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1 INTRODUCTION 

There  i s  an a lmos t  c o n t i n u a l  movement of sediment  i n  

c o a s t a l  a r e a s  and any e n g i n e e r i u g  work which a f f e c t s  

o r  i n t e r r u p t s  such movement may have a  major impact  on 

t h e  morphology of t h e  a r e a .  Consequent ly  t h e r e  i s  a n  

i n t e r e s t  i n  t h e  p r e d i c t i o n  of such movement. While 

t h e r e  a r e  a c c e p t e d  methods of proven a c c u r a c y  f o r  

p r e d i c t i n g  t h e  wave c l i m a t e  t h e  problem of d e t e r m i n i n g  

t h e  r e s u l t i n g  sediment  movement i s  l e s s  amenable t o  

s o l u t i o n .  I n  most c o a s t a l  s i t u a t i o n s  t h e  waves a r c  

t h e  domina t ing  f e a t u r e  bu t  because  t h e  sediment  

t r a n s p o r t  ra te  i s  s e n s i t i v e  t o  t h e  c u r r e n t s  t h e  

p r e s e n c e  of t h e  c u r r e n t s  may have a s i g n i f i c a n t  

e E f e c t .  S i n c e  s p a t i a l  v a r i a t i o n s  i n  t h e  wave c l i m a t e  

l e a d  t o  wave-induced c u r r e n t s ,  c u r r e n t s  a r e  i n v a r i a b l y  

a  f e a t u r e  of c o a s t a l  wave problems.  It i s ,  t h e r e f o r e ,  

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

c l i m a t e .  A t  p r e s e n t ,  t o  make p r e d i c t i o n s  a b o u t  t h e  

impact  of e n g i n e e r i n g  works on t h e  movement of c o a s t a l  

s e d i m e n t s  r e s o r t  h a s  t o  be made t o  e m p i r i c a l  methods 

o r  s i m p l e ,  one-dimensional  n u m e r i c a l  models. T h i s  

r e p o r t  c o n s i d e r s  t h e  problems of implement ing  a  two 

d i m e n s i o n a l ,  numer ica l  model t h a t  w i l l  s i m u l a t e  t h e  

movement of non-cohesive s e d i m e n t s  on a c o a s t .  

2 SEDIMENT TRANSPORT 

UNDER WAVES AND 

CURRENTS 

Sediment t r a n s p o r t  i n  c o a s t a l  s i t u a t i o n s  may depend 

upon b o t h  t h e  waves and t h e  c u r r e n t s .  To s i m u l a t e  t h e  

movement of non-cohes ive  s e d i m e n t s  on a  c o a s t  i t  i s  

n e c e s s a r y  co have a  t h e o r y  which w i l l  p r e d i c t  t h e  

l o c a l  s ed imen t  t r a n s p o r t  r a t e .  Xany of t h e  t h e o r i e s  

of sediment  t r a n s p o r t  under  waves and c u r r e n t s  have  

been deve loped  from t h e o r i e s  of sediment  t r a n s p o r t  

under  s t e a d y  u n i - d i r e c t i o n a l  c u r r e n t s .  I n  t h e  l i m i t  

o f  z e r o  waves t h e s e  t h e o r i e s  become i d e n t i c a l  t o  t h e  

. e q u i v a l e n t ,  s t e a d y  u n i - d i r e c t i o n a l  f low e q u a t i o n s  

which  produce  s a t i s f a c t o r y  p r e d i c t i o n s .  The v a v e s  and 

c u r r e n t s  t h e o r i e s  can  be r e g a r d e d  as e x t r a p o l a t i o n s  of 



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

compar i son  of  s u c h  t h e o r i e s  w i t h  f i e l d  and l a b o r a t o r y  

d a t a  ha s  i n d i c a t e d  t h a t ,  p r o v i d i n g  t h e  e f f e c t  of t h e  

c u r r e n t  d o m i n a t e s  t h a t  o f  t h e  waves ,  t h e y  p r o v i d e  

r e a s o n a b l e  p r e d i c t i o n s  bu t  t h a t  when waves d o m i n a t e  

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

t h e  c a s e  where  waves p r e d o m i n a t e  c o u l d  be improved i f  

a r e l i a b l e  p r e d i c t o r  were a v a i l a b l e  f o r  t h e  c a s e  o f  

waves  a l o n e .  The main f i n d i n g s  of t h e  c o ~ o p a r i s o n  a r e  

s u o m a r i s e d  i n  Appendix  1. 

The s e n s i t i v i t y  of s e d i m e n t  t r a n s p o r t  rate t o  b o t h  

waves and  c u r r e n t s  i s  d e m o n s t r a t e d  by F i g u r e s  1 and 2 

which  show t h e  s e d i m e n t  t r a n s p o r t  r a t e  c a l c u l a t e d  

u s i n g  Acke r s  and White-Swart  e q u a t i o n s .  T h i s  

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

waves and c u r r e n t s  i t  i s  n e c e s s a r y  t o  model  b o t h  

a d e q u a t e l y .  

Thus one i s  l e a d  t o  t h e  c o n c l u s i o n  t h a t  t o  i n c l u d e  t h e  

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

one  s h o u l d  h a v e  a model which  h a s  b o t h  a  f l o w  

component  and a wave component .  

Whcn t h e  waves and c u r r e n t s  a r e  n o t  i n  t h e  same 

d i r e c t i o n  c o n s i d e r a t i o n  must be g i v e n  t o  t l le  d i r e c t i o n  

of  t h e  r e s u l t i n g  s e d i m e n t  t r a n s p o r t .  The n e t  movement 

of  t h e  s e d i m e n t  may n o t  n e c e s s a r i l y  be i n  t h e  

d i r e c t i o n  of t h e  waves  o r  t h e  c u r r e n t .  S i n c e  t h e  

d i r e c t i o n  of t h e  n e t  s h e a r  may be d i f f e r e n t  a t  

d i f f e r e n t  l e v e l s  t h r o u g h o u t  t h e  d e p t h  i t  i s  p o s s i b l e  

t h a t  t h e  bed l o a d  may move i n  one  d i r e c t i o n  and t h e  

su spended  l o a d  may move i n  a n o t h e r .  

C a r e f u l  a t t e n t i o n  must  a l s o  be  g i v e n  t o  t h e  methods  

n sed  t o  s i m u l a t e  t h e  wave c o n d i t i o n s .  Under  many 

c o n d i t i o n s  i t  c a n  be assumed t h a t  waves b e h a v e  

l i n e a r l y  s o  t h a t  wave s o l u t i o n s  may be  s u p e r i m p o s e d .  

S i n c e  s e d i m e n t  t r a n s p o r t  i s ,  i n  g e n e r a l ,  a  n o n - l i n e a r  

p r o c e s s ,  however ,  i t  i s  i n v a l i d  t o  s u p e r i m p o s e  



s o l u t i o n s  i n c l u d i n g  s e d i m e n t  movement. I t  f o l l o w s  

t h a t  t h e  wave - f i e ld  must  be d e t e r m i n e d  c o m p l e t e l y  

b e f o r e  any  s e d i m e n t  t r a n s p o r t  i s  c a l c u l a t e d .  I f  waves 

of  d i f f e r e n t  d i r e c t i o n s  a r e  p r e s e n t  t h i s  p r o d u c e s  a  

complex moving p a t t e r n  of  s h e a r  s t r e s s  d i s t r i b u t i o n  

whose e f f e c t  on s e d i m e n t  t r a n s p o r t  i s  unknown. 

I n  a p p l i c a t i o n s  t h e  i n f l u e n c e  of  bed s l o p e  may a l s o  

h a v e  t o  be c o n s i d e r e d .  L a b o r a t o r y  e x p e r i m e n t s  h a v e  

n o r m a l l y  been  l i m i t e d  t o  f l a t  b e d s  o r  beds  s l o p i n g  

g e n t l y  i n  t h e  d i r e c t i o n  of t h e  waves b u t  i n  r e a l  

s i t u a t i o n s  t h e  bed s l o p e  may i n f l u e n c e  t h e  d i r e c t i o n  

and  amount o f  s e d i m e n t  t r a n s p o r t .  

3 DETERMINATION OF 

WAVES AND CURRENTS 

Numer ica l  models  have  been  d e v e l o p e d  a t  HR f o r  t h e  

c a l c u l a t i o n  of  waves i n  c o a s t a l  s i t u a t i o n s  and t h e  

c a l c u l a t i o n  of  t i d a l  movements.  The o n l y  d i f f i c u l t y  

i s  i n  combin ing  two such  models  and e n s u r i n g  t h e  

a p p r o p r i a t e  i n t e r a c t i o n s  be tween  t h e  two. 

Numer ica l  m o d e l l i n g  of  s h o r t - p e r i o d  waves  ( 2 s  t o  1 5 s )  

i s  n o r m a l l y  per formed u s i n g  r a y  me thods .  T h e s e  c a n  

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

r e f l e c t i o n s  and d i f f r a c t i o n  ( S o u t h g a t e ,  1981  and 

1984) .  The a r e a  of i n t e r e s t  i s  r e p r e s e n t e d  u s i n g  a  

r e c t a n g u l a r  g r i d ,  t y p i c a l l y  e a c h  g r i d  c e l l  b e i n g  of  

t h e  o r d e r  of 200m by 100m. S o u t h g a t e  (1984 )  d e s c r i b e d  

a  method of u s i n g  a  r a y  method combined w i t h  a  s p a t i a l  

a v e r a g i n g  t e c h n i q u e  whereby  a c c o u n t  c a n  be  t a k e n  o f  

t r e n d s  a s s o c i a t e d  w i t h  a b u n d l e  of  r a y s  r a t h e r  t h a n  

t h e  b e h a v i o u r  of a n  i n d i v i d u a l  r a y .  The r e s u l t s  

o b t a i n e d  are i n  t h e  form of a n  a r r a y  of  s p o t  wave 

h e i g h t s  a n d  p h a s e s  c o v e r i n g  t h e  whole s t u d i e d  area. 

The  method h a s  t h e  a d v a n t a g e  t h a t  t h c  r e s u l t a n t  of two 

o r  more i n t e r a c t i n g  wave t r a i n s  may be c a l c u l a t e d .  

Such r a y  methods  e s s e n t i a l l y  assume s t e a d y  s t a t e  

c o n d i t i o n s  f o r  t h e  wave c l i m a t e .  



A range of t i d a l  f low models a r e  a v a i l a b l e  a t  HR t o  

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

t i d a l  problems. A s u i t a b l e  model f o r  de te rmin ing  t h e  

t i d a l  c u r r e n t s  i n  c o a s t a l  s i t u a t i o n s  would be 2-D i n  

p l a n  and depth  averaged.  The f i n i t e - d i f f e r e n c e  scheme 

used may be i m p l i c i t  o r  e x p l i c i t .  In  g e n e r a l  e x p l i c i t  

schemes i n v o l v e  fewer c a l c u l a t i o n s  per t i m e s t e p  b u t  

s t a b i l i t y  c o n s t r a i n t s  l i m i t  t he  l e n g t h  of t i m e s t e p  

t h a t  can be used. I m p l i c i t  schemes can u t i l i s e  l a r g e r  

t i m e s t e p s  but each t i m e s t e p  i n v o l v e s  more 

computa t iona l  e f f o r t .  E x p l i c i t  schemes can r e a d i l y  be 

adap ted  t o  t a k e  advantage of t h e  UAP a v a i l a b l e  a t  HR. 

A t y p i c a l  g r i d  s i z e  would be i n  t h e  range of 14m t o  

l O O m  w i t h  t i m e s t e y s  v a r y i n g  from 54 s e c  f o r  t h e  

l a r g e s t  g r i d  s i z e  u s i n g  a n  i m p l i c i t  f i n i t e - d i f f e r e n c e  

scheme down t o  1 s e c  f o r  t h e  s m a l l e s t  g r i d  s i z e s  w i t h  

a n  e x p l i c i t  scheme. 

I n  combining the  wave and c u r r e n t  models t h e r e  would 

be advan tages  i f  they  could use  t h e  same numer ica l  

g r i d  o r  i f  one was a  s u b s e t  of t h e  o t h e r .  

4  INTERACTIONS OF 

WAVES AND CURRENTS 

Under c e r t a i n  c i rcumstances  t h e  mutual i n t e r a c t i o n  of  

waves and c u r r e n t s  may be s i g n i f i c a n t  (Noda e t  a 1  

1974).  I n  t h e s e  c a s e s  i t  is not  s u f f i c i e n t  t o  

c a l c u l a t e  t h e  c u r r e n t s  and waves independen t ly .  Even 

i n  t h e  absence of t i d a l  c u r r e n t s  l o c a l  v a r i a t i o n s  i n  

wave h e i g h t  r e s u l t  i n  wave-induced Keynolds' s t r e s s e s  

which d r i v e  c u r r e n t s  (Longuet-Higgins, 1970 and Noda 

1974). Thus i n  t h e s e  s i t u a t i o n s  t h e  wave f i e l d  must 

be determined f i r s t ,  t h e  Reynolds '  s t r e s s e s  c a l c u l a t e d  

and t h e i r  e f f e c t  inc luded  when de te rmin ing  t h e  c u r r e n t  

f i e l d .  

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

wave r e f r a c t i o n .  Thus where t h i s  i s  s i g n i f i c a n t  t h e  

c u r r e n t  f i e l d  must be known f i r s t  and then  t h e  wave 

f i e l d  may be c a l c u l a t e d .  



The magnitude of these current-wave interactions will 

vary with the situation and conditions and may 

frequently be insignificant. Initially some effort 

should be expended on characterising those conditions 

where such interactions may be ignored and those where 

it is important that they be included. 

To include all these interactions it is necessary that 

the part of the model that calculates the wave 

refraction should be capable of including the effect 

oE currents and that the flow part should be capable 

of including the Reynolds' stresses induced by 

variations in wave height. If the waves and currents 

elements are separate in the model then some iterative 

technique is required in which the wave and current 

fields are solved for successively. A suitable 

structure for such an iteration is given in Figure 3. 

If the flow element is solved using a time-stepping 

procedure consideration should be given to the 

frequency with which the wave-field needs to be 

calculated. In m n y  tidal situations, provided the 

waves are only weakly dependent upon the currents, the 

timescale for variations in the current field will be 

very much smaller than that for variations in the wave 

field. Consideration m y  then be given to whether 

different timesteps could be used for the calculation 

of the wave and current fields so that the wave field 

is up-dated less frequently than the currents, see 

Figure 3. 

5 EFFECT OF WAVES 

AND CURRENTS ON 

BED FEATURES 

The presence of waves affects the bed features that 

are developed on a mobile bed and hence influences the 

hydraulic roughness; a knowledge of which is 

important in the determination of the flow field. 

Swart (1976) relates the hydraulic roughness to the 

bed form steepness though as he says this 'does not 



s o l v e  t h e  problem of t h e  d e t e r m i n a t i o n  of t h e  bed 

r o u g h n e s s ,  i t  j u s t  s h i f t s  i t ' .  Swar t  p r e s e n t s  

e q u a t i o n s  t o  p r e d i c t  bed form s t e e p n e s s  and hence 

h y d r a u l i c  roughness  under  wave dominated  c o n d i t i o n s  

b u t  i t  is  u n c l e a r  how r e l i a b l e  such e q u a t i o n s  a r e .  

6 CONCLUSIONS 

A t  p r e s e n t  t h e  v a r i o u s  t h e o r i e s  c o n s i d e r e d  f o r  

sed imen t  t r a n s p o r t  under  waves and c u r r e n t s  based  on 

e x t e n s i o n s  of s t e a d y  u n i - d i r e c t i o n a l  s ed imen t  

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

o n l y  when t h e  eEEect  of c u r r e n t s  p redomina te .  I t  

seems l i k e l y  t h a t  a s i m p l e ,  r e l i a b l e  method of 

p r e d i c t i n g  sed imen t  t r a n s p o r t  under  waves and c u r r e n t s  

may be developed u t i l i s i n g  t h e o r i e s  f o r  sediment  

t r a n s p o r t  unde r  waves a l o n e  and under s t e a d y  

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

A model t o  p r e d i c t  t h e  movement of sed imen t  u n d e r  

waves and c u r r e n t s  i n  c o a s t a l  s i t u a t i o n s  must i n c l u d e  

bo th  a n  a p p r o p r i a t e  wave model from which may be 

c a l c u l a t e d  Keynolds '  s t r e s s e s  g e n e r a t e d  by v a r i a t i o n s  

i n  wave h e i g h t  and a n  a p p r o p r i a t e  f l o w  model. 

I t  i s  s u g g e s t e d  t h a t  more work i s  d i r e c t e d  a t :  

( a )  t h e  development of a  r e l i a b l e  t h e o r y  f o r  

sed imen t  t r a n s p o r t  under  waves a l o n e  s o  

t h a t  improvements can  be made t o  

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

( b )  t h e  d i r e c t i o n  of sediment  t r a n s p o r t  when 

waves and c u r r e n t s  a r e  n o t  i n  t h e  same 

d i r e c t i o n  

( c )  t h e  p r e d i c t i o n  of t h e  h y d r a u l i c  roughness  

of t h e  bed under  waves and c u r r e n t s .  



SEDIPffiEiT TKANSPOKT UNDER WAVES MD CUKKENTS 

T h i s  was a summary of t h e  work d e s c r i b e d  i n  Sediment t r a n s p o r t  under  waves 

and c u r r e n t s ,  HR Repor t  SR 22,  1985 

( a )  Shear  s t r e s s  under  waves and c u r r e n t s  

B i j k e r  (1967 )  assumed t h a t  t h e  v e l o c i t i e s  under  waves and c u r r e n t s  

c o u l d  be assumed t o  be  t h e  sum of a un i fo rm f l o w  l o g a r i t h m i c  v e l o c i t y  

p r o f i l e ,  

and t h e  wave v e l o c i t y  g i v e n  by t h e  f i r s t - o r d e r  wave t h e o r y  

U = 
OH 

o  2 s i n h  kd 

where H i s  t h e  wave h e i g h t ,  d  i s  t h e  d e p t h  and k  is t h e  wave number. 

B i j k e r  t h e n  c a l c u a l t r d  t h e  mean colnponent of t h e  r e s u l t a n t  bed s h e a r  i n  

t h e  d i r e c t i o n  of t h e  c u r r e n t  t o  e i v e  

where 

= P d  - .  T  i s  t h e  wave p e r i o d ,  
g t  

(4  

p  = 0.45, C i s  t h e  Chezy roughness  c o e f f i c i e n t  g i v e n  by 

C = 18 l o g  r i s  t h e  bed roughness  and $ i s  t h e  a n g l e  between t h e  
10 7 

wave c r e s t s  and t h e  normal  t o  t h e  c u r r e n t .  B i j k e r  e v a l u a t e d  t h e  

e l l i p t i c  i n t e g r a l  i n  ( 3 )  f o r  a  r a n g e  of v a l u e s  of $,U and V and f i t t e d  
0 

an approx ima t ion  t o  ( 3 )  of t h e  form 



f o r  va r i ous  va lue s  of m. s e e  B i j k e r  (1967) f o r  d e t a i l s .  These 

approximat ions  a r e  on ly  v a l i d  i n  p a r t i c u l a r  parameter ranges and should 

only be used i n  t hose  ranges .  I n  t h e  ca se  where t h e  component of t h e  

shea r  i n  t h e  d i r e c t i o n  of t h e  c u r r e n t  i s  always p o s i t i v e  then ( 3 )  

reduces  t o  

but t h i s  should only be used i f  U < V .  
0 

The maximum bed s h e a r  s t r e s s  i s  given by 

5 U U 

( ~ ' m a x  = 1 + ( F, 4) 2 + 2 5 2 s i n  
7 

C 
v v 

Swart  (1976) sugges ted  r e p l a c i n g  equa t i on  ( 4 )  by t he  e q u a t i o n  

where f  i s  t h e  Jonsson wave f r i c t i o n  f a c t o r  which can be approximated 
W 

by 

where a  i s  t he  o r b i t a l  amphitude a t  the  bed, t h a t  i s  
0 

B i j k e r ' s  model, u s ing  a  l oga r i t hmic  v e l o c i t y  p r o f i l e  f o r  the  c u r r e n t  

and a  f i r s t  o r d e r  wave theory ,  i s  r e l a t i v e l y  crude and must be s een  as 

a  major weakness i n  any theory  of sediment t r a n s p o r t  t h a t  uses  i t .  

There a r e  more s o p h i s t i c a t e d  models but these  f r e q u e n t l y  i nvo lve  

so lv ing  a  d i f f e r e n t i a l  equa t i on  through t he  dep th  t o  ob t a in  t h e  flow 



structure and hence obtaining the shear stress (Bakker, 1974 and 

Fredsoe, 1983). Such models would be computationally expensive to 

implement. The possibility arises, however, of developing appropriate 

'look-up' tables which might lead to savings in computation. 

(b) Sediment transport 

The following theories have been compared with field and flume 

observations: 

1. F r i  jlink-Bi jker (Bi jker, 1967) 

2. Ackers and White-Swart (Swart, 1976) 

3. Ackers and Wnite-Willis (Willis. 1978) 

4. Ackers and White-van de Graaff and van Overeem (1979) 

5. Engelund and Hansen-Swart (Swart , 1976) 

The above sediment transport equations have been derived from equations 

tor uni-directional sediment transport. As an illustration of the 

methods involved we describe the Ackers and White-Swart method. 

Ackers and White-Swart 

The Ackers and White equations for sediment transport utilise four 

parameters, n,A,m and C which depend upon the dimensionless grain size Dgr 

of the sediment. Swart keeps these unchanged when applying the equations to 

sediment transport under waves and currents. The mobility in the case of 

currents above is defined by 

and Swart defines the corresponding variable for waves and currents, F WC 

gr 



The e q u a t i o n  f o r  sed i rnent  c o n c e n t r a t i o n  i n  t h e  c a s e  of c u r r e n t s  a l o n c  i s  

I n  t h e  c a s e  of c u r r e n t s  and waves S w a r t  r e p l a c e s  t h i s  by 

Thus ,  d e n o t i n g  v  
*WC'V*C 

by P t h e  e q u a t i o n  f o r  t h e  s e d i m e n t  c o n c e n t r a t i o n  

hecomes 

The c o m p a r i s o n s  w i t h  o b s e r v a t i o n s  i n d i c a t e d  t h a t ,  i n  g e n e r a l ,  t h e  methods  

pe r fo rmed  s a t i s f a c t o r i l y  when t h e  e f f e c t s  o f  t h e  c u r r e n t s  domina t ed  t h o s e  of  

t h e  waves b u t  t h a t  t h e y  u n i f o r m l y  o v e r - p r e d i c t e d  t h e  t r a n s p o r t  r a t e  when 

waves d o m i n a t e d ,  F i g  A l .  T h i s  was i n  p a r t  d u e  t o  t h e  e x p r e s s i o n  a d o p t e d  by 

t h e  v a r i o u s  methods  f o r  t h e  s h e a r  s t r e s s  u n d e r  waves and c u r r e n t s .  When 

e q u a t i o n  ( 6 )  was r e p l a c e d  by e q u a t i o n  (3 )  t h e n  improved  p r e d i c t i o n s  r e s u l t e d  

though t r a n s p o r t  r a t e s  were  s t i l l  o v e r p r e d i c t e d ,  F i g  A 2 .  An ad-hoc 

c o r r e c t i o n  t o  t h e  s h e a r  s t r e s s  was employed which improved  t h e  p r e d i c t i o n s .  

I n  g e n e r a l  t h e  methods  ba sed  on Acke r s  and Whi te  s e d i m e n t  t r a n s p o r t  t h e o r y  

pe r fo rmed  b e t t e r  t h a n  t h e  o t h e r s .  W i t h i n  t h e  g r o u p  t h e r e  we re  v a r i a t i o n s  i n  

t h e  b e h a v i o u r  of  t h e  d i f f e r e n t  a d a p t i o n s  b u t ,  t a k i n g  i n t o  a c c o u n t  t h e  

i n a d e q u a c i e s  of  t h e  d a t a  upon which t h e s e  methods  we re  t e s t e d ,  i t  would be 

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

I t  i s  u n l i k e l y  t h a t  p r e d i c t i o n s  i n  t h e  wave don ima ted  r e g i o n  c a n  b e  

s i g n i f i c a n t l y  improved u n t i l  more r e l i a b l e  e q u a t i o n s  a r e  a v a i l a b l e  f o r  

s e d i m e n t  t r a n s p o r t  u n d e r  waves a l o n e .  
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NOTATION 

A Value of sediment mobility at initiation of 

motion (Ackers and White) 

a m Amplitude of orbital excursion at the bed 
0 

Coefficient in sediment transport function 

(Ackers and White) 

5 -1 Ch [n s Chezy coefficient 

D m Sediment diameter 

D Dimensionless grain 'size' 
er 

d m depth 

F Sediment nobility (Ackers and White) 
gr 

F 
WC 

Sediment mobility under waves and currents (Ackers and White) 
gr 

f Jonsson wave friction factor 
W 

G Dimensionless sediment transport rate (Ackers 
gr 

and White) 

g m/s-' Acceleration due to gravity 

H m Wave height 

k m- l Wave number 

m Exponent in sediment transport function (Ackers and White) 

n Transition exponent in sediment transport function (Ackers 

and White) 



Bed roughness  

S p e c i f i c  g r a v i t y  of sediment  

Wave p e r i o d  

Time 

Wave o r b i t a l  v e l o c i t y  a t  bed 

C u r r e n t  v e l o c i t y  

Shear  v e l o c i t y  

Shear  v e l o c i t y  due t o  c u r r e n t  

Shear  v e l o c i t y  due t o  waves and c u r r e n t s  

Sediment c o n c e n t r a t i o n  

D i s t a n c e  above bed l e v e l  

Depth 

a n g l e  between t h e  wave c r e s t s  and t h e  normal 

t o  t h e  c u r r e n t  

Van Karman's c o n s t a n t  

p a r a m e t e r ,  depending on t h e  bed roughness  and 

w a t e r  d e p t h  

r kg/m/s2 Shear  s t r e s s  under  c u r r e n t s  
C 

r kg/m/s Shear  s t r e s s  under  waves and c u r r e n t s  
WC 

W S-l  Wave f r e q u e n c y  
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[ d l c u l a t e  wave f l e l d  
us ing  c u r r e n t  v e l o c ~ t ~ e s  
a' o ld  hrnestep 

R a d ~ a t ~ o n  s t r e s s e s  -1 

C u r r e n t s  

c u l a t e  wave f e l d  I 

Sed~rnent  t r a n s p o r t  

Up-da te  bed  l e v e l s  

Fig 3c F l o w  diagram for numerical  model 



Ca lcu la te  wave f i e l d  

R a d ~ a t ~ o n  s t r esses  

T imes tep  
a t z n t  
\ 

3 d c u r r e n t s  I 

Sediment  t r a n s p o r t  l 
T imes tep  
~ t k t  -- l 

Up -da te  b e d  l eve l s  1 

3 a  Shows f l o w  d l ag ram i f  waves a n d  c u r r e n t s  a r e  assumed  i n d e p e n d e n t  

3 b  To  enable wave a n d  c u r r e n t  i n t e r a c t i o n s  t o  b e  ~ n c l u d e d  t h e  wave 

i ~ e l d  i s  ca lcu la ted  u s l n g  i n f o r m a t ~ o n  on  c u r r e n t  ve loc i t ies  c a l ~ u l a t e d  

a t  t h e  p rev ious  t i m e s t e p  T h i s  can  b e  rega rded  a s  t h e  z e r o e t h  

o r d e r  i t e r a t i o n  i n  a f u l l  t e r a t l o n  p rocedure  f o r  b o t h  waves a n d  
c u r r e n t s  i l l u s t r a t e d  i n  3c I f  t h e  t i m e s c a l e  f o r  t h e  v a r i a t i o n s  in  t h e  

wave f i e l d  1s v e r y  much l a r g e r  t h a n  t h e  t i m e s t e p  r e q u i r e d  f o r  t h e  

f l o w  calculations t h e n  a d v a n t a g e  can be t a k e n  o f  t h i s  b y  

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

u s e d  f o r  t h e  f l o w ,  see 3 d  

Fig 3 d  F l o w  d iagram f o r  numer ica l  model 










