
discharge through the pass was high ly dependen t upon var iat ions in the gu l f
t ides , w ith equal volinnes of ebb and flood flows during diurnal tides and
strong flood predominan ce during mixed and semidiurnal cycles . The average
discharge through the puss was only about 3 percent of the to ta l  t i d a l  p r i s m
of Corpus Christi Bay , indicating that the bay tides , wh ich p a r t l y  contro l
flow through the pass , result prima rily from passage of the tide through
Ara nsas Pa ss , the major bay-gulf connection.

‘
~~~) The pass was marg inally stable during the first year, but the wide
range of cl imati c condi tions in the reg ion w i l l  prob ably cause the pa ss to be
stable in some years and unstable in others . Although the pass undoub tedly
influences bay water within the immediate vicinity, no s ignifi cant effect on
flushing of Corpus Christi Bay resulted from the pass construction.
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t h e  Co rps ot  l I n g  l i l t - - r -~ , t l i  ro u gh i t s  C i v i l  W o r k s  ~) 1ogra1n , ha s
~ po i t So i-eli , o t -e r t h e  1 1 1 1 1  t _! 3 v e a l - ~ , resea  r el i  i nt o  t h e  be h: i  v i  or and cli Iii”
l i l t  L I I  S t  I es o C t i do I i ll let - - • Ih ie  Co rps ‘ i I i t e r e st  i n  t I tIn 1 1 n l e t  r i - s t - a t - e l i
St ella f riii ~ i t s  re s l i O l i s  l b  I l i t  i t s  f o r  na t - i ga t  l o u , b ea i-lt eros i o n  p r e v e n t i o n
lu l l !  C o i lt  ro I , an d  f I  0011 e i i n t  ro I • Taske d  Is I t h i  t h e  c l e a t  i on  an d ma i n t e n : i u i e t -
of  n : t v  ip a b  I e 11 .5. S I l t y  u s  a s  t h e  (:o rps rout i tie ly dred ges millions of
c u i l u  i c  c a r d s  o f  m a t e r i a l  c : i ch i  ( c a l .  f ront  t i d a l  i n l e t s  t h a t  c o n n e c t  t h e
O L t i i i  1, it Ii It ;iv 5 , us t ua r i  t’5 , and  1 agoons • Des i gn and  cons t r u c t  ion  of
n a t  p11 t i üii 1 1(11) ro ve lu ie l l  t s  to  e Xi S t i l1L ~ t 1 dli i l i i  l e t s  are lit) i mp o r t  l in t  p ar t
t) I t h e  w o r k  of man y  Co i - 1 s ’ o f f i c e s , I n  some cases  , des i gn and const  r u e —

i o u  of  new i n  l e t s  a ri r i-qu i red.  HI -ce 1 opment  of i n  f o r m a t  i on concern  i
t h e  hi ~~Ll ran 1 1 c c l i a r l l c t e  r i  St i es of i n  lets i S i mp o r t a n t no t  on lv for  nat - i pa —
t i o n  ~uut ~1 i n l e t  s t a b  i i i  t v  , h n t  a l s o  because  i n l e t s , by ~i h  1o~~in g  fo r  t I -te
i ng rL-ss o t~ s t o r m  s u n - pes and t-~~i e s  s of f l o o d  Is a te  rs , p1 iv an im p o r t  ant
i Ic i n  t h e  fI  u t s l t  i ng of h l I v  s and l agoons

2 es earch  p r o g r a m , t h e  Ge n e r a l  in  ves t  i gay  ion  of I i  dlii Int l its
( G I l l  , a as deve loped  to  p i - ot - ide  q u a n t i t a t i v e  da t a  for  use i n  dt - s i gn
of i n !  c t —  and in  l e t  i mpro t - em e n t s  . I t is des i gned to meet the  fol l ots I up
o b j e c t  1 t -es

J o  de ter i i i i flu t h e  e f f e c t s  of wave  ac t  ion , t i d a l  f l o w , and
i’u l  a ted p henonien ~i on i n  let s t a b i l i t  and on t he  h y d r a u l i c ,
p 1 ( n I t r i c , and s e d i m e i t t a r  c h a r a c t e r i s t i c s  of t i d a l  i n l e t s ;
to  d e v e l op  the  know led ge nCCL -551i ry to desi gn effect ice nav i —

gat ion i m p r o v e m e n t s  , new i n l e t s , and sand  t rans  fu r  sy s t em s
a t  e x i s t i ng  t i d a l  i n l e t s ; to e v a l u a t e  the  w a t e r  t r a n s f e r
and  f l u s h i ng  c a p a b i l i t y  of t i d a l  i n l e t s ;  and to d e f i n e  the
p r o c e s s e s  c o n t r o l l i n g  i n l e t s t a b i l i t y .

3 . The GITI is di  tided i n t o  t h r e e  m aj o r  s tud y areas : ( a )  in l e t
c l a s s i f i c a t i o n, (b) i n l e t  h y d r a u l i c s , and (c ) i n l e t  dy n a m i c s .

1.  I I .  z~~~et: . The ob j e c t i v es  of t h e  i n l e t  c l a ss i -
fication s t u dy  are  to c l a s s i f y  i n l e t s  a c c o r d i n g  to t h e i r  geomet ry ,
hv t l r au l  i cs , and s t a b i I i  tv  , and to de te rmin e the r e l a t i onsh i ps that
exi st among the geometric and dynamic c h a r a c t e r i s t i c s  and the envi ron—
m e n t a l  factors that control these Ch a r a c t e r i s t i c S S .  The c l a s s i  f i c a t  ion
s t u d y keeps the general investigation closely related to real inlets
and p roduces  an important inlet data base useful in documentin g the
characti- r istics of inlets ,

• i : C t  I!- ‘~~~i .- . The objectives of the inlet h y d r a u l i c s
study are to define t i dc—gene rated flow reg ime and water let-el fi uct  ui:i-
t j olts in the vicinity of c o a s t a l  i n l e t s  and to  d e v e l op  t e c h n i q u e s  fo r
p r e d i c t i n g  these phenomen a. The in let h y d r a u l i c s  s t u d~ is di vi tied i n t o
t ii rue areas : (1) ideal I :ed inlet model study , ( 2 )  e v ; i l u a t  ion of state —
o f — t h e — a r t  phys i cal and numeri cli 1 m o d e l s  , and ( 3) P rot  • ‘t y p e  i n  l e t
h v d r a u i l  i Cs

4
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( 1 )  The I dea l i : ed  I n l e t  Model .  The o b j e c t i v e s  of t h i s
model s t u d y  are to deterln ne the e f f e ct  of i n  le t  conf i g u r a t i o n s  and
structures oii disc h arge , head los s and ve loci ty distribution for a n uni —
ber  of realistic inlet shapes and  title conditions . An ini tial set of
tests jut a t rape :oi dzi 1 i n  l e t  (s1i5 conducted bets- i- I- u 1967 and 1970. h ow—
ever , iii o rder that subsequent inlet models ;ii-e more r e p r i - s e l i t a t  i vu of
real inlets , a number of “ideal i zeij” models represen ting various i n l e t
morp hological classes are l)eing det-eloped and tested. The effects of
jetties ~iuid is~it e action ott the hy dra u l i c s  are inc l uded i n th e study .

(2 )  [v a l u a t i o n  of State—of—t he—Art Modeling Techni ques .
The objectives of this part of the inlet hydraulics study are to deter-
mine the usefulness and reliability of existing physic al and numerical
m o d e l i n g  t e c h n i ques in p r e d i c t i n g  the hydraulic characteristic s of inlet—
bay s yst i -t i s , and to d e t e r m i n e  w h e t h e r  siniple tests , perfo rmed rap i d l y  and
economically , are useful in the  evaluation of proposed inlet improvements .
?-lasonboro Inlet , No rth Carol i n n , w as se lec ted as the p ro to type  i n l e t  wh i ch
w o u l d  be used a long  w i t h  h ydraulic and numerical models in the evaluation
of existing technicjues . In September l9bY a complete set of hydraulic

~und ba thy metr ic da t a  w a s  co l l ec ted a t Ma sonboro I n l e t .  C o n s t r u c t i o n  of
the fixed—bed physi cal model was initiated i n  1969, and extens ive tests
h a v e  been perfo rmed s i n c e  t h e n , Itt add i tion , ti-tree existing numeri cal
models si- re app lied to pred ict the inlet ’s hydrau lics . Extensive field
da ta  were  c o l l e c t e d  at M asonboro  In l e t  in Augus t  1974 for use in e v : u l u a t —
I ng the  capab iii t i i-S of the  ph y s i c a l  ~un d nu m er i  cal models

(3) Prototype Inlet lIy dr~iulics . Field studies at a number
of i n l e t s  lure p r o v i d i n g  i n f o r m a t i o n  on p ro to type  i n l e t - b a y  t i d a l  h y d r a u l i c
r e l a t i o n s h i p s  and t h e  e f fec t s  of f r i c t i o n , waves , t i des , and i n l e t  mor—
ph o l o g y  on these  ri m t  i on sh i ps

et -~CL Z7 r C .  The bas ic  obj  e c t iv e  of the  i n l e t  d y n a m i c s
s tudy  is to i n v e s t i ga te  t he  i n t e r a c ti o n s  of t i d a l  f low , i n l e t  con f i gura-
t i o n , and save  a c t i o n  at tidal inlets as ~l guide to improvement of i n l e t
channe l s  and nea rb y shore  p r o t e c t i o n  w o r k s ,  The s t u d y is su b d i v i d e d
into four  specific a reas : (1) node 1 mat c n n  is ct- a I tin t ion , ( 2 I n iovab l e —
bed modeling et-:il uation , (3) r e an a l  s is of :i previous inlet model study ,
and (4) p r o t o ty p e  i n l e t  s t u d i e s .

( 1)  Model  M a t e r i a l s  l i v a l u a t  i on ,  Th i s  eva b a  t i o n  was  u n  t i-
uu ted in  1969 to provi de d a t a  on t he  response  of m o v a b l e — b e d  model  n a t e —
r i  1115 to  w av e s  and f l o w  to a l l o w  selection of t he  o p t i m u m  bed m I t t e n  : i ls
f o r  inlet models .

( 2 )  ~l o c I i b l e - B e d  Mode l [v o l  lInt ion . The ob j ec t i v e  of th i s
s t u dy  is  to  e v : i l i t a t e  t he  s t a t e — o f — t h e — a r t  of In o d e l i n g  t e c h n i ques , in
th i s  case n o t — a b l e — b e d  i n  le t  model  i n g .  S i n c e , i n  many cases , not -al ) l u — b e d
m o d e l i n g  i s  t h e  o n l y  too l a t — n i  l a b l e  for  p r e d i c t i n g  t h e  response  of an
i n l e t  to in i j )  rov em en t , t h e  capab I 1 I t i is and I i m i  t a t  i on s of t h e s e  node ls
im is t  be estab -i l  i sh e i l .
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Ii r ep o r t  i -u t  i t  l ed  , ‘( ‘ re 1 i uro ia ry R e p o u - t  : I : i b o i - a  1 s t  I I  St ud t- s I  t ) i -
0 f i i i  I h n c o n t  rI) 1 1  t-d In it - I on t I - t i - Ad j ; i e e l i t  I t t - : i cb i  , ‘‘ -~ i -  J ) 1 1 — 1 1 ( 11 b ’  I h is -
B e ac h  I.  l O S  1( 111 11011 n I  (nots CIIl l !f)  . .\ r e ; i u i a  I vs  i 5 of t i c  o u .i i i : i l ‘ -i ’ -i

h e i i i p p e i ’ f o r i u i i -~I t i )  I I I  i n  p l i i l i l l i t i I !  o t  i t I l l i t i o l l l i l  G I l  I t f i t  i i

I ) 11 1-0 1 l i t  vp t - I ) y l l nui i es . 1 i  e Id  a n d  o f f 1  Cs a t  i i i  t - -
~ of a

n u m b e r  o h — i n  l i - I - - a re  i - n v  l i i i up  i l l  t o  r an t i o i l  oil  I IL c u s  L I  (~ I l l s  I c i  I
Co rces a n d  Ii u - t  ii j ell ) I 1 nip rove ti elit s on i n  let no rp l l o l  ups . I ~~ ci r t  I c i i i  i i .

i m p o r t  alice It re s t  ti d 1 1 5  t o  d e f i  liC the m e d i an i SI l l s  of  n o t  n i l  I s n i t l  h l u p l l s s  I l i p

it  m l  e t s  , t h e  r e sp o n s e  o f  i n  l e t  na t - i p a t  i oil Chil i flhic Is I 0 II it - s i l l  I l i ~~ 111111
n a t u r a l f or c e s , antI  t h e  e f f e c t s  of  i u i l i-ts  on l i t h j a e e ! i t b e a c h es .

I . ‘ O t i s  r e p o r t  d i s e u s s t ’ s tilt ’ r e s u l t s  of  a f i e l d  s i u l  a l l  i n l e t
dy n a m i c s  m d  hiy tl ra ul es p cr i ’o r a s P  l i t  Co rpos Cli 1- 1st  I W i t  cr  L x t ~h in pe ( 1 - 5 ,
F e x a s  , d u r i n g  Iu ) I’2— 73 . l ’he d a t a  eo l  h e e l  etl n r o v  I tIc i n  forma t I l l  oI l  bo th
t h e  l o u p —  l i l t i  s h o r t — t e r m  s t a b  I h i  v o f  t h e  p ill s 011th 011 t h t - h I l l  e h i d  t I t l i l
fo rces oh i ch a f t ’t - c  t t h e  dynamui I es of t h e  p 1155.  A t i o t h i c  (~ ~~

- 
~~ 

rt  ( W i t
and Be hi reu s  , 197o)  p r e s e u l t s  m o r e  co l l ip re h l i - l l s  lv i -  r e s u l ts  f o r  tilt ~)i

- r i u 1 l
1)73 to  1) 73 .
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I . 1 NTRODUC’F I (IN

I - Back g r o u n d .

In \upnst 11)72 the (cxci h)epartmlh ent i s P  P a r E s  and hi l O l l  It- c ast ructed
t h e  Co rpus C h r i s t  i W a t e r  h i x c h a n g e  Pass  , a 10 ,000— foot — long channel e s i li l l e c t  —

i n g  Co r I s u s  Ch i n is t i Ba Is I th  the Gui f of tie xi co. ‘b ite wa t C I’S ay herea lt i-
i.e Ic m e d  to  as t Ftc ‘ill s ) was btu i 1 t to enhance fl u-ihi i ng or ’ Corpus C h r i s t  I
B , us  anti to : - r ~ s t e  fi sit mi gra t ion s be tween th e hay and gulf. This  repoi-t
l - ) r c s e nt S t i l e  r e s u l t s  of  Ii 1 — “c i i- field study defi ning tb - i t- h y d r a u l i c  antI

~et i i  ill en tlii - cha iat cte i-istics of the pass  during m i t  i l l  atl i ustinent , and
C I I I  l o u t  ing the It - 1 s t  lee 1 inp e r t  ance of waves  , t ides  , and  m e t  eoi-o log i c a l
( ‘ l e t  ot’s a f f e c t i ng  the be hl i\’ i or  of the  in let

In l et const rtlct ion ins been and cont m iii ’ s to b e  ativoc ited in Hill y
cu ista 1 a ne ts for ti-ic foil owing rca-sons (a Navi ga t i o n a l  , to provi di’
t’ s ’ ,t ‘s for p l e a s  tire and coma e rc i a 1 vt- s se (s l e t  Is ceo t he ocean in d t h~
n -i- i u t tve ly  protect t’d b a y s  , l agoons  , lund h a r b o r s  ; (b) b i o l o g i c a l  , 1 o
I I I l ois marine ii t i -  t ii g r a t e  be tween  e s tu a r i n c  breedi tip, n u r s e r y  art ’as
old t i e  sea ; and (c) w a t e r  s I lial i t \ , to allow se ais liter to flush i n l a n d
t i d a l sa t e  n-s sub iee te d to ext remes in salinit y or pollutants

Prediction of the pOstconStr uctiou behavior of an inlet and the
adj acent beaches is di fficult many in let I m I’ruvement is h a v e  had det ri —

l l i en t a  1 effects on both the inlet and t h e  a d )  ac t - l i t  beaches. There fore ,
the first objective of this study was to define t he  processes  a I i ’e c t i n g
sediment transport an ti deposition in and around a new inlet , and t o
c o r r e l a t e  t l ep o s i t i o n al  p at t i - I - m Is  w i t h  d i s e rt - t t- combinations of the procc-sses
i d e n t i f i e d .  The second  o bj e c t i v e  is il S t o  inyesti gate the h y d r a i t i  I c
characteristics of tiie pass , i n c l u d i n g  t i d a l  d i s c h a r g e s , i n l e t  f r i c t i o n - i ,
and bay and gulf tid l i a m p l i t u d e  r e l a t i o n s h i p s .  E v a l u a t i o n  of c -Itt - ct s of
the  new pass on Corpus Christ i Bay sal m i t  ~ es w as beyond t l i e  se opt ’ of t h  is
study -

-N co :nip m-chensiv c data col lecti on program was s s n p iu I :ed to a l t  t t I l t ’ St  u d e
- obj e c t i  y e s .  Seqt i ent  I al ba th ymetric surveys providet i i n f o n n a t  ion on

deposi tion and erosion in the pass and a d j  acemi t hay and g u l f  reg i outs.
V isua l i s a t e  obseni-at ions provided ;i l oc a l  u~’ay e c l  i r at  t- for  the s t u d  y e a r .
T i d e  records  f rom e x i s t  i ng  and special ly i n s t i l  led gages were  c o m b i n e d  w i t h
t i clal c u r r e n t  m c as l l i ’( - lt - n t  s to des crihe t h e  h y d r a u l i c  c b s  n e t  e n s  t i c s  C I
the in  l e t — b a y  s~’s t I — I : . These t la t  a and m e t e o r o l o g i e l  1 s t um m n ar i  es sen-c used t o
describe the p r o c esse s  a f f e c t i ng  i n  l e t  s t a b  I I I  ~

- , d ep o s i t  i omt , and eros i t- in i n
the  s tu ds-  a r e a .  The r e s u l t s  p ro t - i de useful , national Ifl is t and i n t l
i ml) ro C t i t ’ I l  t des I gn I n I r a t  ion w i tb - i general lpj ’  1 1 cat I I ’l l -
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2. 1- ite m ature Review.

Slu i ce John son  (1919) 1-ecogn i :ed th e importance of have an d  c u l l s - n i t
act I o nn on the  Issi’ i~i : i t  ion and m~u i  n t en a n c e  of t i d a l  in  lets , t i e  st  t idy of
i nlt- t is has been a t o p i c  of i n t c - r e s t  - Bro wn ’s (11)25) coi :p i ’chi enis iv t - papt- m ’
on deta lied s e d i m e n t a r y  characteris tics of in lets as well as m a t  i I e I : : l i t  i c a l
ti e s c r i p t i o r i s  of  tida l fluctuati ons and inlet cuu-rent t’eloci ti c - s i s l i S t i l e
f i r s t  m u major  work on the su b j e c t. O ’ B r i e n  (1931 , 196’,)) r c c og ni :e d  a
u n i q t ue r e l a t i o n s h ip b e t w e e n  the m in imni umnn cross—sectional art- a of t h e  inlet
chann el and the tidal prism of the enclosetl bay for a number  of s ta b i c
inn l e t s ;  ,J ar r e t t ’ s (1976) subsequent investi ga t ion of a lar g e r number  of
inl ets revealed the widespread applicability of this relationshi p.
Keuheg~in (1967) developed an improved method for p r e d i c t i n g  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  and ocean—ba” tide relationships . ( h o w e v e r , there hal-c
been Pci’s det~ui led investi gations of the nature and importance of the
processes  a f f e c t i n g  i n l e t  s t a b i l i t y .  The most  comple te  s t u d i es  are those
of Bruun and Gerritsen (1960) and Bruun (1966) who as se s sed  t h e  i m p o r tan c e
of var ious  environmen tal parame ters to the p r o b l e m .  Graf  ( 1 9 7 1 1  s t a t e d
t h a t  the de s i gn of s table  channels  in a l l u v i a l  m a t e r i a l s  has been inves-
ti ga ted over a lon g per iod  of t i m e , and tha t knowled ge of shear st rc-ss
valties required for stability of such channels is fairly w ell established.
Ilowever , Bruun and Gerritsen ’s (1960) application of selected streambed
stability theories to the large-scale processes of natura l inlets repre-
Sent eti an ori gi na l  approach to th e  de te rmin at ion of s ta b i l i ty cri ter ia .

Detailed knowled ge of inlet characteristics on t h e Texas coast is
l argely the result of Price (1951) who established the importance of
north winds on the stability of many Texas inlets and tb -ic charac teristic
patterns exhibited by the ebb and f lood c u r r e n t  c h a n n e l s  of Texas  i n l e t s .
Ib oweve r , some eng inee r ing  in le t desi gn stud ie s  on the ‘h’exas  coas t have
been condu cted , mos tly because of plans to alter the extreme salinities of

- tex as bays (Carotl- m ers and Innis 1960) ; two r epor t s  on Texas i n l e t
hydra ulics and processes have been published (Mason and Sorensen , 1971;
Pr ather and Sorensen , lt172) . Other work pertaining to specific aspects of
this st utlv s ill be cited in the appropriate sections.

II. l iNt! RONMIIN I’AL S E T T I N G

1 . Barrier Island Geology.

M u s t ang Islan d is one of ei ght barrier islands and peninsulas coltnp rising
290 miles of the Texas coast (Fi g. 1) . Fisk (1959) , Bernai-d and LoB 1:~nc
(1 1)65) , and Behrens (1973) m d i  c a ted  t h a t  these  h a r r i e r s  became emergent
features restricting the exchange of waters b e tw eeu t  est  (111 1- I  CS and th e GuI  f
of M e x i c o  abou t 1 ,500 ream - s ago . The i s l a n d s  h a v e  grown f rom i n i t i a l l y
narr ow san dbars to over 6 miles side by a combinatio ti of pr ocesses ; i.e ..
storm surge washot-ers , dune  field formation and mi gration , and Iongshore
and onshore  sand mo~-emen t . On Mustang Isl and these processes have produced
(fro mn the sea landward ) : -\n o f f s h o r e  reg ion w i t h  depths  e x c e e d i n g  ab o t u t
15 feet; a surf zone normal ly 1 1000 to 2 ,000 feet ‘ssj de i s i  th two or three

l s t ’ l  1-dev eloped offshore ba r - i ; a beach consistin g of a foreshore (swash z o n e )
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( i t ’ ni ’ l , ~i I i t i  h l~~k- - I t ’ ‘c ’ ; o s e  ut  no 1 l ’ s’ Sc I I — v e t’ t i t  e si  dtuiie ni ~t~-,e Is i tli t Ic iIi t I j u s
tip ii ,‘.i) b e e t  ; a ‘ , i t ’ i ’ i ‘ I l i t  up t 2 HI1 I es i’, i di- w it In ‘it ’ ll t t e n t - tb , -

‘ egt ’ t  it t-~1

c m ’~’- i S -  I l a n d  tb umne  t i c  I th is ( siee~i s i oii , i l iv :ict i i t d u e l  u p  d i ’ i u i - . ’ l n t  pci ’u ods I
_ t f l  4 , i  s u e  — she  n t ’ -— sl i t d,~ I l o t  is it h 0 ) 1 0 t y e  t e n  s a m i t b b i a  i’ll

\iou s t i l t -  h e \ a - i  c - i - i t , t i n n i e r  is l;u u ids t y p i c a l l y  cress toe ent i i ’c
I i  o f  l i i  t ’ist i n t e l  ic : 1 ,1 s u c h is  vol-pu s Christ I Bar . N n ut  i r s  1 t I ~l~i I

i~~ 1~ - 0!  ~~fl ~- \ I s t - i t  t h e  s i n )  l ie  I ’ a l l s ) s  t t’uid of I ic Ii  l iv  and  ci t i-ni ds to t i e
u I t  ~~~~ i t s  s r,I di - ~ ‘ n : i  1 1  ~ bet - - - t In c cs r i - i c r  i 5 1 antI s . Iit~~~e i n  l e t

t v ; ~~i call ’ s n i mm ’, r:i! t’ i i i  ~i i t - di nt- ct i n n  o l  t b - i c  net lon :,tshiore t i - ii n l - i p i i ~’t - ‘ ‘- i s u t  - -

iseS t :~ rd i t t  t but’ stud y :int-:i ) m a n I i c e  h e e s s in i e  e,iet s is i cclv long a;s1,
i ’ s d n ’ - i , , bi c a l l ~ im i c -I ” i ci e mi t . s c M , t i l e  I m i b e t s  t ’ i t h i t i ’ d u s t  Or  0 l i e s  c i ; i n m t - l

I - l e d  n e  i n I l ie r i  p i n t  1 I t t -  ~ g n - s v i d i n  a s - i  t e l ’  r o u t  t- to t i e  ~i ii f.
i ’l - c  i c  I S b i t t  I t ’ dune  ci s h : g t ’ dc- v t - 101 I ci i  a 1 outg t Ilt - ‘ii i: n t ne rn 6 flu Ic S O f
‘-li t 1 . ’ I I intl , t it ia p n i t  I ou i : s u t - of the o itl Corpus Ch r i s t  i h~~t s S - in
t1~ - i t  h e m  I :nu li~s if -i is :s’mm e , tb it - sh n t l low m ’ e l l tn a u n t s  of t i l t  o b  ~h L~~i ’; i i s
(lii i  A t  ‘ 1 15 5  1 - ac t s ’ r - ’ , \ e is l s rt , and  Corpus  Cii ml  st i ch i l i a c  i s )  ui - c
I n n c g i n l a n l s  s ’b’ t ’m i e t i  u ’s ’ h m u r u ’ i c a u e  s u r g es .  ‘11w l i t - i s  p i l l s  h a s  construct c~l it

Lie no i t - e m n n n i i ’ s s t  t - d g e  f ’ t I n t s  ~~~ le :one . I ( t - ; i e u  C I s i S  ~ O ui n e a r  t ot ’  p : l - ~S
: 1 <  been m i e g  ii g ib Ii’ in recent yea i-s ( Br ow n , et il . , Id— - b) -

2. (1 t O r i  e -

a .  ‘l’c ini p e r a t ur e .  \ve rage  m o n t h l y  air t e i l : l ’ c rat art-s range frau ~~~
I : i t ir en h e i  t in - July antI .-\ugust to 59 ° F a l n r e n h i e i  t i a ‘Jn i nisa i-y - Free : es  o c c u r
d u r i n g  some n ’s i u t t e r s  -

b . Rainf all . R a i n  f:i 11 is ext rt-uit ’ ly Vli ~~~ I t b l  e - htt ’ coi’tbt- d 12 - m i i i  i i
totals range fi-ouni less t h a n  6 to 58 iuiche s . t i e r s - c  l l l i r lua l ra i r m fii l 1 is

j u t  27 inches.

‘‘Four modes are appa rent in t Ile ~‘ea r lv di st n i l - :  n i on of i-a i i i  —

Ia 1 1 . These are des i gna ted b ) ro t i g ht  y e a r s  , b e l o w  lb i ncht ’s
(20 percen t ); di ’’ “ea rs , 19 to 24 inches 28 ]wrct -n t ) n onn ,il
y e a r s  , 21 to 32 iuiches (55 p e r c e n t )  aui d  s i t  y e a r s  , ah ov e 32
inches (17  peicent 1 . ‘h’h e c i innate is ch :irac teni St i e~i li e d e’
w i t h  b r i e f  p e r i o d s of he n uv ~’ r a i n  siFt I cit may o c c u r  in  an” iso n i t  .1

btnt most common lv fall in Mnu v and Sept e~-I ’e n (Beh’ m ’ t ’nn- s , i b o

c . Winds . W i n d s  in  thte area  are St ron g  Iv hi mot lni I . ‘bite n o r t h e r n  h e m —
isp here ‘l i-ado IV) nd Sys t t i  produces ii  s o i u t h n e a s  t en  i~ mode idi i cl-i has a st  C I  p
on shore componen t and a Inlotierlit e 1 ongshore componen t  t t b t e  no i t  b - m e l t s  .
This wind is predou niu~um i t frot nn ‘l a r c h  or \pni I tb ir onig h i \ i l s : l i st  s - n  ~t’I ’n c - i t t r
(F i s .  2 and 3), usuall y w ith greatel- intensitie s inn spn -iu tg lt n d f a l l .
During midsu mmer , o n s h o r e  is i nti s often beconne i i  p h i  ‘en and nire mod I lied b
a d i u r n a l  sen t  b r eeze  e f f e c t .

• \ no rth— ut o rtheastem ’lv ItlOtI C r e s u l t s  ham t h e  n int i c v t - ioni c ci r c n , u l - i t  iou
of c o l d , h i  gh — p r c s s ur c- .\u’cti c and P a c i f i c  a i  I ’ I i i l t i s  ses (n or t  (wi-s ) ~sh I cli p r e—
s l i s n : s i  c i t e  fr omn t Sep tember  or O c t o b e r  t h r o u gh I e b m ’ u a i ’ c  i s i ’  ‘- l a r c h .  These  s’ in t h s
h ave st ron p to weak o f f s h u s i  i t ’ component aun t i S t  run p t rio t 1 t- m a t  t -  1 o m i p i s h o m ’ t- 
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OBER J.
9 7 2

° N O V E M 8 ~~R
1 9 7 2

0 1 ,000 ml

Mit es per Mo nth u (~~ 
r esu lu on ? d o i l y win d spe ed , miles per hour )  24 hours , wher e m = number of d ay s  in mo nth

Fi gure  2 .  Monthly wind  direction and intensit y , Co~~~us C h r i s t  I , Texas ,
-Jo lv to I) ecennber 1972 .
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M A R C N

0 1 ,000 mu

M iles per M onih s (~~ 
r esu l to nt  doi l y w ,n ds p ee d - mi l es per hou r )~ 24 hours , wher e or = number of days in month

Fi gure 3. M o n t h l y  w i n d  d i re c t i o n  and i n t e n s i t y , Corpus C h r i st i ,
Te xas , January to June 1973.
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c O l I i l ) o i i e n t s  I l i :  I : , s  i~ s i i ’ t h n e : i  ‘ - b i t e  h l p h l - l ’ m ’t - s s i ~re e e l  I s  l i re  preceded liv
loi~’ — r t ’s s r u i ’t ’ t r o u g h s  om f m ’ i i t s  i s h n i c l i  ~l t aw iii’ l i - s r . l o t - , d ine- , i o n s .  Thius
i - i  a nor tb ieu - app rotteli t - is t h e c s u , i i - t • s t r o u l g  onsho i ’ t’ h 11105 h ’lü ts IIl ~ il -ito t y t

t rough b o i l  id tip until the fron t passes  and a r t  t’ : t p i d l v  I s - l - l : i t ’ t - t i h i ’  t’ s( i . n  I l y
S t cong or st i inigei- offsh ore winds .

h b u m n u c s l n e - r  s~ m ’ - u g l \ ’ ii f e e t thi’ It -~ ,s~ c o n e - I ;  a t i U s b  o f  2 h u r i ’ i c a u t e s
h ive C F O S s e d  t h e  - 1 5 1  1 inc f’n- ’i .~ 1900 to 1975. ‘I ;1 h Ic  1 shi o i~s tb - ic I n s  u i n t - m u e - ’
of s l d e u n u ’ e m u e e  s i t  n h s l r n t  comi c slin ce b u ei gn. t on ‘- l o t u s - c I s  I , t n j  p r e d i  c i  cJ by
Rtu sb tue (1 bi t) I and  If I ’ s o n :  , s- I  1 . (lb 1 i

( a u -  b e  1 . ‘ red I t c~d f m ’t ’ouen cv of a e d u  m enu cc
01

’ h o i - mi  cane  s u n ’ s- c’ hi- I phI s

I- nc- L fue ui c~ of uccu ri’t- ml ct Surge he i ght
( vi’ ) (ft) I

It) 6

- 25 S

3. (hyd rog ra phy .

a.  Waves.  S ince  waves are almost  c o m p l e t e l y  l o c a l l y  w i n d - g e n e r a t e d ,
the  longshore  component of save  energy co r r e l a t e s  w e l l  w i t h  the  longshorc
component  of w i n d  (W at son  and Beh rens , 1970) . A wave c l i m a t o l o g y  based
on i-i sua l observa t ions  du r ing  tb - ic s tudy  per iod  was deve loped , and r e s t u l t s
are presen ted in Section IV.

b . Sa l initie s . The salinity of’ gu l f  wa ters gen e r a l l y  ranges be tween
30 and 35 p a r t s  per  t h o u s a n d  ( 0 / 0 0 )  . The bay w a t e r  s a l i n i t y  ran ge is much
g r e a t e r  and h t i ghiy dependen t upon local weather conditions , ts’jth hyper-
saline water (35 to -0) 0/00) o c c u r r i n g  d u r i n g  s ome droug h t  pe r iods  and

t almost freshms’ater (less t h i : i n  10 0/ 00)  f o l l o w i n g  periods of hi gh r a i n f a l l .
L o c a l i z e d  la rge  s a l i n i t y  d i f f e r e n c e s  w o u l d  a f f e c t  the i - e r t i ca l  v e l o c i t y
d i s t r i b u t i o n , i nc r ea s ing  f lood  v e l o c i t i e s  at the  b o t t o m , and t h e r e fo re
movement  of bo t tom sed imen t .  S a l i n i t i e s  in the  pas s  were not  recorded
r e g u l a r ly , but  p robab ly  v a r i e d  be tween  20 and 35 0/00 d u r i n g  t h e  s t t u d v  p e r n e t i ,

c. ;Vater Tempera ture .  Ai-’crage m o n t h l y  w a t e r  t e m p e r a t u r e s  ranged from
81 ° Fa h ren h e it in  summe r to 53 ° Fah r e n h e i t  i n  w i n t e r  w i t h  d a i l y  ex t r eme s
b e t w e e n  88 ° and 4 ) 1 ° f a h r e n h e i t .
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~l . It sl t - -~ - t i d a l  f l t u c t  1 : 1  i out s antI c u r r e n t s  , i m ’ e d i  n~c u i s s ed  ill Jet : i i

i i i  0 s e t  I c i i i  I I  -

I I I .  h ’ \ S S  I i I S h C \  V51 i ( i i ’\ g ’ h k ) ! ( ’ l  i l L

i a m ’pi t ’- ( 1 i i ’ i s t  ‘ s t i r  I s c b i - i m i g e  Pass is l i s  desm gm ied fo r  t O e  ‘ I s - N I t S  h s t ’p ; i u - t —

ri emi t of  b’ :u’ks h I l t 1  It I Id  h i  I’t’ I sv  I uu r u i e u’ , Co 11 i t ’ , r ind h - ; t - aden  1) 1 ’ h h u e - t  o nu
:i uu 5 l  c o n s t n L i e t e t l  by I r s - s n  antI  l i s t of  h h o u i s t o n , l t - x~t s .  ‘(lie pass

1 sieat i sin at tlit’ ~ s I  1 i i —  - - - t ccn rnc- i’ i f  Corpus  C h r i s t  Ba~’ w a s  f i  r - - t p r s s t n u s e d
by  i :i a t  l i e n s  and  I n n  i s  ( l O u i s ) )  is list’ tbw mit mt ~ah sc sn uir l lip c;ip :tl I lit r i t
i~ lil t em St on us • 10-’ J oc uin iuen u t cd  by F r i  ci’ ( 10 3 1)  . ‘bit e I iep art llle’ uit of t ,uh --

hi u th I’, i it! Ii Ic p ni 15 5’ rt V I souud :u ri es necess  I t it ed It b e m i t h  of 25 ° in the e }i a n u u ie 1
d i i )  2 , u l u i b  f e et  l’i’on nn the p t ilf ) C i .  - 1) . \ I t h - is u gli t h e  p u r p o s e  u t  t h e  sass
S ~t -’ tn e I u’ouimmue n t a 1 , l i i i  t i a  1 dill -i s I tie m a t  ion ci f sun i n i 11 —cr 11 I’t n a yj  s - a t  j s fl m ’ -~ -
S f 1 1 1  r e u nleu i l s bed t o  the fol lou ni’ tIes i g mi t’ h n i n n e l  d i n t e n s i o n s  : I noun t h e -  hs~ r’

~ - i n  hi I o t I-ic~ 1 n im i t lwn t  i- tb eu nds of t lie j it t n e~ ( i t )  , U i  i ’ s s  ( ‘c -c t  I , I t  b o t  i s - is 1 ~, t  1
0) nI) I s -ct , 1 t op  n~jdth of ’ 12 0 feet , l oud It depth of ’ 8 l e t - I ;  b i t t - t e n  t l;c-
l e t  t i e s , w h i c h  w ere  - h i t )  f ’c-e t  ~t r - i u u r t  111-id ex t e n d e d  87 ( 1 fr - t I into I . s- -,~ u l  I ,
a b= it toni w idth of 100 ft-ct , a top s-i d t h i  o f ’ 1St )  (‘c-ct , Itmid a t b e p t h  - ‘ I

’ 11
fec’t . ,\ It b -t ou gh t h ue pass u-;as intended to enhntnct- f l u s h i n g  of tbi e bay , t h e
i= i dth of t i c  p : u s s  was m- equi re- ti t o  bc a nul nin ium mi I s  prevent tidal disc h arge’
f m - o h- I  ni f t ’t’ct im n g t he  s t a b i  l i t ,  of .\t’ ;snslts Pass  (Tcun’nen- , Co 11 i t  , and l-;raden u ,
Ibn ’’) . ‘I ’hus , a basic conflict jut desi gn 1- ation h ile existe d . ‘l ’b ie i u - i l e t  w a s
c o n s t r i c t e d  i t  the it I g h u s a y  s r I  d ge where t h i t ’ t op  i - i d t l i  was  rethticed to 100
f t - c t  - ‘Cite ,i ett I es were completed by t h e  sunn u n l u er  o f ’ 107 1 , dret i g c u p  b e g a n  i it

oh i e t ’  l b l  , and b r e a k t h l - o u g b i  occut -re t i  in  A u g u s t  1072 , a lt i - i  1 p o s t n s - n l e m e f l t
for  b r i t t ge c o n s t r u c t i o n  . T o t a l  cos t  of t he  p r o i e c t  WI t S I l l n p n s s x u  r u t  c l v  ~3
ml l l i o n .

I t ’ . )r . \ \ ’h.  ()B SLR V \ ’t ’i 058 AP I) LO\ GSUOI1Ii ‘~l 51~,lh ”, )  ‘b ’ P,,’\,NS PO Il ’I ’ h t \ ’l’LS

1. s\ :iv es -

I ia i  lv i i S t i l t  1 u~I i v e  obse n v a t i o n s  were matbe on M u s t a n g  I s  1 111-ill , Tex as ,
be tween Ju l v  1972 and ,Juu e 1073 , a t  i’ ou ’t Ar l i n s a s , Tex lt s , a u b s m u t  l i i  iii le s
lI nt h of the pass and 1 m i l e  sou , mth  of t i ne  A r l l n n s l t s  Pass  s ou t h  iett .
Bn ’e- , i k e r  he i g h t , p e r i o d , ari d d i r e c t  i o n  were  recorded  on L i t t o m ’ : i l E n v i r o n —
t n i cn t  O b s e r v a t i o n s  ( l I s P )  ( ‘onu s ( S ta t i  on 5 I 600 )  . Bru n o and I i i  i p : ik kI t  ( 1 0 7 3 )
p r o v i d e s  a d e s c n ’ i p t  ion of t h e  LE O p r o g r a m .

Month i  l r - i :ic ’an s lin d s t a u i d a r d  dcv  h i t  ions  of ’ t h e  wa t - ’e da t  a ( l ab  le 2)
i n d i c a t e  that the ~ivc rape d i r e c t  ion  of  ss’ I u \ - ’e r tpproach i s fr on n t i ne  s t i n t  hi —

eas t  be tween  -Jun e lund A u g u s t  , and f ro m t I n e  e a s t  - s o u t h e a s t  d u r i n g  ot h e r
tou t i n s .  M e au  wave  periods of less tbi n tn u seconds occurred between -July
and Sc-p te u l lhe r , w i t h  n i s i x i n n u m n i  me- an pen-iods of u l i s c u t  7 s e c o u n d s  be t  l et-i n

L 
h)ecemnber and P l i r c I n  . W ave  h e i  gh t s  d u r i n g  tb - i c  s t u dy  pc i-i od a v c - n a g c d  2
f e e t  , wi thu nil niu in t i m n h -t e l  gh t  s associ  l i t  ~ sI is1 th ui u i 1 tIer sumnic r w i n d s  . iloweve m’ ,
an o m a l o l i s  lv I a n - ge t i n - c - a b c - i-s which may hat -c  r e s u l t e d  f r om  d i s t  u n I t  I i’t’spi c lii

s t o r m s  were obsert -ed j u t  J 011’ . The r - e a r ly  t-t umu ,u l a t i v c ~ f n ’t - s h I s e n n c v  d i stri l u s t  i on
of us’at ’e h e I g h t  and pe n  oil i 5 s n u m u n i  uu’ i :cti i ui Fj g u i c s  - nu ts ]  6 .
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- h o n  s,s ho I’d I n hum i ~ - - 0  t l~t )  c

‘-lou I Ii I - 1 t i u u g s l u o n ’ e  se th  i mcli  t t n l t m i s r o  nt  i’ i t C’S 1- e ‘ c- c : i  1 cii il t I cdl u S  I nt l ’
: us - t h u t s sis ~s i i t  I in n c ’ t( ( i s ’ h a s  (11)72) lund hi s ’ 1 1. 8. \nu us ’ , ( ‘ s i n  ;st of l u g i n e e u ’~~,

( ‘ , ‘ h t S  t - s  1 I ml gi nec  u’ i t u g  i e t c ’h i  u cli l e n t  c-I’ (11)75);

I’ -~~~ = l~ g/Ib) I i i  ( i = d I ~~
‘ sni i 2 d l  (1 )

‘,t i u t ’ ic

= ls iu g sb t or e c’i - : n g ~ s s i i e i h i  i l  w a i t -  e i u t ’ i ’ gy fl ui x ( foc i )  -p s i c u n d s
p~’r st ’con d  p e r  (‘0- - I  a I’ ic-Itch )

= denus it ” of seawater (tea slugs ~e ’  c u b i c  ( ‘s i t  5

p = grltv i t r u t  i ona 1 Itcce be r a t  i o n  (32 - 2 I u-c - I per sec-- s d a s , u u r t r e d

= bi’eriker lieu gh t  ) f t - c t  I

sir = r - rs t ci’ thep t In l i t  b r e a k po i m i I ( I ’ec ’ t-

= an ig  Ic of hrt ’likc ’i’ im i c i clcnce wi t h i  t h e  h t ” a c l n  -

The write i tlepth at break  im i g depends on t in e beach s 1 one rind ion ci ~lt a 
-

w a v e  ste- ’t sni e ss , but nov be t akeun rus ru nt ) n i x  t I l l  c Is I - 5 t i ine s the wniv t - Is e i phi
( ‘- t a n k , i94~)) , so tine c u l l u r u  I omn for tine lo in - g shn oi ’ t- c Sl tp on t -Ii I of  s~su v e t n i t n

(nix c a l l  be retlucetl to :

P 5 = 25.8 hh’ ~
- s i n  2 s~~ (fi - ot -pouinid s per sC-: 5 -u t l  2

PC I’ f~io t  of be n ch )

The ‘inniin ue n’sed’ wel gh t  transport ratt- , I~ (pouu n d s per y e c l i d s , is re I , i t  cd
emp i r i c a l l y  to b’ -~~ b e :

1 = ii P 25  (pounds per secon d ~ ; 13j

in  t h is s t u d y  It k of 0 .35 was used , as n’ccon ;nnu cn i~It’ st by sIts I I072~ . l i a w e v e a ,
more recent data ind icate t h a t  thie tram isport r a t e  man f’ic over twice t h i , u t
p. etl i ctcd in this study (Coastal Iinpi nee n ing Research s ater , 107 - I -

The dnt i ly ‘‘ u-o l uune ’’ rate of t ransport , Q (cubic feet sct’ d n i v )  , i s :

-

‘ 
( 1 ~~~ , / [ I , , - . i (g( (I-n) ], (4

w h er e  p~ is sedinun ent d e n s i t y  ( 5 .  1-I  s l u g s  per c t u b i c  I r r o t  I ,  p is poro si t y
of sand in p lace  ( t a k e n  t r - be 0.4), and  I is (1 , )  (2 -1 h s i u u r s )  (5 .600
seconds per  hour )

Mo nthu ly 5 m uon n i e s  of t he  gross and ne t  1 ongshore  1 r n i a ~~i’ort  be tween

‘ J u l y  1972 and -Jun e 1075 are g I v ent in ‘l ab lc’ 5. i)ai lv va l i m e s  d c m m ’ i n g  each
l u s u n i t h i  werc  t o t a l e d  and c x l  n n u i ~ol it et I  to  r e p i ’ e s c u t n t t  i t -c  la in tIns tl f 3u) . J dhtys.
C I use corrc I at eon C’ .\ I a t e d  bet i~ i- c- a the pred I at ccl I o m n g s h o r e  t n’nt n i  ~poi ’t ti I mc - ‘

and t ine I ongshore tnuni ip onlcnt of w i n d  11 - i  p .  7 )  . I1uri no : I r  u - - u ’e T~ . p m - t i  n i l  I n g
s o u t l l e a st e r  iv  w i n d s  produc et i  i ca t ’es wh I ch moted l i i i cm i :i I i5- nt m s  a r’d along t i l t
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~cpt . 25 , 102 60 ,480 53 , 378 s —r u t i r ’,5ni rd sS ,583
I)ct. I 21 , 317 55;,Lt7  12 , 620 s o u t h w a r d  55 , 235
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(Ic c. 28 , 058 

- 
- ( 0 , 3 - ) ”  20 , 5S1) southwnu rtl -s , 500

1)73 
r 

I
,J n s n i .  37,602 n2 ,53$ 24 ,736 S o ut  lis a ual 99 ,040
Feb. I 19 , 543 - 63,801 44 ,25e a r s l u t } n l - , r l r c j S3 ,34
b rim. 14 ,025 1 43 , 141 27 ,216 s u n u t : l i s n , r s l  5 , 0 6 t u

Apr. 53 ,124 55,134 10 s au it ini - , n- ,rd 106,251u
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coast. Strou ig m i ort i , amid mi o rt h i eni s t is oH - , s It u ch rtcc o r rn - ,imn i c- tb c m pii—p m ’ e ssumr c
c o l d  i’m - u nit a d u r i n g  t I lt’ us i ute m ’ , m ’t’-~n s i t t - t I  i n  t e t  ~s u i t  i i ’ s ,  i’d t i ’ , i m l C h s s ’ n t  - J ’ b u is
11150 generally h o l d s  t i n s ’ fs m ’ b omig s luu m’ c - ass rrt ’Ii t du ‘c c l l o u  ( b i g .  -

5 i T l t ’ c’ t i i t ’  i t t  r u t  c w n u - - - in iy S pem ’cemut of the gi ’s i n s , I t  m i o u t  b i e r l s  n i n u t i
ss r u t l ie u b y t nansi~o nt u-a les use me we 11 b n i  l an  cetl ate m t h e  > c a  m ’ . ( ‘B u s s i t - n r s t  i iou
rc su i Its fn uiun I hu ~ pnts s ‘ p rox I iii ty to a conu t’ e rgen cc one ’ i i ’ n :e I ’d ’  “c it - i ‘ ‘  I r n o u

s r - u )  l O c I I t ’ I , ‘th r u s t 55 u i les t o u t ii sun h 5 atbre Isln t mu d ( ‘ , \ a t s u i u m u  , 1071~~. Avc’rlus-e
icOn th in us,i ic’ coutl i t ion s I : i n i \ ’ en  l ’Y SI L I II I t u e n i n t  1 a f r ’ s i y  n t ’n t r ’ ’ o en r.

B,-\ ’b ’ l b \ ’ MIh ’ b ’ RI  C Ph (‘Hull S

‘lb5 I t - S  p on se  of t lie (‘ n t ~~s and ad~ ace-nt beac h t - s  t o  s.c  yes , t I des , and
cu nrem ’its was  t loccunu e m ’i te t l  be at ’  v t  n o 1 det a lied Ii ntt I I t t  i’i c S cur t s ’yS . I It-
i i ct ’ , i s u u u ’ e : ’ i c u n t  t e c h in  i qui cs ctsc ’ch ntu ud u’t- ’su u l ts obtni iun ed ri m - c h inis e d on I sl ur
g e o g n n t l i l u i  c It u -cas : Pu l f b c ’ r s c l n  sor t zone , bay m o u t h  is u ul f n e a t  , ansi c n i n u i l l l t -  I

Gulf Bc-ni ch So if :one.

The e f t ’ect  of t i c  pass on adj accnt  b eaches  anti  l n y d n ’ u g u a p h i  c c h a ng e s  in
th e- vi cinity of the gulf m ius uut l n of I t i c -  p l lss  were del ’s ned ( ‘ nou ns  1. I n c  bc-ac m
p n su f i bc -s shown in  Fl go nc S ; the nu ue ntsurcd d ci: a rt’ in •-~ppendi -\ A , Fi gu re’s
A— 2 t r  A— 13. Most p r o f i  le s  were a l t  ai m e d  at lea” t foum t i n u t ’ s -  d u r i n g  t I l t ’
s t  atI peri od sand extended fronn nih scs i, + 14 I c -e l in st -an sent ic-eel I -1 1 51 . )  t o  a
d c - t i n  if at least — 14 feet 118 L , a di s t ance  of ntbosi t 2 ,2 11 f~~ t - A l 1
c I c  v a t  i o n s  were t i e d  t o  ‘I’ex nt s St l i t e  l i i  ghw ay I c pan - t mt lcun t t e m : r p o i ’ n t r v  b c - a d s
i n t a r k <  l o c a t e d  at c ’ n u c l n  p n r i f s  Ic . Hue survey lit’c’ iu m’ lu c y (using thc’ sai’ f sleth
m c n u a i u ’ c n i c n t  t e c h n i ques citi S c r 1  bc d in 

~~~ 
B) was tO. 1 foot  \ert lcns i l~ l i n t :

±5 fee t h o r i z o n tal  ly . (V ithin 1 , 300 feet  of  the (vise lint- , dat n u pci its-
-

‘ 
‘cen’ c s p a c e d  r uh ~o s l t  55 t ’et’ t apa i-t , and beyond I ,300 feet about 1s5  I c  i tt  n t p n i n ’t
Maps of the gulf ba tl n enn u c t r prepared  f r i s i n i  tIne pr o f i  lt is are gi i_ e n ) in
A p p e n d i x  A , Fi g i u m ’ u:’ s A -l u to -\-21 .

Beach ch nui n ges be tween  s u r v e y s  were dc t e i -nn ~ined  he subti’acting the area
be t - s c -c-n each pro f i ic and an a r b i t r a ry  base line for t I~ ’ first survey ( ‘ nr ,-
the c o n n e s - s p i u n c h i n g  area for each later slirvc’ - Since  t i ne beach profil i ng
was  sa t m i t  in i ted until about 1 y e a r  a l t c ’ r jc- t ty const rs,ct ion , a sta t n da nti
p r c c o u n s t r u c t i o n  beach p ro f i l e  (App . A, Fi g. ‘c-i ) t s l t 5  developed by ave m n ug i :i ,
tine u )ct oher lb 72 II l i ’ , u \  and 4000S profiles w i t l s  nt Iu r econ st  r u c c t  ion  c l nanu nc
centc ’nl in c pr ofile s —Ii t nui ned by the  Texas i)cpan’tIucnt of harks anti i’i i l d ii fe .
, \ l t l u r i s u s hn thu s nuv ernt gc profile is not as accum nute as t r i o - ~e measured du r i ng
tine 5t~itiv , I pe rm i ts m ’easonablc eS t i1lInut i - 5  of erosion and deposit i on
resulting f r o m  ie tt:- conatructi on. \ summmi n i rv of beach p r o f i l e  changes
f r o n m i  j i u ’ c c on s t r uct i o n  i c  J une 1973 i s g i v e n  in ‘Fable 4. These d a t , t  sc-nc
p i t  ted against distnincc- north :und south of each of t il t ’ j e t t i e s  and j O l t ’ —
grated t u t  o b t a i n  t i n t ’  t u tal volume changes b et — s c ’ c-i :  sur t -ey s ( h u g s . 9 to  12)

I .  i’OS I 011 and depos i t ion v n m l i i ’s repi-e s cnn t t I t -  In c  t c h a n g e  ove n ’ I ’ i t  I t I n e
suili a e ri ~i l ~tiici subaqueocus print s of tine profi le a tie fin H ion of o i n i s h u c ’  i-c an t i

ot’fshore sand movement wou l ti require (‘n i u t  or  ninn: i l y si s of pr c-s t ’i it ’  segments.
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I’hc t’o 11 ow i ng  pa nlt gm ’ ntp hs S u u l I U : i l i  n i :e s ui-i’ tone sntm u d to 1 unoc’ ciuanges du i ’ing t ine
S t nsd ~ Inc n u t lt i .

n i . F u’ t’c c ’ l I s  I n’t,ct I omi to l v i  ubc n In ) I ~ , 9 - A h s i ’1it 7-I  ,~ - ctib i c  cards
of seth m e -nt  ir is s lcp o s  i t e l  w i t h i u n  , s l i s , u u t  2 , 0 1 1 -  :~ - - I north nm nd ~~- -~t h of  the

c t  t i e s  bc - for t -  t i lt  PIt5S s~n is opened. I i  t I l i f l  4 , U I O I  t e e t  of t i l t -  p u s s , 0 O C t
s) 1  IlbOlit -U .000 cubic yards was deposit t’ Li sin tilt- l uc s rt il Side and (iS , I : ’ - ’
c ibic yards loss tlcb sos 1 ted oun t i n e  soti ’th s i d e .

B. October 1972 to i)ecemmn ber 1972 (,\oi’tin Si de) and t i  J a n u l m u’ -’ ls it ’ 3
H o c u t h u S u d e l ( F i g. 10). t u r i n g  t h i s  p e r i o d , theu’ c ’  is ais a n e t  d e p o s i t  l oin om ’

52 , i i O s )  cu b  i c 11_ nt ‘m -ds omu t ine  mnor th  beach and  a nt ’ t c-ru/si on of i s  , 300 cub i c
rin d s omn t iu t ’  sou th  he-acm . ‘line d e p o s i t i o n  at  profi le is Is u’ e s ’5 u l t e d  f r o m - -

gu’ s iu r t i i  of  t i e  S c ’n i u s ’ard mo St  b a r  and associ  a l e S  ~I e-ps it it ion ot ’ a ln: ros t 3 t’eet
O f S a n d  ove n a la n -gi -’ part of tine p r o f i l e .  ‘line s l i ,t n i u t  eros io n nu t p ro f i l e

1 m i u I \  may I n t v e  re-scm it ed (‘ r e ins  ath us tmen t of 2 n - c - i n  a~- 2 u n I t  I t i 5  s u 1 i’e i c - i  t e d  lea I’
t hi s p i- t i H le dum m’i lug d i ’ e d g i  u~g of tine gu I f m : l o u i t  h - I ) u r i n g  \ r i y t ’ u s l m s e  r t i l e  l oin g-
shn o u - c  c i i r u ’ e m n t  s- , r u s  usually to the sotitlu , and S a d  t i le l i g ine s ’. rs ud n ’ no ,e : m s u n l : ,  l i
spe c -c l  (vv cr  1 foot pc i’ s e con d . T n : c u ’t’~t s e d  d e p o s i t  ion  w i t h i n  1 , 5’ ’ I I c -Ct  of
t h e  south jetty was caused by growth of tine second and t i ~ i r5i I’t ’k’siiore h o r s  -

S o u t h e r ly  waves and p o s s i b l e  r e f r a c t i o n  and di  f f r l i d t i o n  or ’ n-art ~c- u’l y saves
ntrou n d tIle til f n u o u s t i l  pn ’ obab ly  produced loca l  i :ed t m ii i  s p o r t  : u o r t h r i r  an
tow a u’ th t i n e  j e t t y  - Beyond 1 , 700 fee t  sou th  of t ine  pass , u s e - i l  - - l i t  ‘I ’ t ce u - r i .

t h n i d — a i 5  tone , tine loss of san d d i s t u r b e d  t ine  b a l ance  be tw een  wave  t’u - r c e - s  r i n d
l e n g s h n o i - e  t r anspor t  cap acities , resulting in  eros i on .

c.  O c t o b e r  1972 t o  June 10 73  ( F i g. 11 ) . I’S le d o m i n a n t  I ’c r c t cmre  of sun - f
tone vo lume  c ni n iu n ge- s d u r i n g  t h i s  pe r iod  was exten n sive erosion (12S ,500 cubic
yards) bcyc innd profile 15005. ~\ general deepening of tine -4i u UO S pnot’i It’
i n d i cat e d  e ros ion  t h u r o u g h o u m t  t h ic ’  s i t ’ u 5 aInou-c area. llrosion of t i l e  second and
t i i l rd ba rs  at  p r o f i l e  l U s H  , wi nic l u imn cren us et i depti na nu s much l it  4 t e et , w a s
t i n e  o n l y  si gin i Li c oun t ch an ge on t i l e  n u ’ n ’ t l s ide . “los t  of t i c  w i n t e r  d e p o s i t i o n
w a s  r e m o v e d  d u r i n g  t i n e  sp r i n g  mon ths  of p re t i c i r l i na u t lv  n o r t h e r l \  t i ’ an sacr t  -

d. Suiuii nintrv (i5 recomnstruct ion to . 1 une 10 31 (Fi g. 12) . $ince con~ t m ac- -:

l ion , t ine  e t tie s  we i-e p a r t i a l  h n i r r i  em s  t i  t ine l o m n g s h o r e  s e d i m e n t  t r anspor t ,
ti’ ri’l p il ng material within 1 ,300 feet nortin and sotiti’t of the pass in tin e first
“ca n’. Bets-cern ldtobel ’ 1972 and -June  11) ‘3 t i l e  vo l  ume c h a m m g e  w i t h i n  1 , Ss l l )

S l i i i, ’ I at t l i e  j e t t i e s  was neg i  i gi I le , t h e  up d r i  f t  beac h  bc’ y t sn d p r o f  i le 150)1 1’.
u~as s t a b l e , and th e benic Ine s s1eu ’th of i ’r o f i  Ic l500 S em - cu ded.  l i n e  n ’revail irg
n u n ’t ~n u c a r t I  t n ’ - u n i ’ S : s - r t  d u r i n g  t s r e  f o l l o w i n g  sn r : n i e - m ’ w o u l d  h n i v e  p r o b a b l y  u’ep l ace d
much of t i e  san d 1/ I t t  on t O e  s a l t r e m  bc -n i  c l u e s  dtm rin g tine w i n t c  iv Lack c i i ’

s I gu i h i Clint 0cc i-c t ion on the h r en u c iit- s list :1’ ’ rthn of tine pass during Inc
s l a t e  m ’ : : s u l n n t s , - - on  s u u s t i u i r nt u’d setl i n :nc’nt t r a n s n v s i ’ t  , anti on tine s cu nt h beaches
dur i ng su~s~m smt ’ r wh en f l o u t  in- - - u i ’ d  t m’ n m n n s p o m ’ t  n e t l o m i n , s t e s  , i n t i i cr 1 ’ ‘~s that se-dint -tn t
hi-pass  i m n g  w a s  we 11 e s t ;tb  I i  i s he d  dun n i-I t b -  s t u d y  pe r i o d .

An a d d i t i o n a l  c o n s i d e r a t i o n  ii ~- e t ’t i l  i t n  d e t ’ i n u n ’ . ti l ti cii nira ct c ’n ’i sti cs ‘ i ’

s e a c h u e s  is the d e p t b r  beyond w h i c h  t h e r e  i s  l i t t l e  ne t  e ros ion  or l e p o s i t i o n .
.\ I t  :nous ’c h n :111 beach ~ r s it ’i I es showed sent ’ 5’t ’s r t n l g e s  i t  t h e  “ r n i x i n n u m  t l c -P t In  i m s c ’ n t t u i ’  cd
( 1  I i  I’s- ct ) , tine re su ms a c h n t  ma - - e n s  - 1 c dep  In a t  wIn i ch no dO t i n ge occurred
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h e i St - e l I  October 19 ’2 am id .J umne 1973 , / s t  I i i  u s c  e’ s c e ) ’ t  i on  of  t - ‘ ‘ cu t ilt - ce ut
th e - profile local j oins. 1-t i m s lie - s n o i - t h  of  th ic - in  l e t  , t s i  s Ju~’t1i - ‘. 1 1  - I i  . 5

i t ’ t’t t o i ’ s u t e s  so u th i t w r i t  11 ft-ct ( S e t ’  App . \ , I i gs . \, -l U t - \-13 ).
\l t i n ouu ~ )s t i l e  l 1 ~~ l i crit ions ~ t’ tinis csbtt ’ i’vns t ion n i i e  sI g u l l Ii c c t u ut , t y t  me i s  n o
exp I n m m n n t t  1011 dl f the poss ib Ic  c n t u u ’ 5  rs t I vt’ p u- tides, -‘s e’s -

2 .  Ii n ulm n c 1

‘ho J o c i i u s u t ’ u i t  t i n t -  cm’o~-~~—sec t jonni l ch n n t m’Iu ct ei’I stic s of’ the pass , i unc l u d i n g
m t - n t  , O l i t i  lc i uu g i t udi intl vn s ml nit ion , 22 c nti s  s sect j oins ir csu ’c’ estam ‘Ii ti e-t I

r i n d  stii’t - t’et- 5 i ni iont h i lv (Fi g. 13i . . - \ n i e r u s u r i n s ’ rope (0.25— inch po lyprops’lcn c- )
ant i’ked s t  10 — fo , i t i n  t c ’ nt-a is was  sI met chc’d nu cross tine cinanne 1 and sc-c u  re- U
to p i  l’ scs on cii Icr s i d e .  A S I l t  I I  boat then drove sI ots ’ l \ ’  It len s t i l e  ncspc-
w h i  Ic  om ne ‘n un  s t s u i u n c i e t l  ~ i tI n a pole I t t  10— foot i n t e r v a  i s  ari d nun  u ’ s t i n e r  i n ua ni

5 s i s~~ nnot  es - ‘lin e profile’ s c lose-st to t i ne  gu 1 f ( \2 1 am i d \2 2 i se  mc ’ done ic’s s
fi’ceucnt 111 ’ be cau se scm rt ’ comnc l i t i ons between t l it’ ,i c t  ties mache ‘ ‘  ‘ s t  i ing in a::s r d s i i u s
fm’o- is—s ectiomn \l i~’ nts disc u i nu t to tt ed after \ovc’ul)’er 1972 I -cn tut s c t i l e  s c ,11

sino rt - I im ne nod erothetl past tin I t ~~s s u  lit  -

I’ i’ofi le i - mi t a we u’c m i t  ornat i ens 1 ly jul otted for eacin cross sect ion , amn d tine
c r o s s - s c ’ c t i o u n a l  a r e a , u~c t t t - d 11c’ l’ i ’ l e t c ’r , and h ydraulic radi u s ic c- re dl t Icu 1 Iitc- ~I ,
‘-~iu:s su uunsn i e s ot’ t int’ i’ uen u stun ’ed gc lol luet  1-ic p a n ’ a u n u e t c r s  au - c -  g i ten imn ‘[‘oh les 3 n i n t h  / 5  -

LI ros joIn ant I  depos i t i on t r’c’nutl s in the channe 1 were oht:t i ne -cl by cO inuput  I 115
c i i s i u u ’g c s  i n  the v o l u m e  of ioutcr cou ntai m n ed betiseen the b o t t o m , t i i c  mean water
it’vc’ I \ lj ’, I .  I p 1 ant- , and  thc’ erich p ci m i t s of eacin of ’ t In t si x zones of ni l ’ s re on
lc’ss t 1 i stim n ~-t mo ni ’bl o logy ( f i g .  13) .

a. :oune l (\l to X5 1 , B~ y LI nd ( I~l g. 14 , I i ) .  Bay end c ross a c cl i an t
exhibi ted t i l u ’ c c -  fuuu’ u:us (a) An i ni’egular sinapt’ frouuu tine in itin i l tirt - ti g i ;ng
t inroug ln Nc s i c i s i l i t ’  r 1972 ( b )  t r a p e z o i d a l w i t h  t I e - g l i n t  be low ~~~ of about
7 feet , base  w i d t h s  f n u a n s  92 to  120 f e - c t  , and s u r f a c e  w i d t h s  fro r n i 180 to
215  t’c et  fn’ouuu I)ecemuuber 1972 ti . ‘larc in 1 9 3  and I C ) ge - m ic ra  I 1 U — s i n a p e d h
u s i t h  nnaxi mm uum dept h s i-’noi n~ 7 to 10 feet fu’o in u April 1973 to June 197 3 .
‘-i m no r d e p o s i t i o n  i c c t m r r c d  t l u i r u n n g  t i n e  m i t  u nil a thium st u ’ sc: nt p eriod . i uou ~c’:e1’,
s i t u  t ine  onse t  of  n o r t i n c r a  ( s t o r m s ) , the  v o l c u n m s e  of ’ w a t e r  b e l o w  I -h i ,
i nc reased  to a max irn ium n i n  O c t o b er  due to i n cr t ’r i s c ’J t i d a l disc hn ni u’gc ari d
w i n d — g e m n e n n i t e d  u s n i v t ’  a t t a c k  on t h e  ba i’ n ’ i o um th r e g u o m n . I u u n - i n g  i sn u i . l u s u n t t ’ r
( h o u - t . luhe r to  Feb rnn s  ry )  , i s I s  m l i c i l y  is inds Ice -re 50 fmc - i ;  - ItJr t th at rc’g I u s n n : i  1
us ,ste r le t -cit we ru ‘ t’nc’ u’ n i 1 lv dc- m m csseth , t i d o l  d m s c : r r s i ’ v t - s  r’e ducet l  . ni mi d
StI t lj  s i t - n u t  d e p o s i t  ion ten ded t a produce (‘ l ust -hot t o’~t’ i.I , t r a p e : o i  dal cross
sect ions. Ye - nt i’ lv um u in  i mum c ross -sect i ona 1 lt i’d’lt t  i s d ’ me found in Januns n’y n ut
\3 .  From “ i n i n c h  to  I’lay 1973 i m n c m - e a s e d  t i d a l  d i s c h a r g e s  e r o d e S  t i r e  c h a n n e l
u n t o  11— s inap e t l  ss’ct ions t h r o u g i n o u t  t ine  zone .

h .  :one 2 ( \ 3  i i ’  \ O m  , I s s u e I 1 c n t c b  — I - i s ’ . II , s . The i n i t i a l  break-
t h r o u g h  i i i ’ t h e  pnits lois  u : u a s i t ’ n i l / I / l i t  1 Au g u s t  1 1 ) 7 2 , h s u u t  t h e -  g u l f  ‘ u c ’ s l u t : - ,

c - m i t  i n  l i e - t i  t i s  he tI nedcit’tl deeper and Is I s i t ’  r t h r o u g h most of A l u g u u s  t . Ti drs I
f l o w s  u~e rc’ in it in t l lv hni h tinrou g b n t i n e  cons t  i’i ct e d  s ’ m u i i i t O  and us Is ’st’n i n  t I c ’

m’ e st  s i f  t i n e  dtannel . Pie dec re s i s ed  c u r r e n t - - depos i t ed  I ” , f l s ) r u  c u b i c  y , i m’ 1is
in  zone 2 d u r i ng ea r l y  \ I l g l i s t  . \ lo s t  of’ th u s  i ’m n ii e i’ ia l watt rcmnnove~I be
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\ i s \ t - i u u [ / e r , r u i u l b y I I t’ce un sl u er t l i c  s , s u u d  i’e u r n u l u t i m u g  f ou uu t h e  \ u g u s t  f i l l  t u g  i s s d
bet- ui iso 1 dc~d t a I u/cm I t  f i  n i t  - b et  t s i u n u c i . i , i rapt’  n o  u ~In s 1 ch n tuu ms c- 1 1 s t tim St c e - I s  i- n i I
i n i t i - d u e s  i-c shut ’ I ly l i l t  - U namn n c ’  I slept his ne - I t/w ‘~il- I. i s e - u ’ t - U/Il Ii. tO 5
t e e - I  r n r f n i c t ’ s~ tlt hi s fu ’ - s i r  I - i  I t - 1 ~ 5~5 f e - c t  , r i n d  P o t  t & / l f l  us I di hs i’u~ss 1 5 1 i  1/

15(1 c ci  , i uI li ’S lu g I i  ~‘1 u o i ~ se -nit /ti ci f d c - p u s i t  i I l l s Ill 1 n t u u s u n t  “ s , ‘soo t  2
e L i / I :  mn t ii t - ti t s/ e- m’cntle tin l ’ u s i I i l I - t l s \ ’  I 1,1 0 , liS l e - l i I t n u r i d  scu /u u ’ed i t) I t S c m i  ‘ s l I u l

si l ’c’ t t get l  c a 1 1 1 5 5 5 C .

c.  _ u l l c ’ 3 ( \1) t o  \ I  I s  - Be - m i t i  I I I 5s , - 1 , c I , I 1l u i5 ~e i . h i I t  el y n it - C I l i e
op t ’t i e - th  . :ousc’ 5 fi I s-S ui n i i ’  ~ n i s ’ ,e- I- ni ’s as t r s e  st ral g l u t  i ’ d / c u  - I I o i s e ’. e i ’ , ‘ - f e

ulc u c n ut ci’ in  I 1, 1 5  l’e l l I u s \  c- Li b y  \ o ’ ; c ’l s u i s e r  1972 , nund t I l t  vo l l i l s s c  I f  I i d  I

gd- mit - i - n i l  l v  i n c t ’ e sss e-d t h u  u ’ c uu/gil J umne , e x c ep t  fo r  h it -u i i’v i c - p u s s i  tic ) t l 1,~ t i n c  \ i i m ’ l I
1, m c i s i i . s n m  o f  t h e  c i n , t n u s c ’l  be - m i d  r e s u l t e d  f n s s u - s  b o t h  ebb ,t :uu f’loi./d r l o s s ,  l id-
e l m - - e m I t s  n i p p r o a c i n i m ng t i ne  hc ’ u u i . l  f ro muu t i ne  h r s v  t - r - s u f c ’d t i l e  01, 1 t m ’ ;s , t  C r  t -  ens:
i n  t i l e  V i  c i i i  it y u ’ f \ 13 ,  Tine hon zon  1~~~ 1 scour  r a t  s -  S O S  a r - ~ - . 1  0, S t o o t  ) 1 c 1’
d n u v  , suit1 t dec — p chau i mne  1 was  f ’ u /  i ’lsIc S mne st t o  t ine  b s u u k  , I- 1 u i 5 id ,l  C l ” . I ,  S 15501  h g

ni t  a j e t  t’ m s s n u t I m e  m n n i n r o w  b i ’ i d g c  cross sc ’ ct ion  s c o u u u ’ ct l n i S u u : s u  I a n  c h a n n e l
a l un n g tine i mn s  I Sc of tIne bend lie - rim \1 1 . I t  V t I s n i s m s e u u  t on t I n e - s e  c f n n i n i s t -  I s

m’ odu ieed  ne t  e n s / s i  on ot ’ I i  , 700 c i i i ’  i c cn ir sis

d . _ - u nt - I (\ B r i d ge) ( l i p. 13 , a) .  Tht’ cI u~ nuuu t ’ 1 un cle -n - tine is u g iucn t y

F m m  dg t ’ l s n t S  Oi’ i gi mn li 1 lv  dred ged t i .  t I l t ’ S OlsIe -  d e p t h  ( -  . 0 i t  et  ‘I” I,) 145 th e-
n t d l  s i  uu i f ig p n u  rt s cs I’ t lut’ chiaunne 1 , bu t  u~ n i - s s ’ I l  I y 100 f e e t  l i i  cit . line on in n 1
c r o s s  — sect i ornnt I a u-ens ci f about yQ~ si.suare f e el  is nis nc- du u ct ’d to 51,))) slju un l rc
i c - c t  h n ’ t s , c  c an t’ \ n u g u u s t  f l o o d  s e d i n - ’ e u n t 5ii l oin . S h o u t  i n ’ the rean ’t em , er os - lo in

us r u - t e i . l  uund h i .’ ‘ Iu ’\ ’ t ’ i ” ) s e r  1972 , t i c  cns ss s -se - ct I o:unt 1 n t i ’e n u  r i 1 ” i ~ 5 xi site - i - I  h u e

r s v c ’r n s g e  for  the ~i n i s s  ( 1 ~~~~ ss s,i,Ii’e feet ) - Sc - h one - t m s c  ‘ s ix  i s s s u i m  Si- t i n i s l i ~~
20 f e et .

e . _ o iue  3 \ 1-1 to \ 11,)) , Short R e - I tc h  ( F t , .  15 , b j  . ‘Pie cb nam nn e 1 i i i  :ouu c
w a s  n u l l uc ’nt - ed he  :‘~~e Fr I  ci ge- coins t i -u ion on t I c  h i  cu d and by t  hue ch anne  1

Ii c’ fl c’ - S at t il e g u i lt ’ end . h u e  I i t ’ ej )  j e t  c u n u e -  r g u  ng f ’ro mui wider t u e  bn’i dpe-
On ~ h hi f l u / i s  s - - 5 - . \ 15 ut’ 1 sit ne lv deep and nnanro us ; ye re-st of t sic ’ u ’ c’l tc iu
g r s tdut t lI ’ s ‘i. h ’ s ) n i l c ’ s! t - a , ’ s ; t -1 .3  I c t  s li d Is ide-ned , u i n s n I i t  80 fe- ct ,

5 mu 5 ) s i t c  of t s s -  i l i 1 s s - I ’ ’, e f l l l ’t ’ s  hu’ i~ Ige , n i nnu e an de n’ r u t  t ine bend ~:one 3)
i- cs-n - i n ni c t l t a i- I e e e  1op on t h e  m n o m t b m  us I t ic ’ of \ 15 i i i  h 5 eb ru a rv  1) “5. lii i us
chul i u u nc ’ I wa s mn ot se-eli it \ 16 , bu t  r t p p e a  i t ’d on t it ”  s o u u t ~~ s i d e  i.~I’ tine nu ai  n
cham ine 1 t :’ I ” an.I \ iS fr -m n Apri l to Jun c 1973 , and ne-appeared on t u e  us - - miss
t i s l e  o t t I l t ’  pstss - n :cnmie 6 betseen \ 5 ( s  and \2

~ ~b n- , di ~ t a m i c e  b e t w e e n  he mnds  i n  t h i s  ch an n s i . ’l  l i t  muse  u n d e r  l e m n y t h s  , t i m e
i - s / I ‘C S f ) O i L i l r i g  In s t  ntnd e i’ is i 5th  a c c o r d i n g  to  :e l i e n  ( 1 1) 67) can he ens lea h a t e d
i

_
I’ s 5 -- s

I- h , = 10 B 1 0 3 5

‘- 1 ,  = - 1 .5 B

= -1 . 5 5,h i/lO) 0
~~~
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I s i n t ,’ i ’ c- ~~ = unu e a m nd c r lc - m n g t u s  1 , 500 to 1 ,SIh5 l t ’ t ’t , -h - = m rt - , i l t i t  n uci _ n t h  , n iu s j
3 = ci ’i a n m l c  1 w i d t h . ‘Pie nt ctuli l uuu t’ n m und t- m’ wi dth 01 ’ t Ii- _ - c- c l st 1 up c i n nt mu / uc - I
(20 1) to 300 f e et  I i s  le ss t h r i n u  o n c — I u n m l f  t i l e  c 9 l u u  l i b n i s s n ’ s  u i d t h  C l i l t ’ u l l , i i e j ,
~l t i n g  csiu at i omn t u )  (600 to 700 t ’t ’e t )  . The , s c t u m n t l c’I n a mnm ic -  1 -,-, i d t i u  5 sit len —
200 t ’t~et  I t ’o u l d  c on m’ cs pond  to bo th  gr e a t c u ’  cue - l i nde n  l e n g t h s - - - n m u u s i  s- i d t l m s
‘l ine u -c fo m is- , con t i i icmetl devt -  1 op Ine -nt  Of ’ t i n e  i r u e n s i u u l c  u ’ mni g i n t  be csp c  c ted.

f .  :one i’ (X20 to ‘122), ,Jetti e-s i i : ,  15, c) . \ l i j n - , s s u : i ,  this :uuic’ is
0 m m ’  _ b u s y  f ee t  l c s u n g ,  ch ns nu-ge - s tO u 111 d s c u t c’ m r u u u d  i m n m i e m ’  u s n1 - t s  di i I e m ’ t - d .  Ibis’
cin am nm ne 1 between the outer half of tine jet ti c - s i~as i-I nc dy e d  to a li ,os ’ s t Iii i cc’

I I 5 e  ave nape c i u a u u n i c ’ l c r o s s — s e c t  i o m n a l  n i n e - a .  ‘fine re- fore , ebb u c I oci I ic- S i i i  I i s e
sss rrtl h e r  p a n t  of the cI’ua mn ne 1 tie-creased by ~h s s s u t  o n e — h a l  f cm cs nte - ri un , t u e
ln si’ sgcr p a r t  ; flood velocities Ice-re low in t I l e  cu t e -n ’  s e c t i o n  and inert in c- S
on c-rite-rung t h e  shoal icr sc-ct ion . - mc cl A tup tist um nt i 1 Iuc’ceu iubc ’ r 1972 , t i l t ’
inne r inn 1 f eroded mn u o u ’ c’ t h an t h e  o u t e r  h a l f  f i l l e d .  The l e t  e r o s i o n  r vs  u l  t e d
f rom flood current eros ion of tine m m c i ’  p a r t of t h is none and , since l int’
c in am n mn e 1 h ss’ t us t’e i i  tine inneu- c u l l _Is of t I l e  jet ties us’ n t s  r i p rapped , th is are-ni wa s
not initially dredge-i.! as large 115 the m’est of the cbnanne 1. F5 uui u h ) c ” c c - m s s h e t
u m n t i  I about  ~tn irch  1973 , rap id  d e p o s i ti  on of Us ,- b u ) u) cubic a rds of sand
occurred in zone 6 Id tin minor subsecjuemnt c i nn su u es through June.

b u n  u I c  l i tt l e  ne t  s c o c u r  or fi 11 occcirrcd bet - - c - c -u i tine jetties , rt i s - t o
5- t ’cct  -dee p cinanne 1 deve I ~sp e - t i  aci l h i ce m n t t o  t h e  m i o r t h  j e t t y  , n s n d  t i s e  - - sI t li e- rn
in al  f of t in e or i ginal clnanne - 1 s in o a l e d  n i l  o tt  i- i. ‘-IS!.. ‘l’he mio it I s  s i  Sc c is ami si c- 1
ex isted to sou~ue c’ , \ t t’ l l t  i mmediatel y after tile pass was ope mned and qu a l i  t r s —
t i v e -  o b s e r v a t i o n s  i t n d i c n s t e  t h a t  nu c h a n n e l  ex i s t e d  eve -mn b e f c i’t t i u e  e u s t  r n i u u c e
was d red ge-ti . Thei-e fo r e  , it r i p p e n u m n  th rut be-fore t i l e  pnssss a n u t  opened , lcaveS
approac nn i ln g from t he  e a s t - n c u ’ t h i e - n s t  t induced  a clocks i Se ci rcu lns t ion of
b o t h  s e d i m en t  and w a t e r  i nward  a iomn g t ine  socit h c i t e amid outward nil on g t s n e
n o r t h  j e t t y . ,- \f t e r  t ine  pass was opened , th u s c i  m c u l n s t i o m n  c o m n t i n u e d  d c i n i m n g
floodflow s ; duri m ng ebb currents , break ing s - l i v es  pm ’ odn,mced y, m c n t t e m  t u r b o —
lence along tine south jt’tt’ , deceler ntting the flow suffici c -l it ly to c l t n t c

deposi tion . Since current observations ii e- I’e riO t unuadt ’ us iu cn wave-s snpp ront t’uned
from other di yc:t ions , ni Ft y circulat i on pattern s during tinese times arc
unknown . WI t \ ’ e -  inc lui-’c’~i circulation patterns h ave bee -mi obse rued by Sentbc ngln

• and Sayt - r ( i n  p r e p n s r a t i o n , 1976 ) in a mode l t t l l t l v  of s i n g l e -  j e t t i e S
• ~lasonhoro In let , N o r t h  C a r o l i n a , amnd by S i t e  and I n c  (1970) in mode l

s t u d i e s  of bre nii-c - i . s t t e r t  on open coas t s , and may hn i vc -  an important effect on
scdi m em nt depositionn pattern s at many improved inlets.

p. Emnti re Chanmnel (Xl to X22) . ‘l’he v o luu s ie  e h l t n g e s  in  each zone use - r e
~cus sed to determine the total chanmnel respomnse to selected envi u’o u i~’i t ’n n t a l
psi m~n u u r u c t  e m s  . ~Io m nt i n  l y v n ir i a b i  1 i t y  in tine -se was  p1 ott c-I  vt- n -sui t I inc (1- 1 g. 16 )
and v i sua l  c o r r e l a t i o n  sc a m ’ s  made bet s-ce-mn the variabi ii t in tine -sc p n i m n sm s set c s ’

- ‘ and t ine d e p o s i t i o n  and e ros ion  h i s t o ry . A l t h oug h f l o w  v e l o c i t y  and s ine -a r
s t r e s s  c o n t r o l l e d  channe l  response , l o n g - t e rm  v e l o c i ty  tha t a  us e - r i - ’  not  a v l t i l -
a b l e . There fore , tide and wave dat nt us e- re- u i se d  i n  the  a m nn m i v s i  s.

Two t i d a l  c l n n l m n l c t e n i s t i c s  slno uc t ine strongest quia litat ive con -c h a t  on Wj  t in
changes  in d i a n n e  I s e d i m e n t a t i omi—the months  ly  van ’ i ah i  I i t y  in m u st - an gu i  f t ide
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l e v e l  , s t i u d  t h e  s a.\ i mi g  nund u5 a m m i u ~p of’ se nut ou la I p u u l  u t i dn i  1 u’ n m n ip c - - It u . u i ~ t l I d -
St mi. - - — ’se d t s s s t  -iIui - s u ’t — t c ’ m ’ ~ s e - t ’ f ’e ct s  ‘ O t l i  a - - S t o n s s s s -  nm u’t’ m’ nns s- f_ e-d and  c , i u s  h m , sd , ice -
ch i a i i g t ’ t t u t ~s i : s p s s  m u  le imiagn i t u c l c ’  .

I i e -  u m i o u n t h i  l~ u s r i  abi 11 ty in uutc amn gulf t it i c ’  levc ’ 1 ( 1  5 i t  di  f u ’c- r d - i l  e L i -  i , - , t  i - I
t h e -  n u e , s u n  m n s o m s t i n  l v  le -~’e- 1 aui d  t sc’ mean a mni nc m n i l i t - v t - I )  u s  p l s s l t c d  s u y n u i l . s t
u s s o r u t h i  lY c h n i m n m i c l  v o l u u m u s c -  ch anges i n n  5 i g u u i ’ e 1 b ( n s  . The l i s t - s i l l  m n o u n t i u l  l e u e  I ,~~,i-

obt aimned fn oun u t l a t h t  c’ il  l e i .- t e d  by t i n t ’  N n s t  i onn s  1 O c e a n  5-uu1 ’vt ’~ ( ,‘sU S l t id e ’  gage
in  -\ m ’ h l m l s n i s  Pass  and cnm l cuiated b> a\ - ernt g ing tine - s l n u u  l v  i n i p l s c ’ u -  h i g h i s a t c i ’S

n m n d lo s - e m’ 1 sOs is’~t t e - i ’ S  (‘c i i ’  each m o n t h .  A St ron g c o u r t - i at i Oh e-x 1 at m- s i -- i  s e - t i m
depot i t  ion and low m u s e - n u l l  t i din Ii -  u - c ls and e ros ion  am n d h i gh mneam i l e v e l s
c - x c t - i s t  d u r i m i g  Dec emui b cr amid June wh nen ei -o sion ( p r i m i u h t r i  1 nit  t I l e  c h n s m u n u s ’ l
h e u n i . I l c o i n c i d e d i c i t h i  l t sw l e v e l s .  S i n c e -  f l o w  v e l o c i t y  d e t e m - m s u u u e - s e r o sio n
or dep os i t  j oin , I i gure 1 6 ( n i )  i m m m p l u c -s l u st  d u n i m i g p e n s  si _ I ’ s- of h i g h  uuueam n I t - c e - I t ,
fl5 ’ s ve lo c u t i c - s lint ’ hi gh , a conclusion siunsubstant iat cd due to l a c k  of dat a ,

i - i  y cuu ’c- 16(b) g i ’ n m p h ,s ’ : s s s u s t h  l y v n i i ’  m n u l s i  l i t  in t i n t -  t i d a  I r an g e  -~i i n c  di tIc’
c’nl c e  h e - t i c e c n u  t h u t - u s o n t i n  lv mea n di u r u n n t  1 u - nu u n s y t - amid t h i s  n s l l n u u s s  1 u m u e n u u u  d i  u r m u l i  1
r a n g e  I antI chanmnc  I v o l u m e  ch a un ,s - c ’s . ‘lin e d i i i  i _ us  si 1 m ’ n t n g c ’ 1 s t i l t -  d i i  c r c  n u  ci--
bet icee m n tIn e-i 1> ’ i i i  ~~i i e - I ’  h i gh I d h t t d ’ I’S amid lois - en l ois’ s - s i t e -nt . There  i s  n g u ’ t ’c- ’
u s e - l i t  b e t w e e n  d e p o s i t i o n  am nd deere -as  h u g  t I Sal m ’ a n n g c s -  (t’ . - . - , \si gs it t ant i

Scb st cuu ub er) , and e ros ion  amid i n c r e a s i n g  ramiges (c- . p .  , Oct , s h s t  m t o  l i t-cenibe r 5

T h u s  c o r r e l s i t i o n  p r o b a b l y  e x i s t s  because  d u r i n g  i n n c r e a s i n g  I i _ I n t l  n , s m i g e s
d i sch arge  t h roug h t ime pass is a l s o  i n c r e a s i m n g ;  t i n t ’  em a n u e l  , i d m u s t s  I~-

1 l i t  5i l i t  equi 1 i bn i  unu w i  tin an i n c r e a s e  in cr o t s -—s e cti s l u m 1 nt r i - - n t  - S I m mmi I n mn ~I y
d u r i n g  uc n u mn imn g ramig e s and di s c h i n t  n g e s  , f 1 i . s~~ scour potent in 1 dcc r eu s e s ami d
s e d i m u m e n t a t  i omi occurs . D epos i t  i omn and e - r c s s io mn  p I t t  I ems  m~s i iY  a l s o  be i m i t  I s i -
ence d by l o ca l  or sj u o n ’ t - t e n u ’ s l a c e - s t e - s  wh i ch c’o u ’ n c l - s i t  i n  t m , c  l o i l o u s m ni :
w a n ’

D e p o s i t i o n :

(a)  Hi gin g u l f  s u r f .

(b)  h’am n i n g  s easona l  t i d a l  r a n g e s ;  d e cr e a s i ng  d i s cj u a n g t ’ s .

(c)  Low s easona l  t i d a l  r a m s  yes  ; low di schn t r ’ sm t - u- -

(d) Low lun ar (mont h  l~~) t ida I n’amnge (mneap t i d e s )  ; l ow’ di s c h s ~u u e ~~ -

(e) Low s e a s o n a l  t i d e  l e v e l s ;  l ois’ d i s c ha r g c - s .

Eros ion :
(a) l c u i x i  mn g seas ona l  t i d a l  range ; i n c r e a s i n g  d i s c l u t u - g e s .

(b) A l t e r n a t i n g  w inds : m a x i m u m  d i f f e r e n t i a l s  wln en in  h o s t ’ with title - n .

(c) [hi gh s ea sona l  t i d a l  range ; l n t n g c ’ Sit  c h n t r g c ’  -

(5) t h i gh l u n a r  ( m o n t h l y )  t i d a l  ran ge ( s p r i ny t  i d e s ) ;  l a r g e  d i s c h a r g e s .

(e)  h h i gh seasona l  t i d e  l e v e l s ;  l a rge  d i s c l u n t u ’g t ’s .

( f )  St e a d y  o f f sh o r e  uc inds ; low w a t e r  l e v e l s , l a r g e  ebb y e - b e l t  i e s .
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3. C u l t ’ 
~I o s u t  m u .

‘-c’ o s - n  t i n s  1 ~uu u vc ’vs of  t m , e  u n l  f c u l t  u’ s m is  cc’ to t i l e  I t  - 
~ 

r o\  1 s i c _ I  S
~l c t e - n m i u i m i i u t c ’, b u t t  c i us .  c h n a u i g e - s  I u e t n ’ , c  c m i  h u e e m u d s  tO

’ t u i c  
~ 

y a m i d  cm -  t i e -  e l s u s

t i d a l  del  t . I lie t uu ct- s - s  i~ e i e  ols t nt ujied is i i s ,  511 - s n t  ms - s , i  S - i  o m  i n s t

t’ - j s s  m I T t - tI Is thu a pou’t nub it’ f~i t h l - , s ’ s - e t  e n  ( I - h u m v t h c ’ o m m  ‘-I- ab -  1 I~i - I t )  - IsO I c l u  s - a t  n ’u m m m
s t  a c o u n s t a i m t  e s u s i r m u c’ an t I  speed ovc ’ m’ 15 t i -  21 ) p r  (‘h I c  - 

, R5s ,m~ t i s i  I m omu ‘, s , s  -

Je t  C i i .  I uucd b y i m u t e  n - sect  i on of t us s s  Si unu i t nt flt’vumn s ’uus htor c - I m int it sig ht t m o p s
s u n s _ I  coord u mini t c-_ I hv rn id i  o. S um ‘f cn m Lii e h i u s s u s t i s  f - m ’ s t e e n m I c l ’ s m I h i m u  p s - s e
s i v n t  I 1111) Ic  l ess  t i n a m n  s s m nce  h e r  ‘: ~s t u t h s  . Gui f . ‘ s - s s i  hn l inu S bc- n i c k  1 u - - i h  l e -  i-I n s i s t
5’ e u’c used to  d e n t - l o p  t ime  gui f ‘ m s s s u u t b u  s I n u s-n sI u u ~n s u u  i n  ‘f I t  n u d i  .~ (

‘
.

I st  I u m u n t t e s  of ’ v o l s u n u e - t r i c  ch an ges in  t i n — - p u b  t ’ i n u o u t l s  r t - g h  omn is c- rv n m u a d c-  i s , ’
Jc ’ t e r m m m i n m l n s  w at e r  vo l umes s e t s - c c - m i  ‘t ,muI, and e s s e i u  ~~, I t o n - s  c o r u t s u s s u  s - i t l s i n  t i m e

a re-a shnois’in in l sp p e u l d i  x C , I i p l u m e -  C— I . l ’ i i s m n u sn t’ m ~ i n  vol sum- ut’ bc-I -- ~ - cn survc>-s
cu f l s t  I t u ted  es t i  ‘s l a t e s ~ of sedi mu s t - i t t  at lde -d to  s i ’  r e m  s \  c i i  f r c s u s -  I - e- n i l e - a . ‘bl ue
tlasb u l i n e in Fi gure 17 c u u u m m n m m l i r i  :e-s e r s s s i o m i  ant i J e t s u s i  t i on  in iSl e - p n l f  m ’ss s , s t s

of t ine  p a s s .

‘line t re -m u ds shown in  Fl - u u r e -  1~ re -s cu lt pu-i iso r’ : I i ’ f rom the bc-nu avi ,sr s i ’

sc- - s ir’ hnol e across t i ne -  c h i h m mnl n c’ l m s s o s u t l n  and n i _ I s  nic e - u t to tInt’ m nort In jett y
( -

~pi~. C , Fi g. C — I ) .  S ince  t ine c o n f u - p u u - n u t i o n  of t h i s  h o l e  was  i-’s - m s t n ’ o l  l ed  by
tidnt l currents , lomug sinor e- currents , and w a v e  action , a t t c n m u p t S t O  eorn’ e l a t  c

o s i t h u e m s s c t r i c  e i u u i n g e s  w i th omne p a r t i c u l n i r set  of  c l s i t a  ice- re u m n s u c c c s s f t i l .
h iou st-ve -r , c’ i-os ion in  tin is  s s r c h m  proh iab  ly  r e - s t i l t e d  f r a u - s  t h e  imn t e m u l c t  ion of
5 t u’o;ig sout iis- ’and— um suav ilm g longshore curreuits and tidal curreun t s thresuy i u tIne
p i t t  S .

4. Bay in mi t rzmnce .

Ike- b ut>’ end of t h e  channel amid the  f l c s o d  tidni l delta ~e re- suiv e s-ed l s j t I i
t h u c ’ s s m rmu e - techmn iques used at tine - gui C mouth and i n  t I n e  i t S  aun d t rntu n si t
su r v e y s  of  s h o r e l i n e - s  amnd h en r mms  . Aeni nil phno t m i- use -re- used  fo r  ~i m n u  lit situ vi-’
sm mnt p p m u g c t’ Lui u- t anti  t roug ins imn tim e e x t e n t  i t-c s h a l l o w  s a m i d f l n t t  s nid m a c e - n t  t s-

• r i ’ u e  ciuanne I . The u’esult in g maps i mu -\ppendi ,x U were cited to d c s c u i m ’ s t - n t  t h i  n ’ce
t y~ s c - ~ 01’ c i i s t n u  get at the h a > -  mouth .

Using the same techin ique described for tine gulf m ’ i o l u t I u , t i n e  c o u u  t ouu’ n iunt pt
— were used to c-s t I m m n a t c  changes in s ed imen t  vo l umes for  t ine -  are -li  t h sn u~ t n ih i

Appe mudi x 1), Fm gure h i —  I . A t o t a l  of 65 , _ I O ( )  c u b i c  y a r d s  a c c i u u m s u l a t e t h  d c ir i  n i p
I - c ’ St m u i y  p e r i o d  (Fi g, 15 ) . ~\ colnpan i  s emi of  the e ros ion  ami d depos i t i  omi

I n t l  t e rm s f o r  t ine  ba y  emi t ran cc  and c h n a n n e l  (F i gs .  16 ami d 15 sh owed t h a t  I s i t
n nn t ttt ’ rns were siimuuost i t ie -mit i c a l  a f t e r  an i n i t i a l  a d i u s t l n i e m n t  p e r u  od ( A ~i p c m t  t to

h ) e c t s s s h e r ~ Ap p a r e n t  in ’ , much of tine - u m n a t c r i a l  depos i ted  i n n the ci namnne l  in
\ u m g c u s t  was t r a u i s p on t e d  to  the bay during September aund October , resn u it im n g
in  t l s i - - f i r s t f l o o d  t i d a l  d e l t a  S e -p o s i t i o n a l  peak . ‘lu c r e - a f t e r , e r o s i o m u  on
d e p o s i t i o n  in tine cinannel leads to  e ros ion  or d e p o s i t i o n  omi t i n e  d e l t s u .
Fi gcmre 19 slnow s that tine controlling dep tin decreased at an average  m I m i c
of about 0.6 foot per unonith and reacined a min imum of 2 fee t  hn’ \ I av 1973 ,
wh ich  e q u a l e d  ~nredr e d g i n g  dep ths  in tin e a r e a .
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l ime t’i m n n t  I u t a j o m -  t’ i m a m m g c - in  t h e -  so ’  c-n t i’a m iec ’ ” sn m s i ’c -t I’ c l i t  u l  t 5 , , s h i o i ’ c’ i i n i e s
on e i t h e r  s i d e  ( F i g.  I t ) ) .  ‘lime m u i u t s i ’ e l i m n u - t  IOU c c l  u l w ’ t i u  ami d - - s s t u l  of ’ t n t
c h a m n m i e - l  c c n n t e - m - l um ic m ’eti-eated 0Cc 1’ 100 ft - c t  - ‘limis i c t  u” : s i t  occu rred ss s t r - t 1 ,
n e t  s,i -- c su O c t o h u e -  ~ amnd Ii e ce - smuhe x’ , amid s-as pi’obni b ly cni~u~-ed p1- i s a sm i is - by s- n ice - S
pciucc’ated i n n  u h ,su ’ 1 ’u s  Cln m - i s t i  Ban ’ J c u m ’ h i u n m , i o u - t i m e - u ’ s  ; s~ i t u n  l i t ’  l i u u u i t e d  I t  t i - h i
n m u m c i  dept us , si p mm i fi coo t ls nt ve he -i glu Is nimu d pen’m ods us e mc ’ p r o b a l -  I ~ i a t i m e
order ci’ 2 f e e t amn i 3 secomids , u ’e - t i ’- c c t  l vi- ’ lv .

VI . ‘l’I iA I. II\’URAIJLI CS

An cmmnde rst ntmndi ng of the hydraulic d n a racte ml st 1 cs of tine pass  mu 1 m m s b s ~-
t a m m t  f~ s n  t ,-, - reasons  (a )  To de te rm i in e r e - l a t h  o n s i n i ps b e t s - c e - n ’  t I Sc e l e - v a—
I j oins atm— I re sultimn g channel v e l o c i ty  c h a m ’ a e t c r i s t i  i-’-’ u’,i u ie iu mc , 11 I lssFsl’ove
t e c i n m i l t iucs for  pn ’e-dict ions of flow t h s r o u p im t I dni l h un let mu ; and (b) ‘a
cor re  m i t e  observ e-i-h c inam iges  in  t ine -  inlet s l i t  sc  s- c t i-y s-i u s  t 1St- s ami d m ’ u c u i t t
(i.e. , to clefimne t i n e -  e f f e c t  of i n y d m s u n s l i c s  cnn i m n l e - t  h ,5 t h s - ’ -- vt ri c- c i n n u u s i e t e u ’ —
i s t i c s  ain d s t a b i l i ty ) .

1. h idc - s.

a. ‘u-cdicted A i d e s .  In tine Gulf of I-’Ic-xi co , t he  p r i n c i p a l  e m i n i a t  j o i n s
imn ti dnm 1 r a n g e-  nm m ’e - dime to t }ue chi amig i ung dec 1 m a t  i s - n i  of ’ t i n t  s O l l  (~ “5a t  i cm- In ns I
Oceanic ami d Atmusosp ineric Adu tu inistrati cmi , 19 5) . Di s u u - m u n s l  t i d e s  o c c u m  s i t
Inaximunuin declina tions ; semidiuruna I, amnd m uu ix ed tides occur su e-n ti --c muoun is on
the equator  ( i - i  g .  , 0 )  . ‘line p r e d i  e t c _ I  m s s o n t } u  ly  sp r i n g  t i d a l range ) n i t  t i c s s
and f u l l  ummoons)  v a r i e s  f rom 2 .  1 to 2. 5 feet lit ,-\ransas Pass . and t !sm ~u i - n
tidal ran ge (at lunar cp,madn’atures) varies from 0.0 to 1. -h feet. Se a s o uuns hi \’ ,
m naxin num s s ran ges occcm n- at tine suunmm uuer and w inter soistice mu whemn tin e sun ’ mu
g u ’ a t - i t a t i o n n a l  v e c t o r  is nuore In e a r l > ’ p a r a l l e l  to  tin e e a r t h ’ s i n  suai: - t m e -  i c a l
amid hi gher latitudes; s’s~ ninm umn ra mn ges Occur at the equinoxes wine -mn t m 5~ u; -dln ’ ~gravi tat ion a l vec tor has a suuua llen ve rtical component.

The seasona l  cyc l e  in tidal m-au n 57es is not in ph ase s--i tin a s i n m i  I n s  m s e - a t -, -n ns l
cyc le  in tidal lie -i p i n t s  , w h i c h  sire a combin nmtion of astm’ on ounm h enm i amn d m l s e t c s - m -
o log ic.-n l t i d e s . ~b n u x i s u s i u u u s  ‘,~

- ns t er levels o c c c m r  in  Oct  s -h e r , April , nund ‘- ls s y
when the  st r o n g e s t  ou tsb nore  wi m nds  g e n e r a l l y  occur .  ~i i n i m u m  l e v e l s  o c c u s m  i n
Jainuary and February  is’h en s t r o n g  o f f s i n o r e  wiunds gre-dominate. I,c’us levels

• -a l so  occur dur imn g June ami d J u ly  when r e l a t i v e l y  li ght o m n sh o r c  w i n d s  are
accompanied by si g m i i f i c a m n t  ch iu ru ia l  sea bree :e-s .  This ti-end is s ubj e c t  t o
local  v a r i a b i l i t y  in windspeed and d i r e c t i o n , as w e l l  n u t in s s t i m t ’ m  t’sictoms
i m n f l u e n c i n g  t ide  e l e v a t i o n s .

b.  Tide M easu remen t s .  T h r o u ghout  t h e  s t u d y  per iod , t i d e  da ta  se- ic
col lec ted fromnu three gages located in tine pass ami d ttm iroughmout adj occu lt
wa ters (Fi g. 21) to define tin e tidal cinaracteuistics of tine i n l et - b a y
system , and to p rov ide  w a t e r  s u r f a c e  slope nume -asurcinuents for hnyd u’ aiul ic
analyses . Two water let-e l recorders (St ’ev en t  Type F) ns’ e-n ’e- i n s t , s l l c t l  im i tine
pass and tied to tine sann e - bench mark t s n  obtai mn dsi ta ft’ om i s mcm i ch tin e s~ - i t  ci’

Surface slope over a ma jor pnsu ’t of time g u t s  cou ld  be c a l c u l a t e d .  ,-\n e x i s t -
ing  NOS gage in A n ’ an t n is  Pass pr ov i d e d  d n i t n m  appu’ o x i m a t - i n g  p u u l f  t i d e  l e v e l s .
Since th i s  gage isa s lo c a t e d  i n s i d e  the channel  at t h e  shore  end of I s s c  -~ hi
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h e -  t t v , 1 t p i ’ o ins t b-  lv e- md mib i te-d - s  t u Wi 1 1-ami g e - 5 omu iemc hns I Ac ’ s s t h a m ;  t h s -  1 o f ’ t b e
gu i  1’. l i m i t  d i  f f e m ’ e u u c c  s - si t p r o b a b l y  s is s n sl l , b u t  u~5 s k u n o u s u m  - ‘hu e gage-s ss c ri-’
pc5i red to  p i’ov I tie - a 10- i mnch me eou’cl i ’s - i’ 2-i l O l l  i’S of t i cli -- , us it hi a \‘c m’t i elm 1
sec 1 e of IS - ,S t o  I su n ud n i p mt- c j s cmi of - ii - o h  I tSo - Ii nit er s surf nice S I ‘pc s

— 
e n s  l e u m i s i t e t i  fh’ cn nss t m s c t e  u ’c e o r d - i -  s h i , s u u l d  l u a ’ , c  e u - n - - m s  h e s s  t l m s i n u  I \ 1 u ~~

’ -

Sc-sitona I van sit ions ium chil L amnd di  u r m m a  1 t i51, 1 m n i nu g e (i5 I p. 22) , 1 m m - e e l  c u s  ly
corre a t e - S  s - h  tin chaunue  1 hn m th ymet i ic cl m ni msges , p c u n e r a  1 ly ci l ois t h e -  t u’ c m n d  of ’
p i ’e t i i e t ed  t i d e  c h a m n u e t c - n ’ h s t l e t , a l t h o u g h si g m n i l ’ i cami t  i-levi t i n s  W o i - e s u u ,

2. \elocity and Diseinarge iMc’nmsu u ’t’nuu cmn ts.

Idmne t i d a l  — i--n- c le di scinan- su e su rveys welt’ coum ip hi - - t ~-d , s i x  m e - a r  t h e  b a , ’
m m i o c i t h  at c r o s s — s e c t io n  \5 s -h e r e  t h I c ’  c in ’~~s — t e - c t i s - n a  sh n s p c -  s - n u t  s i - p i e - s t  amid
ummos t s t a b l e -  , ami d th ree  at t ic- b r i _ I gc - . ‘u i-- u umrcu u t su u ct e r ( Ccii ’ hey —Price cup—

n’1n c) wa~ u se d to o h t a h  n velocities nit c’nmc hn n’nm u mge - . t c ’ad im mg s  fro~s t hm’ i d ge-
ic e-i -c t , s k t u i  el i - - I’’- 2 h m c u m m ’ t  at d e p t h u c  of 0.2 amid U . S t I net t i ne  n n n m x i n u u u u m s  d c ’ i s t h
at each of 10 s t a t i omns about 10 feet apa r t  . At \~ , hourly c’alsue s at de p t s -

of Q I , O .tn , and 0.8 t i mnnes tine u n inux 5 u u suunm tic I -tin s i t  e - a e h m  of ’ n imie  s t n m t  i oui s ic e - re -
csI t n i : n c ~~ ex cept at  the clnanncl centei , islsc u ’ e u ’c ’s s d uu ips i,cre ssn ~ch e- - ’’:i-’ rn’ fe- s t .

Measuremeunts use -re - smsnsc l c fromn a sunal 1 sit nsttnm ched u~ It hi a snu atc h 0 hock to a
0. 1 5 -i n c h  nn y  ion  rope stretcined ti ght ln’ l i e ross time cbnauinel. Tine rope s-ni t
h e l d  in p l a c e  at each end i s I t b i  a l a r g e  cmi i ’o r t ln l m n d i n o r .  \ sue -asc ii - imp m gi--
marked  at 1 0 — f o o t  i n t e r v n m  Is s i l t  ac h ed to  t ine  ny I omn rope provided us - ri :oun t a  A
c o n t r o l .  Dur ing  t ine  one t i d a l c y c l e  -,~l s e u n ye b e lt let use -re n b - t s -  l i n t - c l  s l ’ s  I -

ta-m eously at bo th ra nn ge s , an ayen’ nsp c d i •‘‘ere-muce of omn lv 2.5 perc i--ss t mc li-
f’s - m u d  in t i n e  c a l c u l a t e d  t o t a l  d i s c i n a r g e - . I n d m c - i t l u a i v e l c u e l t s  s e - l O n g s
probably erred no more that 0 . 1  i s - u t  gem ’ seconti ( c  omi c c l i c k  c i t  t fic ’ -c e’ :
Three read ings per vertical h n rof i  le sinew 15 g i v e  am a c c u r a c s -  of  be t  m t Usc:
2 percen t (~~ouse , et al. , 1950)  . .-\m c suun l i rn g tin -at a m n u nn i i , s err -- r cf 0, 2 t O t , I

per second equals t i m e  standard deviation for a sample si :e c u f  30 , t he-
s t a t i s t i c a l  p a r a m m u e t e r , t , is 3,6 5 at tine 99.9-lne-rcemn t comnf idenee h i -- u - c -I .
There fore , time c n i l c u l n u t i - ’ s h ns uc’ m’ nige ‘ClOc ’h t n  sh o u l d  be s - h t hi n 0. 1 Cos t ‘c i ’

second of tin e true vsm lue at t ine  tO) . 9-perce -m it confidc ’:uec ’ le vel

- ‘ f a ,  Channel s i c ’ s s l s s c - t n ’ c ’ . Tine flow cross-sectional are-ni dun’ing cac im y e - loch i i -

:uuenms uu ’c’nmi cu i t is as coop ste - i - h be addi mug tine 
~

i- ‘s ’J n e t  of  t i n e  chnanm ’m e 1 m ci tlt un s um _ I t o e -
diffe rence between 1os-’ ’~n ite r and tb -c i m i s t a m n t a m u c s n u t  t ide  r e a d i n g  to tint ,

c r o s s — s e c t i o n n i l area be lo w low u~o tem. ‘lin e gre nm t t ’t t s t  ent  1 n i l  s i - s i m m - i--c o n ’ i-- i’ m - c r
in d e f i n i n g  the  ch nanmie l  geo mn etr \ ’  at \3 was p r o b a b l e -  i us tin e vs i m - i a h i  i t~ of
t hc ’ stretched measuring rope , uc hnic i n mi g h t l ead  t s ’ an e r r o r  of up to 50 si-buam’e-
fee t  in  tin e c r o s s — s e c t i o n a l  a r ea .  S u c c e s s i v e  u n u e n m s u r e u i u c m i t s  d u r i n g  a d i s ch a rg e
study should have r e l a t i v e  errors  of nio more thi amn t I ) )  square ft - c t .  hci tin
t h e s e  c a r l  ab i lit s es for nu u - esss and uc ettc- d pen s- s et  c-u ’ , :nnux m s m u ci rs  e r r o r  in  l i v d u ’ s s s —

lic radii is ±0 .5 foot .

b . Dischargc.- C h u n s u ’ ns ctc sristics. Thc- anniown t of s - s i t e - n ’  f ’ l oss u m u g t l nr o iu ghn t i m e -
pass du ring eac in crc lcd t mesm t u s ri --un cut pen - i ad s-as cnmi cu 1 s u t  c_ I  as n ~‘1 A ci sc -i- ‘u

ye loci  ty  for  each c c - m t  i ca l  I imn e s -n i t  obt am mnc d he a v e - r a p  l u n g  tu c o or mo re u n en i ’-sured
veloci ties omn ~ nit l i n e .  The a r e , s  t i e f i m n e t i  b a d i n i c i - s u t  v e r t i c a l  p m ’ o t n i c
l i n e s , channel isottonu , aliti I i ; ;  u c n m t c - r  S u i m ’ f ’ n i c c  m cas  mui t i p h ieti by t h u s - s i v cm n mu t e of
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t h e  t ls o r r o f h  I c  l i u m e s  t o  c i v e  t l i s c i m , i r u e  f o r  t h a t  p:m i’t of’ t u e i ’ s - s -  st’eti~~u s
- - t ,u 1 di s s_- h a np c ’ s - s i t  obt  oh m n c’ I as t h i t  s uu .s of  a 11 te~ t i anus -‘ui e r s i~ , e cc  l OtS it y

m ~i c ross  s i -- ct  m c m i  i s t s t  n i l  d i  s c h uss I-ge d i v  ide t i  bc ot -~ 1 a m e s s  . lii se inni l~- , e
vc ’ l o c i  t y , sum _ I g e s s ’m s c ’ t n b e  i- lo t  a a m ’ e- su m uu um a n i  :eti i u m  ‘Fable 7. T i m e  in i t t - s n ’ s i -m S
of  t i m e  d i  s c i m s i  r p c s  s Ir e  s l s ’s- n n i m u A j ’ t ~c u n d i  x i i .

I~i t cli ni mp c s  t rougin tine - jss uts ovt - i’ any omne t ida 1 eye 1 e ni l- c iii phi 1 ,- s he - S t a i - h e s s
upon time tid a l eye le cim am ~act c m i  s t i e s  a u nt i  t i l e  n e - f o r e  ns m c ’  variab iv - i5 l mno d
amn d ebb di t e hi nsr -p c’s s-t’ m ’e- equa l  dum ’imng diurmna l tides- ’, flt u odflos5 s t t ’ u u u p l - -
p r e u h o u s i m u n s i t e d  d c m n i n g  muu xe_ I amnd s e t s i d i u r m i n i l t i tic’s ( I  iOu - - 7). du e - u’i--di ctc’d
t i d e  cuum -c-es imn Fi gum’c Ii) sin os- t sat m’t’ chu u e i - ’cl tida l i’amnges dun  m u g  u m u i  s- se - i - I t I dc- s
‘c’s silt nuo re t u e - s i  m i  -p int- n low s - n u t  c - C S  tb i amn f l ’ ossn l ouce m h i  gin s-a t  t m - s . Thus

cl ur im n g these pem ’ uo clu - t h e  f l o o d  d u r a t i o n  and d i s - e b i a r g e  am’e t’s u u ms id era b is
gn’ e - i te m’ tins iun ebb. if tim - c p :mss s-nit the- o m n hc - cm ii m’ s u u l c e  to L s m h - s s~ C h r i t t i  Bay ,

n u t ’ sit t c n u u  us’Oul  d t e u n d  to h a l  once s-i t in  amn excess  di sc lnn i l’ st i - - n u t  t h s t ’ i - c  p h nunu imp
of d i urmna 1 t i d e s .  -‘u I tho i-ug in time 17 aund 1 S ’ - h a e -  di t ehuarges ss c rc’ obtn s i nut- _I nut
sue-in a t i iuue , om ul y ni s l i m u ,i ut excess ebb disc b unur p c- ucas evident. Sommme l s a t c m
f l o w i mi p t i n r - e - m - p l u  t 5 ut ’ p 5 1st  p r o b e - s h I v  r e - t u m i ’ m i s  to tine gulf t l im - i -uc u g iu \m :uns sas i _ nuts.

i hOise ~~e- t , u m u c a s  u rc . ss i - - u  I 5 s-c me l u s t  uiuade i - i - mm l un g or - cO o u - t  1 v a ~
‘t em un o m l nsi -- m’s win i cii

g rodusec s i r  c u s p  ebb s Ci oui- t tin mi - suu g iu imn lets cmi tIm e - ‘lex nut coat t - ~i-Ii - 1 i t ion -al
i - l u  s e i n n i r pe- - cc i - u u n e u m s e u s t s  oc-en a ucider ran ct e 01’ t i d e -  cond i t  ions are u’ei-sui mcd to
e sumn p le t -: i n Sc ui ni t - the important mc ’ i n s t ionsbn i p bctucee -nu tidal eb nn m racte n it t i cs
si . s - - d u  scins irge.

3. Cin s im m m ne 1 1 m ’ i eti cml l i n a l n e t e  r i s t ic s

\ ‘  1 u u i p o m - t  s i mi ’ f s i c t  s r  a t i e - c t  ing f l ow  t i n roug hn tidal imn he - Is is the channel
fr i  ct 1 i i  - f use  of tOt most  s-ide lv used n’ucn usun’e -s i-cf fri ct i omn is tO t- ‘-l s i u s n n I s  p S

co e f f i c i e n t , n , u c h i c i n  s u u s c u u u s i r i : e - s  t ine -  u - e s m st a n c c  I s  flos-’ u ’i-- s s u lt imn g f r o m m s
sinaI 1—senile surfniee roughness (rnate u’ ial si:e- amid siu nmpe ) and l s s m t e - — sc n i l e
- i - m i m i ice i ’os ughm ncs ms I cinanne 1 shape aun d b o t t o m s i  c o n f h  s u m n u t  ion ’ . Out- i’ol l o w i n g
c u - m i ) u m l  c c i  cc iu a t  i omn e-~ uus itc s tine - ace-rage stc’s sc l e - un i f e - u - c s  velocity in o p t - u n

-

‘ 
-et u n i ’ m m n e -  i s  t o  n

= 
1.49 R2/3S1/2 (_)

n
r

s-he re \ is ace- i ’ s i  c~e- c~ u n u i n n e -  I crc b i t s -  ( f e e t  per  s econti I , R I s cin n u m m u n e -  I is ce-i msmsu lie
-
, 

- ne-id j u t  ( f ’eet  ) , am i d S i t s lop t ’ clf t il e emnergy p m i d s c-n u t , app u - o x  m muna t c i  V t i - . mu loge

of t i le  n a t e - I ’  s u r f a c e  t h r o u g h t ime  i n l e t .  The m i t e  o f  e h n i u n p c ’  i n  f l c n u s  v c l oc i  t
tb n rougin time ch anmne -l is nissumed to be small enoug in to a p p r o x i m - s u t - .- tin e st e - s i de - -
stat e comn i-1 it s Oti s me--ti—mired f o r  use of etluat I omn ( — 1

— - \ lt 5 sougin tI s c- ~’e has been much stcuch v of frictiom ual clnaractei ’imu t set of
- c t rc ’umm s and rivers , less is known abou t values of n for tidal im nlc t~~.
V a i u i t ’~ are g i v e - m m  for  some i n l e t s  b y O ’B r i e n  and C l a r k  (19 73) . To p r o v i d e
i n f o u - u s u n i t i o n  on t ine f r i  c t i o n a l  c h a r a c t e r i s t i c s  of a t i d a l  cin am ine l  , mu v a l u m e s
fs e-~’ the pass us e-re computed sit hourly in ter v als over selected discinarge me -as—
ur n- mm s e u n t periods . Since- i t is des i rab le  I so  di sting u ishi differences of at
least 0.01)5 in n , and s i m ncc  mea su red mn v a lue s  aver aged ab ou t 0 .05 , 1 s i c
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s i m o n ’  of m m m u u u s t  be kept b eiotc ’ 10 p em ’ec- u l t  . ‘ l’i u t’ e - f c u t - - of t h e  ens t sl e d
e rr ors on m u a i ’ c c ou u upu t e - d  imm :\ppi _- m m d i  x I ’ and g i ’ u 1 s h i e d  iou l~i u I - c- 2 3. u s - l u c i a —
li c ratio 1 c u e -  all m ie ,ir lv 6 feet amid t h u s u s  p r o d u c e  so s: , i - i ss um: e r u ’ s~ m in mu O n
6 pci-ct - mi t i t  s s s ’;SSU red to a i tim in 0.6 f’tuo t - ‘ S i ’ 1 oci  t m es b e - i  ow U . 6 f oot pr ,rm ’
s-c c o m m _ I  an5l t i s _ l a  i di f f, - u ’ s_ - m i t  i sm Is less t I n ca  0 . 2 i ’ r u s t  do mio t  S m I vi -- mc ’ Ii au Ic
-
‘ nil cit -s of mn n i mmd ice-re  n o t  c u u u m p u t e d  f o r  such t I muses .  h t ’cus m ’d s- I ’m’ - s ss. t u s  s - a t  i-- u’
hi --c t -i i’i--eors _ it -rs I s s c nmt cd at tine bn i mu m out im amid tine b r i d ge p ro c  li- it’d d a n  s f ’sor
en il cu i ni t im m ~ t u s- i c n it i - ’r s u r f a c e -  s l op es . V elocit y us u e - nlss um ’e - n s sem m ts prt rc’ u~ic h dis-
c iu ai’ ge t i mmie h i  s t o m -  u i - - s t’ro um u us_ mm i ch the - ave rage di an ne- I ye hoc I ties mr - e u~i--
dc t e m sms i mm cd. ‘Flit ’ ave m s i g e  h ydi-auli c radius of tine in n- i dn~c to  h a v u m s c u i t  i s  c h a u u  sue - 1
section ir - a’-s Lms i - ’ d .

The fl ue - si l l c-a hue of mi f s m  tin e past s l o w l j mi tm m e n u s - e s _ h  i sr o u g im t i s c ’  s t  t id
per iot i  fm ’ s r u u u  : m n a  h u e  of 0 . 0 19  in Scptem mu ber  15)72 to 0.030 in .‘upni 1 15)75.
This resu l ted from tine dccc lopmuiemn t of large— and sunusi l i—s c s i It’ bed fomnis 1m m
t h e  cii anmie -l tsuis sequent to the pass opening, and sho nil iu n g nut ci thsc r end
of the chamnunel.

Sh ort-term variability imn m i-as also found durimi g t i d a l  c y c l e  dis-
charge  mui e a su re m n en t s  . M a xin tum n v a lues sr - c r c  of t em n tu s i ce  I I I - -  m h n i u m m u m  v a l u e s
cal cii latc - th for  tine sau mie tida l c y c l e - .  N uusu e rous  s e s u t  t ci plot s of ’ n c’e r s u i s
o t i m e r  v a r i a b l e s  were  constructed to t i e te r u : u in e -  i f  tin e- re- mi -as a s ystessns n, i c
cause fox- tb mi s \s sriatio m .

The u u uo t t i m i f o m m a t i v e  s-ere those of n v e r s u s  n, s in e h I m  a m uuu ’u bsc r of  dii—
c h s s rp e  periods (Fi gs .  24 , 25 , amnd 26) . N o t e  t O  5 1  for  a l l  t i d a l  eye  l e t  e s - c e - _ I t
t ine  ‘ I s  r c i u  f l o od ph ase • t ime Mann imi g ’ s n Inc u’enm sed re-sal 1 or 1 y s - i tin tine ii oss th
amid  ebb phases of the tidal cycle. \l ’te r slack mi -a l c m  t h l t  values of n m r - em - c
very  louc , h u t  g r a d u a l l y  increased  to a unaximnum j  mist Ire -fore - tin e mue xt slack
u c a t e m ,  ‘Fine- facts sr uc imic b n nuost likel y a ffected mn in this acm e- scat t b me cx smu t -

ermce of bed fo nn u ,s i n  the channel . l a t h u n u e t e r  recon’ds and obsei’vstt ions
indic ated t h at tbne se bed forms ranged fronsu smal [-senile r ip pl i - - mu (less t 5 e - s s S  1
i nch  i n  as s sp Ii tude) to sand ucavcs 3 feet  ini gh . Time ripp les oecmirre -d thr i - -m mp hn —
out tine l u n g  “ i-_I n - u s b u i  Ic the sau d ui -ave - s occuni-etl more communion lv st Ci t i n e r
end of  t i u i s  s e c t  ion , I m m e d i a t e l y  aftem ’ slack ucater , flou ,’ th m’ough tine
channe l u cs i s  ~i-- u u t - m n i l  lv over  bed f s s u i m s s -  on e-muted ion t I m e  u p

~ l i e -  d im - c-ct ion ;
I - e . , c-sir Iv  f i ood cur re m n t 5 f I s csi - c s _ I  over ebb—o n- i em it ec h ri pp l et  c u d  dumne s
hurl mng later parts of the p bn ase , suff i c I emit ye h o c  i t i e s  would Ina v e  dc ’ve i s s g t ’ _I
mc rct r riemn t l’ed f ’ou-nsu s i n  tIne direction of flow , peninaps also increas lung
h u e - j r  b nei gh n t . h i oe ru n e r  ( I s l e S )  liste d drag coe f f i c i c ’n n tt fu su’ a n um uus i- t -m of ’
sinapes - For t ime shape u c h i c h  m o s t c l o s e  lv rep lete-nt c - _ I bed ho rmnss (see s k et  - c .
be- lo s- ’) ,  t ine d ie- mg c o e f f i c i e n t fssm fb i— unmoving from left n - - m’ i p i u t  ( i . e .  -
for  bed t’onm nm s orient c-_ I ii-~ tin tine - fiouc ) is about tuc h cc t sa t f~s m’ f l o w  nmov i t i c,
f rom r I gb mt t o  l e f t  ( for- bed fou uss s or - i cmitcd in su p p o s  i t  i sun to fl cur ) , t I u m e  t c
tile St re-aun i l imuing effect of ’ tine left side - ot’ tine shape omi tine - latter flouc
c o n d i t  j oin .
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list ’ m i t  h o of :st ’ niu s !:u s mx i s us -  a l o  s c - n O u n  muuu nn i ss s i mu n u mu t m ’  t i n s fiv e 0 m m - c -
i i- m ps . 2-1 , 23 , u s _ I  2 s  u s : I - m r- hi i elm m g i t t ’s is mt S n i l - s e -  u ’ u u t ’ m  1 1 5 rs  s . ) - I Inc m’ e- -
fore , l i s t - t e n s i e - s i ’ a  I vn m m’ un m t m s r - nm inn in is 5 i s - ssz’ ,i- s _ i’ to me t i i l  t p ri utu c m u  I i ’ f m
t h e  d ep t ’ u u d e u u c i - ’  of  f m u  et s u m  i n n s-u n time om ’ u e! m tn s t ion of c lm s s umn nc 1 1 st- t I 1 - - n ’ss ~ ‘u
i - c - :‘ e - i -  I t o f I r - s i r -  t1 i m s _ -ct lois - - - St 5 5 5 0 ’ us iso He hum f l u m c u u  c e - s _ h  ho ’ t I l t - s i  - - . - - of ’
s e - si  t o r i mis  d u e l  nu st a is _ i a  1 s _ y e  i t -  -

. [ m m l e - t — E l a v  i i v d r a u l i e  R e l a t i o m n s i i i ps.

Simn cc omn e- of tine object ives inn huh ldimn g tine - pass ui-as to en in n smu cc 55 s i t  em
exchange between tine I s l e -  and gulf , ns si iunp i i ficd anal sis i— n i t  pcr’ f u s m ’ u st ’_ I to
de f i n e  t h e  im i f l u e -n e c  of t i n t ’  p n i s s  on mi - a te  r t - x e h s n i u u g i - -  - P r e v i  t s ius  ur - ark by
Smi t i n  ( I  5 ) 74 )  and in depe -mnden t  uuu e asu rcmm i e n t s  mu m ade dui- i nng tin e s t u d y  I n em - i ad
im ntii c n u te - t i nnst the t i- J ab m--aun ge- in Corpus Christi Bay is about one - -tin 1 rd
1 mc- range at Arans  nit  Pass .  The product of the nuiea n bum ’ range dun - i  mug  t ime
s tudy p e r i o d , 0.4 foot , and tine - bay area , 5 \ in - 

si- lua u- c f e e t , yi elds a
mumean t i d a l  prism 2 \ l ii - cubic feet. Tine mean p r i s m  o b t a i n e d  fro in s
dis s_ c inar p e - u imcasurcim ie - mi t s  inn t ine pass si-a s 6 .6  , \ 10~ cubic  f e e t , or o n ly  ah ocmt
3 percent  of tine flue-aim bay prisu n . Therefore , a it hou g in time pass si gnu I f-
ic nui’tly immf luen ces bay n c a t e - m -  u c i t i n i mi tIne immediate vicinity - t ine (‘~~‘ t’ ct
on ucater exch ange of Corpus Ch r i s t i  Bay as a whole appears to be- sm n al l ,
occurri mig over a relatively long time .

‘SI !. INLE’F STAB I LITY

Througinout tin e stud” period , tine deposition in the- chainnel was sli ght
(Fi g. 16). l-iowever , between the bridge and tine gulf , si gnifican t dep-
osith on tlnroug inout the  f i r s t  ha l f  of 15)73 reduced tine miniuuuuu:s area to ~l5
s t s i s n u r e  fee t amid t i n e  mnin inm um h y d r a u l i c  radius to 2 .3 fee t. Deposi t ion on
tine- flood tidal delta reduced the controlling depth in tine h ay to 2 f e e - t
by 1-lan’ 15) 73 .  A l t h o u g h the pass as a us’hole r emained  r a t h e r  s t a b l e , t ine
ch annel ends be came heavil y choked ucitin sand. Continued measurennuents mciii
be requi red  to  ob ta lun  s c u f f i  d ent  data us in i ch can be used to de f ine  tine
long-term s t a b i l i t y  of tin e pass .  [los-ever , s i m n c e  p r e d i c t i n g  the s t a b i l i t : - ’
is i mpor t an t in p r op e r l y  d e s i g u n i ng an a r t i f i c i a l  i m n l r -,,- t , a number of
ex i s t imm g p r e d i c t i o n  nm et inods  app l i c a b l e  to the  pass are d i s cus sed  imn t i n e
f o l l o w i n g  p a r a g r a p h s .

Tin e r e l a t i o m n s h n i p be tw een  t i d a l  pr ismun amn d i n l e t  c r o s s - s e c t i o n a l  area h a s
been used by O ’ B r i e n  (1969) amnd o thers  as an i n d i c a t i on of i n l e t  s t a i s i l i t .
The most re-ce -m t and comprehensive analysis of t h i s  re lnmtiomnshi h s s-as counm-
p l e t e d  by J a r re t t  ( 19 76)  - who foumn d t ina t fo r  i n l e t s  on the g u i m ’ coast , t ine —

mini mu munt  i n l e t  c r o s s - s e c t i o n a l  area , ,-\~~ - , is r e l a t e d  to tine sprimig raungi-
t i d a l  pr isu n , P . by :  a m a

-\ - , = 3 . 02 N l 0 H ° ” ’
ul u i  n

For the sp r ing  range t i d a l  pr ism nm easured at the pass ( 0 . 5 )  ~\ I 0 ~ cubic ne - c t

tine equilibrium cross—sectional area would be 2 .612 square- Is _ -ct , w h i c h  i s
ove r tuc i cc t ine ni c t suns I min im n unm area of 5)30 st luan ’e ft - c t  . H o w e v e r - ( a s  va l c m e
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f a l l s s cit in i n  t i ne  Ps -- pt’ m ’ e e u s t  con t’i themne c limunits uP J s u m m ’ e - t t  ‘ s a m ma I n’s h s
J arr e t t p o i n t s  out t ima t  t se - gu i  f e s s a s t  th u sta exhibit i - t i  unio n - c t u tt er ’ t h u s
P a c i f i c  amud At lau i tic ccs um st s _ h a t  nu , ami d attribut es this u i  a r t  t o  tint -  mi - h  de
n ’ a r i a b i l i t n  in  m nomnthi v tidal I’sumnge s . No com iclus i ve p u ’es _ li c t io m n of t h e -
pass ’ st ud - u 1 i t y  can be mmmade acco m -din g to tine - Sm u -ca versus pr ism m e - I nut i Oil —

Ship .

.\ second p r e t i i c t i o m n  of i m i l e t  s t a b i l i t y  uses a unue tbnod deve l oped h - c
B r m i i m n  ( l Oo t s )  , si-ho r e l a t e d  u n  l e t  s t a b i l i t y ’ to t h e -  une -an tidal prism , r
amid pn ’edo m nim isi mmt ~ l s u m t i n l s s u r d )  a m n n u a l  b om ngs inore  t m’ n s nusp su - t n - ate , ‘1 , a t an
in le t  as fol  los-s

a-
P221 -i -s 100 u n s t a b l e

> 300 s t a b l e

100<1721-I < 300 i n t e r m e d i a t e

For ( l i e -  pass , tin e r a t i o  of P / 21 - i  is only 2 . 4 .  Bruun ‘ S si - -t O oth predi cts that
tile - im niet is h i gh l y  unstable with s t r o ng  sh i o a l i n g  t e n d e n c i e s .

‘I’h e fi mnal stabilit y amna lysi s to be applied t o  tine pass is that cf
0’ Brie -n and Dean (1972) , scinichn r eq u i r e s  t sat tin e inlet-bay iiydi-aulics he
at l e t iu a t e l Y  descr ibed  b y t ine K e -u l e g a n  (1967) n m e t h o d .  Tine a n al y s i s  u t i l i : e s
a s t a b i l i t y  r e l a t i o n s h i p between maximum velocit y and c r o s s - s e c t i o n a l
area s i u m n i l n s u -  to t inat  of E s c o f f i e r  (1940) . Howeve r , tine O ’ B r i e n  and Dean
s u e - t h u d  is v a l i d  only for a s ing le in le t  to a bay ami d there fore does not
s t r i c t l y  app ly  to  the actual condi t ions . N e- n-’ert h ne l e s s , i t  is i n s t r u c t i v e
to i n v e s t s  p n stc ’ tine s t a b i l i t y  of a hypo t ine t i ca l  s ing le emntn - ance to Corpus
C h r i s t i  B a y .

Keu legsiu n relates tin e ability of tIne inlet t s - fill time hay ti a cc -mi ’—
f u c i e - s u t  of r c ’n b e t i o n , K , give-n by:

K — ~~~ -~ 
/___________ , 

(C) )-Am
~~/2a o [k e s ,+ K gx~~~ fI.j

- i i ’

where

I = gul f  d iurna l  t i d e  per iod , 89 , 000 seconds

Ai-, = inlet cross-sectional area , v a r i a b l e

= bay are - sm , 5 N 10~ sq uare feet

t 
a0 = mnean diur m nal  gul f  t i d e  a m m i p l i t u d e , 0 . 9  foot

f = Darcy - ice i sbach  f r i c t i o n  t’a c t o m , 0 . 0 - 1 2

L = c h a n n e l  l e n g t h , 10 ,I)(0i feet
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it = i m y d r a u l  i - c  i’ s m s l i u s , amiable-

K , , ‘ K u , , = en t r ance si-mud e x i t  em i e i’ p~ loss  coc f ’ f u  c h e n u t  = 1 .0

= ace s_ - len- n i t i on of g r s m n -  i t  V , 32 - 1 -1 ( ‘c t  t per sc con d s q u a r e - t I

0 ’ B r i e - m i  amid  l I e - a m ( 15 ) 72 )  desc i - ih ed  a d i m e n s i o m i l e s s  m a x i u s u u i : s u  v t - l o c h :, \ ‘ “ - ; - ,
s~i fuinci i om n of K , s r - i u i c h  i s  g i v e - m n  b y :

- = 
T.\ 5 \~~~ - 

( 10)
sm A1.

\ r - t s ’m  i - Ii -- t c r n u u i r n i n g  K ari d ‘S
I 

s , for  sm g iven v a l u e  of a cn’ so~~- s e c t i o n a l
a rt- nm , a corrc ’spomndum m g v n u l u e  of the  a c e - r a p e  max imum v e l o c i t y  t h m m o u g h  the-
i - mn l e t  , , , camn he found u s i n g  equa ti  on ( 1 0 )  . ih cs s-c ’ve-r, a nn a s s i s u s s i n t  j oin
conce rn in g \ - and It- n s s m s t  be nnade f i r s t  to  f i n d  K.  R e - s a i n t  am a s t u d y
by Ga l  -, - i m n  , P o l l  1cr , amnd l c m u u i e v  ( l9 ’ 1) i indi  cat  ed t h a t  t s r -  m si -- c e - u s Texas  in  l e t s
tin e e u ’oss— sect iomn a 1 am ’ ens st  t ine nu i m u i mu mum w i d t h  is n -e l a t ed  to  t I l e -  average
t i e p t in  b’m c _ I m s m u l i c  r a d i u s  I of tinat cress  s e c t i o n  hn ’ :

= 162k 1 ; ( 1 1 )

t i n u s  , e s i c m n i t i o n  (9) becounes :

K = ’~~ 
r — 

-I 
~~, - ~~ . l s - , ’

- 

\
/ _ ni 1 k :e + +

I - u  pure 27 is  a p l o t  of tin e \
‘

-- 
~,

- and -‘S - v a l u e s .  ‘fin e c o o r d i n a t e s  of tis i --
peak of t h e -  curve (V- ~~~

- = 2.5; -\~~~ = 60 ,000) an-c the  t i n e - o r e - t i  cal  mna ~~imum
ce  b c  t y  m i n d  t ine c r 1  t i c sm i cross — S e c t  i omna 1 n u r e n s  of  no s i n g le - h u m  l e t  hn iv lu n g tis i- -
s ain st ’ l e u n ~t t i n  and f r i c t i o n  as tine p s iss .  Time - v e b o c i t -  of 2 . 5  f e - c t  per  second
is los -em tinan tine 3 .5  feet  in er second v e l o c i t y  g e n e i ’ a l ly  n i s s o c ia t e d  ucith
st  ii i  h e -  i n l e t s  (Bruumn , 15)60 ; Carotiue u-s and I n n i s  , l OoP  ; 0’ I n n en , l9oO I
i n d i c a t i m n g  t h a t  at best , a s h i n g l e  i n l e t  w o u l d  he marg i n a l l y  s t a b l e  uc i t in a
t ens i ency  to s h o a l .  Th i s  descri p t i o n  f i t s  Aramnsas  Pass , tin e e - x i s t i m n g  major
i n l e t  to the  bay , where  co n s i t l e r a b l e  d red g ing  is  requi red.  The i n i t i a l
c r o s s - s e c t i o n a l  area of t i n s ’ sr - ni t ci c ’ x c i u n o u n p c  p s ~~s . 900 square feet  , is  mucin
l e s s  t l namn the  o p t i m u m  area.  ‘fine-re - fo re , i f t i ne  pass ucas the  o m n l y  i n l e t  t - -
tiuc’ bay , th i s me th o d  predicts t in a t  it w o u l d  be h i  gi n l s ’ i - i n s t a b l e  amid c lose
rap i d l y .

‘ S i  I I  . SFDI1-1 [NJ :bi \Il - \u :1 FRI STI CS

Se - th u m e -n t  g ra i  m i — s i  :e- a n a l y s e s  ice -re made s-i t i m  a unnodi  f i e d  Ic oo r - Is  h o  lv
O c e a n o g r a p h i c  I n s - s t . u t u t i on  rap id  se- s_ i l f luent anu l  Iy : e r  Sc in lee  , I n O r - O l  . P m ; r -  I mi
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si  :t ’s i- c rc e n o 1 c n m i  s i t  es_i  f r i - i s : -  m c  sn sus i  u l ’ s c i - u ku m I r - em I 

~ I nsa  is_ S u - i  y e - s i  i- s n ’  s- - n m
1 11100) , sum s_ i p r a l  um — 5  :e pa r u s s n u e  t e m s  sr - c m - c ca l e n s  I a t e - i - h  su e css i ,I u mm p t i - I  I a s P

ic  
~ c - I s s n m t  l ou i s  -

S nm u :u p  let we - n i -’ t ake -mm sun me - t’~ i- iti b - v s _ - m t  i e s l  l Y  I m n se i-( u u m g  su I 1  o h
2 i uic imcs I crc n u n i d  1 i n e - l u  I nu di ansue  t i - - n  i n n  t o time sot t - -\ l a s t  i c

~d u s t  o f f  Sc ’ r i - n i  ps - -  si -ni t tin e-m i i-used to  e x t  m s r - - : t a 5 - c u b  i c ct-mi t i Sic e n  s- s c -:- ii -’ (‘i - on us
thi-- v m s  I and t m s u u n s  Ii - - :’ i t  i-li i ’ c ’ et  i v  t o  the -  n a p u  i-i se--il c u e - n u n  ann u l s’:en- .

s\ l i - t O  I of  lu l l snu , p let ni- nu t t a k e - - u n  f n - s n u u  t i l e  g u i  f u s - s u c h h r - v t  n s- ,,’ i - un  t I n e  Her s: ,
n u m u d  t in t -  s e e n - n m - i  o f f s h o r e -  i - , s r  SI  s a u s s l s l e s  i s e - le -  t a k e - m n  s n  s : ’  t h e  n i - - s r - e l i  aui’J
across  t i n e -  b s u -n c i - l  t n sn n 5l l ’ I si t st - s i r  t h e  nu n  s s o u u t l n  of t I n e  c i u n s t u n u c -  1 . tInc ~ clu n m u i ne I
ui-as sau:sp li -

_ ti by sk hums _ livers at e - n m c h  of  tlse crusts — c i nsu s u u ie i p ro  k m  I c  I ocat i i-inns
t ’ u ’ i - nn :u  N d t o  \22  . Se - y e -un t s s : c p  it ’ s u i- e - m ’ c  ~~u l , e - n~ f m o u n s  t : s - . e inn r - n iu u cl c e m n t e i -  -at  e a c n n
cross t e e n  ion  I Nd a N -S I - fin u’ s_~e s s u : ,:~ l e t  i n n  t i s s  t l u s u  h i - c  p ( -J e - s ’ pc t t r t  s f
t I n e -  i n l e t )  and ( l i r e - c fu - o n s  t i n e -  s u m o a l  m i - c r c  t n m k n , - u m :it c u r - c m  c r o s s  s ect i o n  i n
the -  b r-j ’ rn iul s \O o Xl I - I ’m m e - c  snu s ’ss p I s_ -s inn t I n e  i-Ic’ s-p c  m s i de  of t h e  s u i n u n n e -  1
a m id  t h ree j u n  t u n e  t h u s  I l ouse -n  t i t l e  u i - i -- u ’~- t n u k e - u l  ni t  en o cin cross s e c t  m aui s mut
X i S  to \ 2 1 .

l’h e s i gn u i- f n  en i n e e  cr - f t lj  f f c  n e - n i c e - s  : t i c — e n  groups of 5 sss :n ( ’ h e - s  1-05 Jet  c i —
n s s n m n c s _ h  is 5 ( S i c  t — t e S t

= - 
~~

- )  Is [ I n n  n u b !n i n 2 ] uI~

s- h u e - r e  N aun c h N :  a :~e- nn u e - n uuts n o n  t ime -  pn - i - uu o s I a u m i  2 , n n m n O n m - are mi -
n n m n u u b e r  of s n i u t i p  let inn each pn o cup, and s i s a i - -i - (-‘ i-I es t i n s ~, s t e  on ’ t n u e -  s an ~1nt ii
d cv i  .s t j o l u s  of t ne - t i - a  noups

tin us

- 1 )  s ( I n c - l)s~~
2
~ / (~~i 

- - ‘ 
(ns - I i 

-
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the - sc s_ li ftc u’ s _ ’ s s s _ ’s_ ’S ar e -  m ’ ns u ’e ln’ i si u isd inn tlmt - st mis _ In’ nm i’ c- n~u I i i i  Ic i - P 1 : 5 1 1 1

g e n i i - m n  Si  e5 of s, u’ s s S i I I t  O s  san ui p It ’s ha n - c’ a i- a im n e  o f  on l~ 0 . 3)) m l  i ( t n ’ - ’ - 2 -

t o  3 .02  p h i  ) . line - Pu  m u e - s  t p r s u  us t i z s _ - s  (~ 02 t a 2. 5 P 1
~ 

h ) o c ean  is l e -  u ’ s_

si- nu n ’ s_i- act i on is mini muma l , i . i- - - t i u s _  g u l f  he - u - u. s_ ’ i’ s _ S t  , t I n e  n -sm l i  s u n s _ i  h e - u n
fom- e sh uo m - es  , n o u ns _ I t ine d i anne  I . Tin e cons  u -s e - s t  s n s s - ( l et  ( 2  - “ 15 t u s  2.  “2 p h u  h I

_ m u ’ s_ ’ frouuu time gi m l P nnn d s u n ’ Inns u’s .

i .secp t i ’or  tint’ g u l f  nuns_I ban ’ bn uu’ s , Si - s r i  h u n g amid she - si -use -st i S n 5 ( j -  rou ge-s i - - f
only 0.1 and 0 .2  ph i , re -sp t ’ c t i c - e h y .  ‘l i ne  f i n e s t  sl u s h Ic’ s arc’ a l s o  tIn e h e - s t
SOrted (0.33 to t). 38 phi s o r t  i i n g ;  +0 . 0 1  t s -  — 15 , 07 s k e m r - m n e - s s )  amid i mn c lnude
usuos tln ’ ebu’ uii u mel sam ple - s. i .sn cs _ - p t foi  t l s t ’  fom -e-slnou ’e alns_ l be - run s n u r s p i e s  - thu d -
gulf sans_Is s r - u i -- t Ine  unuost poorly sorted and c ss sm - se l y sI - t ue - i - I,

s u r t o s i s  a l s o  Inas a c e - n y  smnal  I ramn gc ( a l l  g roups ci ce-pt t o  s ri-- u i - i  t n u  -

inn 0,07 om ’ cacin otineu- I amns _ I p cn nr - c ra ll~ l i nu s c u e - s t  e - i~ l u t e - u - s a m p l e -  s t a n d a s ’d
s_lev inm t is _ - un , so a imnost no di ftc re -us ed- s sm- c st nit i t t  i c a l  ly s I gun 1 fi canm t - I los- ne -ce-n ,
inmos t  c h in i -n n e -  1 sauuqn les su m-c gri -supc d close -n t ~ 1 pnc ar no n c - so 1 J u t iii s u t  - i- sun
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Ti-end \lean I Sou - t  i n g  S h e - au n e s s  - k s n n ’ t s u s
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- - t -0 . u S S  - -
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s k u l k  f i r s t  h ns r 2 . 7 4  - 0.47 - 5 ) ,  13 - i d
Gulf firs t troug im 2. -tn - 0 . 43  -I) , Ot u - 55 , 9 2
G u l f  s e cond  hau -  2 . 7 1 )  n . e-si - s l . 3l  l i d
u ,ulf second t m - - si gh 2 t5(~ 1.40 -0 .19 1 , 0 1

l m n t r , s i e t t ’ - - s h o a l  2.85 - 0 .  i S  -0 . 00
I n t r n u j e - t t v  c b n s m n n e i  2 . 0 3  U . 3 1~ 

- - i i . 13 -i- s -I - : i - , - L~ , , :~~~~~ -
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i - s f  e m i t  i c n u  1 su si e St m s _ s t  t o e  su gu ns h u n di nu n-c t en u s P (5 . 13 u n uh Ii iuuuet er c-ar>’ sin’
n s n  i - - m i - I s _ - n  of s su ~i g m n  i t s u s _ l e -  - I s_ c u r - eve - c, ths c- uni i - s m u s s i  ty a t ’ t ed m u se - m t thiroiug h i s _ - c - s t
t i n e  s u u ’ c n u  s s s n u ’i - i -- s  i t  u n l i k e - i >’ t h a t  d i f f c r s _ u n c e s  i n  i - - n o t i o n , d e p o s i t i o n  r a t - : - ,
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deeper Sund ur - j r - I c r t h n m u u  t i m e  r e - - t  of ’ t ine  r - n l m a n n e - i  - i t - st  — i ’ t i n e  s c d i m s _ ’ u s t  c n n -
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s_ hs _ s s s n u u u n s t c d  m r - v s _ u ’  e i r - i s , i m n d i c s u t  h i s ’ su i c s S s u i - 1 e -  h s - m s s ’ - t s _ - m cs:  e i r e s , l n u t  io u  5 cr- - :  t h e
l l - i c ’ s  t i u u ’ - s s - , ’ i u  tie -- i - ni > ’ ts - \u’n u ns nus b ’ s r - ’ s ,  ‘l ine isss _ ’ n uss _ u u’ s_ - i-h i n s t - n s a  I’l c ~cr -d c u r r t ’u n t
v s_ ’ l r - -e i t e -  i- _ P  1 . 5  P es _ ’ t st e s t - e s _ l u s t S  t u s s s s ’  u m t c d  s u f f u c  i t - n u t  s _ m u s s m o  i t  h e - s  u - i ’ s a u n d
t o  f o r m n i  nun  t’x ’  e lm s ic -c P 1 os_s d t ido l  ds _ ’l i s  . bu rt Dci’ s t s _ u s_1 u s _ - S  0 ( j s u n r - u n t  i t s
i n u u s ’ — t t - m ’ m u l  c i m e s u l n u t  j o i n psut term ’s sund tint ’ ci ms u rnucts _ ’ r st icc ’ i - - f  sd c - s n i und  P l u s

d L m r i n n s ;  u u m s m ’t hut -ms are r s_’qu i u ’cd t o  cousnp li - - t i-- i >’ it- -i- i-’ m i  hu e S i s c -  im y s _ I r a u  i i  c s of ’
t i n e  s r - c ’ s .

‘l ’In s_- s e - c  m s u g s _ - v su  i s_ m i - - of i l a nnn n h u n g ’ s f r i  et join f o e  t a r  Inc menu sod frS m d um n u 1 ft
s_ lu u ’ i i ng  t ime -  st  se - iv  pen - i od  f- u - o u nm (1 .01 1) to  0. 03(5, s_ l5 i s _ to  I s s _ ’ d u ’ - i’ s - i - l i -  cc ’ I r - - p u . s d - n n t
nun s_ i slnoa l s  at  t ime -  s_ ’uns_ I s of t i me  1 ssu ss . l ios - evu ,-u ’ , hc’en,’s_ u se- of c l unr - unc t u g  d ri--c —

t i o n s  s _ s m  d j u ’ s c ’ u u s i o m n s s _ s i  hi -- i P r - s r u s s s , u u u s t a u n t n r - n s e - s - d u s  s _ s _ i  frict iou v nsr i t - d over
5 s ig ri ti enmunt 1 y g r e su t er  m nsnge - t in roug in Sm t hdsm 1 ce-d c. Friet ion fact - u

s u n s _ - i-I t o  pred ic t  or c s u l c u l n s t e -  f l o w  i’ s_- is_ se i t i e - t  s iu os _ uls _ 1 li - i - ’ d ci s_ i’s i n s _ s _ i  i r i - - S~
f u ll tidal en -c It’ dni t su exci-’l-t d s _ mu ’ s i ms- , lo is f l o u r -’ c’ s _ - l i -i - c i t  is _ s or c ’us nn u l I tide
l e e - t I  tI ifPe - r e m ntis s ls , i-m e-in t I m e error inn c s m l c u l a t i u n s s  t l is _ fri et u s - i n  i ’ s u : t  5
i s  g r s_’ u t e s t

S iunce - realistic c’ st i u u m s u t e - s  of f r i c t i o n  t ’n r - e t o m s  usre  m e u n c s i r e - d  t i - n
succursu t i - in e-di :i i s _s i - i  s_ n t’ t id s r - l Pious’ t i n r o u s ; i m i n l e t , it is rc-eu su n su s ss_ ’un dcd t h a t
s_ le - tn s 11 cd t ie - Id st s_mt i he - s lie- p en-for u mued i i  r- u n n u n n t  i t  s s t i vt- i > ’ docu m ssst ’s st tint-se-
e - f f s _ - e t s .  i ) i s s s _ - m c s r - t  j i s u n s  nmuud  s s s e n i s u r e n u e m n t n  s _ - i ’ h u e d f e - m s :  size , u ru c m u tsst u , - ns ,
sund m n u i g r s u t i s _ s m u  n ’ su t s _’ s s h o u l d  l i e -  c s s s d e  c o n n c u r r e u n t l v  s r - j i m  p r c e u ’ s s _ ’  n- - - 1 cr  l s _ - ~~e - I
sI s _ s I ne -  and c e - i s _ n e  i t > ’  ni es - u s n u m s _ - s s i i - - u n t  S -

3, sii n u h  u i  t e - .

The su mu a 11 net  c i n a n g s _ -  in c l ma u nne  1 volume - suumd l a c k  s - P  d ins i m nut l i - - u s  of
t hdn ul discharges smm gs i e c- n t l s s s t  t ine c i na m nne l  m r - n s s  r e i s m t i v c - l n - s t u m b l e  d u r i n g
t he is )  s : s n n n t h s  a f t y r  o p e n u u s 5.: . k r - m r - e v e r , cont i nn sm t - s _ h  d ec rc - nu s s_ ’ - ’  i n  t i m e  m i n u s —
u smuun t- r c ’ s s — s t - e t i o u s s l  area sunud tine li -sir - nun — c-rage c ’eio cit le t s_ i -i’ 1 .5 l ’ s _ s _ t  J ’ i-’ T’
s e - c s _ s i m s _ h  s u g g e s t  u n n s t s s b i e  e o u m d h t i o u m s .  i h n e - s s _ ’  c c u u f l  i c t  i m u g  rt -c - u m l t s , l a c k  m u ’
n i s e - a s s u n c - : : s e u u t s  dm m r i n n g lo is ’  S u uud .- \ s _ ugust  , n um nd C c i  n ’c’s : I s _  c’ n i s’ m n s i i - i  l i t y  in n c h i n , s s t u e
cound it is _ sins inn time St ni -f- Sr - me - si muusi ke ne d jet i n ns u f  Ions - —t s _ - ni ’ i - t  n il ~ i t  i t s
s_ l i f f  i cu 1 t - Si mice - t i n -  f r c s i u e u u s _  n c i ’ i - u u m v e v s  s r - n i t  s - s  - - t  s ir-  i t  ci t o  m i - s c - r e - c
seasi--n u s ol s _ -tu e - t i - , t ine - sc  i nnm v c bce-n ex i -i ss i nned s m t  l e - s u - t  q i u n u l l i s s t  i v e - l y . h h o u ~-
s_- c - e r - ’ , ii is rcco nuu iucm nde-d thnnut s u ddhtio u nnm l ‘i-t i -md is _ - s i - s c nuads_ - t i - -  c o r r s _ - l n u t t

- 5 n s - r - u u t  ht n t  m vt- ft t i s t  se -s_ i j m u i e - i s t s u m ’ y c i n a n n g c s  m r - i  tin stu s-m ’tt - r t s_ runs prc -i -~ s c ’ s_ - c ’ ;  u . i- -
s t  o 0515 ss m nd t r us s  i n i o u m t i n  I n  t i d su l  P i m m c  t s i t  i o n s .

I - ~~~~~~~~ 
-

S l t i n s _ n m m g i u  t i n e -  l i s u n g - t e n m u s  - t n u h r - u l i t y  s _ sf  t i n e  p s m s s  u s  u - i s _s t  s_ h e - P u n s _ - i , n e n c r a i
s t i r - e r  s i i r - s rt — I e m u n s  r e - s u e t  j r - s u n s  o f  t lie lasts - ms _ c ide cr us er u nu 1’s - n  ( s im m l i t  s s t  S Vs _ 1 ~
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: - n - s_ - s _ I h e u u u u - c h u m s  i o u  - n c hs i nn n nc is on t h i s  t v ’ s c - , s r - m u d  m n u i - u i c n u u s _ -  s t s c r - r - !  c - - u s -
S s_ he m u !  u a ss  n i - s n  i e s ii  u 1 s_ I Ht- n s s n s j  s- s i - - n ,  sic ~ i o n s  5 : s _ ’ s n ,  h n s  I i - - u  - - - u s  5 t - - r i m s

p m r - i-~’ m s s u m u , I c s m s s u p  I s _ S  o n  m i t ’  e r m  t e r m s  s i m s _ i  m u s _ I  b e s o t : i - ms  n e - s

- )  i i s _ n r - c b s i- - m s i s _ c u S  m c ’  u i - s t e - u s  ss s d - r u  s _ r - t i t  s r  si - I t -u s r - i s s u e -  4 c’ I t  s c , ~ :sc s
is g u i - h i ss. u re - nit i t - s  - u s u m s  s _ - i f  i c h e u , n  u u n m  t s r  u I cm s u i t  tie m m 1 h

~s n u s  s I m g s~ ct s_ -nc is u- is  1 1 v use - cd t _i s s _ -  l i - m e - -, s- s i t  i 1 -  - s i - i n s _ h r i t t  - s _ a r - c  Is
t’ u’ s _r -~ i o n s .  1 k - u i - s _- i - c m , s- h i s _ m s  ( s \ ’ I n u s t m m s : . i s  p m ’ s - c e - e s _ h  h i s s ’  e - t ’f - s_ I be - el y,
u s e - u - c s n  i l l  e n s u m  i - c  c ’ i g u u  5 t i c s s u u t  ( - s _ s r - c b s  c - n c - s i i s u s , ‘s n u c’in sr - c ’ ’ : , - !  s - u s
t i u s _ ’  s s _ s n r - t h s s s s _ - s t  s u i t ’  s sf  t in,- n - s u s s 5 , s i n c i - ’  son t’ of the I on i s ’s is -re
s_li’ 5 5 5  s e n s  u- u - i s_’s_i i n s t r - s  - - u - t l i m e - c u r l s  t i n e  i~n~ c’s t o  e n i - - - - t s_- ; - e -  r u s s s r - u n e n t
s_ h i - ’ f l s _ s  i t  - ft.  , t i n e  Li  s_ ms _ i s_i t is _ I - i 1 s _ he - It S i) -

t i - )  ( T h s u n m m m e l  i s a  t h r o u g h s s _ m h r - a : s s e - r - i c ms s i n e - n i  i s  s _ i l  a m s _ h  n i l e - s r - u’ s_I s i r - - n c
nosy m use - re - nu n -c s r - s u e - c  a t t n u c k  amid  e r o s i o n S  ouu t i s , n s h s _ s r e - ,  i f  wnr - vs _ ’
t’r s_ s s b e - i s  i- r s _ - , s t  c-- i - a fs _ uun m m s _ -i — s lr - n sn - c d n ss out hu t , s  t h s s _  e h i s s n i u n e l  , slu t-
s~ss _ sr c ’ 1 h u n t ’  e s _ a m - - i  i t u s t  l un g t h e  sl it - s  of t i n e  f s s n s n s e - i  - e e - u inn s _ - s s _ s i - I  m us t ’
to nil inmost nil I ns n i n r o nr - eh lung u s sr - i ’ s _ S  - su  sd  h s s s u h j  edt  t i - s  i u s e r ’ , : s  s hun t ’ s
l o s s  of  u n u n i t e r i s u  1 s i t  i s  t i n t -  c h issu um ns _ 1. ‘I b i s  e fP e e !  ‘ sn - n - s _ cn shi um n cs _ - t l
i b I s _ n s - v  s _ i n n ’  r e m n t s  - m u g  - s r - - s l u g s  t s r - c  scu m m u s s  I e s n m n s m n e -  5 s la st ’ -

s _ h i  1 c m  o i l  r i c e - n t  to  t in t ’  s im o r c l  j u n e  I e . g .  , f l o o , I  t s s In s  1 a s s : n sns_-
d snn s r - n  c l - h -  i i  i - ins  1 it- I tIm ) - So usse -  c o n s u l - i  n ns t i s_ i s i s - s  s t - s c  ~‘-~~~e-~~~ e-
re- scm I t ed  i in nnuo u’ s- tinan I s i s 53 ~-t  of t O o  m i - i i  usc  ie ’ i’s _ s i  a - -i- t i ne -  I ic ’

s us _ - s u i b u  o n  t i n e -  p n u s s .  ‘ I h e r e f i - s m e , s m a l  i c r  ie ! l b - c ’  n i t  t i n t -  I - s
--P m I s _-is sl uo cu i ti se consh d cr e- s_ I u r - s s e - n s  t i n t -  isay S e - t i - l u  i s  S r - S  i a ! c s_-
ns s - s s : s  t o P  C ou -p t ms  C l n n ’ m s u b I a s’ -

h e )  I n s  o l  a u n nn m u g  s s s s _ - S u s s s r e - m e u n s s of depot h ’ s - ~-sn s r - u s a  c m - -s m a n s  .s
i nniets , lam - go , s l n o r t - t c u : s s  v a r i s r - b i  l i t :  u s o n n ’, i u l v  ~m l e s s )  I n n s ’ s

s u s an  O O S s _’ I’m 1 : - s n  s - s _~ r~~~- - -- ’ n c t  i-i- f t ’s _ - c ’ s  s l u s n i  l s _ I  Ice c - o s  s _ I s _ - r c s _ I  - i i i  -

n u h i  b i t e  u s  t i s _ I n u l e b s : u r s i c t s _ - r s  s’s i c s  s s n s s _ i  ‘ s c u m s ’ d n i s s _ I  H Omi t ft Inc
i ns i o n ’  i- l e t s _ - m i s :  m us su n t mt s l u m s  ‘s - t e r n -  en’ s_ -s h i - s u n  n i un i  de - -c- s i i i - - - , I ’ lu e  —

tu nu t i sn u s. lint- t i d a l  eh arnuc t c- n istic s iun c n- -e - ns s s _ - or i s _ c r e a s e -
f i r - a r -  v o i c e - n  it  le s sons_ i i i - s e i s s s r g e , n r - i t~~s vsn~ o cu tv dcemess sess e r - - r -
respond i n s g t -  s _ Is _- p - s  i t  i o u  nmun d c e - b c i t n , in c  r u - s  set  corm’ e-sp ouutl nag

- s _ - r i - s  i i S I S  - t s s r  P cond i t  i mmci c o u n t  ro 1 t he au n noumun t of ’ sed i u s e - n t
suspends _ - s_ h  or t r u u n s s n ’ o u t  e-d i-v i s su e - cs to th s_ - s - s i - s i t  0 of t i n e- c h s i u n m s e l
m m i i  lun g i t  s s v a i  m u - I  e fo r  t m s s m u ’ i - n n o r t  h s y t it i s u l cu ur rennt s. hot in
t i s  i -c P n i c t o r s  su m - c h u n f l s u c - n s e s _ - i  i -y St - n ’s :- -’ sumnd s ss r m m c s i u n es ,

d)  h~i c r - si -  i n  e i n n u n m m c l  bends  i s c c n n c e u n t  r s t  ed s i t  t i s s ’ - i - s s t  su i-Ic s_ -u ’

hue hound , n - r s—d uue i n i p  c l m u m m n u n e  1 s ui - i s  h cm m i s - s u n n i e r ;  I hue  s _ l i us s_-n- - hon
m r - i l  1 i - i s - ;  s _ - u i 0  oun t in e- c i u n u n u n c i  u s i d t l n  - I n  i - i  m u  i gin ! r s _ - n u ’e i n e - s , e l - i s

s r - i n s _ h  f l o o d  f l o m r - s  nn n n s y  l u t e  t h e  sss ss s i - ’  chnnu rune l ; mum n u s s _ i - s m n s _ h c r ’ s. ‘ s O t ’

t H e ’ s  u n u n m y  de s ’ s_ - l o p  n s - n - s u r : s t e  c i n a r n n e i s  I e n u d m us g,  ‘s o  c r 5 - s i n u s  of sm
s u s u m c i u  i n m r g e - r  t o t s i l  e h s n s u n n  el c n n - i - s  s ec t  s e - n .
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1. HI

1 he si ed i s  I 2 .5 f ee t  loiw by 10 feet  w i d e  w i t h  a 30- f r I  ma st . 1 hi
r u n n e r s  a r e  .~/ 1 i -  i n c h  ~tec1 p lates , 1 t r o t  i~idc , w e l d e d  t t h e  s t r u c t u re
h o l d u p t h e  cr r s s  ~iu l T o r t s  w i t h  ang le  i ron  and 1 / 4 — i n c h  t a r  ~toc~ ( F i g s .
B- 1 and  B — 1 )  . The I F  i g i n a l  n iodel  used f o u r  s te e l  cr o ssp i e cu s , hut  t h e s c
i~ere  d i ~~carded  to I i g h t e n  t h e  s led . The tw o cr 1 p i e c e s  h o l d i n g  t h e
r u n n e r s  a p a r t  a rc  t h i c k — w a l l e d  1/ 4 — i n c h  a l u m i n u m  p i p es , 3 i n c h e s  in  d iii —

met C r .  1 IC c r u s sp  i i c e s  are h e l d  to t h e  r u n n er s  by four  e> ebol t (1 / 2-
i n c h  d ia m c t  er )  w h i c h  i i  Fe in s er t e d  in ho les  at t h e  end of t l ie  p i pes F i p
B — 2 )  . .\ m a s t  ~.t ep  b u i l t  f rom two 2—inch by b—inch by 1 0— f o o t  v i n e  p l a n k s
l a m i n a t e d  t o g e t h e r  i i t h  w a t e r p r o o f  g lue  runs across t h e  s l e d .  \ wooden
box h o l d s  t h e  base el  t h e  mas t  in t h e  c e n t e r  of t h i s  cr o s sp ~ei~i h e r .  The
m a s t  s tep  i s  b o l t e d  i t  t h e  c e n ter  of each runner  U s m a l l  p l i t  fr r I I ~
w e l d e d  onto t h e  r u n n e r s  for  t h a t  p~ir~ ose .

The : Jst  i s  c o n s t r u c t e d  of t h i n — w a l l e d  (0 .06 5  inch)  a l u m i n u m  p ipe
and i s  s l eeved  i n  t h e  m i d d l e , a l l o w i n p  the mast to he disassembled
i n t o  two 1 5 — t o t s e c t i o n s  for  ease  of transport . ~1ast m a t e r i a l  is
a g r i c u l t u r a l i r r i i ~at i on  p i p e ;  i n s e r t s  of p o l v v i n ~~l c h l o r i d e  p ipe are
used t o  st r e n c t h e n  t h e  base and for  t h e  s l e e v e  i n s i d e  t h e  mas t  at t he
j o i n t .  A f t e r  5 months  of use , the lower mast section broke during on~
s u r v e y .  T h i s  l o w e r  s e c t i o n  should  be made of s t ronge r  m a t e r i a l  or
s t r e n g t h e n e d  by i n s e r t i n g  an a p p r op r i a t e l y  r i pped 2— by 4 — i n c h  hoard .
Shrou ds are i/S-inch p dvani:ed s t e e l  cables w i t h  t ur n b u ck l e s  on the
bottom to a d i u s t  t h e  ang l e  of t he  m a s t .  From each  of t h e  four corni rs
of t h e  asseel l ed r u n n e r s  two se ts  of shrouds  were  used , one ~et con-
nec t ed to the ma~~t j u ~it b e low t h e  j o i n t , and one set connec ted  to t h e
mast near the top . The mast w~ s painted in alternating 1-foot-wide color
hand s of w h i te , bl ack , day-g low orange , and green .

The t o i  ing b ridles aere made of 5/16—inch w i r e  rope w i t h  sw ivels
at tached fur the t i i ~ rope to preven t kinking . The ent ire sled was
di sassembled and t r a n - r o r t e d  to the beach on a trailer . Cost of con-
struc tion and maintenanc e of the sled for the fir~ t 6 r : o n t h s  totaled
about Sl  ,300.

2 .  (~~e r a t i o n .

A S f -  f t ~~w I c r  w a s  used to to w t h e  s led  t h r o u g h t h e  surf zon e t u
the mo st  s e aw a r d  posit ion on the profiles. Initial cent a c t  el e ly  t h e
t e a t  and t h e sled w a s  u s u a l  l v  achieved by s e n d i ng  a sm a l l  l o a t  as f a r
shore ward as possible from the trawler ( u s u a l  1 > within about  (100 f e e t  of
the beach) . A li ght  l i n e  was  f i r e d  ashore  wi th a line -th r eing gun and
t he t owl inc  (1 , ( 1 ( )  feet long and 1/.: inch wide) w a s  c o n n e c t e d  between
the t raw 1cr and sled . The t ru icr then towed the sled seaward a long the
p r i f i  Ic lin e using l and-based ran ~ e markers fur navi gat ion . A fter
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t u r n b u C ~~IIS p if l i

Figure B-i. Surf profiling sled , side view .

96

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ~~~~~~~~~~~~~~~~~~



!~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -

~~ ~~~~~~ -~~~~~ ~~~ 
_ _ _ _ _ _ _ _

m a s t  pine

• 
p Ip e  2 15/16 in i d .

•~~..l pi p e

lO ft

Figure B-2. Surf profiling sled , plan view .
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r e a c h i n g  the  seaward  end of the  p r o f i le , t he  s l e d  was  towed towar d  t h e
beach hr  t he  t r a i l e r — m o u n t e d  w i n c h . Care was t a k e n  to  m a i n t a i n  t e n s i o n
in the  tow rope to p r e v e n t  l o n g s ho r e  c u r r e n t s  f rom p u l l i n g  t h e  s l e d  o f f
range . b a t a  points were obtained at 50-foot intervals seaward of 1 ,000
feet offshore and 20—foot intervals shoreward of 1 ,000 feet o f f ~ h i o r e
A me ter wheel indicated the distance along the profile of each point ;
the elevation of the point was determined by r e a d i n g  the mast elevation
w ith a surveyor ’s level.

Oiice a profile was comp leted , the sled w a s  pulled down the beach to
the next profile line by the trailer , wi th the trawler moving parallel to
the sled offshore. On traverses closer together than 400 feet the trawler
pulled the sled directl y from the beach end of one traverse to the off-
shore end of the next . This eliminated the difficulty of establishin g
contact more than once a day . The operation was done with a crew of
eight : One boat operator , two deckhands , a winch operator , a level man ,
a note keeper , a wire watcher (for distance marks), and a wire level
wind watcher. With personnel restrictions , one man could 1)e eliminated
from the boat crew and one from the shore p a r ty .  Under optimum cond i-
tions , an eight-man crew could probably complete 10 to 12 , 2 ,500-foot
profiles in 1 day .

During the first use of the sled , difficulties were experienced w i t h
the tow cable. As the sled was towed seaward , the cable cut its war
into the ever-present sandbars and as it was winched back towards shore ,
the wire was pulled upward through the sand , causing it to break. There-
fore , empty oil drums were attached to the cable 100 to 500 feet from the
sled to keep the cable from sinking .

The operation described was successful in seas of up to 4 feet and
could have been performed in higher waves (up to 6 feet~~. The limiting
factor is not the offshore operation but the initial exchange of the
towing line from the shore to the small boat , which was hazardous during
high wave conditions and breakers on the outer bar.
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GULF MOUTH BATHYMETRIC MAPS
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A P P L N D I X

ERROR EQUATION DER J~- A TJON

Percent error in Manning ’s n (%E) resul t ing from errors in  s lope (S) ,
average channel velocit y (V), and hydraulic radius (Rh). The letter
symbols for these factors are also used as subscripts to (e), the error
in the factor indicated .

n = l .49R 4
~ SV2 ~~~~~~

dn = l .49R 2~~
(
~ S- 112

) 
V~~ dS + l . 4 9 R V3 s~~ (~~ .- 2 )  dV

+ 1.49 ( ~ ~ç~ 13) sW v-i

and, assuming that errors in S, Rh, and V are independent

dn /7l dS 2 dV 2 1~~cip~\+ - v-- 
~~~~~~~

126

4 5 - ‘a - ~.. •. -. ~~~~~ ~~~~~~~~~ :.~~~ 4*:.— T h  ..
~ t

- 
~ 

j~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
-.5-’.--- -—-S- rn— .-- ~~~_ %__ --_‘-—- p ~~~~~~ -- -5 -—



r 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-

~~~~~~~~~~

4. -, .44
44 — ,  It 41 • 4 4 4

— S... 4 2 4 . 4 4  14 — US a I ~~ US 14 • —
‘2 4-) ID US 0 II ~O II NI 141 II 44 ID 0 — -

~~ US - N)

~ C . 0 0’ ‘ C: 1-~ 1. N. 444 1) 14 C - 0 0’ ‘)-~ C 1. 14 N. 4454
0 143 4~. 0~ ‘4- 0 . 0 143 N. A. I4S~ — 0 :4

It ~ ~~ I. ~ • Q US 1.-. 4’4 I. -.4 > • .0 - U 4
..-I C 0 . -0 ~~~< U 4  . .—I 0 0 .~~~ 5 4 4 < 1 1

I N .  IS O  0 0  US 0 . 4 0) . )  I N .  110 (J O  —l US 0 l . O) ~l
- 4 4 4  4J. IS I S I S  C - -  N .) . 4 i 41 .-l It I S I S  C

— .a~4S c) 5 1 4 4 1 2 0 21. . 4 1 1  — •4 ) ’ 45 0 5) 44 45 0 A. .411
S — — I l , .O C -V 0 44 .1) 0 45~~~~~~~~~I(i . 0 0 00  S.) . 0 1 _ S
1< - 0 NI 4-I 41 44 —I ‘4 C ID a II C 51 .4 C ID Il
21 —4 - U N. US 4.) -4 1 .0 41 — - U N- US I) 4) .4 Is .0

IS- 1$ 11 i ‘4.- Cl 0 1 . 0 4 4 4 . 4 0 1-. US 41 ‘4-. 5I 0 1 1 0 4 4 4 4 0
U) . 1S4 C 1.4 .C  .- -.-. 14 C l-. . 4 4 4  0 1 .  - C  -.4 .-l 1. 0

..s .5 1454 N. 0.4.4 11 14 0 01 4  ID •4.1 4.1 442N. 0.44 42 1.4 0 0 1 $  ID
‘44 0. 1 0 -  4.1 14 .0 • 4 ) •Q 4) (5 4) 0 • C 14 .0
-44, — 5 l L i*  O U S O  • 1_S .4 1  IS - — 5 1 c i 4 1  0 1 1 0  • C_S . 4 1  12
542 - LI 4) .4 .4 0. 45 15 51 0 II - U 1_S ‘4 .4 0. US) 1 1. Cl 0

21- - 1 <  1 1 2 1  9 4 .  . I D  C A. • 1 <  ‘4 1 1 4 4  I I .  • I D  C
. 0  0 I4I~~ C >  0 -I l. .~~~ ~ I$I~4 0 >  0 I D # 4  44

. I C O U S  4.l N. 41 42 14. )-I Cj b21 - C U  4 - I N - IS U S  A. H - S l ID
0 1 4 4 4 0  C~~ 1.) 1.. • . 4 4 C  ).4 0 1 4 4 4 0  C ,  ‘ - . 3  15 ~~- 4 4 4 C

4 2 U S 1 4 0 0  5)4444-4 O C C . 0 C -.-4 U S U S I S O C  1144) 44 0 0 0 C - ,4
.—~~4 U S a a  4 1 N .  -u 0 0  5 ) 1 4  I 4 5 4 1 4 4 1  (IN. 0 1 _ S O  5 1 1 4
- 1 14 1 ) .  -.4 04 1 . 4 0 .  14 0 2 1  1 4 4 2 1 1 ) 4  . 0 0 4 4 4 0  - US 0 5 1

. 4 3 1 1 4) 1 0  ~~~~~C US . 4 )  - 5) . 0 3 U S~~~I’° 
0 0 4 3 ( 5  •~~~ • 51

Li I D C N I  ii 4 1 )~~~~~N I $ ( S .0 C  U I D O N I  51 U S ) 1 1 4 5 4 1 1 4 4.0 0
00 w~~~~E 45 3 4 . 0 . - I  . 0 0  4 1 . 2 1 2 1  11 3 4 4 0 4 4

ID U 0 0 44 -21. 5) 1.. ID US — ID U 0 0 A. CI 15 ID
C .~~~~‘ - I  •~~~~4. 0 4 )  • .4 ) 4~~~~ 0 . 0 — I  0 1 s 0 2 1  - . U S 1 1 C

U 0 . — US UO Sl (S ’ - 0 4 1 1 4 1  0.114 .-I U C I4 4 4 4 I D 2 1 U S 4 - 4C 5I 1’3
1.. - 0 4  12 1 4 1 4  ‘ 4 1 4 4 1 2 1  4. 1 4 4 0 4  IV U S 1 4 .C 4 ) 1 4 4 4 U S  4-.
O • 5) U S N I  • 1 2 4 ) 5 1  I D E- I  — 0 • 4 1  1 14 4 4  • 1 1 4 ) 5 )  I D O 3 .-I
is 44 5 44 N. VI US 11 .0 ~4 C ID It ID U US 51 .43 N. UI 51 5) ~C — C ID II ID

0 0 < ’  0 4 2 1 4 0 0 0. 1 . 3  * s154 C C - ~~~
4 0 1 5 4 . 0 0 0. 1 4 4  4.) ‘4

~~~S 4 5 l  NI , - . X0 4 4 4 4 5) SL ci 3 4 1 .-I 444 ‘ 4 1 4 0 1 1 4 4 . 45) ID ci
5) 4. N. — 21 .0 ‘4 ‘ 0 12 41 14 ID. N. —4 5) .0 43 ‘4-4 ~ 

It
C S C C I D 3  0 1 1 0 9 - 4 . 4 0 . 0  C . 0 0 I D 3  0 E - * U S 41.-l 4.4 0 - 4 0

Q s 4 ~3 0 II ID 1 1 4 2 .4 4 . 0  111. 3 0 ‘2 ID 2 1 4 2 .4 4 . 0
‘4 - I D  4 - <  14 . 0 4 5 ( f U S 5 1  4. - ID  4~1<  44
o . 1 4 . 0  0 2 C ’ 4  0 . 1 1 -  0 0 1 4 0  O U S O 1 1 C 4 4  0 . 5 1 -

. 4 2 0  > S U S~~~4 C l $ 1~. . 1 4 0 4 / 4  • . 4 5 0 ~~~U S — 4 0 1 1 l -  • 4 . C ’ f l
US .2 44 A. -. ‘4 12 ‘4 .0 — 0 .4 . N. US 3 4.) Q. . ‘4 44 .44 ‘4 — 0 .44 . N.
4 . 4 . 4 4 4 )  A . C 4 ) 0  . LI OC O’ 1’5 0 . 1 1 5 )  11. 0 4-4 0 • 05 ( 0 441
. 4 0 4 2 1 4 1 4. 1 1  0 NI C ~ .4 5 . 3 4 2 1 4 1 4 . 1 1  0 NI C Q
21 C 2 10 . 0 1 1  ‘ 4 4 4  . ) -.143 0 C 0 1 10 . 0 1 1  .4 ) 4 .  - > 1 4 3  C’
4 2 4 - 0 . 4 4 4 N . . SS C C . 4 ) - ’  .-‘ E ~~ . 1 2) .,U 4 4 N . 4 4 I D C ’ 4 . 4  ~~~E “ f l
C . 4 4  4 — C  0 1 1 5 1 14 . 4 4 4 4 . 4U S L I  C ’ 4  1 - 0  0 1 1 5 1 1 4 . 4 4 4 4 . 4 1 1 4 . )
>. ..~4 G )  .~~~~1 1 >  4 4 4 5 0 < 4 2 1 1 , 4 4 4  )-. .1-4 21 . ‘ ~~ 1 1 >  4 ) 4 6 0 < 1 1 2 1 1 . 4
0 N.. 9) 0 1_S 0. 0 ‘4 44 4) 45 0. 4.) 1 NI — 0 N.. II) Li LI 4). 0 ‘4 44 41 15 0. 1.) .4 NI .44

O S 0 0 0 I C US . I 5 1 4N .  ~~~~~~~~~~~~~~
01’ ci .0 .. S. . X I$ > . W C I D I $21’ , O 1~ ’ 0 ‘ 4 . . >, X a> . C IC I I, I1. SI ,
O N .  . 2 )  4. 143 41 ‘4 1-. 44 . 0 2/I N) O N  . 0  4. 5*3 4) ‘ 4 1 -  45 • 0 6 / I NI
‘ 2 4  “ 4 . 2 1 ,0 4 . 0 4 - 4  4 . c i U  N. 1 1 . 4  •. 1 4 > 0  1 4 0 4 4  1 4 c i U  N.

NI 2 . 0 4 4 1 4 1 1 0 2 , 4 )  .— • . NI . 1 4 2 . 0 4 4 l - 1 2 0 1 2 ,  4.)

~ 4 4 N .  ~~ 4 4 5 1  0 . 1 2 2 1  0 . 0  •• • > . 0 ci IO N .  • . 4  SI 0 . 1 1 4 1  0 . 0  ..
- 4. 0 42 45 II .44 4-I 1$ 554 II) 4) US 1.4) .C - 4) 4)4 1$ US It .4 4) 12 .4 44 44 1(1 V. <

— I D U C  3 1 $  ‘ 4 5 )21 - 1 0 1 0  .44 : 4 1 1  ‘ 4 5 1 4 1 . 4 0 l O
0 4 )  0 . ‘ 2 . I 4 5 l -  N I 1~ 

. 0 . ~~~~ 0 41 0 • 1 2 0 ) .  5 4 44
4 4 4 2 4 . 4. 0 . 5 ( 4 4 1 644 4 . 2 4 0 . I 1 1 ” 0 4 . .  I6 I2 >. 4. p. 5C44 1.’4 ’ 4 4  16 0 ’ -I V - O O

0 1 4 1 4 . 4
SJ 0 0 0 . 0 - - 4 . 0 I . 1 U S> 1 2 4 C  4) 4 1 4 4 .  4 l O O C , C 43 . 4 ) U U S > ’ t X 41 4 1 . 4 .
4. 4.5 44 4. NI 1. ‘4 44 44 ,.I 41 I/I - ‘4 Li 1.4 -t 44 44 ) NI 14 .1 .4 .4 41 - 4/1 . .5 0 eJ -S

= — — SI ID .0 ‘4. I C: If, .0 Z UI ‘-4 — 4) 9) .0 ‘44 I C IC’
41 . 0 ’~~ 0 0  . 4 1 N ) 0 S  Cl 4 4 4 1  5) . 4 2 2 0 0  . - . 21 4 4 4 0 4 5

. 4 1 1  0 0 4 4 4 ) 15 -S I - 4 I D N . 4-4 L i  ID .0 1 1  0 4 4 1 10

.44 .4 -~ -4-4 .4 -3
• 4 l  It . 41 I — I I  It

5 -. ‘ 2 1 4 4 1  14 .— US .4 4 2 4 . 4 1  44
0 ‘~ 0 21 41 . 54 44 44 4.) 521 US 0 41 0 4) • 444 ‘4

4. I- C C C~~’4 0 1-4 4. N. 144 1) 14 *3 .. 0 0’ ‘45 0 1-. 4. N. IC’
C 4_S r C_ ‘4 . 4  0 ‘5- . 0 5.43 N. C. e~ .4 0 —

21’
~ 

Cl 4. -‘I )  • S C  - U I -  NI Is S . ) >  .0 . 0 4 .
C -~~~ U S 4 ~~ 0 C  US . 4 4 0  0 . US 4 4 > .~ 4)

4 2 C  0 3  US 3 . 0 4 4  I N . 4 2 0  0 0  ~ 4 (2 O I - C 4 )
5 N.~~~~~ 4 4 . . 1 $  1 1 4 2  0 N.8.)I 4 1 . - l It 44 42 0

‘44 ~~~~~~ “ 2 1 2 4 .  A. 4 4 4 1  41 . c , ,o O 4 1 4 ) 4 2 0  A. 4.4 41
42 — 4 2 .  . 0 0 3 3  1 5 . 4 . 1_S 4 5 . - 1 1 I  . 0 0 00  44 . 0 2 1 i
44 - C ’ ) 4 4 4 . ’~~~~54 ‘ 4 C I D I t  9 4 .  O N I  4 4 4 1 4 4 I  ‘ 4 C~~~ 11
) . .  _ S555 45 55 4 4 4 4  0 .- I  4 4 . 0  4) . 1 _ i ”- 1 4 4 0  44 454 1 4’4

4 — 4 .  0 4 4 0 4 4 0 4 .  1 - I t 4 4  I ‘.~~~4J 0 4 2 0 0 4 4 0
4 . N I  3 4 . C  .s . . — , 4 . C 4 .  U) .N I  3 I . . C •.l -. . , 4 . * 3 l -

. 4 )~~~~~.44. N. 014 1$ I- 0 0 4 2  ID . 4 S 4.4 (/) N. 0. 4-l It 14 0 0 1 $  ID
4 4 0 0  C 4. — .0 . 0 44 III S S C .  0 4. ‘4
4 2 — 4 l 4.4 4 0 ) 4 0 - . 4 1  1 U S — 4 1 0  0 4 1 0  Li . 4 1  (5
12 - -i U 43 0 . 4 2  — 4. 4~ 0 . 0 0 -.1 .4 0. 42 — 1-. 41 0

— 4 2 2 1  1 .  0 A . .  1 <  4.1 4 1 4 )  4 6 .  . 1 4 3  0
S C 1~~~~0 >  0 I D - . 4. .~~~ C 1 2 ” 2 C >  0 0 —I l-

• ‘ 4 0 4 , 1 44~~~~~~I t I t  0 45. 4. 44 - 4 4 0 0 4 2  4 . N . I $I4 A. 4 - 4 1 0
4 4 0 4 . 0 0 . 1 4 3  4. “ ~. 4 4 C 0 0 4 4 4 4 0  C I I . > 4. • l — 4.I C:
16 1 C S C U C  51 4 .4 1.) 3 0 0 0 1  1 2 1 4 4 1 0 0  OI NI ).) 0 00 0

4 4 4 4 4 4 4 2 1 $  ~~~‘ 
4) 0 3  1 ) 4 .  ‘ 4 4 4 4 ) 4 2 1 2  E N .  0 0 0  4 4 4 .

4 4 2 4 4 .  .44 4 2 , 4 4 0 .  44 0 4 )  1 4 4 1 . 4 1 1 4  4 3 0 ’ 4 4 C  - II 0 2 1
.0 4 44 0 .0 -~‘ 0 ‘4 41 - 44 . ‘4- .0 0 5) 4-’ ‘-4) 3 . -  0 .54 UI - .5 - 4)
U 0 C :~~~l 21 4 1 3 1 2 4 4 ’ 4 2 4 4 .44 C: Li c . I C N I  11 2 1 3 2 4 4 2 4 5 4 2 . 0 0

4 . 3  4 4 0 0  4$ ) 4 . U ’4  . 0 0  4 1 0 .0 It : 4 4 . 4 . _ 4
44 — is 3 0 .4 - A. 4. 4. 0 11 — 0 0 C 0 - A. 21 4. (4
C .~~~~~ . 5 4  3 4 . 0 4 1  • . 4 . 1 2 0  0 • 0~~~~~ I O ’ 4 I 0 2 1  .
0 . 4 ’ —  is C : 1 4 4 1 1 D ( 2 1 4 13 2 1 0  0 . I D -.4  LI C ’ 4 U S S Z U S U S - 43 1i 143
4. 4. 0 1  42 S 4 . .C 4 - 4 . - ’ 4 f .  1. 4. 1 - 0 4  IV U S 1 4 S C 4 - I45’~~~ 4 I f l  4.
0 .4 .  1C ”l • 11. 4.4 41 4 4 4 . - S .  — 0 4) 51 5) - ‘5 4) 41 4 4 4 1 . 4  —
0 1 2 1 - 41-S I U S 0 . 1’4 —I 0 0 ’ S  ‘4 L I U S 4 I~~4 N .  U S U S I I ’4 —I 0 4 . 3 42 ‘4

0 3 . 0 4  4 . 4 2 4 . 0 0 0 . 0  I) I44 0 0 < ’  0 1 1 4 . 0 C C  . 4 . 3  4-1 1441
4 2 1 ’  -) - 4 4 4 0 4 1 . 4 4 4 4 4 1  ( 4 4 1  ci 3 4 1 4 4  NI .0 4 4 0 1 1 4 4 4 4 2 1  ( 4 4 1  0

- . 1 1SC ..l .44 4.4 C l4 4 1 I . 54 .— .N. 5l .Z . 4  I-1 C I$
0 . 4  1 4 4 0  US- p.s 4 - 4 0 4 4 0  C ’ 4  0 9) 3  0 lU  1 4 0 . 4 . 4 0 4 4 0

2 1 0  0 ‘2 44. 2 1 4 2 4 4  4 . 1 _ S  1 1 ) 4 3  Li It ‘44 4 1 1 2 4 4  4 . 0
4.1<  4. C — 0 ’ C I-- 41 1 4- I D  .4-1<  44

-5. 4. 0 3 1 0 4 2 0 4 4  C . 4 1 • 0 .41.0 - 0 1 1 0 4 2 0 4 4  0 .41~~~~
- 4 2 3  4 4 . 4 4 5 3 4 2 4 ~. l - C S C  • . 4 50  >.11 3 41.1-. • 44 0 1/)

4 4 4 2  -‘ -0 — 0 . 1 - N .  U S : 4 4 ) A .~~~ .0 45 4 ’ 4  444 0 .54 . 4 . ’-
- U S C _’N I  0 . 2 4 1  A . C 1 4 0  . 0 0 0 N I

‘43 14 5 5 1 4 4 4 . 1 1  0 44.4 0 ci ‘ 4 l . 3 4 1 4 4 1 4 21 0 54 C C
- 0 21 C .0 51 .0 0 - 4.~ 4.) (44 C 0 51 0 ‘4 41 ‘4 0 • ~3 0

4 . 0  .4 S C C . C ~~ 4 4 2 1  -- It >. 0 4 4 3 4 ) N .  4) 5 ( C . 0~~~ 4 4 2 1  .-
0 . 0  4-. 0 0 1 1 4 14 - .  . 4 . 1 4 4 4 1 0  0 . 0 4 4 0

.~~~~~~4. . - 4 2 >  O U S O < I t U S ’ ”  4., . 4 4 1 )  .11.1 14 > 4 ) I t 0 < 1 1 1 1 1 ” 3
42~~~- ( f l Li U A . 0 S C. 4 0  41 1$ C. . 4 5.54 4.5) 444 0 1-..I4 2 L 30 0 .0 . 0 . - IC 1 1 4 4 4). 4 4 . 4 5 4 2.

4 . 5 ( 0 2 11 4 4 2  . 1 4 4 . N .  - . 4 4  0 I D C E X U S  . 1 1 1- N . .
~3~~~~~~) 5 .. .. 4( 12 S~~~5 I C l l 4 1 $ 2 1 I  -0 4454 0 ‘4 . . )- 1( 4 1 > 4 I C 9 ) 4 2 4 1 1
O r .  4. 14 14 .0 44 It - ‘4 4.) 0 N. • 0 1. 144 CI ‘4 144 41 - 0 414 NI
42 . 4. 4.. 0 0 -~ 4- 0 N. 42 -. -4 14 IN 0 4. 4.1 14 U N.

~~4 4 2 ’ 4 4 4 l - 4 2Q I S I 4 4  - : 4  • 4’4 ..~4 I $ .0 . I 4 . 4 t 0 4 5 I ) . I  -
0 4 1 ’  - 4 . A . 4 2 2 1  0 . 0  -. - > 1 _ S  : 4 I t N .  . 4 4 4 1 0 . 4 1 1 1  0 . 0  .. - >
- 0 4 2 4 2  ‘ t 4 2 . 4 4 4 4 1 1 4 4  US 4 . J 4 1 ’ P .  5< . 0 0 4 1 1  4 1 I 2 - . - 4 4 4 l . - I  1 1 . 4 4 1 ( 4

- - C O  1 4 4 4 — > . - U S l - ’ 4 2 4 4 ’ 4 - - C . 4 C W  -
ID ID 3 1$ -4-I 41 CI 4-I 4- sO 44 (4 44 3 II ‘4 II 4) 44 44 10

• 0 •  0 4 1  0 1 4 . 4 E 1 4  ~ I . 4  0 0 4 1  • 4 t ’ - E l - .  5 4 4. )
4 4 1 1 > 4 .0 . 0 4 4 4 1  lS— I C .-* 5 1 ” C 0  U S I S 4 . . 4 . 0 . I D 4 4 I t 4 4  11 C ’ 4 4 ) ” O U
C : 1 . 4 . ’ -  C - 4 4 2 4 4 4 1 4 0 . . 4 0 4 / 4 U S 3 4 1  0 4 . 4 4 . 4  C . - 4 4 2 4 4 4 1 .- A . I- 4 0 9 ) 1 1 0 I S
) 1 0 0 3 . 05 .51 .0 0 5 4 4 > 1 t X 51 4 1 , 4 .  5 ) 0 0 0 1 0 ’4 .0 0 I S > 1 1 4 4  51 4 1 4 1 4
4. >~ 4- 445 4. 44 -.54 .4 41 • 4/5 - 44 is 44 4. 4.. 4-4 4. 54 1. .54 ~S4 .4 44 4) • 5/4 • .) U 4-4

Z 4 1  4 . 9 ) 5 <4 . 0 4 4  — . 4 4 4 . 4 0 4 4 4  ‘ 4 Z 4 1 . - . . 4 1 I D < 1 4~~~~~ 
4 4 4 4 4 0 1 4 4

21 ‘4 4 .  41 . 0 4 5 0 0  . 4 1 j C 4 0 ’ S  41 4 5 )  4) .0 4 2 00  . . 45 1 N I 0 3
11 ‘ 4 4 4  C: 4 ) 5 4 44 4 5 . * C / 5 N . 0 C . )  ~C 9 )  C 0 . 4 5) 44 4 1 1 4 4 4 4 5 N . 0 ( 4

L... _-~~ - -____ - - _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~ 

~~~~~ IT_1~T~
’ 
~~~ 1


