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ABSTRACT 

I n t h e f i r s t phase o f t h e d e t a i l e d n o d e l -

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

u n d e r r andom waves a m o d e l i s c o n s t r u c t e d 

w h i c h a d o p t s a v e r t i c a l l y i n t e g r a t e d t r a n ­

s p o r t d e s c r i p t i o n f o r s h e e t f l o w s i t u a t i o n s . 

The f o r m u l a t i o n o f t h e t r a n s p o r t as a f u n c ­

t i o n o f t h e i n s t a n t a n e o u s v e l o c i t y f i e l d i s 

based o n t h e a p p r o a c h o f B a l l a r d ( 1 9 8 1 ) . 

T h i s a p p r o a c h assumes i n e s sence s i m p l y 

t h a t t h e i n s t a n t a n e o u s t r a n s p o r t i s p r o p o r ­

t i o n a l w i t h some power o f t h e i n s t a n t a n e o u s 

n e a r - b o t t o m v e l o c i t y . I m p l e m e n t a t i o n o f 

t h i s t r a n s p o r t d e s c r i p t i o n i n a t i n e - d e p e n ­

d e n t m o d e l r e q u i r e s a f o r m u l a t i o n o f Che 

t i m e - m e a n and some l o w o r d e r moments o f t h e 

n e a r - b o t t o m v e l o c i t y f i e l d . An a d - h o c f o r ­

m u l a t i o n based o n a m o n o c h r o m a t i c , s e c o n d 

o r d e r S t o k e s wave r e p r e s e n t a t i o n i s p r e s e n ­

t e d . A n u m e r i c a l r e s e a r c h m o d e l , ba sed o n 

t h e above f o r m u l a t i o n s , i s d e s c r i b e d and 

l i m i t e d l y c h e c k e d o n i t s p e r f o r m a n c e o n t h e 

b a s i s o f an a v a i l a b l e f i e l d d a t a s e t . Some 

c o n s e q u e n c e s f o r f u r t h e r s t u d y a r e i n d i c a ­

t e d . 

1 . INTRODUCTION 

The p a r t i c u l a r r o l e o f a n e a r l y t w o - d i m e n ­

s i o n a l wave m o t i o n i n t h e movement o f s e d i ­

ment n o r m a l to t h e s h o r e i s p o o r l y u n d e r ­

s t o o d . I t i s g e n e r a l l y assumed t h a t a n u m ­

be r o f i n t e r a c t i o n mechan isms b e t w e e n t h i s 

wave m o t i o n and t h e s e d i m e n t m o t i o n c o n t r i ­

b u t e to t h e f o r m a t i o n o f t h e b e a c h p r o f i l e , 

a l s o i n t h e t h r e e - d i m e n s i o n a l t o p o g r a p h i e s 

t h a t o c c u r o n a n a t u r a l c o a s t . F u l l a c c o u n t 

o f a l l m e c h a n i s m s can be t a k e n when a d e s ­

c r i p t i o n o f b o t h t h e h o r i z o n t a l v e l o c i t y 

f i e l d , u ( x , z , C ) , and t h e s e d i m e n t c o n c e n ­

t r a t i o n f i e l d , c ( x , z , t ) , i n space and t i m e 

i s a v a i l a b l e , so t h a t t h e n e t c r o s s - s h o r e 

s e d i m e n t t r a n s p o r t , <q ( x ) > , may be c a l c u ­

l a t e d f r o m 

< q ( x ) > = <ƒ u ( x , z , C ) . c ( x , z , t ) dz> ( 1 ) 

d 

w h e r e t h e i n t e g r a t i o n i s p e r f o r m e d o v e r t h e 

i n s t a n t a n e o u s d e p t h d and t h e b r a c k e t s i n ­

d i c a t e t i m e a v e r a g i n g . From t h e c r o s s - s h o r e 

v a r i a t i o n o f <q ( x ) > t h e b o t t o m changes may 

be d e r i v e d . 

V i s u a l and e x p e r i m e n t a l o b s e r v a t i o n o f 

random waves o n a t T O - d i m e n s i o n a l beach i n ­

d i c a t e s t h a t o n e o f t h e more i m p o r t a n t me­

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

be t h e t r a n s p o r t o f s e d i m e n t by t h e t i m e 

mean, s e a w a r d s d i r e c t e d f l o w n e a r t h e b o t ­

tom i n d u c e d by Che b r e a k i n g o f w a v e s . I t 

was shown ( S t i v e and B a t t j e s , 1984) t h a t 

t h i s mechan i sm i s so d o m i n a n t t h a t a v e r ­

t i c a l l y i n t e g r a t e d m o d e l i n c o r p o r a t i n g t h i s 

m e c h a n i s m a l o n e d e s c r i b e s t h e b o t t o i i i v a r i a ­

t i o n s i n t h e s u r f zone t o a s a t i s f a c t o r y , 

f i r s t a p p r o x i m a t i o n . E x t e n s i o n o f t h i s 

m o d e l w i t h o t h e r t r a n s p o r t mechanisms i s a 

l o g i c a l s t e p t o w a r d s a more c o m p l e t e c r o s s -

s h o r e s e d i m e n t t r a n s p o r t m o d e l . H e r e some 
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f i r s t suggestions are made to extend the 

model with transport due to the asymmetry 

of the wave motion. 

2 . TRANSPORT FORMULATION 

In pr inc ip le the net cross-shore sediment 

transport may be ca lculated from Equation 

( 1 ) . There are , however, two reasons per­

suading us to re ly on a s i m p l i f i e d , v e r t i ­

c a l l y integrated form of Equation ( 1 ) . 

F i r s t l y , our knowledge of the ve loc i ty and 

concentration f i e l d in time and space i s 

very l imited . Secondly, a simpler - but 

qua l i ta t ive correct - formulation of the 

sediment transport provides a better i n ­

s ight in the mechanisms. Since we are i n ­

terested in a transport formulation which 

takes also the e f fec t s of wave asymmetry 

into account, i t i s e s s en t ia l to adopt a 

formulation describing the transport i n ­

stantaneously. A simple approach would be 

to assume that the instantaneous sediment 

transport ra te , q, i s proportional to some 

power of the l o c a l r e l a t i v e ve loc i ty be­

tween the bed and the f l u i d outside the 

boundary layer . For example. 

q( t ) = A u ( t ) l u ( t ) l " ( 2 ) 

where u(t) = cosut with the o r b i t a l 

ve loc i ty amplitude j u s t outside the boun­

dary layer and di the angular frequency. 

The l a t t e r approach has been elaborated 

consistent ly for surf zones on a plane 

sloping beach by Ba i lard ( 1 9 8 1 ) , who exten­

ded the work of Bai lard and Inman ( 1 9 8 1 ) . 

Based on Bagnold's ( 1 9 6 3 ) energetics con­

cept these authors use as a s tar t ing point 

a descript ion of the instantaneous sediment 

transport bas i ca l l y in the form of Equation 

( 2 ) , extended with the e f fect of a bottom 

slope. Bai lard ( 1 9 8 1 ) d ist inguishes between 

bedload transport i n a g r a n u l a r - f l u i d shear 

layer of a thickness in the order of the 

wave boundary layer and suspended transport 

in a layer of greater thickness, t y p i c a l l y 

in the order of s evera l centimeters. For 

Che bedload transport Che power n as i n t r o ­

duced by equation ( 2 ) i s given by Ba i lard 

( 1 9 8 1 ) as 2 , while for the suspended t r a n ­

sport i t i s given as 3 . Here his general 

two-dimensional hor izonta l formulation i s 

reduced for appl icat ion in the cross-shore 

d i rec t ion which y i e lds the instantaneous 

to ta l load sediment transport equation (see 

also B a i l a r d , 1 9 8 2 ) : 

i ( t ) = i g ( t ) + i g ( t ) 

= D C , - f - [ !u ( t ) l 2 u(t ) - ^ f 2 - i - | u ( t ) ! 3 ] + 
f tan 0 Can o 

oc -f- [ !u(t) !3 u ( t ) - cans l u ( c ) | 5 ] ( 3 ) 
r w w 

where i i s the t o t a l cross-shore immersed 

weight sediment transport rate (composed of 

the bedload transport ra te , ig , and the 

suspended load transport ra te , i g ) , p i s 

the water density , C j i s the drag c o e f f i ­

c ient for the bed, tan 3 i s the slope of 

Che bed, (j) i s the I n t e r n a l angle of f r i c ­

tion of the sediment, w i s the sediment's 

f a l l ve loc i ty and and e„ are bedload and 

suspended load e f f i c i e n c i e s , re spec t ive ly . 

The e f f i c i e n c y fac tors and e denote 

those (constant) f rac t ions of the t o t a l 

power produced by the f l u i d motion which 

are expended in transport ing. The immersed 

weight sediment transport rate is l inked Co 

the volumetric transport rate by 

(p -p)gN 
( 4 ) 

where i s the sediment density, g the 

g r a v i t a t i o n a l acce lerat ion and N the l o c a l 

volume concentration of s o l i d s . 
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The above s e d i m e n t t r a n s p o r t f o r m u l a t i o n 

uses v e r t i c a l l y i n t e g r a t e d e q u a t i o n s . As a 

c o n s e q u e n c e , t h e s e d i m e n t t r a n s p o r t s a r e 

assumed to r e s p o n d t o t h e n e a r b o t t o m w a t e r 

v e l o c i t y i n an i n s t a n t a n e o u s , q u a s i - s t e a d y 

manner . T h i s a s s u m p t i o n i s p r o b a b l y v a l i d 

f o r b e d l o a d t r a n s p o r t o n a f l a t bed ( e x c e p t 

f o r a phase l a g w h i c h i s n e g l e c t e d f o r s i m ­

p l i c i t y ) because t h e b e d l o a d l a y e r has a 

s m a l l t h i c k n e s s and i t c a n r e s p o n d q u i c k l y 

to t h e i n s t a n t a n e o u s s h e a r s t r e s s . The s u s ­

pended s e d i m e n t t r a n s p o r t , h o w e v e r , i s d i s ­

t r i b u t e d o v e r a l a y e r t h i c k n e s s o f s e v e r a l 

c e n t i m e t e r s . The c h a r a c t e r i s t i c t i m e c o n ­

s t a n t f o r t h i s l a y e r i s t h e r a t i o o f i t s 

t h i c k n e s s and t h e s e d i m e n t f a l l v e l o c i t y 

w h i c h i s t y p i c a l l y i n t h e o r d e r o f 1-2 s e ­

c o n d s . For most n a t u r a l beaches w i t h p r e ­

v a i l i n g p l a n e bed c o n d i t i o n s and i n c i d e n t 

wave p e r i o d s o f 5 - 1 0 s e c o n d s , i t a p p e a r s 

t h a t t h e q u a s i - s t e a d y a s s u m p t i o n i s r e a s o ­

n a b l e . 

u = u + u ( 6 ) 

T h u s , t h e p r o b l e m t o be e v a l u a t e d h e r e i s 

how t o p r e d i c t t h e c ro s s—shore v a r i a t i o n o f 

t h e v e l o c i t y moments a p p e a r i n g i n E q u a t i o n 

( 5 ) . 

C o n c e p t u a l s i m p l i f i c a t i o n s f o l l o w by a s s u ­

m i n g t h a t t h e o s c i l l a t o r y v e l o c i t y i s due 

t o a s i n g l e p l a n e wave o f f r e q u e n c y cu and 

some s m a l l n o n l i n e a r h a r m o n i c s : 

u = U j j C O S (lit + U 2 0 C O S 2mt + . . ( 7 ) 

i n w h i c h u_^>u^^>. 

U s i n g E q u a t i o n s ( 6 ) and ( 7 ) i n E q u a t i o n ( 5 ) 

y i e l d s : 

<1> = p c . u 
f m t a n 

" ' ' f ^ m w •-'^z+^J''^'> - e s t a n 8 ( u 5 ) 1 ( 8 ) 

A n o t h e r u n c e r t a i n t y i n t h e t r a n s p o r t f o r m u ­

l a t i o n c o n c e r n s t h e use o f b e d l o a d and s u s ­

pended l o a d e f f i c i e n c y f a c t o r s . A l t h o u g h 

c o n s t a n t v a l u e s have been f o u n d a d e q u a t e 

f o r c e r t a i n t y p e s o f f l o w ( s e e T a b l e 1 ) , 

t h e i r v a r i a t i o n s w i t h t h e t y p e o f f l o w c o n ­

s i d e r e d l e a v e s a t l e a s t some q u a n t i t a t i v e 

u n c e r t a i n t y . 

3 . THE CROSS-SHORE VELOCITY FIELD 

G i v e n Che v a r i a t i o n o f t h e c r o s s - s h o r e v e ­

l o c i t y f i e l d Che mean c r o s s - s h o r e s e d i m e n t 

t r a n s p o r t r a t e may i n p r i n c i p l e be c a l c u l a ­

t e d f r o m t h e t i m e a v e r a g e d E q u a t i o n ( 3 ) : 

i n w h i c h t h e r e l a t i v e c u r r e n t s t r e n g t h , 5 

< i > = P c 
f t a n 

p c , [ < l u | 3 u> - t a n S<lul5> ( 5 ) 
1 w w 

where Che Cotal ve loc i ty u i s composed of a 

mean (overbar) and an o s c i l l a c o r y ( C i l d e ) 

flow component.: 

6 = u / u 
u m 

( 9 ) 

and t h e o d d v e l o c i t y moment s , ^ a n d i f ^ . 

n = <ïï3>/u3 ( 1 0 a ) 

( 1 0 b ) 

The even v e l o c i t y moments ( u 3 ) a n d ( u 5 ) 

a r e d e f i n e d a s : 

( u 3 ) = < lu | 3> /u3 
m 

, ( 1 1 a ) 

( U b ) ( u 5 ) = < lu | 5> /u5 
m 

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

r e n t s t r e n g t h and o d d moments o n l y t h r e e 

v e l o c i t y moments may be s i m p l i f i e d f u r t h e r , 

i . e . 
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e f f i c i e n c y s t e a d y s t r e a m l o n g s h o r e c r o s s - s h o r e 

f a c t o r f l o w c u r r e n t f l o w c u r r e n t f l o w 

( B a g n o l d , 1966) ( B a i l a r d , 1981) ( B a i l a r d , 1982) 

' B 
0 . 1 3 

0 . 0 1 

0 . 2 1 

0 . 0 2 5 

0 . 1 0 

0 . 0 2 0 

T a b l e 1 E s t i m a t e s o f t h e e f f i c i e n c y f a c t o r s 

0 ^ * 2 = 2 Ü < l u | 3 > + < | ~ | 3 u > ( 1 2 ) 

and u 3 ( u 3 ) * = Ül<ï ï2> + < ( ï ï | 3 > ( 1 3 a ) 

u 5 ( u 5 ) * = lul<a'*> + < i a | 5 > ( 1 3 b ) 

I n s p e c t i o n o f t h e a b o v e e x p r e s s i o n s i n d i ­

c a t e s t h a t t h e f o l l o w i n g l o w o r d e r v e l o c i t y 

moments a r e o f i m p o r t a n c e : 

- t h e f o u r l o w e s t even 

moments < u 2 > , <\u\^, < ï ï '*> , < l ' a | 5 > , 

w h i c h a r e non z e r o f o r s y m m e t r i c v e l o c i ­

t i e s , 

- t h e two l o w e s t o d d 

moments <\i^>, <\u\^ u > , w h i c h a r e z e r o 

f o r s y m m e t r i c v e l o c i t i e s . 

The l a t t e r moments a r e t h e most d i f f i c u l t 

to e s t i m a t e ; t h e y a r e n o n z e r o o n l y f o r n o n ­

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

The s h o r e w a r d v e l o c i t i e s a r e t y p i c a l l y 

s t r o n g e r and o f s h o r t e r d u r a t i o n t h a n t h e 

o f f s h o r e f l o w s , l e a d i n g t o n o n z e r o v a l u e s 

f o r t h e o d d momen t s . C a l c u l a t i o n o f t h e o d d 

moments r e q u i r e s a n o n l i n e a r wave s h o a l i n g 

and decay m o d e l , 

A t h e o r e t i c a l e v a l u a t i o n o f t h e e v e n 

moments f o r b o t h a m o n o c h r o m a t i c , l i n e a r 

sea ( s i n u s o i d a l m o d e l ) and a r a n d o m , l i n e a r 

sea ( G a u s s i a n m o d e l ) i s g i v e n by Guza a n d 

T h o r n t o n ( 1 9 8 5 ) , The t h e o r e t i c a l moments 

a r e compared to f i e l d o b s e r v a t i o n s f r o m t h e 

NSTS s t u d y , A summary o f o b s e r v a t i o n s and 

t h e o r y f o r t he s e v e r a l c r o s s - s h o r e moments 

i s g i v e n i n T a b l e 2 b e l o w . The moments a r e 

n o r m a l i z e d by t h e l o c a l v a r i a n c e . 

The a b o v e r e s u l t s i n d i c a t e t h a t e v e n 

moments do n o t c r i t i c a l l y depend o n c r o s s -

s h o r e v e l o c i t y a s y m m e t r y . T h i s i s due t o 

t h e f a c t t h a t a l s o f o r s y m m e t r i c v e l o c i t i e s 

t h e s e t e r m s a r e n o n z e r o . At t h e p r e s e n t 

s t a g e we w i l l t h e r e f o r e r e l y on Che Gaus ­

s i a n e s t i m a t e s f o r t h e even momen t s . The 

o d d moments a r e z e r o f o r a s y m m e t r i c v e l o ­

c i t y f i e l d , b u t c an be n o n z e r o f o r asymme­

t r i c ( n o n l i n e a r ) m o t i o n s . Here we s u g g e s t 

t h e f o l l o w i n g a d - h o c f o r m u l a t i o n . 

As i n d i c a t e d above c a l c u l a t i o n o f t h e o d d 

v e l o c i t y moments r e q u i r e s a s h o a l i n g a n d 

d e c a y m o d e l w h i c h p r e d i c t s c e r t a i n n o n l i ­

n e a r p r o p e r t i e s o f t h e p r e s e n t l y c o n s i d e r e d 

r a n d o m , b r e a k i n g w a v e s , A r e l e v a n t n o n l i ­

n e a r p r o p e r t y i s t h e a s y m m e t r y o f t h e wave 

s u r f a c e a b o u t t h e h o r i z o n t a l a x i s . For n o n ­

b r e a k i n g waves t h i s a s y m m e t r y may to a 

f i r s t a p r r o x l m a c i o n w e l l be p r e d i c t e d o n 

t h e b a s i s o f a h o r i z o n t a l b o t t o m , n o n l i n e a r 

wave t h e o r y , a s s u m i n g t h a t due t o g r a d u a l 

b o t t o m v a r i a t i o n s t h e waves l o c a l l y b e h a v e 

as o n a h o r i z o n t a l b o t t o m ( s e e F l i c k , e t 

a l , , 1 9 8 1 ) , Howeve r , i n Che h o r i z o n t a l b o t ­

t o m , n o n l i n e a r wave t h e o r i e s t h e phases o f 

t h e h a r m o n i c s a r e l o c k e d t o ze ro and" t h e r e 

i s no v e r t i c a l wave p r o f i l e a s y m m e t r y p o s ­

s i b l e . T h i s a s y m m e t r y a b o u t t h e v e r t i c a l 

p l a n e i s an e s s e n t i a l p r o p e r t y o f t h e s a w ­

t o o t h s h a p e d b r e a k i n g waves i n t h e s u r f 

z o n e . 
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observations theory 

moment ïtov. 17 Nov. 20 Gaussian s inusoid 

< l ï ï i 3> /<u2>3 /2 1.60 1.69 1 .60 1.20 

<ïï''>/<u2>2 2 . 8 6 3 . 5 0 3 . 0 0 1.50 

< | ü | 5 > / < Ï Ï 2 > 5 / 2 1.11 8 . 5 8 6 . 3 8 1.92 

<u3>/<u2>3/2 0 . 5 5 0 . 5 0 0 0 

<!ÏÏ|3u>/<u2>2 - 1 . 2 0 - 1 . 2 0 0 0 

<25>/<u2>5/2 4 . 9 5 5 . 3 9 0 0 

T a b l e 2 O b s e r v e d and t h e o r e t i c a l v e l o c i t y moments ( a f t e r Guza and T h o r n t o n , 1985) 
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These t h e o r i e s a r e d e f i c i e n t i n t h i s 

r e s p e c t and t h u s p a r t i c u l a r l y u n s u i t a b l e 

f o r c a l c u l a t i o n s o f o d d v e l o c i t y moments 

w h i c h depend c r i t i c a l l y o n p h a s e . To i l ­

l u s t r a t e t h i s we c a l c u l a t e t h e two l o w e s t 

o r d e r o d d moments 

a s s u m i n g t h a t t h e v e l o c i t y f l u c t u a t i o n i s 

d e s c r i b e d by a s econd o r d e r a p p r o x i m a t i o n 

w i t h a l o c k e d b u t n o n z e r o phase b e t w e e n t h e 

tTO c o m p o n e n t s : 

ÏÏ = u c o s u t + u_ cos ( 2 u t + ( 1 4 ) 
m 2m I 

i n w h i c h > u^^^. A f t e r some a l g e b r a i c ma­

n i p u l a t i o n i t may be show t h a t to l o w e s t 

o r d e r t h e two o d d v e l o c i t y moments a r e g i v ­

en b y : 

<u3> = 7- u2 u . c o s 4>„ ( 1 5 a ) 
4 m 2ra 2 

< | u l 3 u > = — ^ u3 u ^ cos 4^ ( 1 5 b ) 
5 T m 2ra 2 

An i n t e r e s t i n g p e r s p e c t i v e now a r i s e s when 

we c o m b i n e t h e s e r e s u l t s w i t h t h e f o l l o w i n g 

o b s e r v a t i o n s . I n t h e i n n e r s u r f zone where 

t h e b r e a k i n g waves a r e q u a s i - s t e a d y t h e r e ­

l a t i v e phase o f t h e s econd h a r m o n i c i n c r e a ­

ses s m o o t h l y t o w a r d t h e a s y m p t o t i c v a l u e 

( s e e F l i c k e t a l . , 1 9 8 1 ) : 

*2 * 11 /2 ( 1 6 ) 

T h u s , a c c o r d i n g t o E q . 15a , 15b , t h e o d d 

v e l o c i t y moents f o r b r e a k i n g waves v a n i s h 

u l t i m a t e l y . 

A t t h i s p o i n t we may f o r m u l a t e and a d - h o c 

wave d e c a y mode l w h i c h p r e d i c t s l i n e a r and 

n o n l i n e a r p r o p e r t i e s n e c e s s a r y to d e r i v e 

t h e v e l o c i t y moments . As a s t a r t i n g p o i n t 

B a t t j e s and J a n s s e n ' s ( 1 9 7 8 ) wave d e c a y 

m o d e l i s a d o p t e d to p r e d i c t t h e v a r i a n c e o f 

t h e wave e l e v a t i o n i n c r o s s - s h o r e d i r e c ­

t i o n . The p r o p a g a t i a n p r o p e r t i e s o f t h i s 

m o d e l a r e l i n e a r ; t h e d i s s i p a t i o n p r o c e s s 

due to b r e a k i n g i s based o n a G a u s s i a n w a v e 

d e s c r i p t i o n . G i v e n t h e wave v a r i a n c e v a r i a ­

t i o n l i n e a r t h e o r y may be a p p l i e d to p r o v i ­

de t h e v a r i a t i o n o f t h e n e a r - b o t t o m v e l o c i ­

t y v a r i a n c e and t h u s t h e even v e l o c i t y m o ­

m e n t s . I n t h e r a n d o m wave mode l t h e r e i s a 

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

o f t h e wave f i e l d o n a beach o f m o n o t o -

n e o u s l y d e c r e a s i n g d e p t h . W i t h o u t t h e r i s k 

o f d i s c o n t i n u i t i e s we may t h e r e f o r e s a f e l y 

e s t i m a t e t h e odd v e l o c i t y moments f r o m t h e 

n o n b r e a k i n g f r a c t i o n o f waves o n l y and a s ­

sume t h a t t h e c o n t r i b u t i o n o f t h e b r e a k i n g 

waves i s n e g l i g i b l e i n v i e w o f t h e a b o v e 

c o n c l u s i o n s . To p r o v i d e r e s u l t s f r o m t h i s 

m o d e l we use t h e s e c o n d o r d e r S t o k e s e x p a n ­

s i o n w i t h 

U = U c o s CO t 

m p 

u2 
+ ^ ^ s i n h - 2 ( k p h ) cos 2 u p t ( 1 7 ) 

and c h o o s e u „ = u „ „ „ ' f r o m t h e c o n s i d e r a t i o n 
m rms 

t h a t t h e m o n o c h r o m a t i c r e p r e s e n t a t i o n o f 

t h e random wave f i e l d s h o u l d have t o same 

v a r i a n c e . 

He re we c o n c l u d e w i t h a com.par i son b e t w e e n 

o b s e r v a t i o n s o f t h e u n d e r t o w , Che v e l o c i t y 

v a r i a n c e and t h e skewness ( i . e . t h e f i r s t 

o d d v e l o c i t y moment n o r m a l i z e d by t h e v a ­

r i a n c e , < u 3 > / < u 2 > 3 / 2 ) and c a l c u l a t i o n s 

w i t h t h e p r e s e n t m o d e l ( s e e F i g u r e 1 ) . The 

o b s e r v a t i o n s a r e by Guza and T h o r n t o n 

( 1 9 8 5 ) and c o n c e r n r a t h e r l o n g wave c o n ­

d i t i o n s . 
V 

The c o m p a r i s o n shows t h a t q u a l i t a t i v e l y t h e 

p r e d i c t i o n s a r e r e a s o n a b l e ; q u a n t i t a v e l y 

t h e r e a r e d i s c r e p a n c i e s i n d i c a t i n g t h a t i m ­

p r o v e m e n t s s h o u l d be made. 

M . J . F . S t i v e 
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4 . THE COMPUTATION OF TRANSPORT AND BOTTOM 

CHANGES 

I n . t h e p r e s e n t rnodel t h e l o c a l mean, v o l u ­

m e t r i c c r o s s - s h o r e s e d i m e n t t r a n s p o r t r a t e , 

< q > . I s c a l c u l a t e d a c c o r d i n g to t h e f o l l o ­

w i n g e x p r e s s i o n s , w h e r e use has been made 

o f e x p r e s s i o n s ( 4 ) a n d ( 8 ) . . . ( 1 2 ) ; 

<q>=Bas « ' a s > + ^un <1un> " ' ^ s l < ^ s l > < ^^a) 

< ' 'as> = ^B * 1 + ^S ^ 
( 1 8 b ) 

<q > = F^ ^ 5 + F„ 35 ( u 3 ) ( I 8 c ) 
un B 2 u S u 

< % 1 > = ^ B T i ^ ( " 2 ^ * + ^ S - i ^ S " " ^ ( 1 8 d ) 

( I S e ) 

( I S f ) 

B AgN t a n ó 

c / . 
^ f rms S 

S A g N w 
Here C j i s t h e d r a g c o e f f i c i e n t e q u a l Co 

i f w i c h f , che f r i c c i o n f a c t o r as d e f i n e d 
w w 

i n S t i v e and B a t t j e s ( 1984) and B^^, , B ^ ^ 

and B^j^ a r e p r o p o r t i o n a l i t y c o n s t a n t s w h i c h 

s h o u l d be 0 ( 1 ) i f Che d e s c r i p c i o n i s r i g h t . 

The f r e e p a r a m e t e r s i n t h e above e x p r e s ­

s i o n s a r e e and e w h i c h f o r c r o s s - s h o r e 

B S 

t r a n s p o r t a r e g i v e n by B a i l a r d ( 1 9 8 2 ) o n 

che b a s i s o f f i e l d o b s e r v a c i o n s as 0 . 1 0 and 

0 . 0 2 r e s p e c t i v e l y . These v a l u e s a r e i n 

p r i n c i p l e a d o p t e d h e r e . 

The c r o s s - s h o r e v a r i a t i o n o f che l o c a l , 

mean s e d i m e n t t r a n s p o r t may now be c a l c u ­

l a t e d w i t h t h e above e x p r e s s i o n s ( 1 8 a . . . f ) 

g i v e n t h e r e s u l t s o f t h e wave h e i g h t d e c a y 

and k i n e m a t i c s m o d e l . T h r o u g h a p p l i c a t i o n 

o f t h e mass b a l a n c e f o r t h e s e d i m e n t ( o f 

w h i c h t h e p r o p e r t i e s a r e assumed c o n s t a n t ) 

t h e b o t t o m changes may be c a l c u l a t e d . T h i s 

p r o c e d u r e may be r e p e a t e d f o r t h e new beach 

p r o f i l e . 

r i t h m i s u sed i n t h e wave decay m o d e l and a 

m o d i f i e d L a x scheme i n t h e b o t t o m c h a n g e 

c a l c u l a t i o n s . 

As a b o u n d a r y c o n d i t i o n on t h e w a t e r l i n e 

t h e p r e s e n t f o r m u l a t i o n y i e l d s <q> = 0 . To 

s i m u l a t e Che s m o o t h i n g e f f e c t o f swash mo­

t i o n o n t h e s e d i m e n t t r a n s p o r t nea r t h e w a ­

t e r l i n e < q ( x ) > was damped s t a r t i n g f r o m a 

d e p t h o f a p p r o x i m a t e l y h a l f t h e i n i t i a l 

wave h e i g h t i n p r o p o r t i o n Co che mean w a t e r 

d e p t h . 

5 . MODEL VERIFICATION 

A l a b o r a t o r y measuremen t programme a i m e d a t 

t h e v e r i f i c a t i o n o f t h e p r e s e n t m o d e l has 

n o t y e t been c o n d u c t e d . I n s t e a d we p r e s e n t 

a p r e l i m i n a r y c o m p a r i s o n o f m o d e l c a l c u l a ­

t i o n s w i t h o b s e r v e d bar f o r m a t i o n and d e ­

f o r m a t i o n i n an e s t u a r y r e g i o n i n t h e S o u t h 

o f che N e t h e r l a n d s , t h e s o c a l l e d V o o r d e l t a , 

w h i c h 

o c c u r r e d a f t e r c l o s u r e o f one o f t h e S o u t ­

h e r n DuCch e s t u a r i e s . The p r o f i l e d e f o r ­

m a t i o n i n c r o s s - s h o r e d i r e c t i o n i s a p p r e ­

c i a b l e ( s e e F i g u r e 2 ) . The c o m p a r i s o n b e ­

t w e e n Che h i n d c a s t r e s u l t s and t h e m e a s u r e ­

men t s i s s a t i s f a c t o r y , d e s p i t e t h e f a c t 

t h a t t h e wave c l i m a t e and h y d r a u l i c c o n d i ­

t i o n s w e r e s c h e m a t i z e d to one v a l u e f o r t h e 

i n c i d e n t wave c h a r a c t e r i s t i c s and a f i x e d 

w a t e r l e v e l . The p r o p o r t i o n a l i t y c o n s t a n t s 

" a s ' ^sl "'^'^'^ ^^"^ 

Some c h a r a c t e r i s t i c p a r a m e t e r s o f t h i s c a s e 

a r e c o l l e c t e d i n T a b l e 4 b e l o w . 

I n t h e n u m e r i c a l e v a l u a t i o n o f t h e a b o v e 

p r o c e d u r e a second o r d e r R u n g e - K u t t a a l g o -

M . J . F . S t i v e 
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c a s e p r o f i l e g r a i n . 

d i a m e t e r 

( u m ) 

r m s , i n c i d e n t p 

(ra) ( H z ) 

f i e l d ' b a r r e d 225 U 5 0 0 . 1 7 

T a b l e 4 C h a r a c t e r i s t i c p a r a m e t e r s h i n d c a s t c a se 

0 . 0 

2 
I 

i 5 . 0 
a 

^ 10 .0 

OBSERVED 

JULI I S r O 
FEBRUARI \<iJZ 

, , „ « o w d « ^ ^ MEl 19''3 
^«^r"^^ APRIL 19?4 

JUNI \^7% 
JUKI ig^s 

15 .0 500 lOOO 1500 2000 2500 3000 3500 4000 4500 5000 SSOO 
- c ^ X (M) 

2 

r 

a 5 . 0 

1 
10 .0 

COMPUTED 

0 TIMESTEPS 
150 TIMESTEPS 

- - f ^ ^ ' ^ 300 TWESTEPS 
- " *50 TIMESTEPS 

600 TIMESTEPS 

15.0^ 500 1000 1500 2000 2500 3000 3 5 Ö 0 4000 4500 SOOO 5SO0 

1— X (m 

I 

i 5 . 0 

1 
1 0 . 0 

COMPARED 

J U L l 15?0 
^ - ^ ^ JULI 1976 

— 600 TIMESTEPS 

• 5 .0^ 5Ó0 1000 1500 2000 2500 3000 3500 4000 4500 5O00 ^ ^ j ^ f ° ° 

F i g . 2 C o m p a r i s o n b e t w e e n p r o f i l e d e v e l o p m e n t a t t h e V o o r d e l t a and p r e s e n t t h e o r e t i c a l 

p r e d i c t i o n 

M . J . F . S t i v e 
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6 . DISCUSSION AND CONCLUSION 

I n t h i s paper a f i r s t s u g g e s t i o n i s made t o 

e x t e n d t h e e a r l i e r f o r m u l a t e d m o d e l f o r o f ­

f s h o r e s e d i m e n t t r a n s p o r t due t o u n d e r t o w 

( S t i v e and B a t t j e s , 1984) w i t h t h e e f f e c t s 

due to h o r i z o n t a l a s y m m e t r y i n t h e wave mo­

t i o n . 

To a r r i v e a t t h e s e r e s u l t s i t was n e c e s s a r y 

to m o d e l some l o w o r d e r odd moments o f t h e 

n e a r - b o t t o m v e l o c i t y f i e l d . An a d - h o c f o r ­

m u l a t i o n based o n a m o n o c h r o m a t i c , s e c o n d 

o r d e r S t o k e s wave r e p r e s e n t a t i o n i s shown 

Co g i v e a r e a s o n a b l e , f i r s t a p p r o x i m a t i o n 

Co t h e odd v e l o c i t y moment s , b u t o b v i o u s l y 

Che f o r m u l a t i o n needs i m p r o v e m e n t . 

The o d d v e l o c i t y moments were r e a d i l y used 

i n t h e t r a n s p o r t f o r m u l a t i o n a f t e r B a i l a r d 

( 1 9 8 1 ) . T h i s c o n c e r n s a v e r t i c a l l y i n t e ­

g r a t e d d e s c r i p t i o n o f t h e s e d i m e n t t r a n ­

s p o r t i n s h e e t f l o w c o n d i t i o n s , w h i c h a s ­

sumes t h a t t h e i n s t a n t a n e o u s t r a n s p o r t i s 

p r o p o r t i o n a l w i t h some power o f che i n s C a n -

Caneous near -boCCom v e l o c i t y . The v a l i d i t y 

o f t h i s a p p r o a c h f o r n a t u r a l s u r f zones 

needs f u r t h e r i n v e s t i g a t i o n . T h i s r e q u i r e s 

s t u d y o f t h e t e m p o r a l and s p a t i a l v a r i a ­

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

c e n t r a t i o n s due to s p a t i a l l y v a r y i n g waves 

i n g e n e r a l and r a n d o m waves b r e a k i n g o n a 

b e a c h i n p a r t i c u l a r . 
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