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PREFACE 

This r e p o r t  i s  publ ished t o  provide  c o a s t a l  e n g i n e e r s  w i t h  g u i d e l i n e s  f o r  
t h e  d e s i g n  of w e i r - j e t t y  sand-bypassing systems.  A we i r  j e t t y  i s  only  one of 
s e v e r a l  bypassing schemes t h a t  m e r i t s  c o n s i d e r a t i o n  when t h e r e  i s  concern about 
e r o s i o n  downdr i f t  of a  j e t t y  p r o j e c t .  The r e p o r t  does no t  i n t e n d  t o  sugges t  
t h a t  weir  j e t t i e s  a r e  t h e  b e s t  s o l u t i o n  t o  a l l  bypassing problems but simply 
p r e s e n t s  a  s e r i e s  of d e s i g n  g o a l s  and " r a t i o n a l "  procedures  t o  h e l p  e v a l u a t e  a  
w e i r - j e t t y  system a g a i n s t  those  des ign  g o a l s .  It should  p rov ide  some des ign  
t echn iques  t h a t  w i l l  a l l o w  t h e  d e s i g n e r  t o  make judgmental d e c i s i o n s  regard ing  
such f a c t o r s  a s  weir  h e i g h t ,  l e n g t h ,  o r i e n t a t i o n ,  e t c .  Since t h e  des ign  of a 
bypass ing  system depends c r i t i c a l l y  on l o c a l  c o n d i t i o n s ,  a b s o l u t e  v a l u e s  f o r  
t h e s e  v a r i a b l e s  cannot be s e t .  The work was c a r r i e d  out  under the  c o a s t a l  
s t r u c t u r e s  program of t h e  U.S. Army Coas ta l  Engineer ing Research Center (CERC). 

This r e p o r t  is  one of a  s e r i e s  of r e p o r t s  t o  be publ ished t o  form a  Coas ta l  
Eng ineer ing  Manual. 

The r e p o r t  was p repared  by Dr .  J. Richard Weggel, Chief ,  E v a l u a t i o n  Branch, 
under t h e  g e n e r a l  s u p e r v i s i o n  of N. P a r k e r ,  Chief ,  Engineer ing Development 
Div i s ion .  Pany of t h e  i d e a s  o r  concep t s  expressed  i n  t h e  r e p o r t  d i d  no t  o r ig -  
i n a t e  wi th  t h e  a u t h o r  but  were gleaned from d i s c u s s i o n s  wi th  o t h e r  c o a s c a l  
eng inee rs .  For example, Dean M.P. O'Brien (1976) o r i g i n a t e d  t h e  concept  of how 
a n  i d e a l  w e i r - j e t t y  system should  perform s o  t h a t  it  bypasses  on ly  t h e  n e t  
longshore  t r a n s p o r t ,  and Dr .  R. Dean developed t h e  i d e a  t h a t  t h e  q u a n t i t y  of 
sand t h a t  needs t o  be s t o r e d  i n  t h e  u p d r i f t  beach f i l l e t  depends on t h e  t iming 
and d u r a t i o n  of t r a n s p o r t  r e v e r s a l s .  Some of t h e  concep t s  have been extended 
by the  a u t h o r  and a n a l y s i s  methods suggested;  any erroneous  i n t e r p r e t a t i o n  of 
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC ( S I )  UNITS OF MEASUREMENT 

U.S. customary u n i t s  of measurement used i n  t h i s  r e p o r t  can be conver ted  t o  
m e t r i c  ( S I )  u n i t s  a s  fo l lows :  

M u l t i p l y  by To o b t a i n  
5 

i n c h e s  25.4 m i l l i m e t e r s  

square  i n c h e s  
c u b i c  inches  

f e e t  

square  f e e t  
c u b i c  f e e t  

ya rds  
square  ya rds  
cub ic  ya rds  

m i l e s  
square  m i l e s  

kno t s  

a c r e s  

foot-pounds 

m i l l i b a r s  

ounces 

pounds 

ton ,  long  

t o n ,  s h o r t  

degrees  (ang le )  

F a h r e n h e i t  degrees  

c e n t i m e t e r s  
square  c e n t i m e t e r s  
c u b i c  c e n t i m e t e r s  

c e n t i m e t e r s  
me te r s  

square  mete r s  
c u b i c  mete r s  

me te r s  
s q u a r e  meters  
cubic  mete r s  

k i l o m e t e r s  
h e c t a r e s  

k i l o m e t e r s  pe r  hour 

h e c t a r e s  

newton meters  

kilograms pe r  square  c e n t i m e t e r  

grams 

grams 
kilograms 

m e t r i c  t o n s  

m e t r i c  t o n s  

r a d i a n s  

C e l s i u s  degrees  o r  Kelvins  
- - 

 TO o b t a i n  C e l s i u s  (C) temperature  read ings  from Fahrenhei t  (F) r e a d i n g s ,  
use  formula:  C = ( 5 / 9 )  (F  -32). 

To o b t a i n  Kelvin  (K) r e a d i n g s ,  use  formula:  K = (519) (F  -32) + 273.15. 



S Y M B O L S  AND D E F I N I T I O N S  

e m p i r i c a l  c o e f f i c i e n t  used i n  equa t ion  f o r  runup, equal  t o  0.692 
f o r  a  r u b b l e  s t r u c t u r e  

c r e s t  width of t h e  s t r u c t u r e  

q u a n t i t y  of sand bypassed t o  t h e  e a s t  from a n  i n l e t  bar  

q u a n t i t y  of sand bypassed t o  the  west from an i n l e t  ba r  

e m p i r i c a l  c o e f f i c i e n t  used i n  e x p r e s s i o n  f o r  runup, equa l  t o  0.504 
f o r  a  rubb le  s t r u c t u r e  

weir  d i s c h a r g e  c o e f f i c i e n t  (assumed c o n s t a n t  = 0,6) 

water dep th  a t  t h e  t o e  of a s t r u c t u r e  

X 
t h e  e r r o r  f u n c t i o n  complement of t h e  argument 

4Gqc 

base of t h e  Naperian logar i thms  = 2.7182 . . . 
a c c e l e r a t i o n  of g r a v i t y  

breaking wave h e i g h t  

i n c i d e n t  wave h e i g h t  

u n r e f r a c t e d  deepwater wave h e i g h t  

t r a n s m i t t e d  wave h e i g h t  

he igh t  of s t r u c t u r e  c r e s t  above bottom 

upstreani h e i g h t  of water  s u r f a c e  above wei r  c r e s t  

downstream h e i g h t  of water l e v e l  above c r e s t  

I immersed weight longshore  sediment t r a n s p o r t  r a t e  

K Keulegan's  K 

wave t r a n s m i s s i o n  c o e f f i c i e n t  f o r  waves t r a n s m i t t e d  by over topping 

Kt wave t r a n s m i s s i o n  c o e f f i c i e n t  f o r  waves propagated through a  
s t r u c t u r e  

L w e i r  l e n g t h  

=o deepwater wavelength 



SYMBOLS AND DEFINITIONS--Continued 

R j e t t y  l e n g t h  
eweir c r e s t  l e n g t h  

Pll s longshore  wave energy f l u x  f a c t o r  

QE e a s t e r l y  vo lumet r ic  longshore  t r a n s p o r t  r a t e  

Qgross g r o s s  vo lumet r ic  longshore  t r a n s p o r t  r a t e ;  t o t a l  amount of sand 
pass ing  a  p o i n t  on t h e  beach dur ing  a  s p e c i f i e d  i n t e r v a l  

Qin vo lumet r ic  sediment in f low r a t e  t o  a c o n t r o l  volume 

Q L t o t a l  longshore  sediment t r a n s p o r t  t o  t h e  l e f t  f o r  an observer  looking 
seaward 

QR vo lumet r ic  longshore  sand t r a n s p o r t  r a t e  

Qll 0 volumet r ic  longshore  sand t r a n s p o r t  r a t e  a long a  s t r a i g h t  beach (sand- 
bypass ing r a t e  around a  g r o i n  when t = -; Pelnard-Considere model) 

Qnet vo lumet r ic  n e t  longshore  t r a n s p o r t  r a t e  

Q; e m p i r i c a l  c o e f f i c i e n t  used i n  e q u a t i o n  t o  determine wave over topping 
r a t e s  

Qout vo lumet r ic  sediment outf low r a t e  from a  c o n t r o l  volume 

QR t o t a l  longshore  sediment t r a n s p o r t  t o  t h e  r i g h t  f o r  an observer  
look ing  seaward 

q i n s t a n t a n e o u s  longshore  sand t r a n s p o r t  r a t e  a t  a  p o i n t  on t h e  beach 
edischarge of water over weir per u n i t  of w e i r  c r e s t  l e n g t h  
.wave over topping r a t e  per u n i t  s t r u c t u r e  l e n g t h  f o r  waves approaching 
perpend icu la r  t o  a  s t r u c t u r e  

qne t average va lue  of t h e  longshore  sand t r a n s p o r t  r a t e  a t  a  p o i n t  on t h e  
beach 

(4 ' reduced wave over topping r a t e  per u n i t  l e n g t h  of s t r u c t u r e  f o r  waves 
approaching a t  an a n g l e  

R runup h e i g h t  above t h e  SWL (runup t h a t  would occur on a s t r u c t u r e  i f  
t h e  s t r u c t u r e  c r e s t  were above the  l i m i t  of wave runup) 

T wave per iod  

t t ime 

tn  time a f t e r  n  i n t e r v a l s  

to i n i t i a l  t ime 
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time requ i red  fo l lowing  c o n s t r u c t i o n  u n t i l  s h o r e l i n e  a t  a  g r o i n  o r  j e t t y  
reaches  t h e  end of t h e  s t r u c t u r e  ( t ime when sand bypass ing beg ins )  

d i s t a n c e  measured g e n e r a l l y  along the  shore  

d i s t a n c e  t o  s h o r e l i n e  measured from base  l i n e  ( a  f u n c t i o n  of x) 

t h e  ang le  between an i n c i d e n t  wave ray  and t h e  weir a x i s  
.empir ical  c o e f f i c i e n t  used i n  e q u a t i o n  t o  determine wave over topping 

r a t e s  

a n g l e  a  breaking wave c r e s t  makes wi th  t h e  s h o r e l i n e  

e m p i r i c a l  c o e f f i c i e n t  used i n  Goda's equa t ion  t o  p r e d i c t  wave t ransmis-  
s i o n  by over topp ing  

t i m e  i n t e r v a l  

change of sediment volume 

sediment volume change on Bogue Banks, North Caro l ina  

sediment volume change on Shackleford Banks, North Caro l ina  

t a n  0 
sur f  parameter g iven by E = 

E - f a c t o r  i n  t h e  argument of t h e  e r r o r  f u n c t i o n  complement E 
k  (&) 
8 ang le  t h e  seaward f a c e  of a  rubble-weir s e c t i o n  makes wi th  a  h o r i z o n t a l  

A 3.1415 . . . 
T t i d a l  pe r iod  

T t i m e  ( i n t e r v a l  of i n t e g r a t i o n )  



WE I R  SAPJE-BYPASS I N G  SYSTEMS 

by 
J .  Richard WeggeZ 

INTRODUCTION 

The c o n s t r u c t i o n  of j e t t i e s  t o  provide s a f e  n a v i g a t i o n  c o n d i t i o n s  a t  
harbors  o r  t i d a l  i n l e t s  along sandy c o a s t s  u s u a l l y  r e s u l t s  i n  i n t e r r u p t i o n  of 
t h e  n a t u r a l  longshore  t r a n s p o r t  of sand a t  t h e  harbor  o r  i n l e t .  Sand t h a t  
p rev ious ly  found i t s  way from an i n l e t ' s  u p d r i f t  s i d e  t o  i t s  downdrift  s i d e  
through n a t u r a l  p rocesses  is t rapped i n  t h e  u p d r i f t  f i l l e t  o r  i s  d i v e r t e d  
o f f s h o r e .  The r e s u l t i n g  s t a r v a t i o n  of t h e  downdri f t  beach can cause s e r i o u s  
e r o s i o n  u n l e s s  measures a r e  t aken  t o  t r a n s f e r  o r  bypass sand from t h e  u p d r i f t  
s i d e  t o  t h e  downdrift  beaches. Several  sand-bypassing methods used i n  t h e  
United S t a t e s  a r e  d i scussed  i n  Sec t ion  6.5 of t h e  Shore P r o t e c t i o n  Manual 
(SP1.I) (U.S. Army, Corps of Engineers ,  Coasta l  Engineer ing Research Center ,  
1977). 

The s i m p l e s t  method i n  concept ,  but  i n  some r e s p e c t s  t h e  most d i f f i c u l t  t o  
implement, i s  t o  remove t h e  sand accumulated i n  the  f i l l e t  of the  u p d r i f t  
j e t t y  w i t h  a p i p e l i n e  dredge and t r a n s f e r  i t  t o  t h e  downdri f t  beach (Fig.  1). 
However, the  dredge may be d i f f i c u l t  t o  o p e r a t e  i n  an  a r e a  exposed t o  ocean 
waves. This d i f f i c u l t y  l e d  t o  t h e  development of f i x e d  sand-bypassing p l a n t s .  
These p l a n t s  a r e  u s u a l l y  cons t ruc ted  on t h e  u p d r i f t  j e t t y  and a r e  p a r t i a l l y  
p r o t e c t e d  from extremely l a r g e  waves by t h e  shal lowness  of t h e  water i n  f r o n t  
of them. Fixed bypassing p l a n t s  a r e  u s u a l l y  l i m i t e d  i n  t h e  amount of sand 
they can i n t e r c e p t  and handle because of t h e i r  l a c k  of mobi l i ty .  Another 
method f o r  bypassing sand froni an u p d r i f t  f i l l e t  i s  by use of a conven t iona l  
f l o a t i n g  p i p e l i n e  dredge t o  c u t  i n t o  t h e  f i l l e t  from t h e  ocean ( d e s c r i b e d  i n  
Sec t ion  6.521 of the  SPM). The dredge o p e r a t e s  w i t h i n  a lagoon i n  t h e  f i l l e t ,  
having c losed  t h e  e n t r a n c e  channel behind it. A f t e r  bypassing enough mate- 
r i a l ,  t h e  dredge aga in  c u t s  a channel t o  t h e  ocean and e x i t s  from t h e  lagoon. 
Experience i n  us ing  t h i s  technique has been l i m i t e d  t o  a s i n g l e  i n s t a n c e  a t  
Por t  Hueneme, C a l i f o r n i a .  

A t  some h a r b o r s  a long  an open c o a s t  w i t h  a shore-connected breakwater ,  by- 
pass ing i s  performed by dredging t h e  shoa l  t h a t  accumulates a t  t h e  d i s t a l  end 
of t h e  breakwater (Fig.  2).  A dredge can u s u a l l y  o p e r a t e  i n  t h e  q u i e t  wa te r  
behind the  shoa l  i t s e l f  and move i n t o  the  ha rbor  i f  adverse  weather t h r e a t e n s .  
An example of t h i s  bypassing scheme i s  a t  Santa  Barbara Harbor, C a l i f o r n i a .  

S h o r e - p a r a l l e l  o f f s h o r e  breakwaters b u i l t  u p d r i f t  of i n l e t s  o r  ha rbor  
e n t r a n c e s  have a l s o  been used t o  e s t a b l i s h  a s h e l t e r e d  d e p o s i t i o n  a r e a  where a 
dredge can o p e r a t e  t o  bypass sand (Fig. 3 ) .  In some c a s e s ,  such a s  a t  Channel 
I s l a n d s  Harbor, C a l i f o r n i a ,  t h e  breakwater a l s o  s e r v e s  t o  p r o t e c t  t h e  harbor  
e n t r a n c e .  The bypassing system a t  Channel I s l a n d s  Harbor is desc r ibed  i n  
S e c t i o n  6.522 of t h e  SPM. 

This  r e p o r t  d i s c u s s e s  t h e  sand-bypassing system t h a t  r e q u i r e s  t h e  con- 
s t r u c t i o n  of a weir j e t t y .  A t y p i c a l  w e i r - j e t t y  system is shown i n  Figure  4. 
In  t h i s  system, a p a r t  of t h e  u p d r i f t  j e t t y  i s  depressed t o  form a weir  
s e c t i o n  a c r o s s  which sand is t r a n s p o r t e d  t o  a d e p o s i t i o n  a r e a  by waves and 
t i d a l  c u r r e n t s .  A conven t iona l  p i p e l i n e  dredge o p e r a t i n g  i n  t h e  d e p o s i t i o n  
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Figure 1. Sand impounded i n  u p d r i f t  
beach adjacent  t o  j e t t y .  
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Figure 2. Impoundment a r e a  a t  d i s t a l  end 
of a shore-connected breakwater. 
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Figure 4. Weir j e t t y  with impoundment 
a r e a  between j e t t i e s .  

NOTE:--Figures 1 to 4 modified from Watts (1965). 

1 2  



a r e a  i s  p r o t e c t e d  from waves by t h e  weir  and j e t t y .  Sand i s  pumped from t h e  
d e p o s i t i o n  bas in  t o  nour ish  t h e  downdrift  beach. The j e t t i e s  f i x  the  l o c a t i o n  
of t h e  n a v i g a t i o n  channel ;  t h e  u p d r i f t  j e t t y  c o n t r o l s  t h e  t r a n s p o r t  of sand 
i n t o  the  d e p o s i t i o n  b a s i n ,  c o n t r o l s  al inement of the  u p d r i f t  beach, and pro- 
v i d e s  p r o t e c t i o n  t o  a  dredge o p e r a t i n g  i n  t h e  d e p o s i t i o n  basin.  

I I. WE IR-JETTY SYSTEM 

The key e lements  of a  w e i r - j e t t y  system (Fig. 5 )  a r e :  ( a )  An u p d r i f t  
j e t t y  comprised of a  s a n d t i g h t  landward s e c t i o n ,  a  weir  s e c t i o n  wi th  a n  
e l e v a t i o n  near  mean s e a  l e v e l  (MSL), and a  seaward s e c t i o n  w i t h  a  t y p i c a l  
j e t t y  c r o s s  s e c t i o n ;  (b )  a  downdrift  j e t t y  which normally has  a  t y p i c a l  j e t t y  
c r o s s  s e c t i o n  wi thou t  a w e i r ;  ( c )  a  d e p o s i t i o n  b a s i n ;  (d )  a  n a v i g a t i o n  chan- 
n e l ;  ( e )  an u p d r i f t  beach; and ( f )  a downdri f t  beach which normally a l s o  
s e r v e s  a s  t h e  d i s p o s a l  a r e a  f o r  sand removed from t h e  d e p o s i t i o n  basin.  The 
design o b j e c t i v e s  of each element a r e  d i scussed  below and, i n  more d e t a i l ,  i n  
Sec t ion  111. 

Figure  5. Key elements of a  t y p i c a l  w e i r - j e t t y  system. 

A w e i r - j e t t y  system is  a  multiple-purpose c o a s t a l  s t r u c t u r e  system t h a t  
s e r v e s  what a t  t imes may be c o n f l i c t i n g  uses. It p r i m a r i l y  s e r v e s  n a v i g a t i o n  
by keeping the  l o c a t i o n  of t h e  channel through a t i d a l  i n l e t  r e l a t i v e l y  f i x e d  
w i t h  adequate  wa te r  dep ths  t o  provide s a f e  passage f o r  v e s s e l s .  The remaining 
f u n c t i o n s  a r i s e  because of a  need t o  bypass sand t o  downdri f t  beaches and t o  
improve f l u s h i n g  of t h e  n a v i g a t i o n  channel. 



The g e n e r a l  des ign  o b j e c t i v e s  of any i n l e t  s t a b i l i z a t i o n  o r  ha rbor  p r o j e c t  
a r e  t o  provide a  s a f e  nav iga t ion  channel wi th  adequate  dimensions,  t o  minimize 
t h e  need f o r  channel  maintenance dredging,  and t o  p rec lude  o r  minimize any 
adverse  e f f e c t s  of t h e  p r o j e c t  such a s  downdrift  beach e r o s i o n .  The mit iga-  
t i o n  of downdri f t  e r o s i o n  i s  a purpose of bypass ing sand a s  is  keeping t h e  
n a v i g a t i o n  channel f r e e  of sand. A w e i r - j e t t y  system w i l l  meet t h e s e  objec- 
t i v e s  i f  ( a )  t h e  n a v i g a t i o n  channel  is kep t  i n  a  f i x e d  l o c a t i o n  and r e l a t i v e l y  
f r e e  of sediments ,  (b )  t h e  weir  s e c t i o n  and o u t e r  j e t t y  s e c t i o n  of t h e  u p d r i f t  
j e t t y  provide wave p r o t e c t i o n  t o  a  dredge i n  t h e  d e p o s i t i o n  b a s i n ,  and (c )  t h e  
o v e r a l l  j e t t y  complex provides wave p r o t e c t i o n  t o  v e s s e l s  us ing t h e  channel. 

Another h y d r a u l i c  f u n c t i o n  of a  w e i r - j e t t y  system i s  t o  a l low f lood  
c u r r e n t s  t o  e n t e r  t h e  i n l e t  over t h e  weir  dur ing f loodf low with  subsequent 
channe l ing  of ebb f lows ou t  of t h e  i n l e t  between t h e  j e t t i e s .  During ebb flow 
most of t h e  t i d a l  prism should e x i t  t h e  i n l e t  through the  n a v i g a t i o n  channel 
(between t h e  j e t t i e s )  wi th  a  minimum of f low e x i t i n g  a c r o s s  t h e  weir. This 
ebb-flow dominance r e s u l t s  i n  h igher  ebb t i d a l  c u r r e n t s  i n  t h e  n a v i g a t i o n  
channel  and tends  t o  f l u s h  sediments from t h e  channel. These sediments  may be 
depos i t ed  i n  an o u t e r  b a r ,  i n d i c a t i n g  a  need $or longer  j e t t i e s .  In a d d i t i o n ,  
t h e  we i r  and j e t t y  provide wave p r o t e c t i o n  t o  v e s s e l s  n a v i g a t i n g  t h e  i n l e t  and 
provide p r o t e c t i o n  t o  a dredge bypassing sand from the  d e p o s i t i o n  b a s i n  t o  t h e  
downdri f t  beach. 

The weir  j e t t y  a l s o  s e r v e s  a s  a s t r u c t u r e  f o r  c o n t r o l l i n g  sediment t r ans -  
por t  i n t o  t h e  i n l e t  by providing a  low s i l l  over which sand i s  t r a n s p o r t e d  by 
waves and thus  determining t h e  l o c a t i o n  w i t h i n  t h e  i n l e t  where d e p o s i t i o n  
occurs .  By l i m i t i n g  d e p o s i t i o n  t o  a  predetermined a r e a ,  sand i s  kept out of 
t h e  n a v i g a t i o n  channel  and depos i t ed  where a  dredge can s a f e l y  opera te .  

The i d e a l  w e i r - j e t t y  system w i l l  minimize t h e  amount of sand which needs 
t o  be bypassed, Optimally,  t h i s  minimum i s  t h e  n e t  sand t r a n s p o r t  i n t o  t h e  
i n l e t .  I f  q ( t )  i s  the  r a t e  of longshore  sand t r a n s p o r t  a t  a  po in t  on t h e  
beach a t  a  t ime,  t ,  then  t h e  t r a n s p o r t  of sand a s  a  f u n c t i o n  of time a t  t h a t  
point  can concep tua l ly  be desc r ibed  as shown i n  Figure  6. The s i g n  convent ion 
of t h e  f i g u r e  assumes t h a t  q  is  p o s i t i v e  when t r a n s p o r t  i s  toward the  r i g h t  
of an observer  looking seaward from t h e  beach; when q i s  n e g a t i v e ,  t r a n s p o r t  
i s  toward t h e  l e f t .  The ne t  t r a n s p o r t  ra te  i s  simply t h e  average va lue  of 
q ( t )  g iven by 

where T i s  u s u a l l y  chosen t o  be 1 year. The t o t a l  n e t  t r a n s p o r t  dur ing t h e  
time i n t e r v a l ,  T, i s  

The t o t a l  t r a n s p o r t  t o  t h e  r i g h t  d u r i n g  T i s  



Figure  6. Time h i s t o r y  of longshore  sand t r a n s p o r t  
p a s t  a  po in t  on t h e  s h o r e l i n e .  

where t h e  i n t e g r a l s  a r e  eva lua ted  only f o r  those  t i m e  pe r iods  when q ( t )  i s  
p o s i t i v e ;  t h e  t o t a l  t r a n s p o r t  t o  t h e  l e f t  dur ing  T i s  

where t h e  i n t e g r a l s  a r e  eva lua ted  f o r  only t h o s e  time per iods  when q ( t )  is  
nega t ive .  The minus s i g n  i s  included so t h a t  QL w i l l  be a  p o s i t i v e  number. 
There fore ,  t h e  n e t  volume t r a n s p o r t  i s  

Qnet  = QR - QL ( 5  

The g r o s s  t r a n s p o r t ,  de f ined  a s  t h e  t o t a l  amount of sand pass ing t h e  po in t  on 
t h e  beach dur ing  T i s  

Sand t r a n s p o r t  a t  an  i d e a l  w e i r - j e t t y  system i s  shown i n  Figure 7 .  
Assuming t h a t  t h e  n e t  t r a n s p o r t  i n  t h e  f i g u r e  is  from l e f t  t o  r i g h t  ( i .e . ,  
QR > QL), the  minimum amount of sand t h a t  should need t o  be bypassed f o r  
e r o s i o n  c o n t r o l  i s  Qnet. In an  optimum system, on ly  Qnet would e n t e r  t h e  
d e p o s i t i o n  b a s i n  f o r  bypassing t o  the  downdrift  beach. The amount of sand 
c a r r i e d  t o  t h e  weir  from t h e  u p d r i f t  beach is  QR, which w i l l  be l a r g e r  t h a n  

Qne t i f  a  ne t  t r a n s p o r t  i s  t o  the  r i g h t  a s  assumed. An amount of sand e q u a l  
t o  QR - Qnet must t h e r e f o r e  be r e t a i n e d  i n  temporary s t o r a g e  on t h e  u p d r i f t  
beach t o  keep t h e  sand from moving i n t o  the  d e p o s i t i o n  bas in .  The sand on t h e  
u p d r i f t  beach w i l l  t hen  be a v a i l a b l e  t o  r e p l a c e  t h e  m a t e r i a l  t rapped by t h e  
downdri f t  j e t t y  and be t r a n s p o r t e d  back up t h e  beach dur ing per iods  of t r a n s -  
p o r t  r e v e r s a l ;  i .e . ,  when t h e  t r a n s p o r t  is  t o  t h e  l e f t .  The q u a n t i t y  of sand 
held  i n  temporary s t o r a g e  is QR - Qnet which, from equa t ion  ( 5 ) ,  i s  equal  t o  

QL. Not a l l  of t h i s  sand needs t o  be he ld  i n  s t o r a g e  a t  one time. The amount 
of s t o r a g e  r e q u i r e d  i n  t h e  u p d r i f t  beach w i l l  depend on t h e  frequency and mag- 
n i t u d e  of r e v e r s a l s  i n  t r a n s p o r t .  A suggested a n a l y s i s  procedure t o  determine 
t h e  amount of s t o r a g e  needed i s  presented i n  Sec t ion  V I I .  

The bypassing requirements  desc r ibed  above a r e  f o r  an  i d e a l  w e i r - j e t t y  
system. However, s e v e r a l  f a c t o r s  preclude ach iev ing  t h i s  optimum s i t u a t i o n .  
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Figure  7. Sand t r a n s p o r t  and s t o r a g e  a t  an  i d e a l  w e i r - j e t t y  system. 

The longshore  t r a n s p o r t  environment does not remain the  same from year t o  
year.  In some y e a r s  t h e  n e t  t r a n s p o r t  may be i n  one d i r e c t i o n ;  i n  o t h e r  years  
it may be i n  t h e  oppos i t e  d i r e c t i o n .  I£ t h e  per iod of record used t o  d e t e r -  
mine t r a n s p o r t  q u a n t i t i e s  and d i r e c t i o n s  is  a t y p i c a l ,  s e r i o u s  e r r o r s  i n  pre- 
d i c t i n g  t h e  performance of a  w e i r  system can r e s u l t .  Another f a c t o r  which 
compl ica tes  p r e d i c t i n g  bypassing q u a n t i t i e s  i s  t h a t  t r a n s p o r t  c o n d i t i o n s  a t  a  
g iven t i m e  may d i f f e r  from one s i d e  of t h e  i n l e t  t o  the  o t h e r  because of wave 
r e f r a c t i o n  caused by complex bathymetry near  i n l e t s  and d i f f e r e n c e s  i n  shore- 
l i n e  a l inement .  Although the  optimum bypassing s i t u a t i o n  which r e q u i r e s  
minimum m a t e r i a l  handl ing may no t  be achieved,  it  i s  a  g o a l  toward which t h e  
des ign  should be aimed. In a d d i t i o n  t o  c o n t r o l l i n g  t h e  amount of sand e n t e r -  
i n g  t h e  d e p o s i t i o n  bas in ,  t h e  s a n d t i g h t  landward l e g  of t h e  weir  j e t t y  and t h e  
o v e r a l l  j e t t y  l a y o u t  a c t  t o  c o n t r o l  t h e  planform of both t h e  u p d r i f t  and down- 
d r i f t  beaches. The l o c a t i o n  of t h e  landward end of t h e  weir determines  how 
wide t h e  u p d r i f t  beach w i l l  be, how much sand s t o r e d  i n  t h e  u p d r i f t  beach i s  
a v a i l a b l e  f o r  t r a n s p o r t  back up t h e  beach dur ing  r e v e r s a l s  i n  wave d i r e c t i o n ,  
and how much sand w i l l  f i n d  i t s  way i n t o  t h e  d e p o s i t i o n  bas in .  

The v a r i o u s  f u n c t i o n s  of t h e  weir  d i c t a t e  d i f f e r e n t  system c h a r a c t e r i s t i c s  
which sometimes c o n f l i c t  with each o t h e r .  For example, t o  maximize wave pro- 
t e c t i o n  f o r  a  dredge o p e r a t i n g  i n  t h e  d e p o s i t i o n  bas in ,  t h e  we i r -c res t  e leva-  
t i o n  should be a s  h igh as p r a c t i c a l ;  however, t o  achieve the  d e s i r e d  c o n t r o l  
of sed imenta t ion ,  a  lower weir crest is needed. A lower weir c r e s t  i s  a l s o  
d e s i r a b l e  f o r  maximizing the  amount of f low e n t e r i n g  the  i n l e t  dur ing f lood-  
t i d e .  A h igher  weir  c r e s t  would be d e s i r a b l e  dur ing  e b b t i d e  t o  c o n t a i n  t h e  
flow between t h e  jetties. These c o n f l i c t i n g  f u n c t i o n s  r e q u i r e  t r ade-of f s  t o  
ach ieve  a n  optimum o v e r a l l  system. They suggest  t h a t  f l e x i b i l i t y  be engi-  
neered i n t o  any w e i r - j e t t y  des ign  so  t h a t  adjus tments  can be made a f t e r  con- 
s t r u c t i o n  when p r o j e c t  performance has  been observed. 

A t  t h e  p resen t  s t a te -o f - the -a r t  and wi th  t h e  l i m i t e d  in format ion  u s u a l l y  
a v a i l a b l e  on longshore  t r a n s p o r t  a t  a  s i t e ,  an  optimum w e i r - j e t t y  des ign  may 
not be a t t a i n a b l e .  A d d i t i o n a l l y ,  t h e  t r a n s i t i o n  from the  e q u i l i b r i u m  t h a t  
e x i s t s  be fore  a  w e i r - j e t t y  system is  c o n s t r u c t e d  t o  a new p o s t p r o j e c t  equi-  
l i b r i u m  r e q u i r e s  some a s  yet  undetermined time t o  be a t t a i n e d .  During t h i s  
t r a n s i t i o n ,  performance of t h e  system may not  t r u l y  r e f l e c t  i t s  c a p a b i l i t y ,  
and ad jus tments  based on observa t ions  dur ing t h i s  time may u l t i m a t e l y  prove 



i l l - a d v i s e d .  A des igner  must keep the  i d e a l  weir  system a s  a  g o a l  but may 
need t o  compensate f o r  the  consequences of u n c e r t a i n t i e s  i n  unders tanding t h e  
p rocesses  and data .  I n  some i n s t a n c e s  d e s i g n e r s  may need t o  compromise on 
bypassing c a p a b i l i t i e s  and des ign  f o r  q u a n t i t i e s  g r e a t e r  than t h e  n e t  
t r a n s p o r t .  

111. ELEMENTS OF A WEIR-JETTY SYSTEM 

The design of a  w e i r - j e t t y  system r e q u i r e s  t h a t  a t  l e a s t  s i x  elements of 
t h e  system be cons idered :  ( a )  The nav iga t ion  channel ,  (b)  t h e  j e t t y  s t r u c -  
t u r e s ,  ( c )  t h e  weir s t r u c t u r e s ,  (d)  t h e  d e p o s i t i o n  b a s i n ,  ( e )  the  u p d r i f t  
beach, and ( f )  t h e  downdri f t  beach. The design of each of t h e s e  elements is  
governed by the  h y d r a u l i c  c h a r a c t e r i s t i c s  of t h e  i n l e t  t i d e s  and t i d a l  range,  
wave and longshore  t r a n s p o r t  c l i m a t e  a t  t h e  s i t e ,  t h e  s i z e  and type of v e s s e l s  
us ing the  i n l e t ,  and t h e  o v e r a l l  i n l e t  geometry. Design f a c t o r s  f o r  each 
element of t h e  w e i r - j e t t y  system a r e  d i scussed  below. 

1. Navigation Channel. 

Since  t h e  primary purpose of a  j e t t y  system i s  t o  m a i n t a i n  a  f i x e d  navi-  
g a t i o n  channel ,  improvement of nav iga t ion  c o n d i t i o n s  a t  an i n l e t  must be t h e  
prime c o n s i d e r a t i o n  i n  any w e i r - j e t t y  design.  The dep th ,  width ,  and a l inement  
of the  channel a r e  parameters t h a t  need t o  be e s t a b l i s h e d  and a r e  u s u a l l y  a  
compromise between what is  needed t o  se rve  n a v i g a t i o n  and what t h e  phys ica l  
c o n d i t i o n s  a t  the  s i t e  w i l l  a l low. Channel depth  and width a r e  determined by 
t h e  s i z e ,  type,  and number of v e s s e l s  which a r e  us ing o r  w i l l  e v e n t u a l l y  use 
t h e  i n l e t .  C o n s t r a i n t s  a r e  imposed on t h e  depth  and width by i n l e t  hydrau- 
l i c s .  For example, t h e  t i d a l  prism may not  be l a r g e  enough t o  keep t h e  pro- 
p,osed n a v i g a t i o n  channel open wi th  r e a l i s t i c  maintenance dredging e f f o r t s  and 
a  s m a l l e r  channel  c r o s s  s e c t i o n  must then be considered.  I n l e t  h y d r a u l i c s  and 
c ross - sec t ion  s t a b i l i t y  a r e  d i scussed  by Sorensen (1977) .  Channel a l inement  
i s  d i c t a t e d  by n a v i g a t i o n  requirements  a s  we l l  a s  l o c a l  i n l e t  geometry and 
sed imenta t ion  processes .  E x i s t i n g  shoa l s  u s u a l l y  e s t a b l i s h  the  most economic 
j e t t y  a l inement  and thereby i n f l u e n c e  the  l o c a t i o n  of t h e  channel.  Navigation 
needs,  such a s  requ i red  t u r n i n g  r a d i i  and maneuvering a r e a s  f o r  s a f e  naviga- 
t i o n ,  a l s o  i n f l u e n c e  channel al inement.  The approach d i r e c t i o n  of p r e v a i l i n g  
waves is  ano ther  f a c t o r  i n  e s t a b l i s h i n g  channel and j e t t y  a l inement .  If smal l  
c r a f t  a r e  t o  be p r o t e c t e d  from wave a c t i o n  i n  t h e  channel ,  t h e  j e t t i e s  and 
e n t r a n c e  channel should be a l i n e d  t o  a f f o r d  maximum wave p r o t e c t i o n .  Wave 
s teepen ing  a t  t h e  seaward end of t h e  j e t t i e s  caused by opposing ebb t i d a l  
c u r r e n t s  may a l s o  be a  c r i t i c a l  f a c t o r  i n  ach iev ing  s a f e  nav iga t ion  condi- 
t i o n s .  The s teepened waves may break over t h e  ocean bar  making nav iga t ion  
dangerous,  

2. J e t t y  S t r u c t u r e s .  

Design f a c t o r s  which must be determined f o r  j e t t y  s t r u c t u r e s  a r e  a l i n e -  
ment, spac ing ,  and s t r u c t u r a l  c o n s i d e r a t i o n s  such a s  c o n s t r u c t i o n  type,  c r e s t  
e l e v a t i o n ,  and s t r u c t u r a l  design.  

J e t t y  a l inement  i s  mostly governed by t h e  geometry of t h e  n a v i g a t i o n  
channel ,  i n l e t ,  and shoa l s .  Designs a r e  u s u a l l y  s e l e c t e d  which minimize t h e  
o v e r a l l  c o s t  of t h e  s t r u c t u r e s  by making maximum use  of shallow water over 
e x i s t i n g  s h o a l s .  The c o s t  of rubble  s t r u c t u r e s  r i s e s  r a p i d l y  a s  the  water 
dep th  i n  which they a r e  b u i l t  inc reases .  H i s t o r i c a l  d a t a  of i n l e t  migra- 
t i o n  and shoa l ing  p a t t e r n s  should be reviewed t o  provide informat ion on 
f u t u r e  t endenc ies  of t h e  n a v i g a t i o n  channel t o  migrate .  The j e t t i e s  should be 



l o c a t e d  t o  t ake  advantage of any b e n e f i c i a l  n a t u r a l  p rocesses ,  provided those  
p rocesses  w i l l  cont inue a f t e r  p r o j e c t  c o n s t r u c t i o n .  Navigation requirements  
may a l s o  i n f l u e n c e  a l inement .  In  a d d i t i o n  t o  a l i n i n g  t h e  j e t t i e s  t o  provide 
maximum p r o t e c t i o n  f o r  v e s s e l s  nav iga t ing  the  i n l e t ,  the  c h a r a c t e r i s t i c s  and 
maneuverab i l i ty  of v e s s e l s  us ing t h e  i n l e t  may be a  f a c t o r .  

The d i s t a n c e  between j e t t i e s  is governed by both n a v i g a t i o n  and h y d r a u l i c  
f a c t o r s .  As with  t h e  des ign  of t h e  n a v i g a t i o n  channel  i t s e l f ,  t h e  s i z e  of t h e  
t i d a l  prism, f o r  t h e  most p a r t ,  determines  t h e  c r o s s - s e c t i o n a l  a r e a  of t h e  
i n l e t  t h r o a t  and of t h e  channel between j e t t i e s .  J e t t y  spacing,  t h e r e f  o r e ,  
has some i n f l u e n c e  on t h e  r e l a t i v e  dimensions of the  channel ,  e t h e  
channel  width-to-depth r a t i o .  J e t t i e s  spaced too f a r  a p a r t  w i l l  encourage 
shoa l ing  wi th  inadequate  water depths  t o  se rve  the  v e s s e l s  f o r  which t h e  chan- 
n e l  i s  in tended ;  j e t t i e s  too  c l o s e  t o g e t h e r  may r e s u l t  i n  channel  scour ing  and 
cause  scour ho les  which can undermine j e t t i e s  and e v e n t u a l l y  r e q u i r e  consider-  
a b l e  e f f o r t s  t o  prevent  a  major s t r u c t u r a l  f a i l u r e .  Closely  spaced j e t t i e s  
may a l s o  endanger v e s s e l s  by i n c r e a s i n g  t h e  p o s s i b i l i t y  of c o l l i s i o n  wi th  
o t h e r  v e s s e l s  o r  t h e  j e t t i e s  and by caus ing  excess ive  wave s teepen ing  over t h e  
ocean bar. 

The primary f a c t o r  i n f l u e n c i n g  t h e  s t r u c t u r a l  des ign  of j e t t i e s  i s  t h e  
l o c a l  wave and water l e v e l  c l imate .  S t r u c t u r a l  d e t a i l s  inc lude  e s t a b l i s h i n g  
t h e  c r e s t  e l e v a t i o n ,  s t r u c t u r e  type,  and t h e  s t r u c t u r e  c r o s s  s e c t i o n .  For 
economic a s  wel l  a s  t e c h n i c a l  reasons ,  rubble-mound c o n s t r u c t i o n  i s  p r e f e r r e d  
f o r  j e t t i e s  because t h e  low maintenance r e q u i r e d  u s u a l l y  r e s u l t s  i n  minimal 
annual c o s t ,  even though o t h e r  types of c o n s t r u c t i o n  such as s t e e l  o r  c o n c r e t e  
s h e e t - p i l e  j e t t i e s  may have a  lower i n i t i a l  c o s t .  Rubble s t r u c t u r e s  a r e  con- 
s i d e r e d  " f l e x i b l e "  s t r u c t u r e s .  When s u b j e c t e d  t o  waves exceeding t h e i r  des ign  
l e v e l ,  t h e  damage they exper ience  is  u s u a l l y  p rogress ive ,  making r e p a i r s  r e l a -  
t i v e l y  simple and inexpensive .  Rubble s t r u c t u r e s  a l s o  cont inue t o  provide 
p r o t e c t i o n  when i n  a  damaged s t a t e .  D e s t r u c t i o n  of l e s s  f l e x i b l e  s t r u c t u r e s  
can be c a t a s t r o p h i c  wi th  complete l o s s  sf f u n c t i o n .  

Shee t -p i l e  and caisson- type j e t t i e s  r e f l e c t  wave energy and encourage t h e  
format ion of seaward-moving c u r r e n t s  a d j a c e n t  t o  the  s t r u c t u r e s .  For weir  
j e t t i e s  where c u r r e n t s  could t r a n s p o r t  sand away from t h e  weir  s e c t i o n  i n t o  
deeper water and e v e n t u a l l y  i n t o  the  n a v i g a t i o n  channel ,  rubble-mound con- 
s t r u c t i o n  i s  p r e f e r r e d .  Wave r e f l e c t i o n  from t h e  s t r u c t u r e  i s  a l s o  minimized. 
The p r e d i c t i o n  of u p d r i f t  and downdri f t  beach planforms is  simpler i f  wave 
c o n d i t i o n s  a d j a c e n t  t o  t h e  s t r u c t u r e  a r e  n o t  confused by r e f l e c t e d  waves. 
Rubble j e t t i e s  a l s o  decrease  poss ib le  adverse  e f f e c t s  of r e f l e c t e d  waves on 
n a v i g a t i o n  cond i t ions .  J e t t y  c r e s t  e l e v a t i o n  is  u s u a l l y  s e l e c t e d  t o  p reven t  
over topping f o r  some design wave and water l e v e l  cond i t ion .  It i s  g e n e r a l l y  
n o t  p o s s i b l e  f o r  a  des ign  t o  preclude over topping s i n c e  des igning f o r  extreme 
waves and water l e v e l s  is u s u a l l y  not economically j u s t i f i e d .  The e f f e c t s  of 
exceeding des ign  c o n d i t i o n s  f o r  wave and water  l e v e l s  should ,  however, be 
i n v e s t i g a t e d  and the  des ign  optimized by balancing the  h igher  i n i t i a l  c o s t  of 
a  more s u b s t a n t i a l  s t r u c t u r e  a g a i n s t  t h e  h igher  maintenance and r e p a i r  c o s t s  
and decreased b e n e f i t s  of a  l e s s  s u b s t a n t i a l  s t r u c t u r e .  Some savings  may 
accrue  by decreas ing  armor-stone s i z e  near  t h e  landward end of t h e  j e t t i e s  
s i n c e  wave h e i g h t s  a r e  u s u a l l y  depth- l imi ted.  Armor near  the  shore  w i l l  be 
s u b j e c t e d  t o  s m a l l e r  waves o r  may even be i n s u l a t e d  from wave a c t i o n  by t h e  
sand t h a t  accumulates a g a i n s t  i t .  However, some e s t i m a t e  of scour is neces- 
s a r y  i n  o r d e r  t o  no t  underes t imate  t h e  l o c a l  wave h e i g h t  which could r e s u l t  i n  
underdesigned armor u n i t s .  



Unless economical and p r a c t i c a l  f a c t o r s  d i c t a t e  o the rwise ,  rubble-mound 
s t r u c t u r e s  should be used f o r  j e t t y  c o n s t r u c t i o n .  

3. Weir S t r u c t u r e .  

F a c t o r s  r e q u i r e d  i n  des ign ing  t h e  weir s e c t i o n  of a  j e t t y  inc lude  d e t e r -  
mining weir l e n g t h ,  o r i e n t a t i o n ,  e l e v a t i o n ,  c o n s t r u c t i o n  type,  and l o c a t i o n  of 
t h e  landward end of t h e  weir  s e c t i o n .  The weir  l e n g t h  i s  s e l e c t e d  so  t h a t  i t  
extends  through the  normal su r f  zone and thus  i n t e r c e p t s  most of t h e  sand i n  
t r a n s p o r t  a long t h e  beach. Laboratory e x p e r i a e n t s  and q u a l i t a t i v e  f i e l d  
observa t ions  i n d i c a t e  t h a t  much of the  sand t r a n s p o r t e d  over  a weir s t r u c t u r e  
c r o s s e s  near  t h e  beach f a c e  and t h a t  t h e  beach p r o f i l e  a d j a c e n t  and u p d r i f t  of 
t h e  weir  a d j u s t s  and f l a t t e n s  t o  a l low s i g n i f i c a n t  bedload t r a n s p o r t  over t h e  
we i r  i n  t h e  r e g i o n  where t h e  beach, weir ,  and w a t e r l i n e  i n t e r s e c t .  The loca-  
t i o n  of maximum t r a n s p o r t  on t h e  beach face  changes wi th  t i d a l  s t a g e .  In t h e  
b reaker  reg ion  a d j a c e n t  t o  t h e  weir ,  suspended sediments a r e  a l s o  c a r r i e d  over 
t h e  s t r u c t u r e .  The amount of t r a n s p o r t  over t h e  weir i n  t h i s  r eg ion  is prob- 
a b l y  s e n s i t i v e  t o  t h e  weir  e l e v a t i o n ,  t i d a l  s t a g e ,  and l e v e l  of wave a c t i v i t y .  
To i n t e r c e p t  t h i s  t r a n s p o r t  under most c o n d i t i o n s ,  t h e  w e i r  s e c t i o n  should 
ex tend  beyond t h e  normal b reaker  l o c a t i o n .  P r o t e c t i o n  f o r  a  dredge from wave 
a c t i o n  i n  t h e  d e p o s i t i o n  bas in  is  a l s o  a f a c t o r  i n  e s t a b l i s h i n g  weir  l eng th .  
The weir  s e c t i o n  a l lows  some waves t o  over top i t  and a t  t imes  may a l low exces- 
s i v e  wave a c t i o n  i n  t h e  d e p o s i t i o n  a r e a  which would suspend bypassing opera- 
t i o n s .  To minimize t h i s  downtime, t h e  weir  s e c t i o n  should be a s  s h o r t  as 
p o s s i b l e .  Weir e l e v a t i o n  a l s o  i n f l u e n c e s  t h e  l e v e l  of wave a c t i v i t y  i n  t h e  
d e p o s i t i o n  basin.  The l e n g t h  of t h e  weir  s e c t i o n  on e x i s t i n g  weir  j e t t i e s  
v a r i e s  from about 580 t o  1,800 f e e t  ( see  Table 1 which p r e s e n t s  t h e  c h a r a c t e r -  
i s t i c s  of t h e  weir  s e c t i o n s  and wave c o n d i t i o n s  a t  s i x  e x i s t i n g  weir  j e t t i e s  
i n  t h e  United S t a t e s ) .  The l e n g t h  of these  weirs  r e f l e c t s  des igner  concern 
f o r  "sanding-in" of t h e  weir  s e c t i o n .  Sanding-in may occur dur ing  storms when 
l a r g e  q u a n t i t i e s  of sand reach  the  j e t t y  but a r e  not  e f f i c i e n t l y  t r a n s p o r t e d  
over  t h e  weir  i n t o  t h e  d e p o s i t i o n  basin.  Observat ions  of t h e  performance of 
e x i s t i n g  weir  j e t t i e s  suggest  t h a t  t h i s  may not be a s  s e r i o u s  a  problem as 
f i r s t  bel ieved.  I n  any even t ,  t h e  des ign of we i r s  i n  a r e a s  where l a r g e  
q u a n t i t i e s  of sediment may be t r a n s p o r t e d  dur ing s h o r t  t i m e  pe r iods  should 
c o n s i d e r  t h e  p o s s i b i l i t y  of sanding-in. 

Weir e l e v a t i o n  i s  e s t a b l i s h e d  wi th  sediment t r a n s p o r t ,  wave a t t e n u a t i o n ,  
t i d a l  range,  and t i d a l  c u r r e n t  c o n s i d e r a t i o n s  i n  mind. Sediment t r a n s p o r t  
c o n s i d e r a t i o n s  d i c t a t e  t h a t  t h e  weir  be a s  low a s  poss ib le .  I n  f a c t ,  f o r  
t r a n s p o r t  purposes,  the  weir  could poss ib ly  be omit ted a l t o g e t h e r  and only t h e  
bottom armored t o  f i x  t h e  beach a t  a  d e s i r e d  p r o f i l e .  The wei r  would thus  
s e r v e  a s  a  template  f o r  the  u p d r i f t  beach. The n e c e s s i t y  of wave p r o t e c t i o n  
f o r  a  dredge o p e r a t i n g  i n  t h e  d e p o s i t i o n  b a s i n  behind t h e  weir ,  however, 
r e q u i r e s  t h a t  t h e  weir e l e v a t i o n  be a s  high a s  p o s s i b l e .  A compromise weir  
e l e v a t i o n  must be e s t a b l i s h e d  t h a t  w i l l  f u n c t i o n a l l y  s e r v e  both  sediment 
t r a n s p o r t  c o n t r o l  and wave p r o t e c t i o n .  The e l e v a t i o n  of e x i s t i n g  weirs i s  
g i v e n  i n  Table 1. Genera l ly ,  t h e  weir  e l e v a t i o n  has been s e t  a t  t h e  mean t i d e  
l e v e l  (MTL) i n  a r e a s  where t h e  t i d a l  range is about 2 t o  5 f e e t  ( A t l a n t i c  
c o a s t )  and a t  mean low water  (MLW) i n  a r e a s  wi th  a  r e l a t i v e l y  low t i d a l  range 
(gu l f  c o a s t ) .  This appears  t o  be a  s a t i s f a c t o r y  compromise, but one t h a t  
shou ld  be i n v e s t i g a t e d  i n  t h e  des ign  of any w e i r - j e t t y  system. In  reg ions  
wi th  a  l a r g e  t i d a l  range (12  t o  15 f e e t )  weir j e t t i e s  a r e  g e n e r a l l y  not  a  
v i a b l e  a l t e r n a t i v e  s i n c e  t h e  t r a n s p o r t  of sediment over  t h e  we i r  i s  l i m i t e d  t o  
only  a  smal l  p a r t  of the  t i d a l  per iod.  



Table 1. C h a r a c t e r i s t i c s  of wei r  s e c t i o n s  and wave condit ions a t  e x i s t i n g  we i r - j e t t y  complexes. 
Cross Tidal  range Wave gage da ta  Dominant 

s e c t i o n  Avg. annual s ig -  Wave period wave 
n i f i c a n t  wave h r t .  d i r e c t i o n 2  

Gently Lake worth 
s loping Feb. 1966 I Ju ly  1967 I ENE. I 
na tu ra l  Spring range 
rock I 2.7 I 

Gross r a t e  Predominant 

Ver t i ca l  
conc re te  
shee t  
p i l e  

Ver t i ca l  
concrete  
shee t  
p i l e 5  

Wrightsvi l le  
4.0 Mr.  1971 Oct. 1974 - 
4.7 Hs = 2.55 T -  7.79 

0 - 1.10 a - 2.42 

Destin 
0.6 Sept. 1971 - June 1974 

Diurnal Hs = 1.85 T = 5.79 
o = 1.11 0 - 1.75 

340,000 220,000 
Southward 

195,000 130,000 
Westward 

East Pass, Fla. 

lAngle from general  trend of shore l ine  measured on the  channel s ide.  

* ~ r o m  Shore Pro tec t ion  Manual (SPM) (U.S. Army, Corps of Engineers, Coastal Engineering Research Center, 1977). 

3Annual r a t e ;  gross  and predominant r a t e  data  from J a r r e t t  (1976). 

4 ~ o  data ava i lab le .  

SAfter s t r u c t u r a l  f a i l u r e  a t  East Pass, the weirs a t  East and Perdido Passes were armored with rubble-mound aprons. 

k e n g t h  of weir sec t ion  a t  Ponce de Leon was shortened i n  1978 by placing 500 f e e t  of rubble over landwardmost end 

7Arrnored with rubble-mound sec t ion  during cons t ruc t ion  because of scour nnd breakage of panels by vibrat ion.  

Ver t i ca l  Destin 
concre te  0.6 Sept. 1971 June 1974 SE. 130,000 200,000 - 195,000 
shee t  Diurnal Hs - 1.85 T - 5.79 Westward 
p i l e 5  o - 1.11 o - 1.75 

Ver t i ca l  
concrete  
king p i l e s  

Rubble 

Daytona Beach 
2.3 Nov. 1964 I May 1968 I ENE. 

Myrtle Beach 
4.4 Jan. 1975 1 Apr. 1977 I ENE. 

600,000 
Southward 

150,000 
Southward 

of weir sec t ion .  



The a l inement  of t h e  weir  s e c t i o n ,  wi th  r e s p e c t  t o  t h e  updr i f  t beach, is 
u s u a l l y  d i c t a t e d  by i n l e t  geometry and t h e  presence of s h o a l s  t h a t  can form a 
s a t i s f a c t o r y  founda t ion  f o r  t h e  s t r u c t u r e .  Cons t ruc t ion  over  e x i s t i n g  shoa l s  
w i l l  lower c o s t s  by minimizing t h e  amount of m a t e r i a l s  needed am3 by al inirag 
t h e  s t r u c t u r e  t o  achieve t h e  s h o r t e s t  p o s s i b l e  j e t t y  l e n g t h ,  T3e e f f e c t  on 
s e d i n e n t  t r a n s p o r t  c h a r a c t e r i s t i c s  of weir -sect ion a l inement ,  with sespecz t o  
t h e  s h o r e l i n e ,  does no t  appear  t o  be s i g n i f i c a n t .  E x i s t i n g  weir  je rc les  h v e  
weir  a l inements  ranging from s h o r e - p a r a l l e l  weirs  t o  weirs  t h a t  a r e  per2en- 
d i c u l a r  t o  t h e  u p d r i f t  s h o r e l i n e  ( s e e  Table 1). The wei r  a t  Hitillsboro 
F l o r i d a ,  which served as t h e  p ro to type  f o r  t h e  w e i r - j e t t y  concept ,  i s  nearly 
p a r a l l e l  wi th  t h e  u p d r i f t  s h o r e l i n e ;  t h e  weir  s e c t i o n  i n  t h e  norch j e t t y  
a t  Masonboro I n l e t ,  North Caro l ina ,  i s  n e a r l y  pe rpend icu la r  t o  nearby 
W r i g h t s v i l l e  Beach. The weir  s e c t i o n s  a t  both  Murre l l s  and L i t t l e  a v e r  
I n l e t s ,  South Caro l ina ,  a r e  a l i n e d  a t  an angle  of approximately  45' with t h e  
u p d r i f t  beach. Although t h i s  range of ang les  i s  r e l a t i v e l y  l a r g e ,  t he  sed i -  
ment t r a n s p o r t  c o n d i t i o n s  a t  any of t h e  e x i s t i n g  weirs  do not appear t e  be 
impaired.  S h o r e - p a r a l l e l  we i r s  a r e  p r e f e r a b l e  s i n c e  t h e  p o s s i b i l i t y  s f  sasd 
being t r a n s p o r t e d  p a s t  t h e  s a n d t i g h t  seaward end of the  j e t t y  is  smal le r ,  
Thus, i t  i s  more l i k e l y  t h a t  a l l  of t h e  sand t r a n s p o r t e d  t o  t h e  weir  w i l l  be 
c a r r i e d  over i t  i n t o  t h e  d e p o s i t i o n  bas in  wi th  l e s s  sand e v e n t u a l l y  e n t e r i n g  
t h e  n a v i g a t i o n  channel.  

The s i z e  and l o c a t i o n  of t h e  d e p o s i t i o n  b a s i n  i n f l u e n c e  t h e  weir  abinexent  
which must provide adequate  a r e a  f o r  l o c a t i n g  a  bas in  w i t h i n  t h e  inle"c me 
b a s i n  must a l s o  be p o s i t i o n e d  t o  t r a p  t h e  sand t r a n s p o r t e d  over rhe  weir; 
i d e a l l y ,  i t  should be placed t o  a f f o r d  maximum p r o t e c t i o n  f o r  a dredge oper- 
a t i n g  i n  t h e  basin.  These f a c t o r s  vary from s i t e  t o  s i t e  and depend on pre- 
v a i l i n g  i n l e t  geometry. 

A c r i t i c a l  j e t t y  des ign  f a c t o r  i s  t o  e s t a b l i s h  t h e  l o c a t i o n  of the  land- 
ward end of the  weir s e c t i o n .  The j e t t y  s e c t i o n  connect ing t h e  weir wish t h e  
s h o r e l i n e  should be s a n d t i g h t  t o  hold t h e  u p d r i f t  beach i n  a  dynarcicaily 
s t a b l e  planform. The l e n g t h  of t h e  s a n d t i g h t  shore  s e c t i o n  i s  determined from 
t h e  d e s i r e d  u p d r i f t  beach conf igura t ion .  I f  t h e  s a n d t i g h t  s e c t i o n  i s  too 
s h o r t ,  t h e  e r o s i o n  which occurs  dur ing r e v e r s a l s  may endanger a  s i g n i f i c a n r  
a r e a  u p d r i f t  of t h e  i n l e t ;  i f  too long,  a  l a r g e  volume of sand accumulases i n  
t h e  u p d r i f t  beach. I d e a l l y ,  t h e  amount of sand s t o r e d  i n  t h e  u p d r i f t  f i l l e t  
should  be t h e  amount needed t o  nour i sh  u p d r i f t  beaches when t h e  longshore  sand 
t r a n s p o r t  i s  i n  the  u p d r i f t  d i r e c t i o n .  

Weir s e c t i o n s  i n  e a r l i e r  p r o j e c t s  (Perdido Pass,  Alabama; East  Pass,  
F l o r i d a ;  and Masonboro I n l e t )  a r e  of s h e e t - p i l e  c o n s t r u c t i o n ;  r e c e n t  p r o j e c t s  
( M u r r e l l s  and L i t t l e  f i v e r  I n l e t s )  have been designed wi th  rubble-mound weirs. 
Shee t -p i l e  weir  s e c t i o n s  were c o n s t r u c t e d  because of t h e i r  r e l a t i v e l y  low 
i n i t i a l  c o s t  when compared t o  rubble  c o n s t r u c t i o n ;  however, smooth-faced 
s h e e t - p i l e  weirs  have been found t o  r e f l e c t  waves and cause confused wave 
c o n d i t i o n s  i n  t h e i r  v i c i n i t y .  The e f f e c t  of t h e s e  confused wave c o n d i t i o n s  on 
sediment t r a n s p o r t  a c r o s s  the  weir i s  unknown; however, they a r e  considered 
d e t r i m e n t a l .  Currents  a long t h e  weir  a r e  a l s o  more l i k e l y  t o  occur  i f  shee t -  
p i l e  c o n s t r u c t i o n  i s  used. These c u r r e n t s  may r e s u l t  i n  a  decrease  i n  t r ans -  
p o r t  over t h e  weir  and an  i n c r e a s e  i n  t r a n s p o r t  a long t h e  we i r ,  wi th  t h e  sand 
e v e n t u a l l y  e n t e r i n g  t h e  nav iga t ion  channel,  P resen t  p r a c t i c e  i s  t o  c o n s t r u c t  
t h e  weir  s e c t i o n  of rubb le  wi th  one o r  more rows of quar rys tone  wi th  t h e i r  
c r e s t s  a t  t h e  d e s i r e d  weir e l e v a t i o n  t o  minimize the  confused wave c o n d i t i o n s  



c o n d i t i o n s  a t  t h e  weir  and a l s o  t o  decrease  t h e  tendency f o r  adverse  c u r r e n t s  
t o  form. The amount of wave a c t i o n  on t h e  leeward s i d e  of t h e  weir is a l s o  
reduced because of t h e  b e t t e r  wave a t t e n u a t i o n  c h a r a c t e r i s t i c s  of a  rubb le  
we i re  Figure  8 shows a  t y p i c a l  rubble-weir s e c t i o n .  

Toe Protection 

Note:  Dimensions and Stone Size w i l l  
Va ry  wi th Local Conc'ltions 

Figure  8. Typical  weir  c r o s s  s e c t i o n .  f o r  a rubble-mound weir. 

Rubble s t r u c t u r e s  provide some f l e x i b i l i t y  i n  a d j u s t i n g  t h e  weir  t o  accom- 
modate unforseen  t r a n s p o r t  c o n d i t i o n  v a r i a t i o n s  f o r  which t h e  system may no t  
have been designed.  Since the  c u r r e n t  a b i l i t y  t o  a c c u r a t e l y  and adequa te ly  
d e s c r i b e  t h e  longshore  t r a n s p o r t  environment i s  poor, f l e x i b i l i t y  i n  a d j u s t i n g  
the  t r a n s p o r t  c h a r a c t e r i s t i c s  of the  weir s e c t i o n  is h igh ly  d e s i r a b l e  t o  cope 
w i t h  r e v e r s a l s  and anomalies i n  t h e  per iod of record.  E a r l y  a t t e m p t s  t o  
achieve f l e x i b i l i t y  by use of king p i l e s  wi th  removable panels  were unsuccess- 
f u l ,  mainly because of s t r u c t u r a l  problems w i t h  removing and i n s e r t i n g  panels  
a f t e r  the  s t r u c t u r e  s e t t l e d  i n  response t o  wave and s o i l  f o r c e s .  These prob- 
lems do not  a r i s e  w i t h  rubble  c o n s t r u c t i o n  a l though  any m o d i f i c a t i o n  of a  
rubble-weir s e c t i o n  is  c o s t l y  and r e q u i r e s  t h e  use of heavy c o n s t r u c t i o n  
equipment. Cost was a f a c t o r  i n  s e l e c t i n g  r u b b l e  we i r s  f o r  both  Murre l l s  and 
L i t t l e  River I n l e t s  where es t imated  c o n s t r u c t i o n  c o s t s  f o r  s h e e t - p i l e  we i r s  
exceeded t h e  c o s t  of t h e  s e l e c t e d  rubble-weir c o n f i g u r a t i o n .  The use of 
rubble  f o r  t h e  weir s e c t i o n  is  s t r o n g l y  recommended. 

The performance of t h e  n o r t h  j e t t y  a t  St. Lucie I n l e t ,  F l o r i d a ,  s u g g e s t s  
the  p o s s i b i l i t y  of des igning a  permeable j e t t y  t h a t  f u n c t i o n s  a s  a  weir. An 
advantage of such a  system i s  t h e  inc reased  wave p r o t e c t i o n  a f f o r d e d  t o  a 
dredge o p e r a t i n g  i n  i t s  l e e .  St. Lucie I n l e t ,  however, is  not  t y p i c a l  s i n c e  
t h e  d e p o s i t i o n  a r e a  i s  no t  i n  t h e  l e e  of t h e  u p d r i f t  j e t t y  but  i n  a s p i t  t h a t  
develops i n s i d e  t h e  i n l e t  (Fig.  9).  Sediment pass ing  through t h e  weir  i s  
c a r r i e d  by f l o o d  c u r r e n t s  i n t o  t h e  i n l e t  where i t  i s  depos i t ed  i n  a  s p i t  which 
grows a long the  i n l e t  shore  i n t o  the  bay. The s p i t  i s  dredged p e r i o d i c a l l y  
and t h e  sand bypassed. The e f f e c t i v e n e s s  of t h e  system i s  p a r t l y  a t t r i b u t a b l e  
t o  the  l o c a l  i n l e t  geometry and t o  the  p a r t i c u l a r  wave c o n d i t i o n s  a t  t h e  site. 
However, a  permeable weir  may be more c o s t l y  because of t h e  a d d i t i o n a l  s t o n e  
requ i red  t o  f i l l  the  weir  s e c t i o n .  

The cho ice  of weir  type and alinement l a r g e l y  depends on t h e  ( a )  s i t e -  
s p e c i f i c  c o n d i t i o n s ,  (b) l o c a t i o n  of e x i s t i n g  s h o a l s ,  ( c )  a v a i l a b i l i t y  of a 
s u i t a b l e  d e p o s i t i o n  b a s i n  a r e a  e i t h e r  a d j a c e n t  t o  t h e  weir  o r  f a r t h e r  back 
i n  t h e  i n l e t ,  and (d)  r e l a t i v e  c o s t  of t h e  v a r i o u s  a l t e r n a t i v e  types  of 
c o n s t r u c t  ion.  
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Figure  9. Deposi t ion a r e a  i n  a  s p i t  a t  St. Lucie I n l e t ,  F lo r ida .  

4. Deposi t ion Basin. 

C h a r a c t e r i s t i c s  t h a t  must be determined i n  a  des ign  of t h e  d e p o s i t i o n  a r e a  
a r e  b a s i n  l o c a t i o n ,  shape,  and capac i ty .  

Basin l o c a t i o n  and shape a r e  d i c t a t e d  mostly by e x i s t i n g  i n l e t  geometry 
and t h e  d e s i r e d  l o c a t i o n  of the  n a v i g a t i o n  channel.  The d e p o s i t i o n  a rea  i s  
u s u a l l y  a d j a c e n t  t o  o r  behind t h e  weir  s e c t i o n  a s  i n  t h e  c a s e  of a  shore- 
p a r a l l e l  weir  (e.g., a t  H i l l s b o r o  I n l e t ) .  The bas in  should be pos i t ioned  f a r  
enough from t h e  base of t h e  weir  and j e t t y  t o  preclude t h e  j e t t y  from s l i d i n g  
i n t o  t h e  bas in  as a  r e s u l t  of s lope  f a i l u r e .  In some c a s e s ,  t h e  d e p o s i t i o n  
a r e a  may be l o c a t e d  a d i s t a n c e  from t h e  weir  i n  t h e  form of a  s a n d s p i t  t h a t  
may develop i n  the  bay behind t h e  i n l e t  t h r o a t ,  e.g., St. Lucie I n l e t .  The 
expected response of t h e  n a v i g a t i o n  channel t o  j e t t y  c o n s t r u c t i o n  must be 
considered i n  s e l e c t i n g  the  l o c a t i o n  of t h e  d e p o s i t i o n  bas in .  S h e l t e r i n g  of 
t h e  n a v i g a t i o n  channel by t h e  j e t t i e s  and thus  excluding t h e  normal sand 
t r a n s p o r t  i n t o  t h e  channel u s u a l l y  r e s u l t s  i n  channel r e o r i e n t a t i o n  s h o r t l y  
a f t e r  c o n s t r u c t i o n .  Removal of some f a c t o r s  t h a t  hold  t h e  unimproved i n l e t  i n  
a s t a t e  of e q u i l i b r i u m  may lead  t o  channel migra t ion  i n t o  the  proposed deposi-  
t i o n  a rea .  Providing room f o r  a  d e p o s i t i o n  b a s i n  between two j e t t i e s  u s u a l l y  
r e q u i r e s  an  "arrowhead" j e t t y  l ayou t  o r  a  modi f i ca t ion  the reof .  If t h e r e  i s  a  
tendency f o r  t h e  n a v i g a t i o n  channel t o  meander, i t s  movement i n t o  t h e  deposi-  
t i o n  bas in  i s  poss ib le .  In t h i s  c a s e ,  a  t r a i n i n g  dike  may be r e q u i r e d  t o  f i x  
t h e  channel  l o c a t i o n  between t h e  j e t t i e s  i n  t h e  reach  from t h e  i n l e t  en t rance  
a t  t h e  seaward end of t h e  j e t t i e s ,  p a s t  the  d e p o s i t i o n  bas in  and i n t o  t h e  
i n l e t  t h r o a t  (Fig. 10). Cons t ruc t ion  of such a  d ike ,  i f  needed, w i l l  con- 
t r i b u t e  t o  the  c o s t  of a  w e i r - j e t t y  bypassing system even though i t s  c r e s t  
e l e v a t i o n  need no t  be high. 
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Figure  10. Tra in ing  d i k e  t o  c o n t r o l  l o c a t i o n  of 
n a v i g a t i o n  channel i n  a  w e i r - j e t t y  system. 

Two f a c t o r s  which i n f l u e n c e  t h e  r e q u i r e d  d e p o s i t i o n  b a s i n  c a p a c i t y  a r e  t h e  
longshore  sand t r a n s p o r t  r a t e s  i n t o  the  i n l e t  and t h e  es t imated  frequency a t  
which t h e  b a s i n  w i l l  be dredged. A t  s i t e s  where p h y s i c a l  c o n s t r a i n t s  on depo- 
s i t i o n  b a s i n  s i z e  may e x i s t  due t o  i n l e t  geometry, t h e  longshore  t r a n s p o r t  
r a t e  and maximum a l l o w a b l e  d e p o s i t i o n  bas in  s i z e  w i l l  e s t a b l i s h  t h e  frequency 
of dredging.  

E x i s t i n g  systems a r e  in tended  t o  be dredged annua l ly  but t h e  d e p o s i t i o n  
bas ins  have been designed t o  hold a  2-year s t o r a g e  a s  a  s a f e t y  f a c t o r *  Thus, 
t h e  r e q u i r e d  c a p a c i t y  of t h e  b a s i n  w i l l  be twice  t h e  annual  volume t r a n s p o r t  
i n t o  it. The amount t r a n s p o r t e d  i n t o  the  bas in  w i l l  be between a  minimum 
e q u a l  t o  t h e  n e t  t r a n s p o r t  a t  t h e  i n l e t  and a  maximum equa l  t o  t h e  t o t a l  down- 
c o a s t  t r a n s p o r t .  That is ,  i f  t h e  annual downcoast t r a n s p o r t  i s  QR and t h e  
upcoas t  t r a n s p o r t  i s  QL w i t h  QR > QL, then t h e  amount t r apped  per year  w i l l  
be between the  minimum of QR - QL = Qnet and a  maximum of QR, assuming t h a t  
no sand is l o s t  o f f shore .  If dredging i s  scheduled f o r  a  2-year c y c l e ,  t h e  
c a p a c i t y  of t h e  b a s i n  should be 2QR t o  a s s u r e  adequate  s t o r a g e  volume. If  
t h e  annual  t r a n s p o r t  i s  h igh ly  v a r i a b l e  from year  t o  year ,  a d d i t i o n a l  depo- 
s i t i o n  bas in  c a p a c i t y  may be necessary  t o  provide s u f f i c i e n t  s t o r a g e  f o r  2  
consecu t ive  h i g h - t r a n s p o r t  years .  An a l t e r n a t i v e  i s  t o  dredge more f r e q u e n t l y  
dur ing such anomalous occurrences .  

I n  t h e  f i r s t  few y e a r s  a f t e r  j e t t y  c o n s t r u c t i o n  t h e  amount of sand e n t e r -  
ing  t h e  d e p o s i t i o n  b a s i n  may exceed the  normal longshore  t r a n s p o r t  t o  t h e  



i n l e t o  Because of t h e  c o n s t r u c t i o n ,  ebb t i d a l  c u r r e n t s  w i l l  no l o n g e r  hold 
p a r t  of the  ocean bar o f f s h o r e  of t h e  i n l e t ;  t h e  ebb c u r r e n t s  a r e  d i r e c t e d  
o f f s h o r e  i n  a  narrow h y d r a u l i c  jet a l lowing waves t o  move a  p a r t  of the  
o f f s h o r e  bar shoreward and e v e n t u a l l y  i n t o  t h e  d e p o s i t i o n  b a s i n ,  Dredging 
dur ing  t h e  f i r s t  s e v e r a l  y e a r s  a f t e r  c o n s t r u c t i o n  may t h e r e f o r e  exceed normal 
requirements .  A p a r t  of the  o f f s h o r e  bar may remain seaward of t h e  newly 
c o n s t r u c t e d  j e t t i e s  but i t  w i l l  be much s m a l l e r  i n  s i z e  than t h e  precon- 
s t r u c t i o n  bar.  

I n i t i a l  dredging of t h e  d e p o s i t i o n  b a s i n  and n a v i g a t i o n  channels  o f t e n  
r e q u i r e s  removal of more sand than is necessa ry  f o r  c o n s t r u c t i o n  of sand d i k e s  
o r  o t h e r  p r o j e c t  appurtenances.  Although t h e  m a t e r i a l  may no t  be requ i red  
i n i t i a l l y ,  i t  is a  va luab le  resource  and should be s t o c k p i l e d  a s  dunes a long 
t h e  u p d r i f t  and downdri f t  f i l l e t s  f o r  p o s s i b l e  f u t u r e  use  a s  beach nourishment 
along a d j a c e n t  beaches and a s  an a d d i t i o n a l  defense  a g a i n s t  breaches o u t s i d e  
t h e  j e t t i e s .  

5. U ~ d r i f t  Beach. 

Alinement of t h e  updr i f  t beach is governed by t h e  wave environment and 
wave r e f l e c t i o n ,  r e f r a c t i o n ,  and d i f f r a c t i o n  i n  t h e  v i c i n i t y  of t h e  j e t t y  
s t r u c t u r e s .  Genera l ly ,  beach width Rear t h e  u p d r i f t  j e t t y  i s  e s t a b l i s h e d  by 
the  l e n g t h  of t h e  s a n d t i g h t ,  shore-connected l e g  of t h e  j e t t y .  S h o r e l i n e  
l o c a t i o n  a long t h e  u p d r i f t  beach a t  any i n s t a n t  depends on t h e  longshore  
t r a n s p o r t  h i s t o r y  a t  the  s i t e .  M t e r  extended per iods  of downcoast t r a n s p o r t ,  
t h e  f i l l e t  a d j a c e n t  t o  t h e  weir  w i l l  u s u a l l y  be f u l l  and t h e  beach wide; a f t e r  
pe r iods  of upcoast  t r a n s p o r t  the  f i l l e t  may be empty (except  f o r  t h e  s h e l t e r e d  
a r e a  immediately i n  t h e  l e e  of t h e  j e t t y )  and t h e  beach r e l a t i v e l y  narrow. 
The magnitude of f l u c t u a t i o n s  i n  s h o r e l i n e  l o c a t i o n  i s  determined by wave 
h e i g h t ,  p e r i o d ,  and d i r e c t i o n  v a r i a b i l i t y .  The c o n d i t i o n  of t h e  u p d r i f t  beach 
a t  any time depends on the  t r a n s p o r t  c o n d i t i o n s  t h a t  p r e v a i l e d  before  the  t ime 
of obse rva t ion .  P r e d i c t i o n  of beach response r e q u i r e s  a knowledge of the 
longshore  t r a n s p o r t  environment t h a t  i n c l u d e s  t h e  frequency and d u r a t i o n  of 
r e v e r s a l s  as w e l l  a s  t h e  n e t  and g r o s s  t r a n s p o r t  r a t e s .  Severa l  methods which 
a r e  a v a i l a b l e  f o r  p r e d i c t i n g  beach response t o  the  c o n s t r u c t i o n  of j e t t i e s  
range from s imple  e x t r a p o l a t i o n  of t h e  e x i s t i n g  u p d r i f t  beach a l inement  toward 
the  i n l e t  t o  t h e  mathematical  s i m u l a t i o n  of beach changes by performing 
sediment balance c a l c u l a t i o n s  f o r  s m a l l  beach c e l l s .  

Downdrift Beach. 

S h o r e l i n e  a l inement ,  range of s h o r e l i n e  f l u c t u a t i o n s ,  and l o c a t i o n  of t h e  
bypassed sand d i s p o s a l  a r e a  a r e  c h a r a c t e r i s t i c s  of the  downdrift  beach  hat 
need t o  be determined. Like t h e  u p d r i f t  beach, t h e  a l inement  of t h e  downdri f t  
beach and t h e  range of onshore-offshore movement of the  s h o r e l i n e  depend on 
t h e  longshore  t r a n s p o r t  environment and t r a n s p o r t  h i s t o r y  a t  t h e  s i t e ,  the 
frequency and magnitude of bypassing o p e r a t i o n s ,  and where t h e  bypassed sand 
i s  placed a long t h e  downdri f t  beach. If t h e  bypassed sand i s  placed t o o  d o s e  
t o  the  downdri f t  j e t t y ,  t h e  sand could move i n t o  the  l e e  of the  j e t t y  and Eaih 
t o  n o u r i s h  downdri f t  beaches. 

Timing of t h e  bypassing o p e r a t i o n  i s  a l s o  a  f a c t o r .  If  bypassing is 
performed when t r a n s p o r t  i s  i n  the  upcoast  d i r e c t i o n ,  bypassed sand w i l l  be 
c a r r i e d  toward t h e  i n l e t  and m y  e n t e r  t h e  n a v i g a t i o n  channel. Bypassing 



should be scheduled f o r  t imes dur ing t h e  year  when t h e r e  i s  a  high p r o b a b i l i t y  
t h a t  bypassed sand w i l l  be c a r r i e d  away from t h e  i n l e t  t o  downdrift  beaches. 
Cons idera t ion  of a l l  t h e s e  f a c t o r s  r e q u i r e s  knowledge of t h e  t r a n s p o r t  
environment,  p a r t i c u l a r l y  seasona l  v a r i a t i o n s  i n  t r a n s p o r t  d i r e c t i o n  and 
magnitude. 

Planning should t ake  i n t o  account a c q u i s i t i o n  of easements a long a r e a s  of 
both the  u p d r i f t  and downdrift  beaches f o r  placement of bypassed sand and f o r  
s t o c k p i l i n g  sand. The areas, which se rve  a s  f e e d e r  beaches t o  provide sand t o  
a d j a c e n t  a r e a s ,  must be l o c a t e d  f a r  enough from t h e  i n l e t  t o  avoid the  wave 
shadow of t h e  j e t t y  s t r u c t u r e s  and t o  preclude l a r g e  amounts of sand from 
r e t u r n i n g  t o  the  i n l e t  dur ing short-term r e v e r s a l s  i n  t r a n s p o r t .  

The same methods f o r  p r e d i c t i n g  u p d r i f t  beach response  t o  t h e  c o n s t r u c t i o n  
of j e t t i e s  can be a p p l i e d  t o  the  downdrift  beach (d i scussed  i n  more d e t a i l  i n  
S e c t i o n  X). 

IV. WEIR HYDRAULICS 

Weir j e t t i e s  s e r v e  a  h y d r a u l i c  func t ion .  During f l o o d t i d e  when water  
l e v e l s  exceed t h e  we i r -c res t  e l e v a t i o n  a  p a r t  of t h e  i n l e t ' s  t i d a l  prism flows 
a c r o s s  the  w e i r  i n t o  t h e  i n l e t .  During ebb flow, much of t h e  water t h a t  has  
e n t e r e d  t h e  i n l e t  over t h e  weir  flows out  through t h e  n a v i g a t i o n  channel. 
The weir  thus  causes  a  g r e a t e r  ebb flow out between t h e  j e t t i e s  than e n t e r s  
between t h e  j e t t i e s  dur ing  floodflow. 

G r e a t e r  ebb flow causes  ebb c u r r e n t  v e l o c i t i e s  i n  t h e  n a v i g a t i o n  channel 
t o  exceed f lood  c u r r e n t  v e l o c i t i e s  and r e s u l t s  i n  n a t u r a l  f l u s h i n g  of s e d i -  
ments from t h e  channel. The amount of ebb dominance r e s u l t i n g  from t h e  weir  
depends on s e v e r a l  f a c t o r s .  The phase l a g  of the  t i d e  l e v e l  on the  w e i r ' s  
channel  s i d e  behind t h e  t i d e  l e v e l  on t h e  oceanside  causes  a  head d i f f e r e n c e  
and d r i v e s  a  c u r r e n t  a c r o s s  the  weir. In a d d i t i o n ,  t h e  r e l a t i v e  ampl i tude of 
t h e  t i d e  on each s i d e  of t h e  weir  i n f l u e n c e s  t h e  c u r r e n t .  Typ ica l  t i d a l  
curves  measured a c r o s s  a l a b o r a t o r y  weir j e t t y  a r e  shown i n  Figure 11. Phase 
l a g  and t i d a l  ampl i tude d i f f e r e n c e  a c r o s s  t h e  we i r  depend on t h e  i n l e t  
h y d r a u l i c s  a s  c h a r a c t e r i z e d  by Keulegan's K ( see  Sorensen,  1977) and by t h e  
proposed j e t t y  system geometry. 

A major f a c t o r  i n f l u e n c i n g  v e l o c i t y  assymetry is  wei r -c res t  e l e v a t i o n .  
Lower weirs a l low more flow t o  e n t e r  t h e  i n l e t  dur ing f l o o d t i d e ,  but a l s o  
a l low more ebb flow t o  escape a c r o s s  t h e  weir. Waves a l s o  t r a n s p o r t  water 
over the  weir and c o n t r i b u t e  t o  ebb-flow dominance. Since h igher  waves gen- 
e r a l l y  a c t  only on t h e  w e i r ' s  oceanside ,  wave t r a n s p o r t  of water  a c r o s s  t h e  
weir  i s  i n t o  t h e  i n l e t .  There is l i t t l e  o r  no corresponding seaward wave 
t r a n s p o r t  out  of t h e  i n l e t .  Wave s e t u p  on t h e  oceanside  of t h e  weir  a l s o  
c o n t r i b u t e s  t o  t h e  head d i f f e r e n c e  a c r o s s  the  weir and causes  flow i n t o  t h e  
i n l e t .  Each of t h e s e  f a c t o r s  c o n t r i b u t e s  toward keeping ebb c u r r e n t  ve loc i -  
t i e s  g r e a t e r  than f lood  c u r r e n t  v e l o c i t i e s  through the  n a v i g a t i o n  channel and 
t h u s  assists i n  p reven t ing  channel  shoal ing.  

The amount of water c a r r i e d  over the  weir because of t i d a l  phase and 
ampl i tude d i f f e r e n c e s  between t h e  ocean and channel s i d e s  of t h e  weir  can be 
es t imated  using an a p p r o p r i a t e  weir flow formula. If t h e  weir  s e c t i o n  has a  
wel l -def ined c r e s t  e l e v a t i o n  such a s  would e x i s t  f o r  a  s h e e t - p i l e  weir ,  t h e  
d i scharge  per u n i t  l e n g t h  of weir  c r e s t  can be c a l c u l a t e d  from (see  Fig. 12 )  
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F i g u r e  12. D e f i n i t i o n  ske tch  of f low across 
we i r  with a e r a t e d  nappe.  



where 

4 = d i s c h a r g e  of wa te r  per  u n i t  of we i r -c res t  l e n g t h  

@ = weir d i scharge  c o e f f i c i e n t  (which f o r  the  r e q u i r e d  accuracy can 
be assumed c o n s t a n t  = 0.6) 

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

hl = head above t h e  weir  c r e s t  

Equat ion ( 7 )  a p p l i e s  when t h e  nappe of t h e  overflow i s  a e r a t e d ,  i . e . ,  when t h e  
water l e v e l  on ehe downstream s i d e  of the  weir is  below t h e  we i r -c res t  e leva-  
t i o n e  Tnis situation occurs  f o r  only a  s h o r t  time dur ing  a  t i d a l  c y c l e  s i n c e  
t h e  phase d i f f e r e n c e  between the  t i d e s  on each s i d e  of t h e  weir i s  u s u a l l y  
small (F ig .  33).  The more f r e q u e n t  s i t u a t i o n  occurs  when t h e  weir  c r e s t  is 
submerged a s  it  is  dur ing most of a  t i d a l  cyc le .  For t h i s  c a s e ,  t h e  d i s c h a r g e  
i s  given by 

where h is  the  downstream head over the  weir c r e s t  and t h e  o t h e r  v a r i a b l e s  
2 

a r e  as def ined  f o r  e q u a t i o n  ( 7 )  (Fig.  14) .  The c a l c u l a t i o n  of weir  d i scharge  
is  i l l u s t r a t e d  by example problem I. 

T i m ?  ( f r a c t i o n  o f  t ~ d a l  c y c i e ) , + / T  

Figure ,30 Condi t ions  of weir  f low a t  v a r i o u s  t imes dur ing  a  t i d a l  cycle .  



S u b m e r g e d  Wei r  Dur ing F l o o d f  l o w  

F i g u r e  14. D e f i n i t i o n  s k e t c h  of f low a c r o s s  
weir  with subnerged nappe. 

GIVEN: The t i d e s  on the  channel  and ocean s i d e s  of a weir  j e t t y  a r e  a s  
shown i n  F igure  11. 

FIND: Determine t h e  t ime v a r i a t i o n  of t h e  d i s c h a r g e  p e r  u n i t  width  of we i r  
c r e s t  i f  ( a )  the  weir  c r e s t  is a t  MTL, and ( b )  the  weir c r e s t  is 1,5 f e e t  
below MTL. Find t h e  average d i scharge  f o r  each c a s e  and t h e  t o t a l  volume 
of water  per f o o t  of weir l e n g t h  c a r r i e d  a c r o s s  t h e  weir. 

SOLUTION: The s o l u t i o n  of ( a )  above (weir  c r e s t  a t  HTL) i s  g iven  i n  Table 
2 and shown g r a p h i c a l l y  i n  Figure  15. Equation (8) is  used t o  compute 
t h e  v a l u e s  of q i n  t h e  t a b l e .  For example, when t / T  = 0,30, hl = 0.70 
f o o t  and h2 = 0.40 f o o t ;  t h e r e f  o r e ,  

The o t h e r  v a l u e s  of q a r e  s i m i l a r l y  computed. Note t h a t  f o r  t /T  
> 0.475, t h e  water l e v e l  on the  channel s i d e  of the  weir  i s  above t h e  - 
wate r  l e v e l  on t h e  oceans ide  and the  d i r e c t i o n  of f low reverses .  The 
va lues  of hl and h2 a r e  then taken from columns 3 and 2 i n  Table 2 ,  
r e s p e c t i v e l y .  



Table 2. Weir d i scharge  c a l c u l a t i o n s  f o r  weir  
c r e s t  a t  MTL. 

l 0 b t a i n e d  from t i d a l  curve  f o r  oceanside  of we i r  
i n  F i g u r e  11. 

2 0 b t a i n e d  from t i d a l  curve  f o r  channel  s i d e  of 
weir  i n  F igure  11. 
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Figure  15. Discharge over weir  as a  f u n c t i o n  of time dur ing  a  t i d a l  
c y c l e  (we i r  1.5 f e e t  below MTL). 



The average f loodf low d i scharge  r a t e  i s  2.57 cub ic  f e e t  per  second- 
f o o t  and,  from the  a r e a  under the  curve ,  t h e  f low volume per f o o t  of weir  
c r e s t  dur ing  f l o o d t i d e  i s  25,800 cub ic  f e e t  per  f o o t .  For ebb f low,  t h e  
average d i s c h a r g e  r a t e  i s  2.83 cub ic  f e e t  per second-foot and t h e  volume 
i s  only 15,800 cub ic  f e e t  per  f o o t .  The r e s u l t s  f o r  (b)  above (weir  
c r e s t  1.5 f e e t  below MTL) a r e  g iven i n  Table 3 and shown g r a p h i c a l l y  i n  
F igure  16. The average  d i scharge  r a t e  i s  4.50 c u b i c  f e e t  per second-foot 
dur ing f l o o d t i d e  and 4.52 cubic  f e e t  per second-fooc dur ing ebb t ide .  The 
cor respond ing  volumes per f o o t  of weir  l e n g t h  a r e  65,200 cub ic  f e e t  per  
second-foot and 25,200 cubic  f e e t  per f o o t  on f l o o d  and ebb t i d e s ,  
r e s p e c t i v e l y .  

Tab le  3. Weir d i s c h a r g e  c a l c u l a t i o n s  f o r  
w e i r  c r e s t  1 . 5  f e e t  below XCL. 

l o b t a i n e d  front t i d a l  c u r v e  f o r  o c e a n s i d e  of weir 
i n  F i g u r e  11. 

2 0 b t d i n e d  from t i d a l  c u r v e  f o r  c h a n n e l  s i d e  of  
we i r  i n  F i g u r e  11. 

When t h e  we i r -c res t  e l e v a t i o n  i s  1.5 f e e t  below MTL t h e r e  i s  a  l a r g e r  
d i f f e r e n c e  between t h e  in f low and outf low volumes; i . e . ,  65,200 - 25,200 
= 40,000 cub ic  f e e t  pe r  second-foot a s  compared w i t h  25,800 - 15,800 
= 10,000 cubic  f e e t  per second-foot when t h e  weir  c r e s t  i s  a t  MTL. 

Changes i n  t h e  weir  e l e v a t i o n ,  j e t t y  geometry,  and 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  w i l l  cause  changes i n  the  t i d a l  curves  on the  i n l e t  s i d e  
of t h e  weir. S ince  t h e  t i d a l  cu rves  i n  Figure  11 were ob ta ined  i n  a  
model t e s t  wi th  a  weir  e l e v a t i o n  a t  MTL, they w i l l  not  e x a c t l y  p e r t a i n  
t o  t h e  c o n d i t i o n  when t h e  weir  i s  1.5 f e e t  below MTL. There fo re ,  t h e  
s o l u t i o n  t o  t h i s  p a r t  of t h e  problem is  on ly  an approximation.  The 
problem i s  de te rmin ing  a  p r i o r i  t h e  t i d a l  cu rves  and phase l a g  t h a t  w i l l  
be ob ta ined  f o r  the  j e t t y  geometry and weir e l e v a t i o n  of a  g iven i n l e t .  
A t  p r e s e n t ,  t h e  only  way t o  e s t a b l i s h  t h e  h y d r a u l i c  c h a r a c t e r i s t i c s  of an  
i n l e t - w e i r  system i s  t o  conduct a  h y d r a u l i c  model s tudy.  A t  the  same 
t ime a s  t h e  i n l e t  t i d a l  curves  a r e  de r ived  from t h e  model, t h e  f r a c t i o n  
of t h e  t i d a l  prism e n t e r i n g  t h e  i n l e t  a c r o s s  t h e  weir can a l s o  be 
determined.  

The volume of wa te r  c a r r i e d  over t h e  weir  by wave over topping can be 
es t ima ted  from methods p resen ted  i n  Sec t ion  7,22 of the  SPM (U.S. Army, 



Figure  16. Discharge over welr  a s  a  f u n c t i o n  of time dur ing  a  t i d a l  c y c l e  
(we i r  1.5 f e e t  below MTL). 

Corps of Engineers ,  Coas ta l  Engineering Research Center ,  1977). This 
invo lves  determining t h e  time v a r i a t i o n  of f reeboard dur ing a  t i d a l  c y c l e  
and t h e  v a r i a t i o n  of water  dep th  along the  weir  s e c t i o n ,  and then  from 
t h e s e  v a r i a t i o n s  computing t h e  over topping r a t e .  Since  t h e  weir s e c t i o n  
w i l l  no t  normally be pe rpend icu la r  t o  t h e  d i r e c t i o n  of wave approach,  t h e  
over topping volume computed should be reduced a p p r o p r i a t e l y .  In t h e  
absence of s p e c i f i c  c r i t e r i a  on which t o  base an over topping r a t e  reduc- 
t i o n ,  a  r educ t ion  f a c t o r  equa l  t o  the  square  of t h e  c o s i n e  of t h e  angle  
between t h e  weir  and incoming wave ray  is  suggested.  There fore ,  

where q '  i s  t h e  reduced over topping r a t e ,  q t h e  over topp ing  r a t e  i f  
t h e  waves were approaching perpend icu la r  t o  the  weir ,  and a the  ang le  
between t h e  i n c i d e n t  wave ray and t h e  a x i s  of t h e  weir. 

GIVEN: The beach p r o f i l e  a long t h e  v e r t i c a l  s h e e t - p i l e  s e c t i o n  of a j e t t y  
is a s  shown i n  Figure  17. The wave he igh t  a t  the  end of t h e  weir i s  3.0 
f e e t  and t h e  wave per iod  is  7.0 seconds. The t i d a l  curves  a r e  a s  given 
i n  Figure  11. The weir c r e s t  is a t  MTL and the waves approach t h e  weir 
a t  a 45" angle.  
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Figure  17. Beach p r o f i l e  a d j a c e n t  t o  weir s e c t i o n .  

FIND: Determine the  wave overtopping r a t e s  and the  t o t a l  volume of water  
c a r r i e d  over t h e  weir  by over topping i f  wave c o n d i t i o n s  remain c o n s t a n t  
over the  e n t i r e  t i d a l  cycle .  

SOLUTION: The f i r s t  s t e p  i s  t o  subdivide  t h e  we i r  i n t o  reaches  a c r o s s  
which the  over topping rate is assumed cons tan t .  For b r e v i t y ,  the  example 
we i r  i s  d iv ided  i n t o  only t h r e e  reaches.  The wate r  dep th  and wave he igh t  
a t  the  c e n t e r  of each reach a r e  assumed t o  determine t h e  over topping r a t e  
i n  t h e  e n t i r e  reach. The s o l u t i o n  i s  t a b u l a t e d  f o r  f i v e  water  depths  
dur ing a t i d a l  c y c l e  i n  Table 4. Column 1 g i v e s  t h e  water depth  a t  t h e  
c e n t e r  of t h e  reach  a t  t h e  i n d i c a t e d  time. Column 2 i s  t h e  l e n g t h  of t h e  
reach.  A t  low t i d e  ( t / T  = 0) t h e  s h o r e l i n e  is  w i t h i n  reach  2; hence,  
t h e  l e n g t h  of reach  2 i s  only 165 f e e t .  Column 3 is  t h e  f reeboard ,  t h e  
h e i g h t  of the  weir  a t  t h e  c e n t e r  of t h e  reach l e s s  the  water depth.  
Column 4 is  t h e  l o c a l  wave height .  The wave h e i g h t  i s  depth- l imi ted i n  
most cases  and is  t h e r e f o r e  given approximately  by Hb = 0.78ds or  Hb 
= 3.0 f e e t ,  whichever is smal ler .  Column 5 ( o b t a i n e d  from Fig. 7-5 of 
t h e  SPM) relates breaker  h e i g h t  t o  deepwater wave c h a r a c t e r i s t i c s  
assuming a  beach s l o p e  of 0.07. Columns 6 and 7  a r e  c a l c u l a t e d  from t h e  
t a b u l a t e d  v a l u e s ;  column 8 (from Fig, 7-14 of t h e  SPM) was used f o r  t h e  
c a l c u l a t i o n s  and e x t r a p o l a t e d  f o r  smal l  va lues  of H A / ~ T ~ .  Column 9 is  
the  r e l a t i v e  f reeboard  computed from columns 3  and 8. The a and Q: 
v a l u e s  i n  columns 10 and 11 a r e  e m p i r i c a l  c o e f f i c i e n t s  f o r  use i n  t h e  SPM 
over topping e q u a t i o n  (Weggel, 1976) and were ob ta ined  from Figure 7-24 of 
t h e  SPM by i n t e r p o l a t i n g  between t a b u l a t e d  po in t s .  The va lues  of a 
and Q: a r e  t h e r e f o r e  only approximate. The ranges  of ds/H; and H ' / ~ T ~  
were small, thus  a and Q: were assumed c o n s t a n t  equa l  t o  0.07f and 
0.04, r e s p e c t i v e l y .  Column 12 is  the  over topping r a t e  per f o o t  of weir  
c r e s t  g iven  by 



Table  4. Computation of wave over topp ing  r a t e s  for example problem 2 .  

21he v a l u e s  of q a r e  beyond t h e  range of v a l i d i t y  of t h e  over topping equa t ion  i n  t h e  SPM 
(h - d,/R < 0);  they probably ove rp red ic t  t h e  over topping r a t e  by a l a r g e  amount a s  h  - ds/R 
becomes much l e s s  than 0. 

1 

2 

3 

The t o t a l  over topping r a t e  f o r  the  reach c o r r e c t e d  f o r  ang le  of wave 
approach i s  g iven  i n  column 13. For t h e  example, Q = q P = Rq cos2 a 
= 0.5qR s i n c e  a = 45' and 4 = wei r -c res t  l e n g t h  f o r  t h e  reach.  

h example problem 2,  the  over topping equa t ion  (eq. 10) was used f o r  
c o n d i t i o n s  beyond i t s  range of v a l i d i t y  s i n c e  it  was used t o  compute q  f o r  
cases  where (h - ds)/R i s  l e s s  than zero.  The over topping r a t e s  f o r  t /T  
= 0.375 and t/T = 0.50 a r e  t h e r e f o r e  probably too high. A t  p r e s e n t  t h e r e  i s  
l i t t l e  o r  no in fo rmat ion  a v a i l a b l e  t o  p r e d i c t  over topping when (h - ds)/R i s  
l e s s  than zero. It seems reasonab le  t o  expect  over topping r a t e s  t o  con t inue  
t o  i n c r e a s e  f o r  v a l u e s  of (h - d,)/R s l i g h t l y  l e s s  than zero;  however, a s  
( h  - ds)/R approaches  ds/R e  , a s  h  -+ 0) , t h e  over topp ing  r a t e  must 
approach zero .  
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The over topp ing  r a t e  a s  a  f u n c t i o n  of time through a  t i d a l  c y c l e  i s  shown 
i n  Figure  18. A cu to f f  f o r  the  curve was a r b i t r a r i l y  assumed a t  Q = 600 cub ic  
f e e t  per  second. The a r e a  under t h e  curve i s  approximately  equa l  t o  t h e  
volume of water c a r r i e d  over the  weir by waves dur ing t h e  t i d a l  cycle .  Obvi- 
o u s l y ,  i f  t h e  wave c o n d i t i o n s  changed dur ing t h e  t i d a l  c y c l e  o r  i f  o t h e r  t i d a l  
cond i t ions  p r e v a i l e d ,  the  over topping volume would be d i f f e r e n t .  The e f f e c t  
of a  change i n  we i r  l e n g t h  on t h e  t o t a l  volume of over topping can a l s o  be 
i n v e s t i g a t e d .  

~ i m e  ( f r a c t i o n  of  ttdal cyc le ) ,  t /T  

F igure  18. Time v a r i a t i o n  of over topping r a t e ,  

V. WAVE CONDITIONS I N  DEPOSITION BAS I N  

An important  f a c t o r  i n  e s t a b l i s h i n g  t h e  we i r -c res t  e l e v a t i o n  i s  t h e  l e v e l  
of wave a c t i o n  t h a t  can be t o l e r a t e d  i n  the  d e p o s i t i o n  bas in .  The a l lowable  
l e v e l  of wave a c t i o n  i s  d i c t a t e d  by t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  of the  
dredge used t o  perform t h e  bypassing and by the  amount of p r o t e c t i o n  r e q u i r e d  
by v e s s e l s  n a v i g a t i n g  t h e  channel.  

The l e v e l  of wave a c t i o n  i n  t h e  d e p o s i t i o n  b a s i n  f o r  a  g iven wei r -c res t  
e l e v a t i o n  can be es t imated  from a v a i l a b l e  wave t ransmiss ion  formulas.  Assum- 
i n g  no wave energy e n t e r s  between t h e  j e t t i e s  and no wave energy passes  
through the  weir s e c t i o n ,  t r ansmiss ion  i s  by over topping only;  Goda's e q u a t i o n  
(Goda, Takeda, and Moriya, 1967; Goda, 1969; S e e l i g ,  1976) can then  be used, 
g iven by 

where 

Ht = t r a n s m i t t e d  wave h e i g h t  

Hi = i n c i d e n t  wave h e i g h t  

h  = h e i g h t  of s t r u c t u r e  c r e s t  above t h e  bottom 

ds = water depth  a t  the  s t r u c t u r e  



a and 6 a r e  e m p i r i c a l  c o e f f i c i e n t s  t h a t  depend on t h e  s t r u c t u r e ' s  charac- 
t e r i s t i c s .  Equation (11) i s  v a l i d  f o r  t h e  c o n d i t i o n  

when 

when 

For a  t h i n  v e r t i c a l  w a l l ,  a = 1.8 and f3 = 0.1, va lues  which app ly  t o  a t h i n  
s h e e t - p i l e  weir  s e c t i o n .  For a  v e r t i c a l - s i d e  breakwater wi th  i t s  bread th  
approximately  equal  t o  the  water d e p t h ,  a = 2.2 and B = 0.4. For rubb le  
s t r u c t u r e s  where t r a n s m i s s i o n  is  by over topping on ly ,  t h e  t r a n s m i s s i o n  c o e f f i -  
c i e n t ,  Ht/Hi is ( S e e l i g ,  1980) 

where B i s  t h e  c r e s t  width of t h e  s t r u c t u r e ,  and R t h e  wave runup h e i g h t  
above t h e  s t i l l w a t e r  l e v e l  (SWL) t h a t  would occur i f  the  s t r u c t u r e  c r e s t  were 
above t h e  l i m i t  of runup. For a  rubb le  s t r u c t u r e ,  t h e  runup i s  g iven  by 
Ahrens and McCartney (1975) a s  

where 

5 = s u r f  parameter g iven  by. 

t a n  O 
c; = 

a ,  b  = e m p i r i c a l  c o e f f i c i e n t s  equa l  t o  0.692 and 0.504, r e s p e c t i v e l y ,  
f o r  a  s t r u c t u r e  wi th  two l a y e r s  of rubb le  armor 

0 = ang le  t h e  seaward face  of t h e  weir s e c t i o n  makes with a 
h o r i z o n t a l  

Lo = t h e  deepwater wavelength g iven  by Lo = g ~ 2 / 2 ~ ~  wi th  T t h e  
i n c i d e n t  wave per iod and g the  a c c e l e r a t i o n  of g r a v i t y  

When t r a n s m i s s i o n  i s  both  through and over  t h e  rubble  s t r u c t u r e ,  Ht/Hi i s  
given by S e e l i g  (1979) a s  

where KO i s  a  t r a n s m i s s i o n  c o e f f i c i e n t  f o r  wave energy t r a n s m i t t e d  by over- 
topping and Kt  a t ransmiss ion  c o e f f i c i e n t  f o r  wave energy propagated through 
t h e  s t r u c t u r e .  



KO i s  ( H ~ / H ~ ) ~  where (Ht/Hi) can be c a l c u l a t e d  from e q u a t i o n  (12) .  Kt 
is  more d i f f i c u l t  t o  e v a l u a t e .  See l ig  (1979) provides  a  computer program t o  
c a l c u l a t e  t h e  combined t r a n s m i s s i o n  c o e f f i c i e n t .  

Wave h e i g h t s  i n  the  d e p o s i t i o n  bas in  vary wi th  t h e  t i d a l  s t a g e  a s  t h e  we i r  
c r e s t  submerges and emerges from t h e  water.  Maximum wave t r a n s m i s s i o n  u s u a l l y  
occurs  a t  high t i d e .  Ebb and f lood  t i d a l  c u r r e n t s  f lowing a c r o s s  the  weir  
a l s o  i n f l u e n c e  t h e  l e v e l  of wave a c t i o n  i n  t h e  d e p o s i t i o n  a r e a .  During f lood-  
f lows, the  waves a r e  g e n e r a l l y  lower and longer ;  dur ing ebb f lows,  t h e  waves 
s t eepen ,  becoming h igher  and s h o r t e r  f o r  t h e  same i n c i d e n t  wave cond i t ions .  

G I V E N :  A s i n u s o i d a l l y  va ry ing  t i d e  wi th  an  ampl i tude of 5.0 f e e t  a t  a  
v e r t i c a l  s h e e t - p i l e  weir .  The water depth  below MTL a t  the  weir i s  7.5 
f e e t .  The weir  c r e s t  i s  6  f e e t  above t h e  bottom (1.5 f e e t  below MTL). 
The wave he igh t  and per iod  a r e  Hb = 6.0 f e e t  and T  = 8.0 seconds.  

FIND: The wave h e i g h t  v a r i a t i o n  i n  t h e  d e p o s i t i o n  b a s i n  over  a  t i d a l  c y c l e  
assuming waves approach t h e  weir pe rpend icu la r ly .  

SOLUTION: The time h i s t o r y  of water l e v e l  a t  t h e  we i r  i s  shown i n  Figure  
19. For an impermeable s h e e t - p i l e  weir ,  equa t ion  (11) w i t h  a = 1.8 and 
= 0.1 can be used. The t r a n s m i s s i o n  c o e f f i c i e n t  i s  g i v e n  by 

H 6.0 - 
= 0.5 - s i n  [2( ds + O J ) ]  1 

Hi Hi 

s i n c e  h = 6.0 f e e t  and 2a = 3.6. The s o l u t i o n  is given i n  Table 5 and i s  
p resen ted  g r a p h i c a l l y  i n  Figure  20. Maximum wave t r a n s m i s s i o n  occurs  a t  
high t i d e  (ds = 10.0 f e e t )  wi th  Ht = 4.42 f e e t .  Table 5  i s  c a l c u l a t e d  by 
f i r s t  determining t h e  i n c i d e n t  wave height .  Since  t h e  wa te r  dep th  a t  t h e  
weir  is  only 5  f e e t ,  t h e  6-foot-high i n c i d e n t  wave w i l l  break seaward of 
t h e  weir. The maximum wave h e i g h t  t h a t  can occur a t  t h e  weir  i s  given 
approximately  by the  c o n d i t i o n  t h a t  Hi 0.78 db. There fore ,  Hi = 0.78 
(5.0) = 3.90 f e e t .  S u b s t i t u t i n g  i n t o  equa t ion  (11) 

H 6.0 - 5.0 
= 0.5 1 ,  - s i n [ - & - (  3.90 + 0. 1)] 
Hi 

Thus, Ht = 0.347 = 0.347(3.90) = 1.35 f e e t .  Note t h a t  e q u a t i o n  (11) 
i s  v a l i d  even though the  water l e v e l  i s  1 f o o t  below t h e  weir c r e s t .  The 
e q u a t i o n  i s  e q u a l l y  v a l i d  f o r  c o n d i t i o n s  when ds i s  g r e a t e r  than h. 
(See S e e l i g ,  1976.) 



- 1  i B o t t o m  E l e v a t i o n  = - 7.5 

Time ( f r a c t i o n  of  t i d a l  c y c l e ) ,  t / T  

3: 
0.1 0.2  0 .3  0 .4  0.5 0.6 0.7 0 . 8  0 .9  1.0 

Figure  19. Water l e v e l  a t  weir  a s  a f u n c t i o n  of t ime.  
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Table  5. Computation of wave t r a n s m i s s i o n  by 

I I I I I I I I I 1 
- 

/T\;idal C u r v e  

M I L  - -- 

over topping f o r  example problem 3. 

T i m e  
[ f r a c t i o n  of 
: i d a l  pe r iod)  

l ~ a v e s  a r e  dep th - l imi ted  and break seaward of 
w e i r ;  i n c i d e n t  wave h e i g h t s  a r e  g iven approxi-  
mately by Hi = 0.78 d. 

2 ~ e c a u s e  of t i d a l  curve  symmetry, s o l u t i o n  i s  
symmetric about t = 0.50. 
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F igure  20. Time v a r i a t i o n  of i n c i d e n t  and t r a n s m i t t e d  
wave h e i g h t s .  

GIVEN: The same c o n d i t i o n s  given f o r  the  preceding example; however, a 
r u b b l e  weir  i s  used wi th  a  c r e s t  width of 15 f e e t  and a  s i d e  s l o p e  of 1 
on 2. 

FIND: The wave h e i g h t  v a r i a t i o n  i n  t h e  d e p o s i t i o n  b a s i n  over  a  t i d a l  c y c l e  
assuming the  waves approach perpend icu la r  t o  t h e  weir. 

SOLUTION: For a  rubb le  weir ,  equa t ions  (12) and (13) can be used wi th  
a  = 0.692 and b  = 0.504.  The t ransmiss ion  c o e f f i c i e n t  i s  given by 

wi th  R given by e q u a t i o n  (13a)  
\ 

with (eq. 13b) 

t a n  0 

Resu l t s  of the  c a l c u l a t i o n s  a r e  given i n  Table 6; the  s o l u t i o n  i s  pre- 
s e n t e d  g r a p h i c a l l y  i n  Figure  21. Maximum wave t r a n s m i s s i o n  occurs  a t  
high t i d e  with Ht = 2.55 f e e t .  Note t h a t  t r a n s m i t t e d  wave h e i g h t s  f o r  
t h e  rubb le  weir  a r e  s i g n i f i c a n t l y  lower than t r a n s m i t t e d  wave h e i g h t s  f o r  
the  s h e e t - p i l e  weir of the  preceding example. 



Table 6. Computation of wave transmission by 
overtopping for example problem 4. 
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l~aves are depth-limited and break seaward of weir; 
incident wave heights are given approximately by 
H = 0.78 d. 

2~ecause of tidal curve symmetry, solution is symmetric 
about t = 0.50. 
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Figure 21. Time variation of incident and transmitted 
wave heights. 



V I .  EFFECT OF PROJECT ON SEDIMENT BUDGET 

1 Prepro j e c t  Sediment Budget. 

To develop an  o p e r a t i n g  plan and e s t a b l i s h  bypassing needs f o r  a  proposed 
weir j e t t y  p r o j e c t ,  a  thorough unders tanding of i n l e t  p rocesses  a t  t h e  p r o j e c t  
s i t e  i s  necessa ry ,  p a r t i c u l a r l y  t h e  p r e v a i l i n g  sand t r a n s p o r t  cond i t ions .  A 
p r e p r o j e c t  sediment budget f o r  t h e  i n l e t  should be c o n s t r u c t e d  from a l l  a v a i l -  
a b l e  d a t a ,  inc lud ing  ( a )  a e r i a l  photography; (b) beach p r o f i l e s  u p d r i f t  and 
downdrift  of t h e  i n l e t ;  ( c )  beach nourishment records ;  (d)  i n l e t  dredging 
r e c o r d s ;  ( e )  hydrographic  surveys  of t h e  i n l e t ,  s h o a l s ,  and ocean bar ;  
( f )  r e s u l t s  of dye and d r i f t e r  s t u d i e s ;  (g)  wave d a t a  ( t o  determine longshore  
sand t r a n s p o r t  r a t e s ) ;  and (h )  t r a n s p o r t  r a t e s  measured a t  nearby l o c a t i o n s .  
Wave d a t a  which inc lude  d i r e c t i o n  may be a v a i l a b l e  from h i n d c a s t s ,  Summaries 
of Synoptic Meteorological  Observations (SSMO); o r  v i s u a l  obse rva t ions .  Sev- 
e r a l  a l t e r n a t i v e  p o s t p r o j e c t  sediment budgets may subsequent ly  be eva lua ted  t o  
e s t a b l i s h  an  optimum o p e r a t i n g  procedure f o r  t h e  system. 

The development of a  sediment budget is b e s t  i l l u s t r a t e d  by an example. 
J a r r e t t  (1976) c o n s t r u c t e d  a sediment budget f o r  Bogue Banks, Shackleford 
Banks, and Beaufort I n l e t ,  an a r e a  j u s t  west of Cape Lookout i n  Brunswick 
County, North Carolina.  Data a v a i l a b l e  and developed f o r  h i s  beach s tudy  were 
surveys  of the  i n l e t  d a t i n g  back t o  1939, beach r e c e s s i o n  r a t e s ,  beach nour- 
ishment r e c o r d s ,  i n l e t  dredging r e c o r d s ,  hydrographic surveys  of i n l e t  s h o a l s ,  
SSMO wave d a t a ,  r e f r a c t i o n  a n a l y s e s ,  and informat ion on l o c a l  sea  l e v e l  r i s e .  
A concep tua l i zed  l a y o u t  of t h e  a r e a  is  shown i n  Figure  22. J a r r e t t  developed 
in format ion  on sand volume changes occur r ing  i n  the  t h r e e  elements of t h e  
sediment budget (Fbgue Banks, Shackleford Banks, and Beaufort  I n l e t ) .  The 
conserva t ion  of sand f o r  each element was expressed a s  

A+ 
Q i n  - Qout = 

where 

Q i n  = volumet r ic  sediment in f low r a t e  

Qout = volumetr ic  sediment outf low r a t e  

AfF  = change of sediment volume conta ined i n  t h e  element 

A t  = time i n t e r v a l  over which t h e  change took p lace  

The in f low of sediment t o  each element,  Qin A t ,  l e s s  t h e  sediment c a r r i e d  out 
of t h e  e lement ,  Qout A t ,  must balance t h e  change i n  sediment volume conta ined 
w i t h i n  t h e  element AY. The sources  of sediment g a i n  and l o s s  must be iden- 
t i f i e d .  For Bogue Banks (28,000 f e e t  l o n g ) ,  measured beach p r o f i l e s  s h i f t e d  
landward a t  an  average r a t e  of 4.2 f e e t  per  year  between 1936 and 1974,  t h e  
beginning and ending times of t h e  example sediment budget. Data on beach 
changes were ob ta ined  from surveys  and a n a l y s e s  of a e r i a l  photos. The 4.2- 
f o o t  average beach r e c e s s i o n  r a t e  conver t s  t o  a  change i n  volume equa l  t o  -4.2 
f e e t  per  year  x 28,000 f e e t  x 1.3 cub ic  yards per  square  f o o t  = -153,000 cubic  
yards per year.  The f a c t o r  1.3 cubic  yards per square  f o o t  ( s p e c i f i c  f o r  t h i s  
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Figure  22. Conceptual l ayou t  of Bogue Banks, Beaufort  
I n l e t ,  and Shacklef ord Banks, North Carol ina .  

s i t e )  i n d i c a t e s  t h a t  a volume change of about 35 cub ic  f e e t  of sand on t h e  
p r o f i l e  i s  needed t o  cause a 1-square-foot change i n  beach a r e a  (1-foot 
r e c e s s i o n  a long 1 f o o t  of beach). This va lue  w i l l  vary  from s i t e  t o  s i t e  but 
can be ob ta ined  from t h e  average depth  of c l o s u r e  of beach p r o f i l e s  taken a t  
v a r i o u s  t imes a t  a g iven  s i t e .  The s h o r e l i n e  r e c e s s i o n  on Shackleford Banks 
was -8.2 f e e t  per year ,  corresponding t o  a volume l o s s  of -245,000 cub ic  yards  
pe r  year  a long t h e  23,000 f e e t  of s h o r e l i n e .  

Changes i n  sand volume on t h e  ocean bar between 1936 and 1974 determined 
from hydrographic  su rveys  amounted t o  a t o t a l  sand l o s s  of 11,750,000 cub ic  
yards  or  an annual  r a t e  of -309,000 cubic  yards  per year.  Records i n d i c a t e  
t h a t  hopper dredging removed 23,920,000 cub ic  yards of sand from t h e  i n l e t  
between 1936 and 1974, g i v i n g  an annual l o s s  r a t e  of -629,000 cubic  yards  pe r  
year.  From hydrographic  surveys ,  accumulat ions  i n  t h e  bay a r e a  behind t h e  
i n l e t  amounted t o  58,000 cubic  yards per year  i n  Back Sound and 134,000 c u b i c  
yards  per year  i n  Bogue Sound f o r  a combined r a t e  of -192,000 cub ic  yards  per 
year.  

Two beach nourishment p r o j e c t s  were completed on Ebgue Banks between 1936 
and 1974; 92,800 cub ic  yards was placed i n  1965 and 105,000 cubic  yards  i n  
1969. If t h e  nourishment had been placed a t  a uniform r a t e  over  t h e  1936-74 
per iod i t  would have averaged 5,000 cubic yards per year.  Sand l o s s e s  o f f -  
s h o r e  a r e  assumed t o  r e s u l t  from sea  l e v e l  r i s e  and can be es t imated  us ing  
Bruun's (1962) method ( s e e  a l s o  Weggel, 1979). For Bogue Banks, 32,000 c u b i c  
yards  per year  i s  l o s t  o f f s h o r e ;  Shackleford Banks l o s e s  33,000 cub ic  yards 
per year.  

The amount of sand i n  transport:  along t h e  beaches d r i v e n  by wave-induced 
longshore  c u r r e n t s  w a s  e s t imated  from SSMO wave d a t a  ( s h i p  o b s e r v a t i o n s )  
brought from deep water t o  shore  us ing a r e f r a c t i o n  a n a l y s i s .  The c o e f f i c i e n t  
of p r o p o r t i o n a l i t y  r e l a t i n g  longshore sand t r a n s p o r t ,  Q R ,  with longshore  
wave energy f l u x  f a c t o r ,  P ,  can be taken a s  one of t h e  t h r e e  unknowns 
i n  the  system of t h r e e  s imul taneous  equa t ions  t h a t  r e s u l t  from the  sediment 
budget. A l l  va lues  of longshore  t r a n s p o r t  can be expressed a s  a f r a c t i o n  of 
the  eastward longshore  t r a n s p o r t  a t  the  e a s t  end of Bogue Banks. A schemat ic  
of t h e  inf low and ou t f low of sediments  from t h e  t h r e e  e lements  of t h e  sediment 
budget i s  presented i n  Figure 23. 'The t h r e e  unknowns def ined  i n  the  f i g u r e  
a r e :  QE, t h e  eas tward longshore  sand t r a n s p o r t  r a t e  a t  t h e  e a s t  end of Bogue 
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Figure  23. Schematized sediment budget a n a l y s i s  f o r  Beaufort  I n l e t ,  North 
Carol ina  (from Jarret t ,  1976). 

Banks (Note t h a t  a l l  longshore  sand t r a n s p o r t  r a t e s  a r e  expressed a s  a con- 
s t a n t  t imes t h i s  t r a n s p o r t  r a t e ;  hence, the  eastward longshore  t r a n s p o r t  r a t e  
a t  t h e  west end of Bogue Banks i s  1.1 QE whi le  t h e  westward r a t e  i s  0.26 QE, 
e t c . ) ;  BW, the  amount of sand bypassed t o  the  west from the  ocean bar ;  and 

BE, t h e  amount of sand bypassed t o  t h e  e a s t  from t h e  ocean bar. The follow- 
ing t h r e e  e q u a t i o n s ,  one f o r  each element,  can be w r i t t e n  express ing  conserva- 
t i o n  of sand i n  t h e  system ( r e f e r  t o  Fig. 23) 

1.1 QE - QE - 0.26 QE + BW + 5 - 32 = -153 (Bogue ~ a n k s )  

0.21 QE + BE - 0.34 QE - 0.59 QE - 33 = -245 (Shackleford Banks) 

QE + 0.34 QE - BW - BE - 192 - 629 = -309 (Beaufor t  I n l e t )  

where t h e  q u a n t i t i e s  i n  t h e  equa t ions  a r e  i n  thousands of c u b i c  yards per 
year.  Solving these  s imul taneous  equa t ions ,  t h e  t h r e e  unknowns a r e  ( i n  cub ic  
ya rds  per  year )  

The minus s i g n  f o r  BW i n d i c a t e s  t h a t  t r a n s p o r t  i s  i n  t h e  o p p o s i t e  d i r e c t i o n  
from t h a t  assumed i n  Figure  23. 

The r e s u l t i n g  sediment budget i s  t h e  long-term average d i s p o s i t i o n  of 
sediments i n  the  region.  Sediment d i s p o s i t i o n  i n  any given year may d i f f e r  
from t h e  r e s u l t s  of t h e  preceding a n a l y s i s  because of v a r i a t i o n s  i n  wave 
c o n d i t i o n s ,  t h e  occurrence of unusual s torms,  ets. Consequently, sediment 
budgets  f o r  o t h e r  time i n t e r v a l s  should be c o n s t r u c t e d ,  d a t a  pe rmi t t ing .  
D e t a i l s  of the  v a r i a t i o n  i n  t h e  sediment budget f o r  Beaufort  I n l e t  a r e  
provided i n  J a r r e t t  (1976).  



2. Postpro  j e c t  Sediment Budget. 

A f t e r  c o n s t r u c t i o n  of a  sand-bypassing system, t h e  amount of sand t r a n s -  
f e r r e d  from the  u p d r i f t  t o  downdrift  beach can be c o n t r o l l e d  by t h e  amount of 
dredging performed; consequent ly ,  t h e  amount of bypassing i s  no longer  an  
unknown i n  the  sediment budget but depends on t h e  o p e r a t i o n  plan f o r  t h e  
p r o j e c t .  Likewise, t h e  amount of sand e n t e r i n g  and l e a v i n g  t h e  system a t  t h e  
extreme ends of t h e  a d j a c e n t  beaches can,  as a  f i r s t  approximat ion,  be assumed 
t o  be u n a f f e c t e d  by i n l e t  modi f i ca t ions .  The Beaufort  I n l e t  example i s  used 
t o  i l l u s t r a t e  f o u r  p r o j e c t  o p e r a t i o n  s t r a t e g i e s  ( s e e  Fig. 24). It i s  assumed 
t h a t  t h e  n e t  amount of sand accumulating i n  t h e  i n l e t  i s  ze ro  and t h a t  bypass- 
ing  is  from west t o  e a s t  ( i . e . ,  from Bogue Banks t o  Shackleford Banks). The 
optimum system i s  one t h a t  w i l l  keep sediment from t h e  n a v i g a t i o n  channel ,  
minimize any adverse  e f f e c t s  of the  n a v i g a t i o n  s t r u c t u r e s  on a d j a c e n t  beaches 
( t o  preclude u p d r i f t  o r  downdri f t  beach e r o s i o n ) ,  and minimize t h e  amount of 
dredging requ i red  t o  bypass o r  'backpass (pump sand from t h e  i n l e t  t o  u p d r i f t  
beaches)  sand. 
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Figure  24. Typical  sediment budget c o n d i t i o n s  
a f t e r  weir- j e t t y  c o n s t r u c t i o n .  

a .  S t r a t e g y  1. A f i r s t  bypassing s t r a t e g y  a t  Beaufort  I n l e t  might be t o  
l i m i t  u p d r i f t  beach l o s s e s  t o  those  t h a t  r e s u l t  from sea  l e v e l  r i s e  ( i . e . ,  
l o s s e s  t h a t  occur n a t u r a l l y  a long t h e  beach away from t h e  i n f l u e n c e  of t h e  
i n l e t )  which s p e c i f i e s  t h a t  t h e  amount of sand l o s t  from Bogue Banks is  32,000 
c u b i c  yards  per year.  The volume change occur r ing  on Shackleford Banks, AVs, 
and the  amount of sand t o  be bypassed, BE, become t h e  unknowns i n  t h e  
r e s u l t i n g  system of two s imul taneous  equa t ions  ( s e e  Fig. 25). The e q u a t i o n  
f o r  Bogue Banks i s  

415.8 ( g a i n  from west)  - 98.3 ( l o s s  t o  west)  - 32 ( l o s t  o f f s h o r e )  

- BE = -32 ( n e t  volume l o s t )  

and f o r  Shackleford Banks i s  

BE - 33 ( l o s t  o f f s h o r e )  - 223.0 ( l o s t  t o  e a s t )  

+ 79.4 ( g a i n  t o  e a s t )  = AVs 
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Figure  25. Weir- je t ty  c o n s t r u c t i o n  sediment budget 
f o r  s t r a t e g y  1. 

The va lues  of t h e  unknowns a r e  

BE = 317.5 and A-fFs = +140.9 

Consequently,  i f  t h i s  s t r a t e g y  is adopted,  Shackleford Banks w i l l  accumulate 
sand a t  t h e  r a t e  of 140,900 cub ic  yards  per  year ,  corresponding t o  a s h o r e l i n e  
advance of 4.7 f e e t  per year i f  the  sand were uniformly d i s t r i b u t e d  a long t h e  
beach by wave a c t i o n .  The amount of sand t o  be bypassed is 317,500 cub ic  
yards  per year ,  a r e l a t i v e l y  l a r g e  volume. The volume of sand t h a t  must be 
bypassed under s t r a t e g y  1 may exceed t h e  a b i l i t y  of t h e  waves t o  r e d i s t r i b u t e  
it along the  downdrift  beach, which could cause problems i n  i d e n t i f y i n g  needed 
d i s p o s a l  a reas .  

b. S t r a t e g y  2. A second s t r a t e g y  (Fig.  26) might be t o  l i m i t  downdri f t  
beach l o s s e s  t o  those  r e s u l t i n g  from sea  l e v e l  r i s e  so t h a t  A F ,  i s  f i x e d  a t  
-33,000 cub ic  yards  per  year.  The b g u e  Banks equa t ion  i s  then 

415.8 ( g a i n  from west)  - 98.3 ( l o s s  t o  e a s t )  - 32 ( l o s t  o f f s h o r e )  

- BE = A 3  

and t h e  Shackleford Banks equa t ion  becomes 

BE - 223.0 ( l o s s  t o  e a s t )  + 79.4 ( g a i n  from e a s t )  

- 33 ( l o s t  o f f s h o r e )  = -33 ( n e t  volume l o s t )  

wi th  the  s o l u t i o n  
BE = 143.6 and A% = f141.9 

The amount of sand t o  be bypassed i s  smal l  but the  u p d r i f t  beach a d j a c e n t  t o  
t h e  weir  w i l l  accumulate 141,900 cub ic  yards  of sand per  year  and cause  a sea-  
ward movement of t h e  beach a t  a minim- r a t e  of 3.9 f e e t  per year i f  t h e  sand 
were spread uniformly a long Bogue Banks. Local ized a r e a s  of a c c r e t i o n  could 
advance f a s t e r .  It is  doubt fu l  whether a weir j e t t y  can o p e r a t e  according t o  
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Figure  26. Wei r - j e t ty  c o n s t r u c t i o n  sediment budget f o r  s t r a t e g y  2. 

t h e  assumptions made under t h i s  s t r a t e g y  s i n c e  t h e  w e i r  w i l l  s t a b i l i z e  t h e  
u p d r i f t  beach and any e x c e s s  sand w i l l  be t r a n s p o r t e d  over  t h e  weir  i n t o  t h e  
d e p o s i t i o n  b a s i n  where it w i l l  e v e n t u a l l y  r e q u i r e  dredging.  

c. S t r a t e g y  3. A t h i r d  s t r a t e g y  (Fig.  27) might d i s t r i b u t e  l o s s e s  o r  
g a i n s  e q u a l l y  over both  u p d r i f t  and downdri f t  beaches ,  i e  , A% = A%. 
(Another p o s s i b l e  a l t e r n a t i v e  i s  t o  e q u a l i z e  beach r e c e s s i o n  o r  a c c r e t i o n  
E-stes.) The Bogue Banks equa t ion  is then 

415.8 ( g a i n  from west )  - 98.3 ( l o s s  t o  wes t )  

- 32 ( l o s t  o f f s h o r e )  - BE = AVB 

and the  Shacklef  ord Banks e q u a t i o n  i s  

BE - 223.0 ( l o s s  t o  e a s t )  + 79.4 ( g a i n  from e a s t )  

- 33 ( l o s t  o f f s h o r e )  = AVs = A t F g  

and the  s o l u t i o n  i s  

B E =  231.0 and AVs = A % =  54.5 

BOGUE BANKS 

Figure  27. Weir- j e t t y  c o n s t r u c t i o n  sediment '  budget f o r  s t r a t e g y  3. 
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~ 0 t h  t h e  u p d r i f t  and downdri f t  beaches g a i n  sand s o  t h a t  t h e  u p d r i f t  beach 
(Bogue Banks) w i l l  advance a t  a  r a t e  of 1.5 f e e t  per year and the  downdr i f t  
beach (Shackleford Banks) w i l l  advance a t  1.8 f e e t  per  year.  The problem is  
the  same with  t h i s  s t r a t e g y  a s  with the  preceding one--the beach u p d r i f t  of 
t h e  weir  i s  s t a b i l i z e d  by c o n s t r u c t i o n  of t h e  weir  and any e x t r a  sand is 
c a r r i e d  i n t o  the  d e p o s i t i o n  bas in .  It w i l l  no t  be p o s s i b l e  t o  l i m i t  accum- 
u l a t i o n  i n  t h e  d e p o s i t i o n  b a s i n  t o  231,000 c u b i c  yards  pe r  year.  

d. S t r a t e g y  4. A f o u r t h  s t r a t e g y  (probably  t h e  most r e a l i s t i c  one f o r  
o p e r a t i n g  a  w e i r - j e t t y  system) is  t o  keep l o s s e s  from t h e  u p d r i f t  beach a t  
zero t o  s t a b i l i z e  the  u p d r i f t  beach and g e n e r a l l y  ensure  quasi -s teady s t a t e  
o p e r a t i o n  of t h e  weir  ( s e e  Fig. 28). A d i sadvan tage  of t h i s  s t r a t e g y  i s  t h a t  
i t  might r e q u i r e  a  g r e a t e r  volume of sand t o  be t r a n s f e r r e d  than o t h e r  s t r a t e -  
g i e s .  Under s t r a t e g y  4 t h e  volume change on k g u e  Banks, A f B ,  i s  taken a s  
zero and t h e  Bogue Banks equa t ion  becomes 

415.8 ( g a i n  from west)  - 98.3 ( l o s s  t o  west)  

- 32 ( l o s t  o f f s h o r e  - BE = 0 

and t h e  Shackleford Banks equa t ion  i s  

BE - 223.0 ( l o s s  t o  e a s t )  + 79.4 ( g a i n  from e a s t )  

- 33 ( l o s t  o f f s h o r e )  = AVs 

S o l u t i o n  of t h e  two e q u a t i o n s  g i v e s  

BE = 285.5 and A f s  = 108.9 

The r a t e  of accumulat ion on t h e  downdrift  s h o r e l i n e  (Shackleford Banks) is 
thus 108,900 cubic  yards  per year and the  s h o r e l i n e  moves seaward a t  3.6 f e e t  
per  year  i f  t h e  accumulation 'is uniformly d i s t r i b u t e d  a long t h e  s h o r e l i n e .  
The amount of sand t o  be bypassed is  285,500 cubic  yards per year ,  the  volume 
t h a t  would probably accumulate i n  t h e  d e p o s i t i o n  b a s i n  i f  t h e  u p d r i f t  beach is  
s t a b i l i z e d  by c o n s t r u c t i o n  of a  weir j e t t y  wi th  a  s a n d t i g h t  landward s e c t i o n  
and a weir  s e c t i o n  p o s i t i o n e d  t o  e s t a b l i s h  a  dynamically s t a b l e  beach 
planf orm. 

BOGUE BANKS 

Figure  28. Weir- je t ty  c o n s t r u c t i o n  sediment budget f o r  s t r a t e g y  4. 



The wave c l i m a t e  and consequent ly  t h e  longshore  t r a n s p o r t  rates a t  a  s i t e  
can vary s i g n i f i c a n t l y  from year t o  year.  L£ d a t a  are a v a i l a b l e  f o r  o t h e r  
t ime per iods  t h a t  r e p r e s e n t  extremes i n  t r a n s p o r t  c l i m a t e ,  a d d i t i o n a l  sediment 
budgets should be c o n s t r u c t e d  t o  provide f u r t h e r  i n s i g h t  i n t o  the  range of 
c o n d i t i o n s  under which a  w e i r - j e t t y  system is  expected t o  opera te .  

The Beaufort  I n l e t  example may be a t y p i c a l  s i n c e  it d e s c r i b e s  an a r e a  
which has  a  n e t  i n c r e a s e  i n  sand accumulation. For example, t h e  problem is  
one of d i s t r i b u t i n g  excess  sand i n  the  o v e r a l l  system between u p d r i f t  and 
downdr i f t  beaches. I n  o t h e r  c a s e s ,  a l l o c a t i n g  a  sand d e f i c i t  between updr i f t :  
and downdrift  beaches a t  a  reasonably  s t a b l e  c o n d i t i o n  appears  t o  be necessa ry  
f o r  t h e  s u c c e s s f u l  performance of a weir  j e t t y .  Seasona l  f l u c t u a t i o n s  i n  
t r a n s p o r t  c o n d i t i o n s  a t  a  weir  are d i scussed  i n  Sec t ion  V I I  which d e a l s  w i t h  
p r e d i c t i n g  t h e  s t o r a g e  requirements  of w e i r - j e t t y  d e p o s i t i o n  bas ins .  

V I I .  UPDRIFT BEACH AND DEPOSITION BASIN STORAGE ANALYSIS 

In  des ign ing  t h e  u p d r i f t  beach, a n  assessment must be made of t h e  expected 
e q u i l i b r i u m  s h o r e l i n e  under v a r i o u s  d i r e c t i o n s  of wave a t t a c k ,  p a r t i c u l a r l y  i f  
s e a s o n a l  r e v e r s a l s  i n  t r a n s p o r t  a r e  common a t  t h e  s i t e .  At s i t e s  where rever-  
sals a r e  common, an  optimum w e i r - j e t t y  system w i l l  s t o r e  sand i n  t h e  u p d r i f t  
beach t o  be t r a n s p o r t e d  by waves back up t h e  beach, t h u s  p rec lud ing  e r o s i o n  of 
t h e  u p d r i f t  beach and t h e  need f o r  backpassing.  This is cons idered  " a c t i v e "  
s t o r a g e  ( s e e  Fig. 29). Sand w i l l  a l s o  be s t o r e d  a d j a c e n t  t o  t h e  u p d r i f t  j e t t y  
where it is  s h e l t e r e d  by t h e  j e t t y  and cannot be removed by normal wave 
a c t i o n .  This sand,  cons idered  "dead" s t o r a g e  (Fig. 29) ,  accumulates  a f t e r  
c o n s t r u c t i o n  of t h e  j e t t y  and once depos i t ed  tends  t o  remain i n  p lace .  The 
amount of a c t i v e  s t o r a g e  needed i n  t h e  u p d r i f t  beach depends on t h e  magnitude 
and frequency of r e v e r s a l s  i n  t r a n s p o r t .  If r e v e r s a l s  a r e  l a r g e  i n  magnitude 
and occur s e a s o n a l l y  w i t h  long per iods  of t r a n s p o r t  i n  one d i r e c t i o n  followed 
by long per iods  of t r a n s p o r t  i n  t h e  o t h e r  d i r e c t i o n ,  t h e  amount of a c t i v e  
s t o r a g e  r e q u i r e d  may be l a rge .  On t h e  o t h e r  hand, i f  r e v e r s a l s  a r e  f requen t  
w i t h  s h o r t  pe r iods  of time between them, t h e  amount of a c t i v e  s t o r a g e  requ i red  
w i l l  be small .  

F igure  29. Sand s t o r a g e  on updr i f  t and downdri f t  
beaches near  a weir j e t t y .  



The amount of sand t h a t  needs t o  be s t o r e d  i n  t h e  u p d r i f t  f i l l e t  can be 
es t imated from a  mass curve cons t ruc ted  from t h e  time h i s t o r y  of longshore  
t r a n s p o r t  a t  t h e  s i t e .  Such a  time s e r i e s  can be c o n s t r u c t e d  from wave d a t a  
obta ined by LEO o b s e r v a t i o n s ,  SSMO, o r  wave h i n d c a s t  da ta .  A r e p r e s e n t a t i o n  
of t h e  time s e r i e s  i s  shown i n  Figure 30. The upper curve i n  t h e  f i g u r e  
r e p r e s e n t s  the  t i m e  h i s t o r y  of the  longshore  t r a n s p o r t  r a t e ;  t h e  lower mass 
curve i s  t h e  i n t e g r a l  under t h e  longshore  t r a n s p o r t  r a t e  curve and r e p r e s e n t s  
the  cumulative amount of sand pass ing t h e  observa t ion  po in t  from t h e  t ime 
observa t ions  began. The l i n e  superimposed on t h e  mass curve i s  a  b e s t - f i t  
s t r a i g h t  l i n e ;  i ts  s lope  r e p r e s e n t s  the  n e t  longshore  t r a n s p o r t  r a t e  a t  t h e  
s i t e ,  The d e v i a t i o n  of t h e  mass curve from t h e  s t r a i g h t  l i n e  corresponds t o  
the  amount of sand needed i n  a c t i v e  s t o r a g e  t o  nour i sh  u p d r i f t  beaches dur ing  
r e v e r s a l s  i n  t r a n s p o r t .  Figure  31 r e p r e s e n t s  a s i m i l a r  curve f o r  a  s i t e  where 
r e v e r s a l s  a r e  more f requen t  i n  c o n t r a s t  wi th  a  s i t e  where r e v e r s a l s  a r e  sea-  
sonal .  When r e v e r s a l s  a r e  s h o r t  term and f r e q u e n t ,  t h e  amount of a c t i v e  
s t o r a g e  r e q u i r e d  i n  t h e  u p d r i f t  beach is g e n e r a l l y  less and t h e  u p d r i f t  beach 
w i l l  be l e s s  v a r i a b l e  i n  planform. There is  l e s s  u p d r i f t  s h o r e l i n e  r e t r e a t  
dur ing p e r i o d s  of t r a n s p o r t  r e v e r s a l  s i n c e  t h e  d u r a t i o n  of r e v e r s a l s  i s  
s h o r t e r ,  

The minimum amount of sand t o  be t r a n s f e r r e d  and t h e  c a p a c i t y  of t h e  depo- 
s i t i o n  bas in  can a l s o  be e s t a b l i s h e d  from t h e  mass curve. Lf bypassing i s  
performed b i a n n u a l l y ,  t h e  o r d i n a t e  of t h e  s t r a i g h t  l i n e  on t h e  mass curve ( n e t  
o r  average t r a n s p o r t )  a t  t = 2 years  w i l l  g ive  t h e  minimum amount of deposi-  
t i o n  bas in  s t o r a g e  required.  It a l s o  r e p r e s e n t s  t h e  minimum amount of sand 
t o  be bypassed a f t e r  a  2-year per iod.  In a d d i t i o n ,  t h e  mass curve p rov ides  
in format ion  on schedu l ing  bypass ing opera t ions .  If bypassing t o  t h e  downdri f t  
beach is performed when the  u p d r i f t  beach is  emptying ( t h e  t r end  of the  s l o p e  
of t h e  mass curve i s  n e g a t i v e ) ,  t r a n s p o r t  w i l l  be i n  t h e  u p d r i f t  d i r e c t i o n  and 
sand placed on t h e  downdri f t  beach w i l l  move toward the  i n l e t .  Bypassing 
should be scheduled f o r  those  seasons  when t h e  t r e n d  of t h e  mass curve s l o p e  
i s  p o s i t i v e  t o  ensure  t h a t  bypassed sand moves downcoast away from the  i n l e t .  

A major problem i n  c o n s t r u c t i n g  t h e  r e q u i r e d  mass curve is  the  a v a i l -  
a b i l i t y  of s u f f i c i e n t ,  r e l i a b l e  wave d a t a  t o  develop the  time s e r i e s  of 
longshore  t r a n s p o r t  r a t e s .  &?cause t h e  wave c l i m a t e  a t  a  s i t e  may vary from 
year t o  year ,  1 o r  2 years  of wave records  may no t  be enough t o  adequa te ly  
d e f i n e  t h e  magnitude and d u r a t i o n  of r e v e r s a l s .  A minimum of 3 y e a r s  of wave 
d a t a  should be used and even then,  c o n d i t i o n s  i n  any 1 year might d i f f e r  
a p p r e c i a b l y  from c o n d i t i o n s  dur ing  t h e  pe r iod  of record.  The des igner  should 
i n v e s t i g a t e  c o n d i t i o n s  t h a t  d e v i a t e  from measured records  t o  determine p r o j e c t  
performance under extreme condi t ions .  Quest ions  such a s ,  "How w i l l  t h e  proj-  
e c t  perform i f  t h e  n e t  longshore  t r a n s p o r t  r a t e  has been underes t imated o r  
overes t imated ,  o r  i f  t h e  p r o j e c t  exper iences  an  extreme storm?" should be 
asked and the  consequences eva lua ted .  

V 111. WE I R  SECTION LENGTH 

h g e n e r a l ,  weir s e c t i o n  l e n g t h  should be e s t a b l i s h e d  t o  extend seaward 
beyond t h e  normal b reaker  l i n e .  Most of t h e  sand t r a n s p o r t e d  over t h e  weir  
moves a c r o s s  i n  a  r e l a t i v e l y  narrow region c l o s e  t o  where the  weir ,  beach, and 
w a t e r l i n e  i n t e r s e c t .  P re l iminary  r e s u l t s  from l a b o r a t o r y  t e s t s  i n d i c a t e  t h a t  
sand t r a n s p o r t e d  over t h e  weir  i n  t h i s  region moves as bedload. The amount of 
sand t r a n s p o r t e d  v a r i e s  wi th  wave c o n d i t i o n s  and t i d a l  s t age .  There i s  a l s o  
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Figure  31. Longshore t r a n s p o r t  mass curves  f o r  a  
s i t e  where r e v e r s a l s  a r e  s e a s o n a l  and 
a  s i t e  where r e v e r s a l s  a r e  random. 



some evidence t h a t  f a r t h e r  from shore  i n  deeper  water  near  t h e  breaker  reg ion ,  
sand moves a c r o s s  the  weir i n  suspension.  In t h e  l a b o r a t o r y  the  amount i n  
suspension appears  r e l a t i v e l y  smal l  i n  comparison wi th  t h e  amount c a r r i e d  over  
a s  bedload near shore .  A t  Perdido Pass ,  M i s s i s s i p p i ,  i n  t h e  Gulf of Mexico, 
a n  o f f s h o r e  ba r  t h a t  p a r a l l e l s  t h e  u p d r i f t  beach, and which appears  t o  be 
continuous a c r o s s  the  weir  t o  the  channel s i d e  of t h e  j e t t y ,  sugges t s  t h a t  
s u f f i c i e n t  t r a n s p o r t  occurs  o f f s h o r e  a s  suspended load  t o  mainta in  t h e  bar  
a c r o s s  the  weir .  Where o f f s h o r e  bars  occur ,  the  weir  should probably extend 
seaward beyond t h e  bars .  The l e n g t h  of t h e  weir  i n  t h i s  c a s e  can be d e t e r -  
mined from normal beach p r o f i l e s  t h a t  e x i s t  u p d r i f t  of the  proposed j e t t y  away 
from t h e  i n f l u e n c e  of t h e  i n l e t .  Seasonal changes i n  t h e  p r o f i l e s  should be 
taken i n t o  c o n s i d e r a t i o n .  Figure 32 shows how weir l e n g t h  can be e s t a b l i s h e d  
from beach p r o f i l e s  e x h i b i t i n g  prominent o f f s h o r e  bars .  Where o f f s h o r e  b a r s  
a r e  not prominent, the  seaward end of the  weir  s e c t i o n  should be seaward of 
t h e  normal breaker  l o c a t i o n .  The p r o f i l e  used t o  e s t a b l i s h  b reaker  l o c a t i o n  
should be t h e  p r o f i l e  expected a f t e r  c o n s t r u c t i o n  of the  p r o j e c t ,  not  t h e  
p r o f i l e  e x i s t i n g  a t  t h e  unimproved i n l e t .  An e s t i m a t e  of t h e  p o s t c o n s t r u c t i o n  
p r o f i l e  can be ob ta ined  by examining e x i s t i n g  p r o f i l e s  u p d r i f t  of the  proposed 
j e t t i e s ,  f a r  enough away from t h e  i n l e t  t o  avoid  being in f luenced  by t i d a l  
c u r r e n t s  and l o c a l i z e d  i n l e t  wave r e f r a c t i o n ,  Eased on c u r r e n t  knowledge, 
t h e r e  a r e  no d e f i n i t i v e  g u i d e l i n e s  f o r  s e l e c t i n g  t h e  wave h e i g h t  t o  determine 
the  breaker  depth;  however, a  f i r s t  e s t i m a t e  can be obta ined by using t h e  
average annual  s i g n i f i c a n t  breaker  h e i g h t  a t  t h e  s i t e .  (Values f o r  t h e  
average annual  breaker  he igh t  a t  va r ious  U.S. c o a s t a l  l o c a t i o n s  a r e  given i n  
Ch. 4 of t h e  SPM.) Obviously,  t i d a l  s t a g e  a l s o  i n f l u e n c e s  b reaker  l o c a t i o n  
with r e s p e c t  t o  t h e  weir. Waves of a  g iven h e i g h t  w i l l  break f a r t h e r  seaward 
from a  f i x e d  p o i n t  on t h e  shore  a t  low t i d e  than a t  h igh t i d e .  To ensure  t h a t  
the  average annual  s i g n i f i c a n t  breaker  he igh t  occurs  landward of the  seaward 
end of t h e  weir  s e c t i o n ,  t h e  water l e v e l  used f o r  t h e  a n a l y s i s  should be 
MLW. A t  low t i d e ,  waves l a r g ~ r  than the  average annual s i g n i f i c a n t  b reaker  
h e i g h t  break seaward o f f  t h e  end of t h e  weir  s e c t i o n ;  however, a t  water  l e v e l s  
above M U  these  l a r g e r  waves may break a d j a c e n t  t o  the  weir s e c t i o n .  Also,  
dur ing  storms when l a r g e r  waves occur,  storm surge  o f t e n  r a i s e s  t h e  water 
l e v e l ,  a l lowing l a r g e r  waves t o  t r a n s p o r t  suspended sand a c r o s s  t h e  weir .  

- 6 

- 7 I I I I I 1 I 1 I 

0  100 200 300 400 500 600 700 800 900 
Distance ( f t )  

F igure  32. Weir l e n g t h  i n  t h e  presence of a  wel l -def ined o f f s h o r e  bar. 



GIVEN: The beach p r o f i l e  u p d r i f t  of an i n l e t  where a  weir  j e t t y  i s  pro- 
posed i s  shown i n  Figure  33. The weir  e l e v a t i o n  is a t  MTL. The normal 
t i d a l  range is 4.0 f e e t  and t h e  average annual s i g n i f i c a n t  b reaker  h e i g h t  
i s  3.0 f e e t .  

W e i r  C res t  a t  MTL  
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Figure  33. Weir l e n g t h  a s  e s t a b l i s h e d  by average annual  h reaker  
h e i g h t  ( f i n a l  beach p r o f i l e  a£ ter weir c o n s t r u c t i o n  i s  
assumed t o  be s i m i l a r  t o  p r e c o n s t r u c t i o n  p r o f i l e ) .  

FIND: Est imate  the  l e n g t h  of t h e  weir  s e c t i o n  and t h e  h e i g h t  of t h e  
b r e a k e r  a t  t h e  end of t h e  we i r  s e c t i o n  a t  mean high water  (MHW). 

SOLUTION: The water depth  i n  which a  3.0-foot-high wave w i l l  break i s  
g i v e n  approximately  by t h e  s o l i t a r y  wave theory e x p r e s s i o n  

(The i n f l u e n c e  of l o c a l  beach s l o p e  on t h e  r a t i o  Iib/db can be considered 
by us ing t h e  des ign  curves  i n  Ch. 7  of the  SPM; however, eq. 16 is  
a c c u r a t e  enough f o r  determining weir  l e n g t h . )  The b reak ing  dep th  is  

- Hb 1.28(3.0) = 3.8 f e e t  db - = =  

The p o i n t  where t h e  beach p r o f i l e  is 3.8 f e e t  below MLW l o c a t e s  the  
approximate seaward end of the  weir s e c t i o n .  The l e n g t h  of t h e  weir is  
t h e r e f o r e  480 f e e t .  When t h e  water l e v e l  is a t  MHW, t h e  dep th  a t  t h e  
seaward end of t h e  weir is  3.8 + 4.0 = 7.8 f e e t .  The breaker  he igh t  i n  
7.8 f e e t  of water  (from eq. 16) i s  

Hb = 0.78db = 0.78(7.8) = 6.1 f e e t  



There has been some concern about p o s s i b l e  "sanding-in" of s h o r t  weir  
s e c t i o n s .  Sanding-in was be l i eved  t o  be p o s s i b l e  dur ing severe  storms when 
l a r g e  amounts of sand might be t r a n s p o r t e d  a long t h e  u p d r i f t  beach t o  t h e  weir  
(but  not c a r r i e d  over the  weir)  and cause rap id  d e p o s i t i o n  a d j a c e n t  t o  t h e  
u p d r i f t  s i d e  of t h e  weir. The landlocked weir  would then  cease  t o  pass  sand,  
r e q u i r i n g  excava t ion  of t h e  accumulated sand before  the  weir  could a g a i n  
func t ion .  Because of t h i s  concern,  e x i s t i n g  weir  s e c t i o n s  have been extended 
t o  more than 1,000 f e e t  long. However, exper ience  wi th  e x i s t i n g  weir  j e t t i e s  
has  i n d i c a t e d  t h a t  sanding-in may n o t b e  a  s i g n i f i c a n t  problem; no e x i s t i n g  
weirs  have sanded-in. In f a c t ,  t h e  s h o r e l i n e  cf t h e  u p d r i f t  beach has n o t  
moved seaward much beyond t h e  landward end of t h e  weir  s e c t i o n  a l though  t h e  
p r o f i l e  a d j a c e n t  t o  t h e  weir  may have f l a t t e n e d .  Since most of t h e  t r a n s p o r t  
appears  t o  be over  t h e  landwardmost end of t h e  we i r ,  l e n g t h s  i n  excess  of 500 
f e e t  a r e  probably unnecessary;  however, i n  reg ions  where l a r g e  volumes of sand 
a r e  known t o  be t r a n s p o r t e d  dur ing i n t e n s e  s torms,  longer  we i r s  may be i n d i -  
ca ted.  Other f a c t o r s  such as c o s t  and p r o t e c t i o n  of dredges i n  the  d e p o s i t i o n  
b a s i n  a l s o  i n f l u e n c e  t h e  s e l e c t i o n  of weir l eng th .  Longer weir  s e c t i o n s  gen- 
e r a l l y  c o s t  l e s s  because l e s s  m a t e r i a l s  a r e  r e q u i r e d  t o  c o n s t r u c t  the  r e l a -  
t i v e l y  low weir  s e c t i o n ;  however, longer  we i r s  a f f o r d  l e s s  wave p r o t e c t i o n  t o  
v e s s e l s  n a v i g a t i n g  t h e  channel and t o  a  dredge i n  t h e  d e p o s i t i o n  b a s i n *  

IX. POSTCONSTRUCTION PROFILE ADJUSTMENT 

Af te r  c o n s t r u c t i o n  of j e t t y  systems a t  i n l e t s ,  i n i t i a l  p r o f i l e  a d j u s t -  
ments occur because of m o d i f i c a t i o n  of t i d a l  c u r r e n t  p a t t e r n s  by t h e  j e t t i e s .  
Before c o n s t r u c t i o n ,  spreading ebb t i d a l  c u r r e n t s  work t o  keep t h e  ocean s h o a l  
o f f shore .  The s h o a l  e x i s t s  i n  a  s t a t e  of dynamic e q u i l i b r i u m ;  waves which 
tend t o  move t h e  shoa l  onshore a r e  balanced by ebb c u r r e n t s .  J e t t y  cons t ruc -  
t i o n  d i r e c t s  ebb c u r r e n t s  i n t o  a  narrow channel where they no l o n g e r  a c t  over  
the  e n t i r e  shoa l .  The s h o a l s  u p d r i f t  and downdri f t  of the  j e t t i e s ,  a l though  
no longer  a c t e d  on by ebb c u r r e n t s ,  con t inue  t o  be a c t e d  on by waves. There- 
f o r e ,  much of t h e  sand s t o r e d  i n  t h e  shoal  may move onshore under the  I n f l u -  
ence of waves. Following c o n s t r u c t i o n ,  t h e  sand formerly  i n  t h i s  p a r t  of t h e  
shoa l  c o n t r i b u t e s  t o  the  f i l l e t s  between the  j e t t i e s  and u p d r i f t  and downdri f t  
beaches. On t h e  updr i f  t s i d e  of t h e  p r o j e c t ,  t h e  a d d i t i o n a l  sand may even- 
t u a l l y  f i n d  i ts  way i n t o  the  d e p o s i t i o n  bas in  and l e a d  t o  inc reased  dredging 
requirements  f o r  s e v e r a l  y e a r s  a f t e r  completion of c o n s t r u c t i o n .  The r a t e  a t  
which sand moves onshore depends on the  wave c l i m a t e ,  p a r t i c u l a r l y  wave con- 
d i t i o n s  dur ing t h e  immediate p o s t c o n s t r u c t i o n  per iod.  The q u a n t i t y  of sand 
s t o r e d  i n  t h e  o f f s h o r e  bar can be es t imated  by comparing p r e c o n s t r u c t i o n  
p r o f i l e s  which extend through t h e  shoa l  a r e a  near  t h e  i n l e t  wi th  p r o f i l e s  
taken u p d r i f t  and downdri f t  of t h e  i n l e t  a t  a  d i s t a n c e  away from the  i n f l u e n c e  
of t i d a l  c u r r e n t s .  P r o f i l e  changes near  t h e  weir  a t  Murre l l s  I n l e t  a r e  shown 
i n  Figure  34. The two surveys  p l o t t e d  i n  the  f i g u r e  were taken about 1 year  
a p a r t  and show a  d e c r e a s e  i n  t h e  s i z e  of t h e  o f f s h o r e  shoal .  Figure  35 shows 
two p r o f i l e s  taken about 11,100 f e e t  u p d r i f t  ( n o r t h e a s t )  of Murre l l s  I n l e t  a t  
t h e  same t i m e  a s  t h e  p r o f i l e s  were taken i n  Figure  34. Changes i n  t h e s e  
u p d r i f t  p r o f i l e s  a r e  l e s s  than changes occur ing a t  the  i n l e t .  The f i r s t  
survey shown i n  Figure  35 was taken about 7 months a f t e r  c o n s t r u c t i o n  s t a r t e d  
on the  n o r t h  j e t t y .  Figure  36 shows the  u p d r i f t  p r o f i l e  superimposed on t h e  
p r o f i l e s  near  t h e  i n l e t .  The a r e a  between t h e  p r o f i l e s  r e p r e s e n t s  t h e  amount 
of sand s t o r e d  o f f s h o r e  which can p o t e n t i a l l y  be t r a n s p o r t e d  t o  the  beach and 
d e p o s i t i o n  b a s i n  by wave a c t i o n .  Addi t iona l  c l o s e l y  spaced p r o f i l e s  i n  t h e  
v i c i n i t y  of t h e  i n l e t  may be used i n  con junc t ion  wi th  t h e  u p d r i f t  p r o f i l e  t o  
determine t h e  volume of sand con ta ined  i n  t h e  bar. 
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Figure  36. U p d r i f t  beach p r o f i l e  superimposed on t h e  p r o f i l e s  n e a r  
Murre l l s  I n l e t ,  South Carolina.  

X. DESIGN OF UPDRIFT BEACH 

Severa l  methods a r e  a v a i l a b l e  t o  p r e d i c t  the  real inement  of t h e  u p d r i f t  
beach a f t e r  c o n s t r u c t i o n  of a  j e t t y  complex. None of t h e  methods a r e  e n t i r e l y  
s a t i s f a c t o r y  because they have not been v e r i f i e d  by comparison wi th  t h e  behav- 
i o r  of a c t u a l  beaches. C h a r a c t e r i s t i c s  of t h e  weir  j e t t y  t h a t  determine t h e  
response of the  u p d r i f t  beach a r e  the  l e n g t h  and o r i e n t a t i o n  of t h e  s a n d t i g h t  
s e c t i o n  landward of t h e  we i r ,  t h e  l e n g t h  and e l e v a t i o n  of t h e  weir  i t s e l f ,  and 
t h e  o r i e n t a t i o n  of t h e  e n t i r e  j e t t y  system. The l o c a t i o n  of t h e  landward end 
of t h e  weir  g e n e r a l l y  f i x e s  t h e  l o c a t i o n  of t h e  s h o r e l i n e  a t  t h e  weir  and t o  a 
c e r t a i n  e x t e n t  the  planform of the  u p d r i f t  s h o r e l i n e .  The e l e v a t i o n  and pro- 
f i l e  of t h e  weir  determine t h e  beach p r o f i l e  near  t h e  j e t t y ;  t h i s  a l s o  i n f l u -  
ences the  l o c a t i o n  and a l inement  of t h e  u p d r i f t  beach. The alinement of t h e  
o v e r a l l  j e t t y  complex and t h e  v a r i a b i l i t y  of d i r e c t i o n  of wave approach d e t e r -  
mine t h e  amount of s h e l t e r i n g  t h a t  t h e  j e t t y  a f f o r d s  t o  t h e  u p d r i f t  beach. 
The degree  of s h e l t e r i n g  o r  p r o t e c t i o n  from wave a c t i o n  determines  whether 
sand i n  t h e  f i l l e t  a d j a c e n t  t o  the  j e t t y  can be moved up the  c o a s t  dur ing  
per iods  of t r a n s p o r t  r e v e r s a l .  

The s i m p l e s t  method of p r e d i c t i n g  u p d r i f t  beach response i s  t o  e x t r a p o l a t e  
the  c u r v a t u r e  of t h e  e x i s t i n g  s h o r e l i n e  i n t o  the  reg ion  of the  i n l e t .  The 
landward end of t h e  weir  is then e s t a b l i s h e d  a t  t h e  i n t e r s e c t i o n  of t h e  
e x t r a p o l a t e d  s h o r e l i n e  and t h e  proposed j e t t y  a l inement .  Figure 37 shows a n  
example s h o r e l i n e  which i s  u p d r i f t  of Murre l l s  I n l e t .  The use  of t h e  ex t rap-  
o l a t e d  s h o r e l i n e  f o r  the  des ign  of t h e  weir  j e t t y  a t  Murre l l s  I n l e t  would have 
r e s u l t e d  i n  an extremely long s a n d t i g h t  s e c t i o n  landward of t h e  weir. Judg- 
ment must be used i n  i n t e r p r e t i n g  the  r e s u l t s  of e x t r a p o l a t i n g  the  s h o r e l i n e .  



Figure  37. E x t r a p o l a t i o n  of s h o r e l i n e  u p d r i f t  
of Murre l l s  I n l e t .  

R e s u l t s  a t  Murre l l s  
s t o r a g e  u p d r i f t  of 
t h e  i n l e t  has  had 
e x t r a p o l a t i o n .  

A second method 
an a n a l y t i c a l  model 

I n l e t  would have i n d i c a t e d  a l a r g e  volume of sand i n  
t h e  j e t t y .  The presence of a  g r o i n  f i e l d  u p d r i f t  of 
some i n f l u e n c e  on t h e  s h o r e l i n e  and thus  a f f e c t s  t h e  

of determining t h e  s h o r e l i n e  near  t h e  j e t t i e s  i s  t o  apply 
t o  d e s c r i b e  the  s h o r e l i n e  e v o l u t i o n  i n  response t o  i n c i -  

d e n t  wave cond i t ions .  The most o f t e n  quoted model i s  t h a t  developed by 
Pelnard-Considere ( 1956). LeMehaute and Brebner ( 196 1) and LeMehaute and 
S o l d a t e  (1977) d e s c r i b e  t h e  development of an  e x p r e s s i o n  f o r  t h e  u p d r i f t  
s h o r e l i n e  and f o r  t h e  amount of sand bypassing.  B a s i c a l l y ,  the  s h o r e l i n e  
u p d r i f t  of a  g r o i n  o r  j e t t y  a s  a  f u n c t i o n  of time i s  g iven  by t h e  express ion  
( v a r i a b l e s  a r e  de f ined  i n  Fig. 38) 
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Figure  38. D e f i n i t i o n  s k e t c h  of t h e  Pelnard-Considere model 
of s h o r e l i n e  e v o l u t i o n  near  a g r o i n  o r  j e t t y  
( a f t e r  LeMehaute and So lda te ,  1977). 

where 

ys 
= d i s t a n c e  t h e  s h o r e l i n e  has  moved seaward from i t s  o r i g i n a l  s t r a i g h t  

c o n f i g u r a t i o n  

x  = d i s t a n c e  u p d r i f t  from t h e  j e t t y  o r  g r o i n  

t = time s i n c e  c o n s t r u c t i o n  of t h e  j e t t y  

cib = a n g l e  t h e  wave c r e s t  makes wi th  t h e  o r i g i n a l  s h o r e l i n e  

~ / k  i s  a f a c t o r  which depends on t h e  o f f s h o r e  p r o f i l e  and wave c o n d i t i o n s  and 
was r e p o r t e d  by Bakker (1968a, 1968b) t o  be approximately  4.3 x lo6 cubic  f e e t  
per year f o r  an exposed l o c a t i o n  along the  c o a s t  of Holland (The Nether lands) .  
The v a r i a b l e  E(X/=) is  t h e  e r r o r  f u n c t i o n  complement of t h e  argument 
x / f i e T k  and is  t a b u l a t e d  i n  numerous handbooks of mathematical  t a b l e s  (e.g., 
Abramowitz and Stegun, 1964). The s o l u t i o n  given by e q u a t i o n  (17) d e s c r i b e s  
t h e  u p d r i f t  s h o r e l i n e  u n t i l  the  time when the  s h o r e l i n e  a t  t h e  j e t t y  reaches  
t h e  end of t h e  j e t t y ;  t h i s  time is  given by 

Af te r  t h e  t ime, t 2 t ' ,  t h e  j e t t y  no longer  r e t a i n s  a l l  t h e  sand moving i n t o  
t h e  f i l l e t  but  bypasses a  p a r t  of it. The amount of sand bypassed i n c r e a s e s  
with time u n t i l  t h e  f i l l e t  is f u l l  (a  s t r a i g h t  s h o r e l i n e  b u i l t  out  t o  the  end 
of t h e  j e t t y ) ,  a t  which time a l l  t h e  sand approaching t h e  s t r u c t u r e  is  by- 
passed. Af te r  the  sand begins t o  bypass but before  t h e  beach f i l l e t  i s  f u l l ,  
t h e  s h o r e l i n e  is  given by 



where L is  t h e  l e n g t h  of the  j e t t y  and ~ ( x / m k )  i s  aga in  the  e r r o r  func- 
t i o n  complement of t h e  argument x / m .  The s o l u t i o n  f o r  v a r i o u s  t imes i s  
shown i n  Figure  39. To d e s c r i b e  t h e  u p d r i f t  beach behavior from t = 0 t o  
t = m, t h e  s o l u t i o n s  g iven  by equa t ions  (17) and (19) must be matched a t  t h e  
time when ys = 1; i .e . ,  when ys = 1, t = t '  t h e  s h o r e l i n e  from equa t ion  (17) 
must be matched wi th  a s h o r e l i n e  desc r ibed  by e q u a t i o n  (19) .  For t > t' t h e  
s o l u t i o n  i s  given by equa t ion  (19) wi th  t '  = 0.62t s u b s t i t u t e d  f o r  t h e  t i n  
t h e  equat ion.  

B e f o r e  Bypassing A f t e r  Bypossing 

Figure  39. Shore l ine  e v o l u t i o n  near  a  g r o i n  ( a f t e r  LeMehaute and 
So lda te ,  1980). 

The bypassing r a t e  i s  given by t h e  e x p r e s s i o n  

and i s  shown i n  Figure  40. The q u a n t i t y  QQo i s  t h e  longshore  t r a n s p o r t  t h a t  
would occur a long a  s t r a i g h t  beach and is  the, t r a n s p o r t  r a t e  t o  which Qg i s  
asympto t ic  as t + The c o e f f i c i e n t s  0.. 638 and 0.38 i n  e q u a t i o n  (20) were 
s e l e c t e d  t o  match t h e  s o l u t i o n s  desc r ibed  by equa t ions  (17) and (19) .  

Figure  40. Sand bypassing around a  g r o i n  ( a f t e r  LeMehaute 
and So lda te ,  1980). 



A p p l i c a t i o n  of t h e  Pelnard-Considere (1956) s o l u t i o n  t o  t h e  des ign  of t h e  
u p d r i f t  beach a t  a  weir  j e t t y  r e q u i r e s  t h a t  the  wave c l i m a t e  a t  the  s i t e  be 
d e s c r i b e d  by a s i n g l e  wave. It is  assumed t h a t  t h e  s h o r e l i n e  can be char-  
a c t e r i z e d  a s  the  beach planform t h a t  r e s u l t s  from t h a t  wave. Also, s i n c e  
r e f r a c t i o n  is  not  cons ide red ,  t h e  f i n a l  s h o r e l i n e  when t + i s  s t r a i g h t ;  
t h e r e f o r e ,  the  s h o r e l i n e  a t  some a r b i t r a r y  time must be chosen t o  d e s c r i b e  t h e  
beach ' s  r e sponse  t o  j e t t y  c o n s t r u c t i o n .  A t  b e s t ,  Pelnard-Considere a l lows  t h e  
use of nearby s h o r e l i n e  geometry t o  be e x t r a p o l a t e d  o r  t r ansposed  t o  p r e d i c t  
t h e  s h o r e l i n e  response  n e a r  a  j e t t y .  

The most promising method of p r e d i c t i n g  t h e  behav io r  of the  u p d r i f t  
s h o r e l i n e  is t o  use a  numerical  model t o  d e s c r i b e  t h e  sediment balance  f o r  
numerous smal l  l e n g t h s  of s h o r e l i n e .  A number of such  models have been 
developed ( P e r l i n ,  1978; LeMehaute and S o l d a t e ,  1980) wi th  va ry ing  l e v e l s  of 
success .  The advantage of a  numerical  model i s  t h a t  t h e  a c t u a l  wave condi- 
t i o n s  a t  t h e  s i t e  can be s imula ted  and used i n  t h e  model t o  g e n e r a t e  t h e  
p o s t p r o j e c t  s h o r e l i n e .  The d i f f i c u l t y  i n  us ing t h e s e  models i s  c a l i b r a t i n g  
them f o r  a  s i t e .  The s imple  models do not  d e s c r i b e  t h e  complex nea rshore  
p r o c e s s e s  t h a t  determine t h e  two-dimensional bathymetry nea r  s t r u c t u r e s  s i n c e  
on ly  t h e  one-dimensional e m p i r i c a l  r e l a t i o n s h i p  i s  u s u a l l y  used between 
longshore  sand t r a n s p o r t  and longshore  wave energy f l u x .  

Numerical models, wi th  f u r t h e r  development, show promise f o r  p r e d i c t i n g  
s h o r e l i n e  changes caused by j e t t y  c o n s t r u c t i o n .  P r e s e n t l y ,  t h e s e  models a r e  
q u a l i t a t i v e ;  however, i f  c a l i b r a t e d  us ing nearby s t r u c t u r e s  and s h o r e l i n e  
changes ,  t h e  models might be used t o  t r a n s p o s e  r e s u l t s  from a d j a c e n t  sites t o  
a  weir-  j e t t y  s i t e .  

X I .  APPLICATION OF HYDRAULIC MODELS TO THE DESIGN OF WEIR-JETTY SYSTEMS 

Cons t ruc t ion  of a  w e i r - j e t t y  system invo lves  a  s i z a b l e  inves tment  of b o t h  
t ime and money. For example,' t he  w e i r - j e t t y  system a t  Murre l l s  I n l e t  was 
b u i l t  a t  a  c o s t  of $11.4 m i l l i o n  over a  pe r iod  of 3 years .  P r o j e c t  cons t ruc -  
t i o n  was i n i t i a t e d  i n  October 1977 and completed i n  August 1980. Because of 
t h e  h igh c o s t  of such p r o j e c t s ,  any d e s i g n  d e f i c i e n c i e s  w i l l  u s u a l l y  be  
expens ive  t o  c o r r e c t  and smal l  d e s i g n  improvements may r e s u l t  i n  s i g n i f i c a n t  
s a v i n g s ;  t h e r e f o r e ,  the  des igner  should use every  method a t  h i s  d i s p o s a l  t o  
e n s u r e  an  adequa te ,  optimum des ign  which s a t i s f i e s  bo th  f u n c t i o n a l  and 
s t r u c t u r a l  requirements .  A h y d r a u l i c  model t e s t i n g  program f o r  a  proposed 
w e i r - j e t t y  system should  be t h e  r u l e  r a t h e r  than t h e  e x c e p t i o n  whenever a  
r e l a t i v e l y  l a r g e  j e t t y  p r o j e c t  is conceived.  Model t e s t s  can i n v e s t i g a t e  t h e  
h y d r a u l i c s  of i n l e t  m o d i f i c a t i o n ,  changes i n  sediment t r a n s p o r t  c o n d i t i o n s  
caused by i n l e t  m o d i f i c a t i o n ,  and the  s t r u c t u r a l  s t a b i l i t y  of proposed j e t t y  
c r o s s  s e c t i o n s .  Although t h e  r e s u l t s  ob ta ined  from model t e s t s  a r e  no t  always 
i n  t o t a l  conformance wi th  f i n a l  behavior of the  p ro to type ,  they can p rov ide  
q u a n t i t a t i v e  in fo rmat ion  on p r o j e c t  performance. A t  t h e  very  l e a s t ,  a  q u a l i -  
t a t i v e  unders tanding of t h e  e f f e c t  of the  p r o j e c t  can be ob ta ined .  The l e v e l  
of conf idence  i n  model t e s t  r e s u l t s  depends on t h e  type of model and i t s  
purpose. A d e t a i l e d  p r e s e n t a t i o n  on c o a s t a l  h y d r a u l i c  models i s  given by 
Hudson, e t  a l .  (1979).  

1. Hydraul ics  of I n l e t  Changes. 

A nunber of f a c t o r s  i n  t h e  des ign  of a  w e i r - j e t t y  system can  be cons ide red  
i n  a  three-dimensional ,  fixed-bed model of the  i n l e t  and proposed improve- 
ments. These i n c l u d e  changes i n  h y d r a u l i c  c h a r a c t e r i s t i c s  of the  in le t -bay  



system brought  about  by w e i r - j e t t y  c o n s t r u c t i o n  and,  t o  a  l i m i t e d  e x t e n t ,  
changes i n  s h o a l i n g  and d e p o s i t i o n  p a t t e r n s .  Hydraul ic  f a c t o r s  t h a t  can be 
q u a n t i f i e d  a r e  t h e  e f f e c t s  of j e t t y  c o n s t r u c t i o n  on t h e  t i d a l  pr ism,  t h e  t i d a l  
range i n  t h e  bay, and the  c u r r e n t  p a t t e r n s  i n  the  v i c i n i t y  of the  i n l e t .  
These f a c t o r s  a r e  no t  p e c u l i a r  t o  weir  j e t t i e s  but  r a t h e r  p e r t a i n  t o  a l l  j e t t y  
p r o j e c t s .  L€ u n d i s t o r t e d ,  wi th  v e r t i c a l  and h o r i z o n t a l  s c a l e s  t h e  same, a  
f ixed-bed model may be used t o  s tudy  t h e  e f f e c t  of waves on c i r c u l a t i o n  pat -  
Lerns,  t o  e s t i m a t e  the  l e v e l  of wave p r o t e c t i o n  a f f o r d e d  v e s s e l s  n a v i g a t i n g  
t h e  channel ,  and t o  a  dredge i n  the  d e p o s i t i o n  basin.  A d d i t i o n a l l y ,  any 
tendency f o r  c u r r e n t s  t o  move up a g a i n s t  t h e  j e t t y  o r  weir  s t r u c t u r e s  can be 
observed.  Design m o d i f i c a t i o n s  may then  be made and e v a l u a t e d  i n  t h e  model 
t h a t  w i l l  p rec lude  undermining t h e  p r o t o t y p e  s t r u c t u r e s .  For r e l a t i v e l y  
s imple  weir  geomet r i e s  such a s  s h e e t - p i l e  w e i r s ,  t h e  p a r t  of t h e  t i d a l  prism 
e n t e r i n g  t h e  i n l e t  a c r o s s  the  weir  can be e s t i m a t e d  from the  model. How f low 
over  t h e  weir  v a r i e s  w i t h  time can be s t u d i e d  a long  w i t h  t h e  r e l a t i v e  magni- 
tude of ebb and f l o o d  c u r r e n t  v e l o c i t i e s  i n  t h e  n a v i g a t i o n  channel .  

2. Scour,  Depos i t ion ,  and Sediment Transpor t .  

Scour,  d e p o s i t i o n ,  and sediment t r a n s p o r t  i n  proposed w e i r - j e t t y  sys tems 
can  be s t u d i e d  us ing  e i t h e r  movable-bed models o r  f ixed-bed models w i t h  t r a c e r  
m a t e r i a l s  such a s  c o a l ,  p l a s t i c  beads,  e t c . ,  p laced on the  bottom. Movable- 
bed modeling technology has  no t  developed t o  t h e  p o i n t  where r e l i a b l e  informa- 
t i o n  on bottom changes can be ob ta ined .  The models a r e  d i f f i c u l t  t o  c a l i b r a t e  
and v e r i f y ,  r e q u i r i n g  l a r g e  q u a n t i t i e s  of p r o t o t y p e  d a t a  f o r  t h i s  purpose. 
They a r e  a l s o  expensive  t o  o p e r a t e  and the  c o s t  of o b t a i n i n g  d a t a  f o r  v e r i f i -  
c a t i o n  can be p r o h i b i t i v e .  In some c a s e s ,  even a f t e r  c a r e f u l  c a l i b r a t i o n ,  t h e  
r e s u l t s  may be at  b e s t  q u a l i t a t i v e .  

The v a l i d i t y  of r e s u l t s  o b t a i n e d  from fixed-bed models w i t h  t r a c e r  mate- 
r i a l s  used t o  s i m u l a t e  scour  and d e p o s i t i o n  i s  q u i t e  l i m i t e d .  They can n o t  
model changes i n  bathymetry bu t  can be used t o  i d e n t i f y  a r e a s  where scour  and 
d e p o s i t i o n  w i l l  p robably  occur.  Any l a r g e - s c a l e  changes i n  bathymetry and 
t h e i r  subsequent  e f f e c t  on a d d i t i o n a l  scour  and d e p o s i t i o n  a r e  no t  considered.  
Scour and d e p o s i t i o n  p a t t e r n s  are d e t e c t e d  by p l a c i n g  a  uniform t h i n  veneer  of 
a  t r a c e r  m a t e r i a l  on t h e  f i x e d  bed of t h e  model. The model i s  then  run and 
the  r e d i s t r i b u t i o n  of t r a c e r  observed.  A tendency t o  scour  is i n d i c a t e d  by 
removal of t r a c e r  whi le  accumulat ion of t r a c e r  i s  i n t e r p r e t e d  a s  a  tendency t o  
a c c s e t e *  Some in fo rmat ion  can be ob ta ined  by p u t t i n g  a  g r i d  system on t h e  
model f l o o r  and q u a n t i f y i n g  t h e  r e l a t i v e  amounts of t r a c e r  accumulated o r  
removed from each g r i d  square  and comparing t h i s  wi th  the  amount o r i g i n a l l y  
p r e s e n t  i n  t h e  square .  For example, scour  n e a r  t h e  base  of proposed j e t t i e s  
may i n d i c a t e  a  p o t e n t i a l  problem with  undermining of the  s t r u c t u r e .  Cur ren t s  
moving up a g a i n s t  t h e  s t r u c t u r e  could l e a d  t o  hazardous  n a v i g a t i o n  c o n d i t i o n s  
and c u r r e n t s  moving through the  d e p o s i t i o n  b a s i n  might reduce i ts  e f f e c t i v e -  
n e s s  i n  t r a p p i n g  sand. 

The e f f i c i e n c y  of a  we i r  i n  t r a p p i n g  sediment i n  longshore  motion can be 
es t ima ted  by t r a c e r  i n  a  fixed-bed model. Trace r  m a t e r i a l  is  i n j e c t e d  i n t o  
t h e  model a long  t h e  u p d r i f t  beach and waves a r e  al lowed t o  move i t  a longshore  
t o  the  s t r u c t u r e .  Genera l ly ,  a  p a r t  of the  t r a c e r  i s  t rapped i n  a  f i l l e t  
a long  t h e  u p d r i f t  beach; a  p a r t  moves over  t h e  we i r  i n t o  t h e  d e p o s i t i o n  a r e a  
and some may move a long the  weir  and u p d r i f t  j e t t y  i n t o  the  n a v i g a t i o n  chan- 
ne l .  Var ious  j e t t y  l a y o u t s  and weir  c o n f i g u r a t i o n s  may be e v a l u a t e d  and an 
optimum l a y o u t  s e l e c t e d  from a  sand bypassing po in t  of view. Such t e s t s  a r e  
on ly  s e m i q u a n t i t a t i v e  but  may s t i l l  provide  i n f o r m a t i o n  on r e l a t i v e  e f f e c t i v e -  
ness  of v a r i o u s  j e t t y  l a y o u t s .  



Seasonal  and i r r e g u l a r  temporary r e v e r s a l s  of longshore  sand t r a n s p o r t  
which i n f l u e n c e  the  u p d r i f t  and downdrift  s h o r e l i n e s  can be s t u d i e d  us ing 
t r a c e r  which has been i n i t i a l l y  d i s t r i b u t e d  a long a  model s h o r e l i n e  and no t ing  
i t s  response t o  waves from v a r i o u s  d i r e c t i o n s .  The amount of sand i n  dead 
s t o r a g e  u p d r i f t  of t h e  u p d r i f t  j e t t y  can be es t imated  a long  wi th  t h e  a c t i v e  
s t o r a g e  i f  the  wave h e i g h t s ,  d i r e c t i o n s ,  and d u r a t i o n s  s e l e c t e d  f o r  t h e  
t e s t i n g  program a r e  reasonably  c h a r a c t e r i s t i c  of t h e  p r o j e c t  site. The t r a c e r  
i s  used t o  s imula te  a  beach ad jacen t  t o  t h e  proposed i n l e t  s t r u c t u r e s ,  and 
waves approaching from t h e  u p d r i f t  d i r e c t i o n  a r e  run  t o  form a  f i l l e t .  Subse- 
q u e n t l y ,  waves from t h e  downdrift  d i r e c t i o n  a r e  run and changes i n  planform of 
t h e  f i l l e t  observed. Usual ly ,  a l l  of t h e  t r a c e r  moved i n t o  t h e  f i l l e t  by 
waves from the  u p d r i f t  d i r e c t i o n  can not  be removed from t h e  f i l l e t  by waves 
from t h e  downdri f t  d i r e c t i o n  because of t h e  d i f f r a c t i o n  shadow of t h e  j e t t i e s ,  
This s h e l t e r i n g  e f f e c t  can be eva lua ted  from observa t ions  of t h e  t r a c e r  f i l l e t  
and i t s  response t o  v a r i a t i o n s  i n  t h e  magnitude and d i r e c t i o n  of i n c i d e n t  wave 
energy.  

3. J e t t y  S t r u c t u r e  S t a b i l i t y .  

S ince  t h e  c o s t  of l a r g e  r u b b l e - j e t t y  s t r u c t u r e s  i s  h igh ,  any cost -savings  
t h a t  can be ob ta ined  by prudent des ign and economic o p t i m i z a t i o n  should be 
i n v e s t i g a t e d .  S t a b i l i t y  t e s t s  of va r ious  s t r u c t u r e  c r o s s  s e c t i o n s  should be 
pursued i f  t h e r e  i s  any ques t ion  regard ing  t h e  s t r u c t u r a l  performance of t h e  
j e t t i e s  under t h e  varying wave and water l e v e l  c o n d i t i o n s  p r e v a i l i n g  a t  a 
site. Genera l ly ,  j e t t i e s  a r e  designed f o r  waves wi th  h e i g h t s  l i m i t e d  by 
sha l low dep ths  c l o s e  t o  s h o r e  ( s e e  Sec. 7.12 of t h e  SPM). The l i m i t i n g  des ign  
breaker  he igh t  is thus  a  f u n c t i o n  of the  maximum water l e v e l s  t h a t  can occur 
a t  t h e  j e t t y  s i t e .  Maximum wave c o n d i t i o n s  w i l l  p r e v a i l  d u r i n g  maximum water  
l e v e l s  such as occur dur ing hur r i canes .  If a  rubb le  j e t t y  i s  designed f o r  
g iven  water  l e v e l  and b reaker  h e i g h t ,  g r e a t e r  water  l e v e l s  and breaker  h e i g h t s  
w i l l  r e s u l t  i n  some damage t o  t h e  s t r u c t u r e .  The l e v e l  of damage and t h e  
a b i l i t y  of t h e  j e t t y  c r o s s  s e c t i o n  t o  con t inue  i t s  p r o t e c t i v e  f u n c t i o n  can be 
a s s e s s e d  i n  a  model. Models of the  j e t t y  t runk  and head should be s u b j e c t e d  
t o  t h e  v a r i o u s  c o n d i t i o n s  of water  l e v e l s  and wave h e i g h t s  c h a r a c t e r i s t i c  of 
t h e  s i t e .  The model can a l s o  be u s e f u l  t o  look a t  the  i n t e r l o c k i n g  between 
t h e  armor and f i r s t  under layer  and f o r  s i z i n g  t h e  under layers .  Also, waves 
i n c i d e n t  on j e t t i e s  u s u a l l y  propagate roughly a long t h e  a x i s  of t h e  s t r u c t u r e .  
L i t t l e  in fo rmat ion  i s  a v a i l a b l e  on rubble  s t r u c t u r e  s t a b i l i t y  under such wave 
a c t i o n .  If i n d i c a t e d ,  s t a b i l i t y  t e s t s  us ing waves wi th  an  ob l ique  angle  of 
approach should be conducted. 

The weir  s e c t i o n  of a  j e t t y  system w i l l  over top dur ing  a  s i g n i f i c a n t  p a r t  
of t h e  t i d a l  cyc le .  If t h e  s e c t i o n  i s  b u i l t  of rubb le ,  unique s t a b i l i t y  
problems might a r i s e  because of overtopping.  S p e c i a l  c o n s i d e r a t i o n  should be 
given t o  t e s t i n g  t h e  weir c r o s s  s e c t i o n  f o r  s t a b i l i t y  under t h e s e  cond i t ions .  

Other savings  may o f t e n  be achieved by varying t h e  s t r u c t u r e  c r o s s  s e c t i o n  
t o  a l low smal le r  armor u n i t s  c l o s e  t o  shore  where breaker  h e i g h t s  a r e  lower. 
Also,  t h e  landwardmost p a r t  of a  j e t t y  may no t  be s u b j e c t e d  t o  s i g n i f i c a n t  
l e v e l s  of wave a c t i o n  because of t h e  accumulation of sand a d j a c e n t  t o  t h e  
j e t t y .  Decreasing water  depths  c l o s e  t o  shore  l i m i t  t h e  wave h e i g h t s  t o  which 
t h e  nearshore  segments of a  j e t t y  a r e  sub jec ted ;  consequent ly ,  j e t t i e s  may be 
des igned f o r  lower wave h e i g h t s  provided s u f f i c i e n t  in fo rmat ion  on t h e  post- 
c o n s t r u c t i o n  beach p r o f i l e  a d j a c e n t  t o  t h e  j e t t y  is  a v a i l a b l e .  Model t e s t i n g  
of t h e  v a r i o u s  c r o s s  s e c t i o n s  should be performed. 
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