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ABSTRACT

A computat ional nodel,  known as the Nearshore Prof i le Model,  hae been
developed at Hydraul ics Research Ltd for predict ing wave and current
condit ions in nearshore regions. Thie report  descr ibes the theory and
computat ional techniquee used by the model,  and conpares i ts predict ione
against laboratory and f ield deta. The nodel usee the approximation of a
etraight coest l ine vi th paral lel  depth contours, and determines save and
current condit ions at gr id points along a shore-normal l ine. The theory of
wave and current notion ie baged on generel mase, energy and nomentum
balance equat ions which are appl icable both inside and outside the surf
zoner and includes eome new epproaches to the solut ions of theee equat ions.
An important feature ie the nodel l ing of t idal  currents as wel l  as
wave-induced currents, r i th ful l  interact ion between the t l ro types of
current and the weves. Beceuse the nodel coneiders one horizontal  dinension
onlyr the computat ional speed is great ly increased compared r i th 2-Dl l
modelg. The nodel is thug capable of proceseing large quant i t ies of input
wave and t idal  data, naking i t  sui table for the invest igat ion of long-term
processes on beacheg and in nearshore regions. The nodel is deeigned to be
ueed in conjunct ion si th an appropriate eediment transport  rout ine for
probleme concerned with longshore Bovement of eediment.
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INTRODUCTION

l .

2 .

Th is  repo r t  desc r i bes  the  theo ry ,  compu ta t i ona l

t echn iques  and  va l i da t i on  o f  a  compu ta t i ona l  mode l  f o r

p red i c t i ng  \ r ave  and  cu r ren t  cond i t i ons  i n  nea rsho re

reg ions .  The  mode l ,  known  as  t he  Nearsho re  P ro f i l e

l { o d e 1 ,  u s e s  t h e  a p p r o x i m a t i o n  o f  a  s t r a i g h t  c o a s t l i n e

w i th  pa ra l l e l  dep th  con tou rs ,  and  de te rm ines  wave  and

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

pe rpend i cu la r  t o  t he  coas t l i ne .  The  mode l  has  a

number  o f  new  fea tu res :

I t  i n c l u d e s  a  m o d e l l i n g  o f  t i d a l  c u r r e n t s  a s  w e l l

as  wave - i nduced  cu r ren ts ,  w i t h  f u l 1  i n te rac t i on

between the waves and the two types of  current .

The  theo ry  i s  based  on  gene ra l  mass ,  ene rgy  and

momen tum ba lance  equa t i ons  wh i ch  a re  app l i cab le

bo th  i ns ide  and  ou ts ide  the  su r f  zone .  The  mode l

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

be tween  o f f sho re  and  the  coas t l i ne ,  w i t h  no

spec ia l  t r ea tmen t  needed  fo r  t he  su r f  zone .  The

mode l  can  be  used  fo r  any  dep th  p ro f i l e ,  and

un l i ke  some  mode ls  i s  no t  res t r i c ted  to

mono ton i ca l l y  dec reas ing  dep ths .

I npu t  t o  t he  mode l  requ i res  no  spec ia l  f i e l d

exe rc i se  o r  add i t i ona l  numer i ca l  mode l  s tudy .

Su i t ab le  i npu t  t i da l  cond i t i ons  can  be  ob ta ined

f rom s tanda rd  T ide  Tab les  and  Admi ra l t y  Cha r t s .

Input  wave condi t ions are in  the form of  the

rep resen ta t i ve  wave  he igh t ,  pe r i od  and  d i rec t i on

a t  t he  o f f sho re  end  o f  t he  p ro f i l e  l i ne .  These

can  be  de te rm ined  fo r  i ns tance  by  wave

h indcas t i ng  f r om w ind  da ta .  I f  measu red  nave  o r

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

use fu l  ca l i b ra t i on  o f  t he  mode l  f o r  a  pa r t i cu la r

s i t e ,  o r  i f  s u f f i c i e n t l y  e x t e n s i v e ,  a n

a l t e rna t i ve  sou rce  o f  i npu t  t o  t he  mode l

3 .



4 . The  mode l  can  use  t . ens  o r  hund reds  o f  Ehousands

o f  i npu t  wave  and  t i da l  da ta  va lues  a t  a

reasonab le  compu t i ng  cosE .  Th i s  makes  the  mode l

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

hyd rodynamic  and  morpho log i ca l  p rocesses .

T h e  r e p o r t  i s  s t r u c t u r e d  a s  f o l l o w s .  C h a p t e r  2

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

the  con tex t  o f  a l t e rna t i ve  mode ls  and  i nd i ca t i ng  t he

types  o f  eng inee r i ng  p rob lem to  wh i ch  i t  wou ld  be  mos t

su i t ed .  I n  Chap te r  3  t he  p rog ram s t ruc tu re  i s

d e s c r i b e d ,  a n d  C h a p t e r s  4  a n d  5  g i v e  t h e  d e t a i l s  o f

the wave and current  theory on which the model  is

based .  Chap te r  6  con ta ins  a  compar i son  o f  va lues  o f

wave  he igh t ,  wave  se t -up  and  wave - i nduced  l ongsho re

cu r ren ts  p red i c ted  by  t he  mode l  aga ins t  l abo ra to ry

measu remen ts .  I n  Chap te r  7  t he re  i s  a  compar i son  o f

rnode l  p red i c t i ons  o f  l ongsho re  t i da l  cu r ren ts  aga ins t

f i e l d  d a t a .  F i n a l l y ,  t h e  m a i n  f i n d i n g s  a n d

conc lus ions  a re  summar i sed  i n  Chap te r  8 .

A  range  o f  compu ta t i ona l  mode l l i ng  t echn iques  i s

p resen t l y  ava i l ab le  f o r  t he  p red i c t i on  o f  i nsho re

hyd rodynamic  cond i t i ons  and  morpho log i ca l  p rocesses .

Wave  re f rac t i on  mode ls  based  on  ray  t r ac ing  ove r  t he

coas ta l  a rea  o f  i n te res t  have  been  used  fo r  many  yea rs

in  coas ta l  wave  p red i c t i on  p rob lems .  Ea r l y  mode ls  o f

t h i s  t ype  a re  desc r i bed  i n  Skovgaa rd  e t  a l  ( 1975 )  and

A b e r n e t h y  a n d  G i l b e r t  ( 1 9 7 5 ) .  M o r e  r e c e n t  m o d e l s ,

i nc lud ing  the  e f f ec t s  o f  cu r ren ts  on  r { rave  re f rac t i on

a r e  r e p o r t e d  i n  J o n s s o n  a n d  C h r i s t o f f e r s o n  ( 1 9 8 4 ) ,

S o u t h g a t e  ( 1 9 8 5 )  a n d  T r e l o a r  ( 1 9 8 6 ) .  T o w n e n d  a n d

S a v e l l  ( 1 9 8 4 )  d i s c u s s  t h e  u s e  o f  r a y  t r a c i n g  m o d e l s  i n

p r e s e n t  e n g i n e e r i n g  p r a c t i c e .

These  re f rac t i on  mode ls  have  o f t en  been  comb ined  w i th

one - l i ne  beach  p lan  shape  mode ls  f o r  t he  p red i c t i on  o f

BACKGROUND



eros ion  and  acc re t i on  ra tes  caused  by  t he

d r i f t  o f  b e a c h  m a t e r i a l .  E x a m p l e s  o f  t h i s

m o d e l  a r e  d e s c r i b e d  i - n  P r i c e  e t  a l  ( 1 9 7 2 ) ,

l ongsho re

type of

I n m a n  ( 1 9 7 0 )  a n d  O z a s a  a n d  B r a m p t o n  ( 1 9 8 0 ) .

of  ear l ier  work can be found in Le l , lehaute

( 1 9 7 7  ) ,  a n d  a  m o r e  r e c e n E  a s s e s s m e n t  o f  t h e

Komar and

A  rev iew

a n d  S o l d a t e

eng inee r i ng  uses  o f  t hese  mode ls  i s  g i ven  i n  B ramp ton

and  Mo tyka  (  1987  ) .

The  rep resen ta t i on  o f  phys i ca l  p rocesses  i n  t hese

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

l { ave -cu r ren t  i n te rac t i ve  e f  f ec t s ,  mean ing  tha t

s i t e - s p e c i f i c  c a l i b r a t i o n  i s  r e q u i r e d .  F u r t h e r m o r e ,

wave - i nduced  cu r ren t  and  sed imen t  t r anspo r t  quan t i t i es

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

the  su r f  zone  (hence  the  name rone - l i ne t ) .  Howeve r ,

because  o f  t he i r  s i np l i c i t y ,  one -1 ine  mode ls  a re

su i t ab le  f o r  ana l ys ing  l a rge  sequences  o f  wave  da ta

and  the re fo re  f o r  i nves t i ga t i ng  l ong - te rm beach

p r o c e s s e s .

A  cons ide rab le  amoun t  o f  r esea rch  e f f o r t  has  been

devo ted  to  ex tend ing  re f rac t i on  mode ls  t o  i nco rpo ra te

o the r  l r ave  p rocesses  such  as  re f rac t i on  by  cu r ren ts ,

d i f f r a c t i o n ,  w a v e  r e f l e c t i o n s ,  b o t t o m  f r i c t i o n ,  w a v e

breaking and wind growth.  Examples of  these models

a r e  t o  b e  f o u n d  i n  B o o i j  ( 1 9 8 1 ) ,  D a l r y m p l e  e t  a l

( 1 9 8 4 )  a n d  B o o i j  e r  a l  ( 1 9 8 5 ) .  M o d e l s  h a v e  a l s o  b e e n

deve loped  to  ana l yse  the  t rans fo rma t i on  o f  wave

spec t ra  ra the r  t han  waves  w i th  a  s i ng le  pe r i od  and

d i r e c t i o n .  A b e r n e t h y  a n d  G i l b e r t  ( 1 9 7 5 ) ,  B o o i j  e t  a l

( 1 9 8 5 )  a n d  T r e l o a r  ( 1 9 8 6 )  d e s c r i b e  d i f f e r e n t

app roaches  to  t he  mode l l i ng  o f  t he  t r ans fo rma t i on  o f

wave  spec t , ra .  Recen t I y ,  soph i s t i ca ted  2 -D  and  3 -D

models of  the nearshore zone have been developed to

ana l yse  the  i n te rac t i on  o f  waves ,  cu r ren ts  and

sed imen t  t r anspo r t  ( eg  W ind  and  V reugdenh i l  ( 1986 ) ,



St i ve  and  de  V r i end  (

(  1 9 8 6 )  ) .  S u c h  r y p e s

the hydrodynamic and

have a h igh comput ing

number of  input  condi

1987 )  and  Yoo  and  O tConnor

o f  m o d e l  s i v e  d e t a i l e d  r e s u l t s  o f

m o r p h o l o g i c a l  c o n d i t i o n s ,  b u t

requ i remen t  wh i ch  l im i t s  t he

t i o n s  t h a t  c a n  b e  t e s t e d .

PROGRAI.{ STRUCTURE

3 . I I 'Ias ter Prosram

The  Nearsho re  p ro f i l e  t u l ode l  desc r i bed  i n  t h i s  repo r t

i s  o f  i n te rmed ia te  comp lex i t y  be tween  the

r e f r a c t i o n / o n e - l i n e  m o d e l s  a n d  t h e  2 - D  a n d  3 - D

nearsho re  mode ls .  The  mode l  i nco rpo ra tes  mos t  o f  t he

phys i ca l  p rocesses  tha t  a re  f ound  i n  2 -D  nea rsho re

m o d e l s ,  b u t  r e s t r i c t s  i t s  m o d e l l i n g  t o  a  s i n s l e

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

d e p t h  c o n t o u r s  ( F i g  1 ) .  T h i s  r e d u c t i o n  t o  l - D  e r e a t l y

i nc reases  the  compu ta t i ona l  e f f i c i ency  mak ing  the

mode l  capab le  o f  ana l ys ine  the  l a r se  number  o f  i npu t

wave  and  t i da l  cond i t i ons  ( t ens  o r  hund reds  o f

t housands  o f  va lues )  necessa ry  f o r  p red i c t i ne

long - te rm hyd rodynamic  and  morpho log i ca l  p rocesses .

The  mode l  i s  composed  o f  a  mas te r  p rog ram,  sepa ra te

wave and current  modules and a number of  auxi l iary

sub rou t i nes .  The  func t i ons  o f  t hese  a re  desc r i bed

be  1ow.

The  mas te r  p rog ram reads  a l l  t he  da ta  requ i red  by  t he

m o d e l ,  s u c h  a s  d e p t h  v a l u e s ,  s e d i m e n t  s i z e  v a l u e s ,  a n d

inpu t  wave  and  cu r ren t  cond i t i ons .  These  a re

conve r ted  i n to  quan t i t i es  requ i red  by  t he  wave  and

current  modules.  The master  program then makes

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

cu r ren t  modu le ,  and  pass ing  upda ted  va lues  o f  cu r ren t



3 .2 Wave l - lodul  e

3.3  Cur ren t  Modu le

3 .4 Auxi l iary

Subrout ines

and  wave  pa rame te rs  be tween  the  two  modu les .  These

a l t e rna te  ca l l s  a re  made  up  to  a  spec i f i ed  max imurn

number  a t  wh i ch  va lues  o f  t he  wave  and  cu r ren r

pa rame te rs  a re  expec ted  Eo  have  conve rged .  Resu l t s

a re  ou tpu t  as  a  l i s t  o f  wave  and  cu r ren t  Pa rame te rs  aE

each  po in t  on  the  p ro f i l e  l i ne  f o r  t he  i npu t  wave  and

t i da l  cond i t i on  unde r  s tudy .  I f  r equ i red ,  sed imen t

t ranspo r t  ca l cu la t i ons  a re  t hen  made .  The  mas te r

p rog ram re tu rns  t o  read  i n  a  new se t  o f  i npu t

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

inpu t  cond i t i ons  have  been  ana l ysed .

The  wave  modu le  de te rm ines  va lues  o f  wave  pa rame te rs

aE  each  g r i d  po in t  f o r  a  s i ng le  wave  cond i t i on

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

cu r ren t  pa rame te rs  aE  each  g r i d  po in t  f r om the

p rev ious  ca l l  t o  t he  cu r ren t  modu le  a re  i npu t  t o  t he

wave  modu le .  These  a re  used  i n  t he  wave  ca l cu la t i ons

bu t  a re  no t  t hemse lves  a , l t e red  by  t he  wave

ca l cu la t i ons .  A t  t he  end  o f  t he  wave  modu le ,  con t ro l

i s  passed  back  to  t he  mas te r  p rog ram.

The current  module determines values of  current

pa rameEers  a t  each  g r i d  po in t ,  us ing  i npu t  t i da l  da ta

f rom the master  program and values of  wave parameters

f rom the previous cal l  to  the nave module.  These wave

pa ramete rs  a re  una l t e red  i n  t he  cu r ren t  modu le .

Contro l  returns to the master  program at  the end of

t he  modu le .

The re  a re  a  number  o f  a t r x i l i a r y  sub rou t i nes  ca l l ed

f rom the  wave  and  cu r ren t  modu les  t o  pe r fo rm spec ia l



4 THEORY OF IIAVE

I.TODELLING

4 . 1  I n t r o d u c t i o n

4 . 2  I n c o r p o r a t e d  w a v e

P r o c e  s  s  e s

4.3  Input  wave

cond i  t  ions

t a s k s ,  s u c h  a s  s o l v i o g  t h e  w a v e - c u r r e n t  d i s p e r s i o n

r e l a t i o n  ( n q  + . 4 . 1 )  a n d  d e t e r m i n i n g  e n h a n c e d  f r i c t i o n

f a c E o r s  u s i n g  t h e  m e t h o d  o f  O r C o n n o r  a n d  Y o o  ( f 9 8 8 ) .

The  theo ry  o f  wave  and  cu r ren t  mode l l i ng  i s  desc r i bed

i n  t h e  f o l l o w i n g  t $ r o  c h a p t e r s .  T h e  m o d e l  i s  f u l l y

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

Eh rough  seabed  f r i c t i on  and  the  gene raE ion  o f

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

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

t e c h n i q u e s  f o r  m o d e l l i n g  w a v e s  a n d  c u r r e n t s  w i l l  b e

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

in te rac t i on  occu rs .  The  rema inde r  o f  t . h i s  chap te r  i s

devo ted  to  rdave  mode l l i ng ,  and  the  fo l l ow ing  chap te r

i s  c o n c e r n e d  w i t h  c u r r e n t  m o d e l l i n g .

The  p rocesses  a f f ec t i ng  wave  p ropaga t i on  i nco rpo ra ted

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

v a r i a t i o n s  a n d  c u r r e n t s ) ,  s e a b e d  f r i c t i o n  a n d  w a v e

b reak ing .  I n  add i t i on ,  r dave  rad ia t i on  s t resses  a re

ca l cu la ted  wh ich  i n  t u rn  f o rm  the  bas i s  f o r  a

ca l cu la t i on  o f  wave - i nduced  l ongsho re  cu r ren ts  and  a

s e t - u p  ( o r  s e t - d o w n )  o f  t h e  s t i l l  w a t e r  l e v e 1 .  T h e

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

a re  passed  to  t he  cu r renE  modu le  whe re  the

ca l cu la t i on  o f  l ongsho re  cu r ren ts  t . akes  p lace .

Inpu t  wave  cond i t i ons  a re

f u r t h e s t  o f f s h o r e .  T h e s e

o e r i o d  a n d  d i r e c E i o n  o f  a

supp l i ed  a t  t he  g r i d  po in t

t ake  Ehe  fo rm o f  a  he igh t ,

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

6



4 .4 Wave kinematics

s i n g l e - d i r e c t i o n  w a v e . I f  t h i s  {dave  i s  resa rded  as

rep resen ta t i ve  o f  a  spec t rum,  t he  i npu t  cond i t i ons

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

s ign i f i can t  o r  roo t -mean-squa re  wave  he igh t ,  peak  o r

m e d i a n  p e r i o d ,  a n d  m e a n  d i r e c t i o n ) .  A  t i d e  l e v e l  i s

a l so  i npu t  and  th i s  i s  assumed  cons tan t  f o r  a l l  t he

g r i d  po in t s .  Va lues  o f  t he  l ongsho re  cu r ren t

ve loc i t i es  de te rm ined  f rom the  p rev ious  ca l l  t o  t he

cu r ren t  modu le  a re  i npu t  a t  each  g r i d  po in t .  The

mode l  i s  re - run  a t  d i f f e ren t  t i da l  l eve l s  t o  de te rm ine

wave  cond i t i ons  a t  d i f f e ren t  s ta tes  o f  t he  c i de .

Wave  k inemat i cs  re fe rs  t o  t he  de te rm ina t i on  o f  wave

d i rec t i on  and  wave  ce le r i t y  ( i e  phase  ve loc i t y )  and

the i r  de r i ved  quan t i t i es .  I { hen  (as  i n  t he  p resen t

mode l )  r e f rac t i on  by  cu r ren ts  as  we l l  as  by  dep th

va r i a t i ons  occu rs ,  i t  i s  necessa ry  t o  make  the

d i s t i nc t i on  be tween  wave  o r thogona l s  and  wave  rays

(F ig  2 ) .  A  wave  o r thogona l  i s  a  l i ne  d rawn

perpend i cu la r  t o  t he  wave  c res t ,  wh i l e  a  wave  ray  i s  a

l i ne  d rawn  i n  t he  d i rec t i on  o f  t r ave l  o f  wave  ene rgy .

In the absence of  currents,  the wave or thogonals and

rays  a re  i den t i ca l ,  bu t  w i t h  cu r ren ts  p resen t  t he  two

a re  gene ra l l y  d i f f e ren t .  A  f u r the r  d i s t i nc t i on  has  to

be  made  be tween  quan t i t i es  measu red  re la t i ve  t o  t he

seabed  ( re fe r red  to  as  rabso lu te '  and  deno ted  by  a

subsc r i p t  t a t )  and  those  measu red  re la t i ve  t o  an

obse rve r  t r ave l l i ng  w i t h  t he  cu r ren t  ( re fe r red  to  as

r r e l a t i v e f  a n d  d e n o t e d  b y  a  s u b s c r i p t  ' r t ) .

The fundamenta l  equat ion  to  be  so lved a t  each gr id

po in t  i s  the  d ispers ion  re la t ion  in  the  presence o f

cur ren ts  3

( r "  uk cos(6 -a))2 = ek tanh kh

in which tr :  is the absolute rdave angular  f requency



( = 2 r u / p e r i o d ) ,  U  i s  t h e  c u r r e o t  v e l o c i t y ,  6  i s  t h e

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

d i r e c t i o n  ( F i g  2 ) ,  o  i s  t h e  a n g l e  b e t w e e n  t h e  \ ^ r a v e

o r t h o g o n a l  a n d  t h e  o n s h o r e  d i r e c t i o n  ( f i g  2 )  t  g  i s  t h e

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

k  i s  E h e  w a v e n u m b e r .  E q u a E i o n  4 . 4 . 1  i s  s o l v e d  f o r  k

u s i n g  a  N e \ d t o n - R a p h s o n  i t e r a E i o n  t . e c h n i q u e .  T h i s  i s

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

w a v e  m o d u l e .  O n c e  k  h a s  b e e n  c a l c u l a t e C ,  t h e

f o l l o w i n g  r e l a t e d  q u a n t i t i e s  c a n  b e  d e r i v e d .

a ) Re la t i ve  \ { ave  angu la r  f r equency

-  U k  C o s a 4 . 4 . 2

b )  R e l a t i v e  w a v e  c e l e r i E v

4 . 4 . 3

c )  R e l a t i v e  g r o u p  v e l o c i t y

( r ) = ( r )
t a

0)
t

c  = : -
r K

Abso lu re  g roup  ve loc i t y  ( t he  vec to r  sum

c  o  S e e  F i e  2 )
g r

"g .  
=  (u2  *  . " r ' r  ru " r .  cos  (o -o )  ) *

e )  R a y  d i r e c t i o n  ( s e e  F i g  2 )

4 . 4 . 4

o f  U and

4 . 4 . 5

s 1 n

c o s
- l
a ' 4 . 4 . 6

k i n e m a t i c  q u a n t i t i e s  a t  t h e

( s u b s c r i p t  i ) ,  g i v e n  q u a n t i t i e s

u)
t

a = -- g r  
2 k

( ,  2kh  \\' - ;i"F-OmtJ

d )

U  s i n

I n  o rde r  t o  de r i ve  wave

g r i d  po in t  unde r  s rudy

p =  E a n - l  ( . -  -
u  c o s

o
b

oo

f

r
+ C

6
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a t  t h e  p r e v i o u s  p o i n t  , ( s u b s c r i p g  o ) r  S n e l

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

l r s  l a w  f o r

4 . 4 . 7
k' ' o

Sin cr.  = -  Sin q,
1  K .  O

i !
4

4.5  Wave dynamics :

Energy balance

equat ion

T h i s  e q u a t i o n  i s  t h e n  u s e d  w i t h  E q u a t i o n s  4 . 4 . 1 - 6  t o

pred ic t  the  k inemat ic  quant i t ies  a t  the  po in t  under

s tudy .  A  fu l le r  d iscuss ion  o f  wave-cur ren t  re f rac t ion

is  g iven  in  Southgate  (1985) .

Determinat ion of wave dynamics ( ie wave heightr erave

energy  and re la ted  quant i t ies )  i s  based on  in tegra t ion

of  the  energy  ba lance eguat ion .

0)x

d
at

E c  C o s u
t  E a  \ -
. ,

r

(u ,  +  oo)

i n  wh ich  y  i s  the  co-ord ina te  in  the  onshore  d i rec t ion

(F ig  1 ) ,  E  is  the  wave energy  dens i ty ,  and D,  and DO

are  the  (spat ia l )  energy  f lux  d iss ipa t ion  ra tes  due to

seabed f r i c t ion  and wave break ing  respec t ive ly .

For l inear  l raves,  E is  re lated to the wave height  H

by

9gH2o=f- 8

in which p is

E q u a t i o n  4 . 5 . 1

wave height at

4 .5  . 2

Ehe  wa te r  dens i t y .  I n teg ra t i on  o f

prov ides the means of  determin ing the

a  g r i d  po in t  i n  t e rms  o f  quan t i t i es  a t

the  preced ing  po in t .  In  o rder  cer ry  ou t  th is

in tegra t ion ,  exp l i c i t  express ions  fo r  D,  and DO are



4 .6  Wave  ene rgy

d i s s i p a t i o n  b y

s e a b e d  f r i c c i o n

n e e d e d .  A p p r o p r i a t e  e x p r e s s i o n s  a r e  d e r i v e d  i n  t h e

f o l l o w i n g  t w o  s e c t i o n s  ( 4 . 6  a n d  4 . 7 ) ,  a n d  t h e  m e t h o d

o f  i n t e g r a E i n g  E q u a t i o n  4 . 5 . 1  i s  d e s c r i b e d  i n  S e c t i o n

4 .8 .

The  me thod  used  i n  t he  Nea rsho re  P ro f i l e  l " l ode l  o f

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

r .he  bounda ry  l aye r  mode l  o f  O tConnor  and  Yoo  ( f 988 )

wh ich  i n  t u rn  i s  an  ex tens ion  o f  wo rk  by  B i j ke r

( 1 9 6 6 ) .  T h i s  m e t h o d  t a k e s  i n t o  a c c o u n t  f u l l y  t h e

in te rac t i on  o f  waves  and  cu r ren ts  \ 4 r i t h  t he  seabed ,

d e t a i l s  o f  t h e  m e t h o d  a r e  r e p o r E e d  i n  0 r C o n n o r  a n d

( 1 9 8 8 ) ,  a n d  Y o o  ( 1 9 8 5 ) .

a n d

Y o o

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

f r i c t i o n  f a c t o r  C i " ,  g $ !  c u r r e n L  i n t e r a c t i o n ,  t o

the  seabed  roughness  k r .  Fo r  sandy  seabeds r  k ,

rep resen ts  Ehe  he igh t  o f ,  t he  sand  r i pp les  ra the r  t . han

the  d imens ions  o f  t he  i nd i v i dua l  sand  g ra ins .  The re

ex i s t  a  number  o f  sem i -emp i r i ca l  f o rmu lae  re la t i ng

C :  t o  k  ;  t he  one  used  i n  t he  Nea rsho re  P ro f  i  l e  I ' l ode l
fst s

i s  t h a E  d u e  t o  K a m p h u i s  ( 1 9 7 5 ) ,  a s  m o d i f i e d  b y  S w a r t

( t 9 7  4 )  .

c ! ,o  =  exe  [o .o {eo / r " r -o ' ' 3  -  o .so ]  No  cur renr

i n t e r a c t i o n  4 . 6 . 1

in  wh i ch  A
o

p a r E i c l e s  a t

of  the \ raves.

wave  theo ry ,

i s  t he  sem i -excu rs ion  l eng th  o f  Ehe  wa te r

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

Acco rd ing  to  sma l l - amp l i t ude  l i nea r

i s  re la ted  to  t he  wave  he igh t  byA
o

A 4 . 6  . 2

i n  O ' C o n n o r

o  z  5 1 n n  ( K n /

E q u a t i o n  4 . 6 . 1  p r o v i d e s  t h e  s t a r t i n g  p o i n c

1 0



and  Yoo r  s  me thod  fo r  de te rm in ing  a  va lue  o f  C ro ,  r n

wh ich  i n te rac t i on  be tween  waves  and  cu r ren ts  i s  t aken

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

One  resu l t  o f  t h i s  me thod  i s  t ha t  t he  i n te rac ted

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

an enhancement of  the separate wave and current

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

cu r ren t  ene rgy  d i ss ipa t i on  ra tes  t o  be  t rea ted

independen t l y .  Acco rd ing  to  OrConnor  and  Yoo r  t he

wave  ene rgy  d i ss ipa t i on  ra te  i s  g i ven  by :

D -  =  o  C -  V 3
t trd o

in  wh i ch  C -  i s  l he  rdave  f r i c t i on
f ! t

i n t e r a c t i o n  w i t h  c u r r e n t s ,  a n d  V
o

o r b i t a l  v e l o c i t y  a t  t h e  s e a b e d .

i s  re la ted  to  t he  wave  he igh t  by

4 . 6 . 3

fac to r  enhanced  by

is the maximum wave

For  l i nea r  waves  Vo

4 . 6  . 4

4 .7  I ' Iave  energy

d i s s i p a t i o n  b y

wave breaking

Il trtr= -
2  s inh  ( kh )

o

In  t he  mode l ,  C -  i s  ca l cu la ted  a t  each  g r i d  po in t  by'  t rd
the  Or  Conno r  and  Yoo  theo ry  i n  aux i l i a r y  sub rou t i nes

ca l l ed  by  t he  wave  modu le .  Va lues  o f  cu r ren t

pa rame te rs  de te rm ined  a t  t he  p rev ious  ca l l  t o  t he

cu r ren t  modu le  a re  passed  to  t hese  sub rou t i nes .

4 . 7 . t  I n t r o d u c t r o n

There  are  many approaches to  the  prob lem o f  mode l l ing

the  d iss ipa t ion  o f  energy  in  b reak ing  \ taves ,  and a

survey  o f  these methods  has  been car r ied  ou t  in  a

compan ion  repor t  (Southgate  (1988) ) .  One o f  the  tasks

in  the  present  sEudy has  been to  inves t iga te  some o f

1 1



t hese  me thods  to  d i scove r  t he  mos t  accu ra te  and

s u i t a b l e  o n e s  f o r  t h e  m o d e l .  T h i s  i n v e s t i g a t i o n  i s

d e s c r i b e d  l a t e r  i n  C h a p t e r  6 .  I n  t h i s  s e c t i o n  t h e

theo ry  o f  t he  adop ted  me thod  w i l l  be  desc r i bed  i n  some

d e t a i l .

The  me thod  i s  based  on  Ba t t j es  and  Janssen  (1978 )  and

i s  app l i cab le  t o  random h raves .  The  fo rmu la  used  fo r

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

t u
P ( t t )  d H  =  "  e x p  (  - H 2 l H 2  ) a H  4 . 7 . r

H 2  
'  r m s

rms

and  i s  known  as  t he  Ray le igh  d i s t r i bu t i on .  I n  t h i s

equa t i on  H  i s  a  gene ra l  wave  he igh t ,  H r * ,  t he

roo t -mean-squa re  wave  he igh t  and  P (H)dH i s  t he

p robab i l i t y  o f  occu r rence  o f  a  wave  he igh t  l y i ng  i n

the  range  d l l  cen t red  on  H .  The  Ray le igh  d i s t r i bu t i on

has  been  de r i ved  Eheo re t i ca l l y  unde r  t he  assumpE ions

o f  sma l l - amp l i t ude  l i nea r  r i r aves  i n  Ceep  waLer  w i t h  a

na r ro rd  f r equency  spec t rum.  Measu remen ts  i n  deep  wa te r

have  shown  the  Ray le igh  d i s t r i bu t i on  t o  be  a  good

app rox ima t i on .  Even  i n  sha l l ow  \ , va te r ,  whe re  the

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

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

meas r l r emen ts  have  shown  the  Ray le igh  d i s t r i bu t i on

s t i l l  t o  be  an  adequa te  app rox ima t i on  fo r  eng inee r i ng

p red i c t i on  pu rposes  (Tho rn ton  and  Guza  (1986 ) ) .

I l oweve r ,  i n  sha l l ow  wa te r ,  t he  d i s t r i bu t i on  needs  to

be t runcated at  the breaker  l rave height  ( ie  the

maximum height  of  waves a l lowed by the breaking

p r o c e s s  i n  s h a l l o w  w a t e r ) .  T h i s  i s  s h o w n

s c h e m a t i c a l l y  i n  F i g u r e  3 .

The  Ba t t j es  and  Janssen  me thod  cons i s t s  o f  t h ree

s teps .  F i r s t l y ,  t he  b reake r  rdave  he igh t  i s

de te rm ined l  second l y  t he  p robab i l i t y  o f  occu r rence  o f

b roken  \ i r aves  us ing  the  t runca ted  Ray le igh  d i s t r i bu t i on

T2



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

ene rgy  i n  a  b roken  l r ave  i s  ca l cu la ted .

4 .7 .2  De te rm ina t i on  o f  b reake r  he igh t

Ba t t j es  and  Janssen  use  a  mod i f i ed  f o rm  o f  an

exp ress ion  o r i g i na l l y  de r i ved  by  M iche  Q944) .

H b = 0 . 8 8  t a n h  ( Y k h / 0 . 8 8 )
4 . 7 . 2

in which I IO is the breaker wave height,  and Y is an

ernp i r i ca l l y  de termined coef f i c ien t  o f  the  order  o f

0 .8 .  A  la rge  number  o f  s imp le  empi r i ca l l y  o r

theore t ica l l y  der ived  fo rmulas  fo r  HO have been

s u g g e s t e d .  I n  t h i s  w o r k ,  a  m o d i f i c a t i o n  o f  a

wide ly -used empi r i ca l  fo rmula  pu t  fo rward  by  l {egge l

(L972) and recommended by the American Shore

Pro tec t ion  Manua l  i s  used.  The fo rmula  is ,

H = 8 h--b 
- bh
I + -

gT2

in which

4 .7 .3

2 a ta = rr-ferg:tmT 4'7 '4

b  =  4 3 . 7 5  ( 1  -  e x p ( - l 9 r n ) ) 4 .7  . 5

m is  the  beach s lope and ar  i s  an  ernp i r i ca l l y

de termined parameter .  In  Wegge l rs  o r ig ina l  fo rmula  a l

i s  se t  to  0 .78 .  In  the  present  work  i t  was  found

necessary  to  inc rease the  va lue  o f  a r  wh ich  has  the

ef fec t  o f  de lay ing  the  onset  o f  b reak ing .  The reasons

for  the  cho ice  o f  a r  a re  d iscussed in  Chapter  6 .
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4 . 7 . 3  D e t e r m i n a t i o n  o f  t h e  p r o b a b i l i t y  o f  b r o k e n

waves

In  Ba t t j es  and  Janssen rs  me thod  wave  he igh ts  be low  HO

are  assumed  to  be  una f fec ted  by  t he  b reak ing  p rocess ,

wh i l e  t hose  above  HO a re  rega rded  as  hav ing  b roken .

The  p robab i l i t y  o f  occu r rence  o f  a  b roken  wave  (0 )  i s

t h e r e f o r e  g i v e n  b y  ( F i g  3 ) r

:
Q = J P ( H ) d H

Hu

= exp <- tt'zolu'zrl 4 . 7 . 6

i n  wh i ch  H_  i s  t he  r .m .s  wave  he igh t  assuming  no
n

b r e a k i n g .  0 f  c o u r s e  H '  i s  n o t  a  p h y s i c a l l y  r e a l i s t i c

quan t i t y ,  and  i t  i s  r equ i red  the re fo re  t o  exp ress  Q  i n

t e r m s  o f  H _ ^ ,  t h e  a c t u a l  r . m . s  w a v e  h e i g h t
r m s -

( cons i s t i ng  o f  con t r i bu t i ons  f r om bo th  b roken  and

unb roken  waves ) .  I n  o rde r  t o  do  th i s ,  some  assumpt ion

has  to  be  made  abou t  t he  p robab i l i t y  d i s t r i bu t i on  o f

the broken rdave energy.  Bat t jes and Janssen make the

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

broken l raves have a wave height  equal  to  HO. This

means  tha t  t he  p robab i l i t y  d i s t r i bu t i on  i s  t r unca ted

a t  H . ,  b u t  w i t h  a n  a d d i t i o n a l  s p i k e  ( i n  t h e  s e n s e  o f  a
D '

Di rac  de l t a  f unc t i on )  a t  Hb  rep resen t i ng  t he  b roken

waves.  H can now be determined as the sum of
rms

unbroken and broken qrave energy components,

Hu

H2 = l  #  p (H)dH
rms

o

Unbroken

t c
+ J H-L P(H) dH

H V^-b

Broken

= ve (1 -  exp <-t t  t r {>>
n D n

r4

4 . 7 . 7



H can be e l  i rn inated
n

enab l i ng  t he  p robab i

( a )  t o  b e  e x p r e s s e d

b e t w e e n  E q u a t i o n s  4 . 7 . 6  a n d  4 . 7 . 7

l i t y  o f  occu r rence  o f  b roken  waves

i n  t e r m s  o f  H  a n d  H . .
rms o

This equat ion can be solved for  Q by Newton-Raphson

i t e ra t i on .  Hav ing  de te rm ined  the  p robab i l i t y  o f

occu r rence  o f  b roken  waves ,  i t  i s  no \ r  necessa ry  t o

de te rm ine  the  ra te  o f  ene rgy  d i ss ipa t i on  i n  t hese

waves .

4 .7 .4  Ra te  o f  ene rgy  d i ss ipa t i on  i n  b roken  waves

In  Ba t t j es  and  Janssen rs  me thod ,  t he  ra te  o f  ene rgy

d i ss ipa t i on  i n  a  b roken  wave  i s  es t ima ted  f rom the

r a t e  o f  e n e r g y  d i s s i p a t i o n  i n  a  t i d a l  b o r e ,  a

phenomenon s imi lar  in  appearance to a broken wave.

Ba t t j es  and  Janssen  de r i ve  t he  fo l l ow ing  exp ress ion

for  a broken wave,

1 - Q  =
( - 1 n  Q )

H
r rms'\2,T; ' 4 . 7 . 8

4 .7 .9

4 .7 .L0

Dt - ) ,  p  g 3 / 2  k H 3- - - - -

8rT h2

in which I  is an empir ical  constant of the order one

which  expresses  the  d i f fe rence be tween the  t ida l  bore

and break ing  wave processes .  In  a  random sea,

Eguat ion  4 .7 .9  wou ld  app ly  to  the  case where  a l l  waves

have broken. I f  only a proport ion of the waves have

broken,  DO needs to  be  rnu l t ip l ied  by  the  probab i l i t y

o f  occur rence o f  a  b roken wave (Q) ,  and H is  se t  to

the  breaker  he igh t  HOr

) ,pq :z2 tHfo
n

o 
Btt ha

U s i n g  E q u a t i o n  4 . 7 . 8 ,  D O  c a n  b e  e x p r e s s e d

1 5
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rms t

I  p  g 3 / 2  k  u 3 * "  t { Q )
D b =

I

8 n  h 2
4.7  . r r

4 .8 I n t e g r a t i o n  o f

ene rgy  ba lance

equa  t i on

where f (Q)  =  O( f f1 izz 4 . 7  . I 2

i s  s h o w n  i n  F i g u r e  4 .A  g r a p h  o f  f ( Q )  a g a i n s r  t . r r / H '

t he

E x p l i c i t  e x p r e s s i o n s  f o r  \ r a v e  e n e r g y  d i s s i p a t i o n  b y

b o t t o m  f r i c t i o n  ( e q  + . 6 . 3 )  a n d  b y  w a v e  b r e a k i n g

( n q  + . 7 . 1 1 )  h a v e  b e e n  o b r a i n e d .  I r  i s  n o w  p o s s i b l e  r o

i n t e g r a t e  t h e  e n e r g y  b a l a n c e  e q u a t i o n  ( n q  + . 5 . 1 )  r o

de te rm ine  how the  wave  he igh t  t r ans fo rms  as  waves

t r a v e l  i n s h o r e .

I n s e r t i n g  t h e

E q u a t i o n  4 . 5 . 1

d  , H '  " * "  
c o " P .

dy t--{- ,

e x p r e s s i o n s  f o r  D ,  a n d  D O  i n t o

a n d  u s i n g  E q u a t i o n  4 . 5 . 2 ,

1
spc

|  3 / 2
* I pg k lirr f(QI 

I
B  n h z

4 . 8 .  1

i n  wh i ch  fo r  t he  exp ress ion  fo r  b reak ing  waves ,  H  i s

to  be  i n te rp re ted  as  
" r ro " .  

I t  can  be  seen  tha t  bo th

D ,  a n d  D O  a r e  p r o p o r t i o n a l  t o  I l  3 ,  a  f a c t  w h i c h  a l l o w s

a  d i r e c t  i n t e g r a t i o n  o f  E q u a t i o n  4 . 8 . 1 .  D b  d e p e n d s  o n

H  a d d i t i o n a l l y  r h r o u g h  f ( Q ) ,  a l t h o u g h  a s  F i g u r e  4

shows ,  f (Q )  i s  a  regu la r  mono ton i c  f unc t i on  o f  t t /Hb ,

t h e r e b y  a l l o w i n g  a  s o l u t i o n  b y  i t e r a t i o n .

R e a r r a n g i n g  E q u a t i o n  4 . 8 . 1 ,

l .

r

p  C -  , l  3  H'  E C o  r

8  S i n h  3 ( t  t  )

1 6



I c -  6  2
t\.7 t ) ,  e ' k  f ( 0 )b

t

I

1
0)

1 d

H 3  
0 y

d  1 1
;' Lfr

1 d

H 3  
c y

d  r 1
A' LT

H 2  c  C o s u

\T - )_  -L
r

t h e  i d e n t i t y ,

H Z  c  C o s u
r 9 - € l \
IT-J=

r

( l ) r
1  r  r i rl.;-e6frr I

Ea

+

s  s i n h  3 ( k h ) 1I

r  \ L t , ,  
' l

-T'-l

h '

4 . 8  . ? -

l Is  inq

c  Cosu
-2 (L )3 /2

o,) t
t

(6 r  r i  rt;.;;;-u r I

4 . 8 .  3

E q u a t i o n  4 . 8 . 2 c a n  b e  w r i r t e n  a s ,

1 r  
t t  

\ 3 / 2= +(%F*) -l

Shoa l ing  coef f i c ien t

c f "  t r2

g  s i n h 3 ( k h )

4 .8 .4

orev ious  gr id

under study

4 .8 .5K K
s r

K d =

Ka(Fh;)

C r

K  =  1  8 a o 1 ?
s  \ c  .  t

gat

C o s u !
K  =  l ' =  

' o  
) t  R e f  r a c t i o n

r  \ u o s  u .  /

U , .  r
,  f  t : r i
rrJ

ro

) ,  e t k  f  (Q )  r.'.-..-----Tlov
T t o  h 'r

t r  gu  t  f ( o ) r--..T-.-|

n 0 !  h z
t

Performing the in tegrat ion between the

po in t  ( subsc r i p t  o )  and  the  g r i d  po in t

( s u b s c r i p t  i ) ,

I { .  = H
I O

where

B= t&r-j:lr)+ }t r+=,1 "' "'- ro  '  
io  

\cr r  cosu"g s inh3(kh)

c o e f f i c i e n t  4 . 8 . 7

D o p p l e r  c o e f f i c i e n t 4 . 8 . 8

l 7

4 . 8 . 9



T h e  i n t e g r a l  i n  E q u a t i o n  4 . 8 . 9  i s  e v a l u a t e d  a t

success i ve  g r i d  po in t s  by  t ak ing  the  ave rage  o f  t he

va lues  o f  t he  i n teg rand  ra  yo  and  y .  ( i e  t he  t r apez ium

ru le ) .  Bo th  C r ' o  and  f (e )  a re  dependen t  on  H ,  a l t hough

re la t i ve l y  weak l y .  I n  t he  mode l  an  i t e ra t i ve

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

es t ima te  f o r  H  i n  t he  ca l cu la t i on  o f  C r ,o  and  f (Q)  as

H = H K  K  K .s r d 4 . 8 . 1 0

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

t he  g r i d  po in t  u .nde r  s tudy  assuminq  no  d i ss ipa t i on .

F r o m  E q u a t i o n s  4 . 8 . 5 - 9  a  n e r i r  v a l u e  o f  H  i s  c a l c u l a t e d ,

wh ich  p rov ides  a  c l ose r  app rox ima t i on  fo r  C ro ,  and

f ( O ) .  T y p i c a l l y ,  t h r e e  r u n s  ( t w o  i t e r a t i o n s )  h a v e

been  found  to  g i ve  conve rgence  o f  H  a t  a l l  e r i d  po in t s

to around 17" at  worst .

4 . 9  R a d i a t i o n  s t r e s s e s ,

\.rave Set-up and

longshore current

gene ra t i on

In general ,  r i laves exer f  a net  momentum f lux over  a

wave cyc le in  the d i rect ion of  t ravel  of  the wave,  as

a  resu l t  o f  t he i r  non - l i nea r  behav iou r .  Th i s  excess

momentum f lux,  averaged over  a wave cyc le,  is  known as

the wave radiat ion st ress.  When nave energy is

d i ss ipa ted ,  t h rough  seabed  f r i c t i on  and  b reak ing ,  some

of  th is  excess momentum f lux is  re leased f rom the wave

and provides the dr iv ing force for  other  phenomena.

S p e c i f i c a l l y ,  a  s e t - u p  o f  t h e  r { a t e r  l e v e l  i n  t h e

onsho re  d i rec t i on ,  and  the  gene ra t i on  o f  a  cu r ren t  i n

the  l ongsho re  d i rec t i on  a re  caused  by  t hese  spa t i a l

changes  i n  t he  wave  rad ia t i on  s t ress .

1 8



Both  o f  t hese  phenomena  a re  i nc luded  i n  t he  mode l .

The  wave  rad ia t i on  s t ress  i n  t he  onsho re  d i rec t i on

(S  )  i s  g i ven  to  second  o rde r  i n  I l  by
vv

( L o n g u e t - H i g g i n s  a n d  S t e w a r t  ( 1 9 6 4 ) ) ,

, 2 c c
tun*  pc  H2[ (  

"g  
- ] )  cos2o*<# '+ ' t  s in2c ]

t t

u=-15
dy Pg (tr+ n) dy

4 . 9  . L

The  wave - i nduced  se t -up  i s  ca l cu la ted  f rom the

equat ion for  momenturn balance in the onshore

d i  r e c  t  i o n .

in which 11

\da ter l evel

(  s u b s c r i p t

g r i d  p o i n t

fo rmula t ion

4 . 9  . 2

i s  t he  wave - i nduced  se t -up  o f  Ehe  s t i l l

.  n  i s  de te rm ined  a t  any  g r i d  po in t

i )  i n  t e rms  o f  i t s  va lue  a t  r he  p reced ing

( s u b s c r i p t  o )  u s i n g  a  f i n i t e  d i f f e r e n c e

o f  E q u a t i  o n  4 . 9  . 2

n. -n't- o- =
Ay

1-5 -Tt-

Equat ion  4 .9 .3  i s  a  quadra t ic  in  n i  l t i th

r i  =  -h  + [ ( t r+1o) '  -  
2 !Yv1+

4 . 9 . 3

s o l u t i o n ,

4 .9 .4

in which = syy i  -  syyo ,  Ay  =  Y i  -  Yo  and

( t r .  *  t . o ) 1 2 .

Figures L4-L9 show a compar ison of  computed and

labo ra to ry -measu red  va lues  o f  se t -up .  I t  can  be  seen

tha t  t he re  i s  a  sma l l  se t -down  o f  t he  wa te r  l eve l  up

to  t he  b reake r  po in t  ( o r ,  more  s t r i c t l y ,  t he  p lunge

po in t  f o r  p l ung ing  b reake rs ,  see  Sec t i on  6 .3 )  and  a

ASyv
h =

1 9



l a r g e r  s e t - u p  b e t w e e n  t h e  b r e a k e r  p o i n t  a n d  t h e

s h o r e  I  i n e .

T h e  w a v e  r a d i a t i o n  s t r e s s  i n  t h e  l o n g s h o r e  d i r e c t i o n ,

S * y ,  i s  g i v e n  t o  s e c o n d  o r d e r  i n  I l  b y  ( L o n g u e t - H i g g i n s

( 1e70 ) ) ,

The  mode l  uses  spa t i a l  r a tes  o f  change  o f  S * , ,  t o

c a l c u l a t e  t h e  w a v e - i n d u c e d  l o n g s h o r e  c u r r e n t :  I t  i s

p o s s i b l e  t o  c a l c u l a t e  d s x y / d y  b y  a  f i n i t e - d i f f e r e n c e

a p p r o a c h  s i m i l a r  t o  t h a t  u s e d  f o r  \ { a v e  s e r - u p .

H o w e v e r ,  i t  w a s  n o t e d  b y  L o n g u e t - H i g g i n s  ( 1 9 7 0 )  t h a t

t he  i r r o ta t i ona l  pa r t  o f  S * ,  r ema ins  unchanged  by

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

S _ - _ _  a r i s e  f r o m  d i s s i p a t i v e  p r o c e s s e s .  F o rx y
d i f f r a c t i o n ,  a n d  r e f r a c t i o n  b y  c u r r e n t s ,  S * ,  d o e s  i n

g e n e r a l  c h a n g e ,  b u t  n o t  f o r  t h e  s p e c i a l  c a s e  o f  a

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

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

t o  S - - _ -  a r e  t h o s e  d u e  t o  t h e  d i s s i p a t i v e  p r o c e s s e s  o fxy
b o t t o m  f r i c t i o n  a n d ,  p r i n c i p a l l y ,  w a v e  b r e a k i n g .

These  po in t s  have  been  demons t ra ted  quan t i t a t i ve l y  i n

S o u t h g a t e  ( 1 9 8 7 )  w h e r e  i t  w a s  d e r i v e d  r h a r .

p g  H 2  c  S i n 2 ag r
---- 

16-c
r

s  =  e2s
xy1 xyo

where  e  i s  t he  ra t i o  o f  t he  wave  he igh t  a t  t he

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

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

E q u a t i o n  4 . 8 . 5 ,  e  i s  g i v e n  b y ,

1

q ; --_---i---  
1 +  B t t' o

4 . 9  . 5

4 . 9  . 6

i n s h o r e

tha t

20
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TEEORY OF CURRENT

I.{ODELLING

The rad ia t ion  s t ress  grad ien t  p rov ides  the  dr iv ing

force for the wave-induced current in the longshore

d i rec t ion .  Th is  d r iv ing  fo rce  per  un i t  sea  area  is

given by,

AS
i ' = -  x Y- 3 y

Values of F at each gr id point are passed to

current module where they are used to dr ive

longshore currents. The method ernployed for

descr ibed in  the  fo l low ing  chapter .

4 .  e .8

the

the

th i s  i s

Tidal and wave-induced currents in the Longshore

direct ion are determined, in the model by solving the

longshore momentum balance eguat ion. The t idal

currents are generated by longshore var iat ions in the

r f ,a te r -sur face  leve l  ( ie  p ressure-genera ted) ,  and

ba lanced by  seabed f r i c t ion  and iner t ia .  The

wave-induced currents are generated by spat ial

g rad ien ts  o f  the  wave rad ia t ion  s t resses  (see prev ious

chapter ) ,  aga in  ba lanced by  seabed f r i c t ion  and

inert ia.  Interact ion between the two types of

currents, and between them and the waves, is

incorpora ted .

A11 currents are assumed to be depth-averaged and in

the longshore direct ion. Therefore no

onshore-offshore currents such as r ip currents or

undertow are model led. Some quant i t ies such as the

maximum water surface elevat ionr E*r are al lowed a

var ia t ion  in  the  x -d i rec t ion  on  a  la rge  length  sca le

5 .1  Incorpora ted

current

p r o c e s s e s

2 l



(o f  the  order  o f  a  t ida l  wave length ,  typ ica l l y  about

500krn) ,  bu t  loca l l y  they  are  regarded as  cons tan t  in

x. Wherever an x dependency is shown, the var iat ion

in  x  i s  unders tood to  be  on  the  la rge  length  sca le .

Th is  assumpt ion  is  cons is ten t  w i th  the  cont inu i ty  (o r

mass  conserva t ion)  equat ion

[ ( t t *  , ;u  s in  6] [ ( t * r )u  cos6 ]  =  o

a t  t h e  l o c a l  l e n s t h  s c a l e .

5 . 2 Input current

cond i t  ions

The dr iv ing forces for  the t ida l  currents in  the form

of  pressure gradients can be determined f rom standard

data to be found in T ide Tables and Adrni ra l ty  Cbarts

f o r  t h e  l o c a l i t y  u n d e r  s t u d y  ( s e e  S e c t i o n  5  . 3 . 2 ) .

A l t e rna t i ve l y ,  t he  d r i v i ng  f o r ces  can  be  ca l cu la ted

f r o m  m e a s u r e d  c u r r e n t  d a t a  ( S e c t i o n  5 . 7 ) .  T h e s e

p ressu re -d r i ven  fo rces  a re  assumed  to  be  the  same a t

a l l  g r i d  po in t s .  The  wave  rad ia t i on  s t resses  wh ich

dr ive the wave- induced currents are passed to the

current  module f rom the previous cal l  to  the r . rave

modu le  (on  the  f i r s t  ca l l  t o  t he  cu r ren t  modu le  t hey

a re  se t  t o  ze ro ) .  Va lues  o f  t he  seabed  roughness  a re

input  at  each gr id point  and are used to determine the

cu r ren t  and  wave  f r i c t i on  f ac to rs .

5 .3  Assumed  fo rm o f

cu r ren t  pa rame te rs .

Syrmnetr ic  t ida l

f o r ces  on l y

In the rnodel,  assumptions are made about the form of

var ious  parameters  wh ich  a f fec t  the  cur ren t  f ie ld .

Wherever  express ions  o f  the  fo rm exp( i . . . )  appear ,  the

rea l  par t  on ly  app l ies .

+ j -
3y

* -?-
0x

o

at
(h+ g)
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5.3 .1  Sur face  e leva t ion  above mean sea leve l  ( t )

A general  s inusoidal form is assumed with

frequency, ur,  corresponding to the t idal

E  =  Eo '  (x )  exp( i  l r t  -  4 (x )  ] )

where S is the maximumm
genera l  phase func t ion .

d e f i n i  t i o n .

sur face  s lope and

S  i s  r e l a t e d  t o

an angular

c y c  1  e .

5 . 3 . 1

5 . 3 . 2

O i s  a

g through i ts

where t  is t i rne, 0 i"  a general  phase funct ion, and fm

is  the  t ida l  a rnp l i tude.  x  i s  d i rec ted  para l le l  to  the

coas t  (F ig  1 ) .  Note  tha t  E ,  and o  are  a l lowed to  vary

in  the  longshore  d i rec t ion  because var ia t ions  o f  these

quant i t ies  take  p lace  on  the  la rge  length  sca le .

5 . 3 . 2  S u r f a c e  s l o p e  ( S )

A genera l  s inuso ida l  fo rm is  assumed.

S  =  S r ( x )  e x p  ( i [ o t  -  o ( x ) ] )

' = * *

a(
r  

- m t r
\ E x  )

( r 3i.tzt = m  0 x /

,. trn Eo/ ax.,
L=Ah" l

5 . 3 . 3

Eguat ion

O and Eo,t

5  . 3 . t l

5 .  3 . 5

I n s e r t i o n  o f  E q u a t i o n s  5 . 3 . 1 -  a n d  5 . 3 . 2  i n t o

5 . 3 . 3  y i e l d s  t h e  r e l a t i o n s h i p s  b e t w e e n  S r r

0.

3 2 =m

O  =  O  +  t a n - l

Q is  chosen

h igh  water .

deduced from

are the input

d r i v i ng  f o r ce

a r b i t r a r i l y ,  u s u a l l y  b e i n g  s e t  t o  z e t o  e t

(n r  8Er/  3x and S0/ 0x can be readi ly

T ide  Tab les  and Admi ra l ty  Char ts .  These

quant i t ies  wh ich  de termine the  pressure

for  the  t ida l  cur ren ts .
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5 . 3 . 3  L o n g s h o r e  c u r r e n t  v e l o c i t y  ( U )

A genera l  s inuso ida l  fo rm is  assumed.

U  =  U -  ( * , y )  e x p ( i l o r t  -  U ( " , y ) ] )m

The  quad ra t i c  f r i c t i on  l aw  i s  assumed .

l l
r=PC:  U lu lr c  l l

in which U is the maximum t idal  longshore currentm
ve loc i ty  and V is  a  genera l  phase func t ion .  In  th is

case,  U is  a l lowed to  vary  in  the  y -d i rec t ion  (a long

t h e  p r o f i l e  l i n e ) .

5 . 3 . 4  S h e a r  s t r e s s  a t  t h e  s e a b e d  ( t )

5 .3 .6

5 . 3 . 7

in  wh ich  C i^  i s  the  cur ren t  f r i c t ion  fac to r ,  w i thout
I C

i n te rac t ion  w i th  waves  and r  i s  the  seabed shear

s t r e s s .  I n  t h e  N e a r s h o r e  P r o f i l e  M o d e l r  C l "  i s

de termined f rom B i jker ' s  empi r i ca l  fo rmula  (B i j ker

1 9 5 6 ) ,

c i .  =  0 .016  (h / ks ) -1 l 3 5 . 3 . 8

5 . 4  S o l u t i o n  o f

nomentum balance

equat ion .

Symmetr ic t idal

fo rces  on ly

The longshore  cur ren t  i s  ca lcu la ted  f rom the  so lu t ion

to the momentum balance equat ion. This equat ion wi l l

be  so lved f i rs t  fo r  t ida l  cur ren ts  a lone and then fo r

combined t ida l  and wave- induced cur ren ts .

The momentum balance equat ion for t idal  currents alone

i s
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g +  es  +  +  =Q i .4 .1
0t ph

Iner t ia  Pressure  Seabed

Force  Fr ic t ion

These three terms represent the most important forces.

Other  e f fec ts  such as  Cor io l i s ,  la te ra t  mix ing  and

advec t ion  are  usua l ly  much smal le r  in  the  nearshore

zone.  A  l inear is ing  s imp l i f i ca t ion  to  the  express ion

f o r  s e a b e d  f r i c t i o n  i s  r e q u i r e d .  E q u a t i o n  5 . 3 . 6

s u b s t i t u t e d  i n t o  E q u a t i o n  5 . 3 . 7  g i v e s ,

r  =  p  c | ^  u 2  e x p  ( i ( o t  -  { )  ) l  c o s ( u r t  -  { ) l  s . t r . z'  r c  m

In  th is  s imp l i f i ca t ion ,  the  max imum va lue  o f  the

modu lus  is  assumed a t  a l l  t imes.  r  w i l l  there fore  be

wel l  p red ic ted  c lose  to  i t s  max imum,  and less  we l l

away frorn i t .  However,  the most important ef fects of

f r i c t ion  on  cur ren t  ve loc i t ies  occur  a round the

maximum. The expression used for t  is therefore,

r  =  p  c i "  u i  exp( i (o t  -  { ) ) 5 .4 . i

S u b s t i t u t i o n  o f  E g u a t i o n s  5 . 3 . 2 r  5 . 3 . 6  a n d  5 . 4 . 3  i n t o

E q u a t i o n  5 . 4 . 1  q i v e s ,

gs*exp (i( urr+6y )+itrrurexo (i( trt-{) , ,  
ci"u3""pj i( t t-t t ' l  )

5 . 4 .4

Equating ampl i tude and phase terms yields

c :  s2
s2s*  =  ( tour )2  +  (# ) t  s .4 .s

and rfr = o - ran-r t-6fql 5 . 4 . 6

Equat ion  5 .4 .5  can be  wr i t ten  as  a  quadra t ic  in  U2
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v r i t h  s o l u t i o n ,

u^= h (+) [(r*
" f c

I 1

)' -r I' 5  . 4 . 7

$  can  then  be  found  f rom Equac ion  5 .4 .6  us ing  the

v a l u e  o f  U *  f r o m  E q u a t i o n  5 . 4 . 7 .  I t  c a n  b e  s e e n  E h a t

d i f f e ren t  va lues  o f  U ,  and  < f  w i l l  be  ob ta ined  a t

d i f f e ren t  g r i d  po in t s  t h rough  the  i n f l uence  o f  t he

d e p t h  ( h )  a n d  c u r r e n r  f r i c t i o n  f a c E o r  ( C l c ) .

E q u a t i o n s  5 . 4 . 6  a n d  5 . 4 . 7  h a v e  b e e n  u s e d  t o  p r e d i c t

t i d a l  f l o w s  i n  t h e  D o v e r  S t r a i t  l r i t h  q u a l i t a t i v e

ag reemen t  w i t h  measu remen ts  (R  L  Sou l sby ,  p r i va te

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

measu red  da ta  a t  Abe rdeen  a re  p resen ted  i n  Chap te r  7

o f  t h i s  r e p o r t .

5 .5  Assumed  fo rm o f

c u r r e n t  p a r a m e t e r s .

Genera l  t i da l  and

wave - i nduced

f  o rce  s

fo l l ow ing  assumpt ions  a re  made  abou t  t he  f o rm  o f

pa rame te rs  wh i ch  de te rm ine  the  cu r ren t  f i e l d .

5 .5 .1  Su r face  e leva t i on  above  mean  sea  l eve l  ( 6 )

The

the

A  gene ra l  s i nuso ida l

i s  assumed ,  w i t h  an

r i g h t - h a n d  s i d e .

f o r m  i d e n t i c a l  t o  E q u a t i o n  5 . 3 . 1

add i t i ona l  t e rm  eo (x )  on  the

5 . 5 . 2  S u r f a c e  s l o p e  ( S )

A gene ra l  s i nuso ida l  f o rm  i s  assumed  as  i n  Equa t i on

5 . 3 . 2  b u t  w i t h  a  c o n s t a n t  ( i n  t i m e )  o f f s e t  t o  a c c o u n t

fo r  any  asymmet ry  i n  t he  p ressu re  d r i v i ng  f o r ce .

S  =  S * ( x )  e * p ( i [ r .  -  O ( x )  ] )  *  s o ( * )

2 6
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The va lues  o f  S  and O are  g iven by  Equat ions  5 .3 .4m
a n d  5 . 3 . 5 .  S -  i s  a n  i n p u t  p a r a m e t e r .  I t  c a n  b e

o
expressed in  te rms o f  a  deep-water  t ime- independent

t ida l  cur ren t  wh ich  is  a  guant i t y  tha t  can  be  more

readi ly me4sured or deduced fron information contained

in  Admi ra l ty  Char ts .  Th is  i s  cons idered in  Sec t ion

5 . 7  .

5 . 5 . 3  L o n g s h o r e  c u r r e n t  v e l o c i t y  ( U )

A genera l  s inuso ida l  fo rm is  assumed as  in  Equat ion

5.3 .5  bu t  w i th  a  t ime- independent  cur ren t ,  Uo,  to

represent  the  s teady  t ida l  cur ren t  and (quas i - )  s teady

wave- induced cur ren t .

U  =  U -  ( * r y )  e x p ( i f u r t - r l ( x r y ) ]  )  +  U  ( * , y )  5 . 5 . 2m o "

It  is assumed that the wave-induced current remains

s teady  (apar t  f rom random f luc tua t ions)  over  severa l

hours ,  the  t ime per iod  dur ing  wh ich  s ign i f i can t

changes to  t ida l  cur ren ts  take  p lace .  Wave- induced

cur ren ts  w i l l ,  o f  course ,  vary  over  a  longer

t imesca le ,  hence they  are  te rmed r rquas i -s teady" .

5 . 5 . 4  S h e a r  s t r e s s  a t  t h e  s e a b e d  ( t )

T h e  q u a d r a t i c  f r i c t i o n  l a w ,  E q u a t i o n  5 . 3 . 7 ,  i s  u s e d

for  r ,  bu t  w i t t r  U  g iven by  Equat ion  5 .5 .2 .

S u b s t i t u t i n g  E q u a t i o n  5 . 5 . 2  i n t o  E q u a t i o n  5 . 3 . 7  g i v e s

r l
r=e  c -  [u  exp( i l o t -V l  )+u  )  l u  .os ( tu r -U)+u  I  s .s . tt c ' m  o ' l  m  o l

Cf .  i "  the  cur ren t  f r i c t ion  fac to r ,  inc lud ing  wave

interact ion, and is determined by the OrConnor and Yoo

method.  Equat ion  5 .5 .3  i s  then l inear ised  by  tak ing

the maximum value of the modulus and assuming that

th is  ho lds  th roughout  the  t ida l  cyc le .

2 7



r . .  =  o  c -  u  (u  *  lu  l )
E t  f  c  o  \  m  o ' r

5 . 6  S o l u t i o n  o f

momentum balance

equa t i on .  Genera l

t ida l  and wave-

i nduced  fo rces

The momentum balance equat ion for  t ida l  and

wave - i nduced  cu r ren ts  i s

t  =  e  c f c  ( u , n  e x r ( i [ u r t - v ] )  *  u o )  ( u o ,  *  l u o l )  5 - 5 - 4

r  can be  wr i t ten  as  the  sum o f  t ime-dependent  ( ra . )

and t ime- independent  ( ta r )  te rms.

. rd  =  e  c f "  uo ,  (u ,o  *  luo l  )  " *p  
( i [u , t  -  { , ] )  5 .5 .5

5 . 5 . 5

g+ss+ l= t5 .6 .1
at ph ph

Iner t ia  Pressure  Seabed Wave Rad ia t ion

Force  Fr ic t ion  St ress

F  i s  g i v e n  b y  E q u a t i o n  4 . 9 . 8 ,  a n d  i s  p a s s e d  t o  t h e

current module from the previous cal l  to the wave

modu le .  On the  f i rs t  ca l l  to  the  cur ren t  modu le  F  is

se t  to  ze to .  Ouas i -s teady  dr iv ing  fo rces  f rom o ther

sources ,  such as  w ind  s t ress ,  cou ld  be  inc luded on  the

r i g h t - h a n d  s i z e  o f  E q u a t i o n  5 . 5 . 1 .  T h e s e  a r e  n o t

cons idered in  th is  repor t  bu t  represent  a  poss ib le

ex tens ion  o f  the  mode l .

The solut ion of tbe momentum balance equat ion is found

b y  s u b s t i t u t i n g  E q u a t i o n s  5 . 5 . 1 ,  5 . 5 . 2  a n d  5 . 5 . 4  i n t o

Equat ion  5 .6 .1 ,  and equat ing  t i rne- independent  and

t ime-dependent  par ts ,

2 8



Equating the ampl i tude and phase Parts of Equat ion

5 . 6 . 2  y i e l d s ,

*2s2 = a2 v2 +- m m
ol)

) 2

a n d Q = 0 + t a n t l t
-roh

-crc(un+luo l )

E q u a t i o n s  5 . 6 . 3  a n d  5 . 6 . 4  a r e  e o u p l e d  e x p r e s s i o n s  f o r

the two unknowns, U, and Uo. t f  is found frour Equat ion

5.6 .5  once U and U are  known.

Solut ions for  U and U can be ef f ic ient ly  determined
m o

using a Ne\ t ton-Raphson i terat ion technique.  Equat ions

5 . 6 . 3  a n d  5 . 6 . 4  a r e  w r i t t e n  i n  L h e  f o r m ,

uo=*

gs*exp( i [ot-o]  )  + i rourexp( i Iot-q]  )

cf  
"u*(ur* 

luol  )exl( i [ r , r t - r t r ] )
+  = Q

and p  c fc  uo(um + lu " l ,  
=  r  -  phBSo

and

t t  = 
SSth

"-@
F

wherec= im- -gSo

andq=Ur* lu " l

A d d i n g  E q u a t i o n s  5 . 6 . 6  a n d  5 . 6 . 7 ,

c-  u  (u  + lu
t c  m ' m  I

5 . 6 . 2

5 . 6 . 3

5 . 6 . 4

5 . 6 . 5

5 . 6 .  6

5 . 6 . 7

5 . 6 . 8

5 . 6 .  9
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o = igl-b * tt*n 
=-  cf" o (n 2u2 * ,?"r ' ) i

R e w r i t i n g  E q u a t i o n  5 . 6 . 1 0 ,

, ,or=,e-l t [  :1, (nzrz * .rr"o \  -  e4#, = ou f "  9 '

D i f f e r e n t i a t i n g ,

r , (q)=2(q- l* , , t . l.l n
,  r . r ,

,?. (q -

5 .6  . 10

5 . 6 . 1 1

5.6 . r2

5  . 6  . 1 4

5  . 6  . 1 5

29

) ( n2a2  *  c?  o2 )
t c '

lc l  n1z
c f "  q '

S i r n p l i f y i n g ,

t l

t ' (q )  =  z ( t -  I9 " l -  
h )  

ln2r2  *  zc?  q2  *
u .  q ' -  t c '

f c

Success i ve  app rox ima t i ons  to

5 . 6 . 1 1  f o r  q  a r e  m a d e  u s i n g

the  so lu t i on  o f

t he  fo rmu la ,

Equat ion

93+ t  =  9 i 5  . 6  . 1 3

where  the  subsc r i p t  j  deno tes  t he  j t h  app rox ima t i on .

Some ca re  has  to  be  g i ven  to  t he  i n i t i a l  es t ima te  f o r

q .  F igu re  5  shows  a  g raph  o f  f ( q )  aga ins t  q  and

i n d i c a t e s  t h a t  t h e r e  a r e  t n o  r o o t s  t o  E q u a t i o n  5 . 6 . 1 1

e i t he r  s i de  o f  a  m in imum va lue  o f  f ( q )  de te r l n i ned  by

s e t t i n g  f ' ( q )  t o  z e r o .  T h e  m i n i m u m  f ( q )  a n d  r h e

co r respond ing  va lue  o f  q  a re ,

f ( q )  =  - s 2 S  2 n 2- m 1 n  -  m

l l

q = 1J$l-!1i-m]-n '  u-
f c

h 3r2 ' . t

^ t
q '
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5 .7 Use o f  measured

cur ren t  da ta  as

input  to  the

model

F r o m  E q u a t i o n s  5 . 6 . 6 ,  5 . 6 . 1 5  a n d  t h e  d e f i n i t i o n  o f  q

( n q  s  . 6 . 9 ) ,

q ' -q i in=9um 5 . 6 . 1 6

S i n c e  a l l  q u a n t i t i e s  i n  E q u a t i o n s  5 . 6 . 1 6  a r e  p o s i t i v e ,

i t  fo l lows tha t  q  i s  g rea ter  than gmin ,  and there fore

tha t  the  h igher  o f  the  two roo ts  to  the  so lu t ion  o f

Equat ion  5 .6 .11  is  the  cor rec t  roo t .  Convergence to

th is  roo t  can  be  assured by  tak ing  the  in i t ia l

es t imate  fo r  q  to  be  grea ter  ah" r  
to in .  

Th is  i s  done

a s  f o l l o w s :  I t ' i s  n o t e d  t h a t  t h e  e x p r e s s i o n  f o r  q  ,

E q u a t i o n  5 . 6 . 1 5 ,  i s  t h e  s a m e  a s  t h e  s o l u t i o n  f o r  L i l t l
I  o l

i n  t h e  a b s e n c e  o f  i n t e r a c t i o n  w i t h  t i d a l - o s c i l l a t o r v

c u r r e n t s  ( E q s  5 . 6 . 6  a n d  5 . 6 . 9  a r e  s o l v e a  f " t  l U ^ l  r r . n
I  o l

U se t  to  zero) .  The in i t ia l  es t imate  fo r  q  used inm
th is  mode l  uses  the  sum o f  g* i r r " rd  the  so lu t ion  fo r  U*

i n  t h e  a b s e n c e  o f  s t e a d y  c u r r e n t s  ( n q  S . 4 . 7 ) .  T h e

in i t ia l  es t imate  fo r  q  i s  thus  taken as  the  sum o f  the

so lu t ions  fo r  the  s teady ,  and osc i l la to ry  cur ren ts  in

the  absence o f  in te rac t ion  be tween the  two.  Th is

in i t ia l  es t imate  w i l l  a lways  be  grea ter  than g 'o . r ,  and

ensures  convergence to  the  cor rec t  so lu t ion  fo r  q .

I n  Sec t i on  5 .3 ,  i t  was  desc r i bed  how the  t i da l

p ressu re  f o r ces ,  requ i red  as  i npu t  t o  t he  mode l ,  cou ld

be  ca l cu la ted  f rom quan t i t i es  t ha t  cou ld  be  read i l y

de r i ved  f rom T ide  Tab les  and  Ad rn i ra l t y  Cha r t s .  I t  i s

envisaged that  th is  method is  used i f  there are no

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

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

can  be  used  as  an  a l t e rna t i ve  me thod  fo r  de r i v i ng  t he

inpu t  t i da l  p ressu re  f o r ces .  Genera l l y ,  t h i s  me thod
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w o u l d  b e  p r e f e r r e d ,  s i n c e  i t  i s  b a s e d  o n  a c t u a l  s i t e

measu remen ts .

The  requ i red  da ta  a re :

a )  A  se r i es  o f  measu remen ts  o f  l ongsho re  cu r ren t

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

l i ne  ou ts ide  the  su r f  zone .

b )  The  co r respond ing  t imes ,  re la t i ve  t o  H igh  Wate r ,

a t  wh i ch  the  measu remenEs  were  made .

c )  The  ave rage  dep th  o f  wa te r  a t  t he  s i t e  o f  t he

measu remen ts .

The  a im  i s  t o  f i t  a  s i nuso ida l  cu rve  to  t he  da ta ,  w i t h

pe r i od  equa l  t o  t he  t i da l  pe r i od  and  w i th  a  cons tan t

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

th ree -pa rame te r  l eas t - squa res  ana l ys i s  t o  g i ve  U 'o ,  Uo

and  < f .  These  a re  t hen  used  to  ca l cu la te  t he

pa rame te rs  de te rm in ing  the  t i da l  p ressu re  d r i v i ng

f o r c e ,  n a m e l y  S * ,  S o  a n d  O ,  u s i n g  E q u a t i o n s  5 . 6 . 3 ,

5 . 6 . 4  a n d  5 . 6 . 5 .  I f  t h e  m e a s u r e m e n t  p o i n t  i s  w e l l

outs ide the sur f  zo le,  i t  can be assumed that  the

in f l uence  o f  wave - i nduced  cu r ren ts  i s  sma11 ,  and

ave rage  to  ze ro  when  a  l ong  sequence  o f  t i da l  cu r ren t

v e l o c i t y  d a t a  i s  c o n s i d e r e d .  T h e r e f o r e  F  c a n  b e  s e t

to  ze ro  i n  Equa t i on  5 .6 .3 .  Hav ing  de te rm ined  S ,o ,  So

and  0 ,  t hese  va lues  a re  assumed  to  app l y  a t  a l l  po in t s

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

sp r i ng -neap  range ,  i t  w i l l  be  necessa ry  t o  g roup  the

da ta  i n to  bands  aE  i n te rva l s  t h rough  the  range ,  and

ca r r y  ou t  sepa ra te  ana l yses  fo r  each  band .
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COI.TPARISON OF TNB

NEARSAORB PROFILE

UODEL I{ITA

LABORATORY DATA

6 . 1  I n t r o d u c t i o n

As  a  f i r s t  s tage  i n  t he  ve r i f i ca t i on  o f  t he  Nea rsho re

Pro f i l e  Mode l ,  compar i sons  be tween  mode l  p red i c t i ons

and laboratory measurements have been carr ied out .

Un fo r tuna te l y ,  no  su i t ab le  l abo ra to ry  expe r imen ts

appear to have been carr ied out  in  which both

t i d a l - o s c i l l a t o r y  a n d  s t e a d y  c u r r e n t s ,  a s  w e l l  a s

waves ,  a re  s imu la ted .  l l oweve r ,  a  number  o f

expe r imen ta l  i nves t i ga t i ons  have  been  repo r ted  i n  t he

techn i ca l  l i t e ra tu re  i n  wh i ch  waves  and  the

wave - i nduced  s teady  cu r ren ts  a re  measu red .  Mos t  o f

t hese  i nves t i ga t i ons  have  used  the  1 -D  app rox ima t i on

fo r  wh i ch  the  Nearsho re  p ro f i l e  Mode l  i s  app l i cab le ;

name ly  a  s t ra igh t  beach  w i th  pa ra l l e l  dep th  con tou rs .

Such  l abo ra to ry  s tud ies  wou ld  t he re fo re  be  app l i cab le

in  ve r i f y i ng  t he  mode l l i ng  o f  waves  and  the i r

i n te rac t i on  w i th  wave - i nduced  cu r ren ts ,  a l t hough  the

omiss ion  o f  t i da l -osc i l l a to ry  cu r ren ts  means  tha t  t he

fu l l  scope  o f  t he  mode l  wou ld  no t  be  tes ted .

Neve r the less ,  compar i sons  w i th  l abo ra to ry  da ta  wou ld

p rov ide  a  va luab le  f i r s t .  s tage  i n  t he  ve r i f i ca t i on  o f

t he  mode l ,  and  w i l l  a l so  a l l ow  compar i sons  l r i t h

a l t e rna t i ve  numer i ca l  mode ls  i n  wh i ch  the  e f f ec t s  o f

t i da l -osc i l l a to ry  cu r ren ts  a re  no t  i nco rpo ra ted .

The  l abo ra to ry  measu remen ts  se lec ted  fo r  t h i s

compar i son  were  those  by  V i sse r  (1982 ,  1984a  and

1984b )  ca r r i ed  ou r  a r  De l f t  Un i ve rs i r y  o f  Techno logy ,

I l o l l a n d .  V i s s e r t s  m o d e l  c o n s i s t e d  o f  a  s t r a i g h t  b e a c h

w i th  a  regu la r  seaward  bed  s lope .  Mono-pe r i od  and

mono-di rect ional  r i laves were used,  and measurements

were made of  wave height ,  wave- induced set-up of  the

s t i l l  wa te r  1eve1 ,  and .  wave - i nduced  l ongsho re

33



6.2  Exper imenta l

a r rangement ,

p rocedures  and

r e s u l t s

cu r ren ts .  O the r  expe r imen te rs  have  pe r fo rmed

labo ra to ry  s tud ies  unde r  s im i l a r  cond i t i ons ,  bu t

V i sse r r s  i nves t i ga t i on  appea rs  t o  have  been  ca r r i ed

ou t  pa r t i cu la r l y  ca re fu l l y ,  mos t  no tab l y  i n  p reven t i ng

"end  e f f ec t s ' r  f r om con tam ina t i ng  t he  l ongsho re

cu r ren ts .  O the r  resea rche rs  have  a l so  used  the  V i sse r

measurements for  compar ison wi th thei r  own numer ical

m o d e l s  ( Y o o  a n d  O r C o n n o r  ( 1 9 8 7 ) ,  P e c h o n  ( 1 9 8 7 ) ,

B o n n e t o n  a n d  G a i l l a r d  ( 1 9 8 5 )  a n d  V i s s e r r s  o w n  m o d e l

(1g84a  and  b ) )  and  the re fo re  a  compar i son  o f  t he

Nearsho re  P ro f i l e  Mode l  w i t h  t hese  a l t e rna t i ve  mode ls

i s  p o s s i b l e .

The exper imenta l  arrangement is  shown in F igure 6.  A

snake - t ype  nave  gene ra to r ,  capab le  o f  p roduc ing

regu la r  waves  a t  a  spec i f i ed  d i rec t i on ,  was  s i t ua ted

a t  one  end  o f  t he  wave  bas in .  Oppos i t e  t he  gene ra to r ,

smoo th  conc re te  beaches  were  cons t ruc ted  w i th  regu la r

s lopes  o f  1  i n  10  and  1  i n  20  respec t i ve l y .  Fo r  t he

f inal  exper iment  the 1 in  20 s lope was roughed by

bonding gravel ,  wi th d imensions between 5 and 9mm, on

to  t he  conc re te .  Wave -gu ide  wa l l s  we re  i ns ta l l ed

ac ross  t he  bas in  a t  t he  ang le  o f  t he  i n i t i a l  wave

d i r e c t i o n .

A  c i r cu la t i on  sys tem to  ma in ta in  cu r ren ts  aLong  the

beach nas constructed us ing a Rehbock weir  and punp.

On  the  ups t ream wave  gu ide  a  d i s t r i bu t i on  sys tem l ras

bu i l t  t o  ensu re  t ha t  t he  rec i r cu la ted  f l ow  ma tched  the

wave - i nduced  f l ows  a t  a l l  po in t s  a long  the  beach

p ro f i l e .  De ta i l s  o f  t hese  expe r imen ta l  a r rangemen ts

a re  g i ven  i n  V i sse r  (1982 ) .  The  techn iques  and

procedures for  measur ing the var ious nave and current
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p a r a m e t e r s  a r e  d e s c r i b e d  i n  d e t a i l  i n  V i s s e r ' s

rePor ts  o

Seven exper iments  were  car r ied  ou t  in  to ta l ,  th ree

w i t h  t h e  1  i n  1 0  s l o p e ,  r h r e e  w i t h  t h e  I  i n  2 0  s l o p e ,

and one with the roughened 1 in 20 slope. Each

exper iment  used a  d i f fe ren t  inc ident  h rave  he igh t ,

per iod and direct ion. Idave and current parameters

were  measured a t  regu la r  in te rva ls  in  the  shore-normal

d i rec t ion  fo r  up  to  f i ve  sec t ions ,  shown in  F ig  6 .

Averaged quant i t ies  across  these sec t ions  were  then

ca lcu la ted .  Tab le  1  l i s ts  the  inc ident  cond i t ions  and

averaged inshore  resu l ts  fo r  a l l  seven exper iments .

6 .3  Compar ison be tween

exper imenta l  resu l ts

and model

pred ic t ions

The seven exper iments were reproduced in the Nearshore

Pro f i l e  Mode l  us ing  a  g r i d  spac ing  o f  0 .1m fo r  t he  1

in  10  s lope  and  0 .2m fo r  t he  1  i n  20  s lope .  A  range

o f  mode l  t es t s  was  ca r r i ed  ou t  t o  de te rm ine  the

opt imum values of  the three empir ica l ly-determined

pa raoe te rs :  t he  bed  roughness  k "  (wh i ch  de te rm ines

the  wave  and  cu r ren t  f r i c t i on  f ac to rs ) ,  t he  b reak ing

d i ss ipa t i on  f ac to r  I ,  and  the  b reake r  he igh t  f ac to r

a r .  I t  was  assumed  i n i t i a l l y  t ha t  t he  same va lues  o f

t hese  pa rame te rs  wou ld  app l y  f o r  t he  t h ree  tes t s  w i t h

the  1  i n  10  s lope ,  and  a  d i f f e ren t  se t  o f  va lues  fo r

the  1  i n  20  s lope  tes t s .  I t  so  happened  tha t  va lues

of  l ,  and af  turned out  to  be the same for  a l l  the

tes t s ,  a  f i nd ing  tha t  wou ld  be  expec ted  s ince  the

ef fect  of  the d i f ferent  bed s lopes on rdave breaking

had  a l ready  been  exp l i c i t l y  i nco rpo ra ted  v ia  Eqs

4 . 7 . 3 ,  4 . 7 . 4  a n d  4 . 7 . 5 .  D i f f e r e n t  v a l u e s  o f  k ,  w e r e

found  fo r  t he  t ! i l o  se t s  o f  expe r imen ts ,  a  resu l t  aga in

to  be  expec ted  s ince  the  beach  s lope  was  comp le te l y

remou lded  fo r  t he  second  se t .  I n  op t im is ing  the
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v a l u e s  o f  k ^ ,  l ,  a n d  a r  ,  t h e  b e s t  f i t s  o v e r  e a c hs -
se t -o f - t h ree  expe r imen ts  f o r  l ongsho re  cu r ren t

ve loc i t i es ,  r dave  he igh t  and  wave  se t -up  ove r  t he  who le

p ro f i l e  l eng th  we re  de te rm ined .

I t  was  found  tha t  none  o f  t hese  quan t i t i es  v re re

pa r t i cu la r l y  sens i t i ve  t o  t he  va lue  o f  1 , .  Acco rd ing l y

the  va lue  o f  l ,  was  se t  t o  one ,  and  the  b reak ing

p rocesses  was  f i t t ed  t h rough  chang ing  the  va lue  o f  a r .

Th i s  pa rame te r  had  a  c l ea r  e f f ec t ;  i nc reas ing  the

va lue  o f  a '  r esu l t ed  i n  wave  b reak ing  occu r r i ng  nea re r

t o  t h e  s h o r e l i n e ,  a n d  w i t h  a  m o r e  r a p i d  ( s p a t i a l )  r a t e

o f  dec rease  o f  wave  ene rgy  once  b reak ing  had  s ta r ted .

The  va lues  o f  k  we re  es t ima ted  by  V i sse r  t o  be  abou ts
0 . 0 0 1 m  f o r  t h e  c o n c r e t e  s l o p e s  a n d  0 . 0 1 m  f o r  t h e

g rave l - roughened  s lope .  Howeve r ,  t hese  va lues  a re

app rox ima te ,  and  the  va lue  o f  k ,  was  chosen  to  g i ve  a

bes t - f i t  t o  t he  da ta ,  bu t  ensu r i ng  tha t  t he  chosen

va lues  \de re  no t  g rea t l y  d i f f e ren t  f r om the  es t ima ted

va lues .  Longsho re  cu r ren t  ve loc i t i es  we re  qu i t e

sens i t i ve  t o  t he  va lue  o f  k "  whe reas  the  wave  he igh t

and  wave  se t -up  were  re la t i ve l y  i nsens i t i ve ,

i nd i ca t i ng  t ha t  t he  cho i ce  o f  k "  i s  more  impor tan t  i n

de te rm in ing  cu r ren t  ra the r  t han  wave  p rope r t i es .

The  fo l l ow ing  tab le  summar i ses  t he  va lues  o f  k * r

and  a '  used  to  g i ve  a  bes t - f i t  t o  t he  expe r imen ta

d a  t a .

I

I
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Empir i  ca I

parameter

k

T

a

Bes t - f i t  va lue  i n

model

l- in 10

s  lope

1 i n 2 0

s  lope

1  i n  2 0  s l o p e ,

roughened

0 . 0 0 2 n

1

1 . 1 8

0 .0006m

1

1  .18

0 . 0 l m

1

1  . 1 8

I n  V i s s e r  I  s

v a l u e s  f o r

0 . 0 0 0 8 m  f o r

roughened I

own mathematical  mode1,

k  o f  0 . 0 0 1 5 m  f o r  t h e  I
I

the  1  in  20  s lope,  and

i n  2 0  s l o p e .

h e  u s e d  b e s t - f i t

i n  1 0  s l o p e ,

0 . 0 1 5 m  f o r  t h e

The  resu l t s  o f  t he  compar i sons  a re  shown  i n  F igs  7 -13

fo r  l ongsho re  cu r ren ts ,  F igs  14 -19  fo r  wave  se t -up ,

and  F igs  20 -25  fo r  wave  he igh ts .  I nsu f f i c i en t

expe r imen ta l  da ta  we re  ava i l ab le  f o r  compar ing  wave

set-up and wave height  for  exper iment  7,  \d i th  the

roughened  bed  s lope .  A11  the  f i gu res  show good

ag reemen t ,  comparab le  t o  t ha t  o f  a l t e rna t i ve  numer i ca l

m o d e l s .  T h e s e  r e s u l t s  a r e  d i s c u s s e d  i n  S e c t i o n  6 . 5 .

6 .4  Fu r the r  t es t s  ! { i t h

the Nearshore

Prof i le  l ' lodel

The  Nearsho re  P ro f i l e  Mode l  resu l t s  p resen ted  so  fa r

have inc luded s inulat ion of  the breaking of  random

naves .  I t  i s  o f  i n te res t  t o  demons t ra te  t he

d i f f e rences  tha t  wou ld  occu r  i f  t he  b reak ing  o f  s i ng le

pe r i od /d i rec t i on  rdaves  were  i nc luded  i ns tead .  Th i s

can be achieved in the model  by set t ing the

coe f f i c i en t  I  i n i t i a l l y  t o  ze ro  ( co r respond ing  to  no

b reak ing )  and  ma in ta in ing  i t  a t  t h i s  va lue  un t i l  t he
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wave  he igh t  exceeds  the  b reake r  he igh t .  A t  t h i s  po in t

I  and  f (Q)  a re  se t  t o  one ,  co r respond ing  to  f u l l

b reak inq ,  and  these  va lues  a re  ma in ta ined  as  f a r  as

t h e  s h o r e l i n e .

F igs  26 -28  show respec t i ve l y  t he  l ongsho re  cu r ren t ,

rdave set-up and wave height  r4r i th  a breaking factor

a r = 1 . 1 8  f o r  b o t h  r a n d o m  a n d  s i n g l e  p e r i o d / d i r e c t i o n

breaking r . raves.  I t  can be seen f rom Fig 26 that  there

i s  a  ve ry  sha rp  g rad ien t  o f  t he  l ongsho re  cu r ren t

ve loc i t y  a t  t he  p lunge  po in t  i n  t he  s i ng le

pe r i od /d i rec t i on  case ,  and  the  peak  ve loc i t y  i s

somewhat  h igher  than for  random wave breaking.

Fur ther  shorewards there is  a regular  decay of  current

ve loc i t y ,  wh i l e  f u r t he r  seawards  the re  i s  a  s rna l l

cu r ren t  ve loc i t y  resu l t i ng  f r om wave  ene rgy

d i ss ipa t i on  by  seabed  f r i c t i on .  I n  F ig  27 ,  show ing

the  wave  se t -up ,  t he re  i s  a  l a rge r  se t -do l rn  a t  t he

p lunge  po in t ,  wh i l e  va lues  sho rewards  a re  s im i l a r .

The compar ison wi th wave height ,  shown in F ig 28,

aga in  i nd i ca tes  a  h ighe r  peak  a t  t he  p lunge  po in t ,

a l t hough  i n  t h i s  case  o f  cou rse ,  bo th  mode l  peaks  a re

shorewards of  the exper imenta l  peak at  the breaker

po in t .  The  ove ra l l  conc lus ion  i s  t ha t  mode l  resu l t s

based  on  s ing le  pe r i od /d i rec t i on  wave  b reak ing  g i ves

not iceably poorer  agreement  wi th the exper imenta l

measu remen ts  compared  w i th  mode l  resu l t s  us ing  random

wave breaking.

I t  i s  a l so  o f  i n te res t  t o  i nves t i ga te  t he  e f f ec t  o f

a l t e r i ng  t he  b reak ing  fac to r  a ' .  F igs  29 -31  show a

compar ison between exper imenta l  measurements,  and

mode l  t es t s  w i t h  random and  s ing le  pe r i od /d i rec t i on

wave  b reak ing  us ing  a  b reak ing  fac to r  a r=0 .28  ( t he

commonly used value for  tuni .ng to the breaker  l ine,

see  Sec t i on  6 .5 ) .  These  f i gu res  t he re fo re  show

resu l t s  f o r  t he  same tes t s  d i scussed  i n  t he  p rev ious

paragraph ( f igs 26-28)  but  wi th the breaking factor

tuned to the breaker  l ine rather  than the p lunge 1 ine.
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6 . 5  D i s c u s s i o n

Cornparing the two sets of f igures, i t  can be seen that

the  pred ic t ions  o f  longshore  cur ren t  ve loc i t ies  (F igs

26 and 29) are poorer with a'=0.78, the peak occurr ing

too  fa r  seawards .  A  s imi la r  compar ison  is  seen fo r

l rave set-up (Figs 27 and 30) with the maximum set-down

aga in  occur r ing  too  fa r  seawards  fo r  a r=0 .78 .  The

comparison for wave height (Figs 28 and 3l-)  indicates

much be t te r  agreement  fo r  a r=0 .78r  par t i cu la r ly  in  the

decay of wave height shorewards of the breaker l ine.

I {ave  he igh ts  a t  the  breaker  l ine  i t se l f  a re  s t i l l

underpredicted, probably due to the absence of any

rnode l l ing  o f  non- l inear  waves  (Sec t ion  6 .5 ) .

An important  f ind ing f rom Visserrs exper iments l tas

that  the nave set-up and wave- induced longshore

cu r ren ts  d id  no t  s ta r t  t he i r  s t rong  i nc rease  a t  t he

breaker l ine (where maximum wave height  occurs,

imnediateLy before breaking) but at  the plunge lrne

(where  the  p lung ing  breaker  s t r i kes  the  s t i l1  water ) .

There  is  a  s ign i f i can t  d is tance be tween these ts to

l ines ,  o f  the  order  o f  *  to  *  o f  the  en t i re  e r id th  o f

the surf  zone, dur ing which the wave height decreases

rapidly as the crest cur ls overr but the l tater motion

remains  essent ia l l y  i r ro ta t iona l  and the  excess

momentum f lux is not released from the waves.

In  the  Nearshore  Pro f i le  Mode l '  and o ther

computa t iona l  mode ls  o f  a  s imi la r  typer  the  rad ia t ion

stresses are determined from the wave heightsr and

thus  rad ia t ion-s t ress- re la ted  quant i t ies  such as  wave

set-up and wave-induced longshore currents appear co

start  at  the breaker Line. To overcome this problem

some researchers such as Visser (  1gg4a and b) and

Svendsen (1984) have developed theories which

exp l ic i t l y  incorpora te  the  breaker - l ine  to  p lunge- l ine

d is tance or  re la ted  quant i t ies .  Mode ls  based on  these

theor ies  requ i re  th is  d is tance to  be  input  as  a

measured and pre-de termined quant i t y .  Whi ls t  th is  i s

poss ib le  in  the  compar ison w i th  V isser ts  exper iments t
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s ince  th i s  quan t i t y  was  measu red ,  such  i n fo rma t i on

wou ld  no t  be  ava i l ab le  i n  gene ra l  app l i ca t i ons  and

wou ld  rende r  such  an  app roach  o f  l i t t l e  use  as  a

p r e d i c t i v e  t o o l .  I t  m a y  b e  p o s s i b L e ,  o n  t h e  b a s i s  o f

large numbers of  observat ions and measurements of

b reak ing  l r aves ,  t o  re la te  t he  b reake r  l i ne /p lunge  l i ne

d i s t a n c e  t o  t h e  b r e a k e r  t y p e  ( p l u n g i n g ,  s p i l l i n g  e t c )

and  de te rm inab le  quan t i t i es  o f  t he  waves  j us t  be fo re

b r e a k i n g  ( h e i g h t ,  s t e e p n e s s  e t c ) ,  b u t  a  s t u d y  o f  t h i s

sor t  has yet  to  be carr ied out ,  and in any event  is

l i ke l y  t o  be  sub jec t  t o  cons ide rab le  unce r ta in t i es .

Neve r the less  such  a  s tudy  cou ld  be  use fu l  f o r

mode l l i ng  l ong  sequences  o f  waves  wh ich  i nvo l ve  a

m ix tu re  o f  b reake r  t ypes .

The  me thod  used  i n  t he  Nea rsho re  P ro f i l e  Mode l  t o  dea l

wi t t r  th is  problem is  to ' r tune" the breaking process so

that  rdaves appear to break e i ther  at  the breaker  point

or  the p lunge point .  The idea is  that  i f  wave

q u a n t i t i e s  a r e  o f  p r i n c i p a l  i n t e r e s t  i n  a  p a r t i c u l a r

app l i ca t i on  t he  mode l  wou ld  be  tuned  to  t he  b reake r

l i n e ,  w h e r e a s  i f  r a d i a t i o n - s t r e s s - r e l a t e d  q u a n t i t i e s

(wave  se t -up ,  l ongsho re  cu r ren ts )  a re  o f  p r i nc ipa l

i n te res t  t he  mode l  wou ld  be  tuned  to  t he  p lunge  l i ne .

A number of  approaches for  achiev ing th is  tuning were

t r i ed ,  and  i t  was  found  tha t  t he  onse t  o f  b reak ing

cou ld  be  made  to  occu r  nea re r  t o  t he  sho re l i ne  by

inc reas ing  the  va lue  o f  a r  i n  t he  b reake r  he igh t

c r i t e r i o n ,  E q  4 . 7 . 4 .  T h e  m o d e l  r e s u l t s  p r e s e n t e d  i n

F igs  7 -28  rde re  t uned  to  che  p lunge  L ine  us ing  a  va lue

o f  a r=1 .1 -8 ,  somewha t  l a rge r  t han  the  usua l l y  used

va lue  o f  0 .78  fo r  t un ing  to  t he  b reake r  l i ne  ( f i gs

29-31.).

Wave set-up and wave- induced longshore currents are

shown  to  be  accu ra te l y  p red i c ted  i n  t he  f i gu res  w i t h

a r  =  l - . 18 ,  bd t  as  expec ted  the re  i s  l ess  accu racy  i n

the  wave  he igh t  p red i c t i ons .  I n  f ac t ,  t he  m is - tun ing

of  the breaking process is  not  the only soutce of
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error;  the assumption of random waves for the breaking

process in the rnodel (whereas regular rdaves were used

in  the  exper iments )  w i l l  tend  to  depress  wave he igh ts

a t  the  breaker  po in t ,  and cause a  less  rap id  wave

he igh t  decay  in  the  sur f  zone,  as  ind ica ted  in  the

f igures .  A  fu r ther  d isc repancy  is  caused by  the

absence o f  any  mode l l ing  o f  non- l inear  p rocesses  nh ich

are important cLose to and during the breaking

process r and cause a greater peaking of wave height

jus t  be fore  break ing .  Some idea o f  the  re la t i ve

importance of these contr ibut ions to the error in wave

height at the breaker l ine can be seen by cornparing

wave heights from the Nearshore Prof i le Model run

separately wit t r  random waves and single

per iod /d i rec t ion  l raves  (Sec t ion  6 .4 ) ,  and a lso  w i th

resu l ts  f rom two mode ls  used by  Pechon (1987)

incorpora t ing  L inear  and non- l inear  (Ser re  theory )

s ing le  per iod /d i rec t ion  waves  respec t ive ly .

Computat iona 1

Model

I,Iave height at Breaker

L ine  (Tes t  one )  cm

Z Di-fference from Measured

I,Iave lleishts

Measurement 10 .5

NPM linear random

rraveg

8 . 7 -17.17"

NPM l inear

s ing  1e  per iod /d i rec t ion

waves

9 . 7 -7  .67"

Pechon l inear

s ing le  per iod ld i rec t  ion

waveg

9 . 1 -L3.37"

Pechon non- l inear

s i n g l e  p e r i o d / d i r e c t i o n

waves

10 .  8 +2.97.
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Ano the r  f ea tu re  t o  be  commen ted  on  i s  t he  me thod  o f

mode l l i ng  wave - i nduced  l ongsho re  cu r ren ts  i n  t he

N e a r s h o r e  P r o f i l e  M o d e l .  F o r  s i n g l e  p e r i o d / d i r e c t i o n

waves ,  l aCera l  d i f f us ion  due  to  t u rbu lence  w i th in  t he

su r f  zone  p lays  an  impor tan t  pa r t  i n  de te rm in ing  the

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

l i n e .  W i t h o u t  t h e  e f f e c t s  o f  l a t e r a l  d i f f u s i o n ,  a

ve ry  sha rp  cu to f f  a t  t he  p lunge  l i ne  w i l l  be  ob ta ined

( f i g  Z 0 ) .  I n c l u s i o n  o f  l a r e r a l  d i f f u s i o n  s m o o t h s  o v e r

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

cu r ren t  seawards  o f  t he  p lunge  l i ne .  I n  t he  Nea rsho re

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

i nco rpo ra ted  as  t h i s  wou ld  cons ide rab l y  i nc rease  the

comp lex i t y  o f  mode l l i ng  l ongsho re  cu r ren ts  beyond  the

ana l y t i ca l  f o rms  ob ta ined  i n  Chap te r  5 .  Fu r the rmore ,

an  add i t i ona l  emp i r i ca l l y -de te rm ined  pa rame te r ,  t he

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

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

cu r ren ts  i s  ob ta ined  by  mode l l i ng  t he  b reak ing  o f

random l raves .  The  p robab i l i t y  d i s t r i bu t i on  o f  wave

he igh ts  i n  random h raves  imp l i es  t ha t  t he  b reake r  and

p lunge  I i nes  a re  I  smeared  ou t r  i n  t he  sho re -no rma l

d i r e c t i o n ,  t h e r e b y  c r e a t i n g  a  d i s t r i b u t i o n  o f

l ongsho re  cu r ren ts  s im i l a r  Eo  tha t  ob ta ined  w i th

mono- f requency  l r aves  and  l a te ra l  d i f f us ion .

I t  has  been  found  by  o the r  resea rche rs  t ha t  t he

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

w i l l  make  on l y  a  sma l l  d i f f e rence  to  t he  l ongsho re

cu r ren t  d i s t r i bu t i on ,  neg l i g i b l e  f o r  t he  pu rpose  o f

eng inee r i ng  p red i c t i ons ,  p rov ided  tha t  random wave

b r e a k i n g  i s  s i m u l a t e d  i n  t h e  m o d e l  ( B a t t j e s  ( 1 9 7 2 ) ,

Tho rn ton  and  Guza  (1986 ) ) .  The  good  ag reemen t  be tween

the  mode l  p red i c t i ons  and  expe r imen ta l  measu re rnen ts  i n

t h e  p r e s e n t  s t u d y  ( f i g s  7 - 1 3 )  b e a r s  o u t  t h i s

c o n c  l u s i o n .

4 2



COI,IPARISON OF TEE

NEARSNORB PROFILE

I.iODEL WITE

FIELD DATA

7 . L  I n t r o d u c t i o n

The conparison of the Nearshore Prof i le I ' lodel with

labora tory  exper iments ,  descr ibed in  the  prev ious

chapter,  was for the case of waves and wave-induced

cur ren ts  on ly .  No su i tab le  labora tory  s imu la t ion  o f

wave and t idal  current ef fects appears to have been

c a r r i e d  o u t .  I n  o r d e r  t o  t e s t  t h e  m o d e l ' s  a b i l i t y  t o

pred ic t  t ida l  cur ren ts ,  and the i r  in te rac t ion  w i th

\raves and wave-induced currents, comparisons with

f i e l d  d a t a  m e a s u r e d  a t  s u i t a b l e  c o a s t a l  s i t e s  a r e

requ i red .

Again, there is a problen of obt.aining an adequate

f i e l d  d a t a  s e t .  T h e  s i t e  s h o u l d  b e  a  f a i r l y  l o n g ,

s t ra igh t  s t re tch  o f  coas t l ine  w i th  a  regu la r  seabed

bathymet ry  and where  there  is  a  la rge  t ida l  range.

luteasurement,s should ideal ly consist  of  a set of

longshore  cur ren t  ve loc i ty  va lues  a t  spa t ia l  in te rva ls

a long a  shore-normal  l ine  w i th in  and ou ts ide  the  sur f

zone,  and a t  regu la r  t ime in te rva ls  dur ing  the  t ida l

cycle. Simultaneous rrave measurements should be made,

and the longshore current measurements should be

repeated under di f ferent wave condit ions. Al though a

number  o f  su i tab le  s i tes  ex is t  a round the  Br i t i sh  and

NW European coas t l ines ,  the  de ta i led  measurements

needed to  ob ta in  a  su f f i c ien t ly  la rge  da tabase fo r  a

thorough test ing the model  mean that  such a f ie ld

exerc ise  wou ld  be  a  na jo r  under tak ing .

t

a

A survey  o f  p resent ly  ava i lab le  da ta  se ts  has  no t

revea led  one su i tab le  fo r  tes t ing  the  fu l1  scope

the  Nearshore  Pro f i le  Mode l .  l l owever ,  because o f

d i f f i c u l t y  i n  o b t a i n i n g  d e t a i l s  o f  f i e l d  s t u d i e s

o f

the
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ca r r i ed  ou t  by  nany  d i f f e renL  i ns t i t u t i ons  i n

d i f f e ren t  coun t r i es ,  t h i s  su rvey  i s  by  no  means

exhaus t i ve .  On  p resen t  i n fo rma t i on ,  i t  seems  tha t

f  i e l d  s tud ies  a t  su i t ab le  s i t es  i n  N I . I  Eu rope  do  no t

have  su f f i c i en t l y  de ta i l ed  se r i es  o f  l ongsho re  cu r ren t

measurements.  Larger  s tudies have been carr ied out  in

the  USA and  Canada ,  bu t  t hese  have  been  i n

envi ronments where t ida l  currents were weak,  and were

rega rded  as  neg l i g i b l e  i n  t he  subsequen t  ana l yses  o f

t he  f i e l d  da ta .  I t  appea rs  t ha t  a  ma jo r  f i e l d

exe rc i se  o f  comparab le  de ta i l  t o  t he  Amer i can

exe rc i ses  bu t  app rop r i a te  t o  B r i t i sh  and  NW European

coas ta l  env i ronmen ts  wou ld  be  a  va luab le ,  a l t hough

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

In the absence at  the present  t ime of  a comprehensive

f i e l d  exe rc i se ,  t he  Nea rsho re  P ro f i l e  Mode l  has  been

compared  w i th  a  sma l l e r  se r i es  o f  f i e l d  measu remen ts

made  a t  a  coas ta l  s i t e  imrned ia te l y  t o  t he  no r th  o f

Aberdeen harbour in  Scot land.  These measurements

cons i s ted  o f  f l oa t - t r ack ing  a t  a  number  o f  po in t s  on  a

shore-normal  l ine to rneasure longshore current

v e l o c i t i e s .  A s  c o n d i t i o n s  w e r e  c a l m ,  t i d a l  c u r r e n t s

on l y  we re  measu red .  Th i s  s tudy  i s  desc r i bed  i n  t he

f o l l o w i n g  s e c t i o n .

7 .2  F ie ld  measu remen ts

at  Aberdeen and

compar ison wi th

mode l  p red i c t i ons

In  t he  Sp r i ng  o f  1987 ,  I l yd rau l i cs  Resea rch  L td  ca r r i ed

out  a f ie ld measurement  exerc ise in  the area around

Aberdeen  l l a rbou r .  As  pa r t  o f  t h i s  exe rc i se ,  cu r ren t

ve loc i t i es  ne re  measu red  us ing  f l oa t - t r ack ing  d rogues

re leased  f rom f i ve  po in t s  on  a  sho re -no rma l  l i ne  j us t

t o  t he  no r th  o f  t he  ha rbou r  (F ig  32 ) .  The  coas t l i ne

no r th  o f  Abe rdeen  i s  l ong  and  s t ra igh t  w i t h  a  regu la r

seabed  s lope  ou t  t o  deep  wa te r ,  mak ing  i t  a  good  s i t e
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at  wh ich  to  tes t  the  Nearshore  Pro f i le  Mode l .  The

drogue- re lease po in ts  nere ,  however ,  su f f i c ien t ly

c lose  to  the  harbour  fo r  nor th - f low ing  t ida l  cur ren ts

to  be  s ign i f i can t ly  d is to r ted  by  the  harbour  and the

head land imned ia te ly  to  the  south  o f  the  harbour ,

G i rd le  Ness .  Accord ing l -y ,  measurements  were  made on ly

on the  south- f low ing  t ide .  These measurements

cons is ted  o f  the  re leas ing  and t rack ing  o f  d rogues

f rom each re lease-po in t  on  th ree  separa te  occas ions

dur ing  the  south- f low ing  t ide .

The Nearshore Prof i le Model l tas set up with 41 gr id

points extending from deep l tater (50rn CD) to the top

of the beach. The gr id points were not evenly spaced

being more concentrated nearer the coast.  Since

cond i t ions  l re re  ca lm wi th  very  l i t t le  wave ac t ion

dur ing  the  f loa t - t rack ing  exerc ise ,  the  mode l  was  run

to determine t idal  currents only,  with no l i l€ lv€so

T ida l  cur ren ts  were  pred ic ted  a t  2O s tages  dur ing  a

semi -d iu rna l  t ida l  cyc le  fo r  each drogue- re lease

p o i n t .

The t idal  quant i t ies needed for input to the rnodel

(see Sect ion  5 .3 .2 )  were  deduced f rom in fo rmat ion  on

t ida l  e leva t ions  and phases  pub l ished in  t ide  tab les

for ports along the Aberdeen coast l ine between

Peterhead and Dundee. Sedirnent samples from the si te

indicated a seabed composed predominant ly of f ine to

med ium sand (about  200 mic rons) .  Accord ing ly  k ,  was

set  to  a  va lue  appropr ia te  to  a  typ ica l  r ipp le  he igh t

fo r  th is  type  o f  sand,  o f  0 .016n.  In  th is  compar ison

wi th  f ie ld  da ta ,  the  mode l  was  used as  a  p red ic t i ve

tool;  no adjustments were made to the input parameters

t o  o b t a i n  a  b e s t  f i t .

The comparison between the measured longshore t idal

cur ren t  ve loc i t ies  and the  mode l  p red ic t ions  is  shown

in  F ig  33 .  The fu l l  l i nes  represent  the  rnode l  t ida l
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CONCLUSIONS

cu rves ,  and  the  l a rge  symbo ls  rep resen t  t he  measu red

cu r ren t  ve loc i t i es .  I t  can  be  seen  tha t  two  o f  t he

three sets of  measurements (at  approximately  l lW-5*hrs

and nW-!hr)  show very good agreement  wi th the model

p red i c t i ons ,  pa r t i cu la r l y  i n  de te rm in ing  the  re la t i ve

phases  o f  t he  cu r ren t  ve loc i t i es  a t  t he  d i f f e ren t

d rogue - re lease  po in t s .  The  th i rd  se t ,  c l ose  to  t he

maximum predicted souther ly  currents,  shows that  the

mode l  cons ide rab l y  ove r -p red i c t s  a t  t he  sma l l e r

dep ths .  I t  i s  p robab le  t ha t  t hese  s t rong  sou the r l y

cu r ren ts  we re  de f l ec ted  seawards  by  be ing  c lose  to  t he

harbour,  and char ts  of  the drogue paths showed that

th i s  was  so .  Genera l l y ,  t he re fo re ,  t he  ag reemen t

between the model  predict ions and measurements is

good .

In  t he  p rev ious  chap te r ,  t he  Nea rsho re  P ro f i l e  Mode l

was shown to compare wel l  wi th laboratory measurements

of  waves and wave- induced currents.  In  the present

chap te r ,  a  compar i son  w i th  f i e l d  measu remen ts  o f  t i da l

cu r ren ts  has  shown  p rom i , s i ng  resu l t s .  The  nex t  s tage

is to compare the model  wi th measurements

inco rpo ra t i ng  t he  i n te rac t i on  be tween  waves ,

wave - i nduced  cu r ren ts  and  t i da l  cu r ren ts .  Such  a

compar i son  needs  to  awa i t  a  su f f i c i en t l y  comprehens i ve

f i e l d  measu remen t  exe rc i se  a t  a  su i t ab le  coas ta l

s i t e .

A computat ional model,  known as the Nearshore

Pro f i le  Mode l ,  fo r  p red ic t ing  wave and cur ren t

cond i t ions  in  nearshore  reg ions  is  descr ibed in

th is  repor t .

The rnodel uses the approximation of a straight

coas t l ine  w i th  para l le l  depth  contours ,  and

determines nave and longshore current condit ions

1 )

2 )
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b)

c )

a long a  pro f i le  l ine  perpend icu la r  to  the

coas t l ine .  The new fea tures  incorpora ted  in  the

mode l  a re

a)  A  node l l ing  o f  t ida l  as  we l l  as  wave- induced

cur ren ts ,  w i th  fu l l  in te rac t ion  be tween the

\raves and the two tyPes of current.

A theory based on general  mass, energy and

momentt lm balance equat ions, which is

app l icab le  bo th  ins ide  and ou ts ide  the  sur f

zone.

Input  cond i t ions  wh ich  requ i re  no  spec ia t

f ie ld  measureoent  exerc ise  or  add i t iona l

numerical  model study. I f  measurements are

ava i lab le ,  they  w i l l  p rov ide  a  use fu l

ca l ib ra t ion  o f  the  mode l  a t  a  Par t i cu la r

s i te ,  o r  an  a l te rna t ive  method o f  inpu t .

A  theore t ica l  f ramework  and e f f i c ien t

computa t iona l  a lgor i thm wh ich  a l low tens  or

even hundreds of thousands of input wave and

t ida l  cond i t ions  to  be  ana lysed a t  reasonab le

cos t .  Th is  makes the  mode l  su i tab le  fo r

long- te rm pred ic t ions  o f  hydrodynamic  and

norpho log ica l  p rocesses .

The program is  s t ructured wi th separate wave and

cu r ren t  modu les .  The  mode l  i s  made  i n te rac t i ve

by a l lowing in format ion to be exchanged between

these  modu les .  The  p rog ram makes  a l t e rna te  ca l l s

to these modules up to a speci f ied maximum number

of  t imes at  which values of  the wave and current

parameters are expected to have converged.

Wave transformation between offshore and inshore

points is based on the ldave energy balance

d )

3 )

4 )
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5 )

equa t i on .  The  phys i ca l  p rocesses  i nco rpo ra ted

a re  shoa l i ng ,  r e f rac t i on  (by  dep th  va r i a t i ons  and

cu r ren ts ) ,  seabed  f r i c t i on  and  wave  b reak ing .

Cur ren ts  a f f ec t  t he  wave  f i e l d  t h rough  re f rac t i on

a n d  s e a b e d  f r i c t i o n .  W a v e  r a d i a t i o n  s t r e s s e s ,

wh ich  cause  a  se t -up  o f  t he  s t i l l  wa te r  l eve l  and

the  gene ra t i on  o f  l ongsho re  cu r ren ts ,  a re  a l so

c a  1  c u l a t e d .

Currents are assumed to be depth-averaged and in

the  l ongsho re  d i recE ion ,  and  a re  de te rm ined  f rom

the  equa t i on  o f  momen tum ba lance .  The  t i da l

cu r ren ts  a re  gene ra ted  by  l ongsho re  va r i a t i ons  i n

t h e  w a t e r - s u r f a c e  l e v e l  ( i e  p r e s s u r e - g e n e r a t e d ) r

and  ba lanced  by  seabed  f r i c t i on  and  i ne r t i a .  The

wave - i nduced  cu r ren ts  a re  gene ra ted  by  spa t i a l

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

ba lanced  by  seabed  f r i c t i on  and  i ne r t i a .

I n te rac t i on  be tween  the  two  t ypes  o f  cu r ren t

occurs,  and between them and the waves.  I {aves

in f l uence  the  cu r ren t  f i e l d  t h rough  seabed

f r i c t i on  and  the  gene ra t i on  o f  l ongsho re

c u r r e n t s .

The model  has been compared wi th laboratory

measurements in  which ataves and wave- induced

cu r ren ts ,  bu t  no t  t i da l  cu r ren ts r  v te re  P resen t .

Compar isons \ i lere made of  wave height ,  wave

se t -up  and  wave - i nduced  l ongsho re  cu r ren ts  w i t h

good  ag reemen t .

Compar isons have been made wi th f ie ld

measu remen ts  o f  t i da l  cu r ren t  ve loc i t i es  du r i ng

calm wave condi t ions.  Good agreement  between the

mode l  and  measu remen ts  was  ob ta ined .  The

performance of  the model  dur ing combined wave and

t i da l  ac t i on  needs  to  be  i nves t i ga ted ,  f o r  wh i ch

a  tho rough  and  su i t ab l y  l oca ted  f i e l d  measu remen t

exe rc i se  i s  requ i red .

6 )

7 )
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