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ABSTRACT

A computational model for determining wave and current conditions in
nearshore regions, known as the Nearshore Profile Model, has been extended
to incorporate wave spectra. The theory of spectral wave transformation
used by the model is dedcribed, and comparisons between the spectral and
monochromatic versions of the model are presented. It is concluded that in
most cases where input I'ave spectra are adequately known, they should be
used in preference to the equivalent monochromatic wave.
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2 . L

INTRODUCTION

THEORY

Introduction

In Southgate (1988 and 1989),  a I-D computat ional

model of nearshore hydrodynamic processes, known as

the Nearshore Prof i le Model,  has been described. This

model is designed to determine wave and longshore

current conditions at grid points along a line

perpendicular to the coastline, under the assumpti.on

of a straight coast and paral1e1 depth contours (the

1-D approximation) . A full interaction between .tdaves,

wave-induced currents and tidal currents is

incorporated, and because of its computational speed,

the model can analyse large numbers of input wave and

tidal conditions rendering it suitable for

investigating long-term nearshore and beach

processes .

In the earlier work, the waves were treated as having

a single frequency and direction (except in the

modelling of wave breaking where a Rayleigh

distribution of wave heights is employed). The

present report descri-bes how the model has been

extended to cater for spectral waves with a spread of

energy over a range of frequencies and directions.

Section 2 describes the theoretical method employed

for this spectral wave modelling, and Section 3

contains a comparison of model runs using spectral and

monochromatj.e wave input in laboratory and field

si-tuations. Conclusions from these model tests are

given in SecLion 4. The rrord rmonochromatict is used

throughout the report to refer to waves with a single

frequency and direct ion.

The theory of the spectral wave model is based on

regardi.ng the wave spectrum as composed of a number of

individual frequency and directi-onal components, each

containing a certain amount of lrave energy. The



2.2 Wave kinematics

propagation of each component is considered

independently of the others, except in the modelling

of non-l inear processes. In the present model the

phenomena of refraction and shoaling (by both depth

variations and currents) are treated linearly, while

energy dissipation by bottom friction and wave

breaking are non-linear processes.

In this section the term 'absolutet refers to wave

quantities measured relative to the seabed, and

'relative' refers to wave quantities measured relative

to an observer rnoving with the current. The

determination of kinematic quantities requires the

solution to the wave dispersion relation in the

presence of currents,

2.2 . r

In this equati.on uu is the absolute angular wave

frequency, U is the current velocity, k is the

wavenumber, 6 is the current direction, c is the wave

orthogonal directioo, g is the acceleration due to

gravity, and h is the water depth. Figure 1 shows the

def ini t ion of angle quant i t ies.

Equat ion 2.2.I  is solved for the wavenumber, k,  in

terms of known values of the other variables at each

grid point and for each spectral component. Once k is

known the following kinematic quantities are

cal-culated for each spectral component.

a) Relative angular wave frequency,

ulu - llk Cos (0 - a) = (gk tanh kh)%

, r - t r - U k C o s  ( 0 - s ) 2 .2 .2



b ) Relative wave ce ler i t y ,

e ) Relative group velocity,

tll

c  =  . I
r K

c

""r=i
d)

r l +  2 k h  ILr  Sinh (2kh) '

Absolute group velocity (the vector

c g r ,  
" " "  

F i g  l ) ,

ga 
(uz + ai ,  *  ,u 

"" ,  
cos(6 -  o))%

2 .2 .3

2 .2 .4

sum of U and

2 .2 .5

e) Ray direct ion (see Fig 1),

U S i n 6 + C  S i n a
F=tan-t( f f i 2 .2 .6

gr

To derive kinematic quantities at the point under

study (subscript i), given quantities at the previous

point (subscript 0), Snel1's law for the orthogonal

direction, cr, is used,

Sinq.
1

2 .2 .7

This equation is used together with Equations 2.2.1-

2.2.6 to predict  al l  the kinematic quant i t ies of

interest at the point under study. These calculations

are carried out separately for each wave component.

The kinematic processes are linear, and do not involve

the interaction of spectral components. A fuller

discussion of current-depth refraction is given in

Southgate  (1985) .

k o  ^ .= 
E: rr.nao

a



2.3 Wave stat ist ics

Various spect,rally averaged quantities are required

both for calcuLation within the model and as output.

Root-mean-square (nns) wave heights are calculated

according to

H]-o = B I I sr (r,r,cr) Ao Aa
q | , ,  e

=IIHi
q U

I  I  sr(u,a) Aur Acr
^  , C t l r ,  

-
rT'  
L I  , '  s . (ur ,a) Aur Aa
q u ,

2 .3 .L

2 .3  -2

where S, (ur,c) is the surface elevation spectral

density for a particular angular wave frequency ul and

direction q,. Aur and Aa are the band widths of the

frequency and directional components. The subscript j

denotes one spectral component.

The zero-crossing period (Tr) is calculated by,

2 .3  . 3

Average wave orthogonal directions are defined

according to,

I I gl sincr,

cr = tan- ,  (o--q'  
J J) 

2.3 .4
I I itt coscr,
q , u ,  J  l

vith a similar definition for average ray directions.

The rms bottom orbital velocity, V.*s, is calculated

in the following way. The bottom orbital velocity

spectral  density,  Srr( tr l  ,cr)  is related to the surface

elevat ion spectral  density according to,



k 2So(u , c r )  =  S r (u r , c ) .

Vi*" i" given by,

v i rn"=f fs , r ( t . r ,c r )
q, u,

Sinh2 (kh)

Aur As

2 .3  . 5

2 .3 .6

2 .3  . 7

2 .3 .8

2 .3 .9

2 .3  .  L0

2 .3 .LL

=II
'  

c t u

or,  s ince

H.?  (u ,c r )  =  I
J

v2rms

v .  ={2v
peaK rms

g1v1ng

v2
peaK

S a  ( u , c r )  6 2
-Aut

Sinh, (kh)

S,(u,c)  Aur Acr,

u2 Hl (u,cr)

8 Sinhz (kh)

uz  H l  ( u ,a )

4 Sinh2 (kh)

As

=II
c t ,

The OrConnor and Yoo (1988) boundary layer model is

used to determine friction factors for wave and

current energy dissipation by bottom fri.ction. In

this model the peak bottom orbital velocity of a

monochromatic wave is used. For spectral waves, the

peak value of the equivalent monochromatic wave (ie

one with the same Vr*" value) is substituted. Hence,

=II
cL u,

Similar calculations are performed for the

semi-orbi tal  excursion length, A, result ing 1 t ,



A2rms

and

=II
q U

Hi (u,cr)

8 Sinh? (kh)

H! (ur ,cr )
_  T T

cr {d 4 Sinh2 (kh)

by

A mean bottom velocity direction is calculated by

resolving each velocity spectral component in

orthogonal directions. These can be arbitrarily

chosen, but it is convenient to use the grid axes,

o ,z  H3  (u ,a )
V2  = I I  Cosc .x  ; ;  s s i nh r ( kh )  J

2.3 . r5

2 .3 .L6v2v

the equation of

component,

tJ '  H ,?  (u ,o )
Sina -

8 Sinh, (kh) J
=II

C[ lr,

2.4 Wave dynamics

The mean bottom velocity direction, 4^, is then given' b '

by

5 
= tan-L (v;/vi:) 2 .3 . t 7

Determination of wave dynamic quantities (i-e those

related to the wave energy) is based on the equation

of wave energy balance, or,  more str ict ly speaking,

A 2' peak

Using these quantities, a bottom velocity

zero-crossing wave period, Tzb, ."r be defined

2tt Arms
l ='zb V

rms

2 .3 .L2

2 .3 .L3

2 .3 .L4

wave action balance for each wave



d
T-oy

E=+psHz

E C Cosu
(  8 a  ' t  

=  -' u ,
r

(p f  +  pb)

ll, r
2.4 . r

In this eguation y is the coordinate in the onshore

direction (Fig 1), E is the wave energy density per

unit surface area, and D, and DO are the spatial

energy dissipation rates due to seabed friction and

wave breaking respectively. For each spectral

component E is related to the wave height of that

component by

2 .4 .2

in which p is the water density.

In the model, the wave height is determined by

integrating Equation 2.4.1 and solving for Il for each

component separately. However, both seabed friction

and wave breaking are non-linear processes and

therefore the dissipation rate of the total spectrum

has to be taken into account in the calculation of the

dissipation rates of the individual components.

In Southgate (1987 and 1989), the wave energy

dissipation rate for monochromatic waves vas

calculated using the formula

D -  =  o  C -
I I W

2 .4 .3

in whi-ch C.__ is the wave friction factor, enhanced byIW

interaction with the current fie1d, and Vo is the

maximum wave orbital velocity at the seabed. Vo is

related to the wave height by

H rrlr
2 sinh (kh) 2 . 4 . 4

The determinat,ion of Cr* uses the boundary layer model

of O'Connor and Yoo ( i988).  In the present method the

rms bot tom orb i ta l  ve loc i ty  (Eq 2 .3 .9 ) ,  bo t tom

v3
o



W = T  V

zero-crossing period (Eq 2.3.L4) and average bottom

direct ion (Eq 2.3.17) are used in place of their

equivalent monochromatic wave values in the OrConnor

and Yoo boundary layer model.

Once the wave and current friction factors have been

determined. by ttre O'Connor and Yoo model, it is

necessary to calculate the rate of dissipation of wave

energy, D* under spectral waves, analogous to

Equation 2.4.3 for monochromati-c waves. The method bf

calculating Df for spectral waves follows theory

developed by Hasselmann and Collins (1968) and Collins

(1972). Essentially, their method relies on the fact

that the instantaneous work done by one \rave

component,  W, is,

2 .4 .5

in which r is the resultant bottom shear stress for

the whole spectrum, and V is the bottom orbital

velocity of one component. Ttris leads to the

following expression for the value of D, for one

spectral component (the subscript j denoting the jth

component),

. ,  O  C -  w z
Dr ,  (u r ,c )  =  (+n  

'  rw  H? (u r ,q )  .  B -  (u r ,a )  2 .4 .6tJ ' 4 Sinhzkh J J

where B-(u,q) is given by

B. ,  (o ,c r )  =  p r  *  p2  Cos2 (a - f )  +  p ,  S in3  (c r - f )  2 .4 .7
1

The angle y is determine from the condition

(Vr Vz) = 0 in which V1 is the component of bottom

orbital velocity in the mean velocity direction, V2 is

the perpendicular component, and ( ) denotes mean



values averaged

given spectrum.

C o s 4 1 '  ( f ,  -  f t ; t

in which

f r= I I
, C[ (J

f r=I I
c [ t

f '=I I
O U

Returning

by,

Hl (rrr ,cr)  u '2 cos2c! ,
J B sinh2kh J

H-?  (u r ,c r )  {d2  
cosc ,  s ina ,

J  B s i n h z k h  J  J

H? (u r ,s )  wz  
s in?cr  ,

J B sinh2kh J

to  Equat ion  2 ,4 .7 ,  p t ,  p2  and p3

over all spectral components within a

y is explicitly determined fron

+  C o s , T  ( 2 f ,  -  ( f ,  -  f r ) z )  -  t ' ,  =  O

2 . 4 . 8

P t =

P z =

8n o,

(4% o,
TT

E(m)

.  E (m)

rnz

K(m)  ( t  _  mr ) l
g1?

2 .4 .9

2 .4 . t 0

2 .4 .L l

are given

2 .4 .12

2 .4 .L3

2 .4 .L4

2 .4 .L5

2 .4 .L6

(  1 -  m2 ) (K(m) -E (m) )r--lPr = 
4*o,  t

in which

6 2

2
O 1

2
Q 2

= f r  Cos2y  +  2 f2  Cosy  S in l  +  f ,

=  f1  S inzT -  2 fz  CosT S iny  +  f ,

Sin2 y

Cos?.y

2
m  =  ( 1  _  o , / o'r)k 2 .4 .17



and K(m) and E(m) are complete elliptic i-ntegrals of

the first and second kinds respectively.

The method of modelling energy dissipation by wave

breaking is based on the theory of Battjes and Janssen

(1978). These authors modelled the energy dissipated

by breaking waves using an expression originally

derived fot a ti-dal boren a phenomenon similar in

appearance to a broken \ilave. Their analysis resulted

in the following oqrression for the spatial rate of'

total energy dissipation (DO) in a random rrave field,

t rpg t ' r kHfos f (Q)
2 .4 .  LB

an#

in which tr is an empirical factor, close to one,

e4pressing the difference between the wave breaking

and tid.al bore processes. Q is the probability of

occurrence of broken waves determined by Battjes and

Janssen assuming a Rayleigh distribution of wave

heights, as

D.=
D

i - Q
(- rn q;

This is an i:nplicit equation

and the breaker wave height,

Equat ion 2.4.L8 is given by

-  l n  O
f  (Q)  _  

Q(_ i__- )  3 /2
r - v

2 .4 .L9

for Q in terms of Hrr"

Hb.  f (Q)  in

2 .4 .20

H
t  f i l Ao'rry

The breaker height, Hb, is calculated by the ernpirical

formula put forward by Weggel (L972) and reconrnended

by the American Shore Protection Manual,

1  +  bh / (gT 'z )
T{

D

10

2 .4  . 2 t



in which

d -

1  +  e x p ( - 1 9 . 5 s )

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

H ?
D ,  = D , .  J

D J O H '
rms

or , f rom Equat j-on 2. 4. 18 ,

2 a '

s is the seabed slope, T is the wave period, and a' is

an empirically determined parameter (see

S e c t i o n  3 . 2 . 2 ) .

Equation 2.4.18 determines the breaking energy

dissipation rate of the total wave field. In the

present model, in which wave spectra are considered,

some assumption has to be made about the distribution

of energy loss over the spectral components. The

plausible assumption is made that the energy

dissipation rate of each component is proportional to

the pre-breaking energy in that component. In other

words, if H: is the wave height of the jth spectral
J

component, the dissi-pation rate (Dbi) for that

comoonent is

2 .4 .22

2 .4 .23

2 .4 .24

2 .4 .25obj =
t r  p  g t ' 2  k  H - - _ _  H ?  f  ( Q )

r m s J -

"^ , n
6TTN

Having obtained expl ic i t  expressions for Orj  urd OOj,

it is now possible to integrate the wave action

balance equat ion (Eq 2.4.1) separately for each

spectral component. Thi-s method is identical to that

for monochromatic waves (Southgate 19BB and 1989), and

the result is

l l



H .  - H  K  K  K  - - L  2 . 4 . 2 6--i --o --s --r -'d 
1 + PHo

in which the subscript i denotes predicted values at

the grid point under study, and o denotes known values

at the previous grid poi.nt. The other quantities

are :

C  1 '

K = p8e$vz Shoal ing Coeff ic ient 2.4.27--s 'C . 'ga1

Cos u 1,
K- = t;-rq 

z Refraction Coefficient 2.4.28
r  v v D  F -

W . t t

K, = 1-r$ 
z Doppler Coeff ic ient 2.4.29d -ur

ro

F = %,kf$ x .1, ,. 
'E;; 

d 
',, ,jS+ * ̂  t' u 

llo'o dy
"ro yo -g" "o ts g Sinh3 (kh) n u, ho

2 . 4 . 3 0

The integral in Equation 2.4.30 is evaluated

numeri-cal1y by the trapezium rule. An iterative

procedure is used to improve the calculation of p and

H. (Southgate 1988). Once H. has been calculated

for each speetral component, the root-mean-square wave

height is determined by

u
H =  o .  H? . ) "  2 .4 .31rms  ' :  t _1 -

2.5 Wave radiation

stresses

The onshore (Syy) and.longshore (S*) components of

the wave radiation sLress are evaluated separately for

each spectral wave component according to:

12



^ 1.o = uot
2 C  C

H2 i(TgI -  %) Coszcr + <f  -  y l
r r

Sin2a l

2 . 5 . 7

>ry
Pg H2 c*,. sin2cr

16C 2 .5 .2

2 .5 .3

2 .5 .4

sti11 water Ievel. A

Equati.on 2.5.4 gives

2 .5 .5

A sinplification in the calculatj.on of S* is nade

using the fact that the irrotational part of S_

remains unaltered by the process of current-depth

refraction for the l-D approximation used in the

mode1. The only changes to S_ are by the dissipative

processes of bottom friction and wave breaking. It

was shown in Southgate (1987) that the change in wave

radiation stress between grid points is given by

After surunation over the S,o cornponents, the

wave-induced set-up is calculated from the momentum

balance equation in the onshore direction,

s^ xvo
)qrr- (1 + BHo),

1-------
Pg (h + q.;

in which q i-s the

finite difference

Qi  =  -  h  +  [ ( t t  +

in which

set-up of the

formulation of

2 A S  t l
n  ) z  -  Y Y 1 h
' o -  pg

*"'ldn
dy to)

h -  ( h .  + h o ) / 2

13

2 . 5 . 6



and asyy = (I syy)i - ,I t
o)o

2 . 5 . 7

The gradient of S_ in the y-direction provides the

driving force for the longshore wave-induced current.

The value of this force per unit sea area (F) is

2 . 5 . 8

The technique of current modelling is identical to

that used in the monochromatic wave version of the

model. Details of this method are given in Southgate

(1988 and 1989)

3 COMPARISON

BETI{EEN SPECTRAT

AT{D MONOCHROMATIC

WAVES

3. I Introduction

In Southgate (1988 and f9B9), the monochromatic wave

version of the Nearshore Profile Model was compared

with the laboratory data of Visser (1984a and 1984b).

In order to discover the effects of spectral wave

propagation, corqpared with the equivalent

monochromatic wave, these tests were repeated in the

Nearshore Profile Model using two frequency spectra of

different t)t)es, a Top-Hat (ie a truncated white

noise) spectrum and a Pierson-Moskowitz spectrum.

These frequency spectra were run separately with

monodirecti-onal waves and with a Cos5 (<r-a) directional

spectrum. In each case the spectra were chosen such

that the initial Hr*", T" and c values corresponded to

the initial H, T and <r values used in the

monochromatic wave tests. After these tests, a

further compari-son of spectral and monochromatic waves

was carried out using typical field data, again with

Top-Hat and Pierson-Moskowitz frequency spectra and

r=-#",It
. J ,.y)

l 4



3.2 Tests  us ing

Laboratory Data

Coso (a-cr) direct ional spectra.

3.2.1 Experimental  arrangement

Visserrs experimental arrangement consisted of a 2-D

flat wave basin with a regular slope up to a beach at

one end, and no lateral variation of depth.

Monochromatic waves were generated with a snake-type

generator, capable of creating long-crested waves at

an angle to the generator. Diffraction effects at the

ends of the generator were minimised by the use of

waveguides. An inportant feature of Visserrs

experiments was the careful use of a distribution

system to prevent end effects from contaminating the

longshore currents created when the waves break. The

basin layout is shown in Figure 2 and is deseribed in

detai l  in Visser (1984a and 1984b).

Three tests were carried out with a bed slope of 1 in

10, and four with a slope of 1 in 20. Different input

wave conditions or bed roughnesses were used in each

test. For the present comparison between spectral and

monochromatic wave predictions, results from the first

of these seven tests were used. This test was carried

out with a smooth concrete bed with a beach stope of 1

in 10 and a surface roughness of 0.2rrn.

3.2.2 Incident Wave Condi- t ions

The incident wave conditions for the experimental

tes ts  were :

Wave height = 0.O72m

1 5



a )

b )

c )

d)

Wave per iod  =  2 .01s

Wave direct ion = 31.1o (angle between forward

ray direct ion and prof i le l ine).

A run of the Nearshore Profile Model was carried out

using monochromatic waves with these values of the

input parameters. The run was then repeated using

four different types of incident wave spectrum. These

consisted of

A Pierson-Moskowitz frequency spectrum and

Cose(cr-I) directional spectrum.

A Pierson-Moskowitz frequency spectrr:m and

monodirectional waves.

A Top-Hat frequency spectrum and Coss (cl-c)

directional spectrum.

A Top-Hat frequency spectrum and monodirectional

waves.

Six bands for the Pierson-Moskowitz spectrum were used

(with equal increments in period) and seven for the

Top-Hat spectrum. The directional spectrum had nine

angular bands. TLre spectral densities (and therefore

the wave energies) associated with each band were

chosen so that the spectrally averaged incident values

of wave height, period and direction matched the

values used in the Visser tests. Table I shows these

incident wave conditions and spectral band widths for

each speclrum. The notation F6D9 refers to ful1

spectral runs (six frequency bands and nine

direct ional bands),  F6D1 to frequency spectra only,

and F1Dl to monochromatic rt/aves. F7D9 and F7D1 are

simi lar ly def ined.

At each gr id point on the prof i le l ine, comparisons

were made betveen each model run of three parameters,

1 6



the longshore current velocity, the wave set-up and

the wave height (an rms value in the case of spectral

runs)

It, was found in earlier tests that the calculation of

longshore current velocities and wave set-up required

a different input value of the breaker parameter, &, ,
for the calculation of wave heights in the breaker

zone. The reason is that the breaking process starts

to affect wave heights at the breaker point, where the

wave crest initially begins to curl over, whereas

longshore currents and wave set-up are not affected

untj-l the plunge point is reached, where the crest

strikes the sti1l water in front of the lrave. Ihis

consideration only applies to plunging breakers, which

were the t5pe occurring i-n the physical mode1.

Accordingly the full set of runs was carried out usj_ng

two di f ferent values of a ' ,

ar = 1.18. Tuning to the plunge line for calculation

of longshore currents and wave set-up.

a' = 0.78. Tuning to the breaker line for calculation

of wave heights.

3  . 2 . 3  R e s u l t s

The resulls are presented as plots of wave height,

wave set-up and vave-induced longshore current

velocity against offshore dj-rection from the

intersection of the stil l water line with the beach.

Figures 3-B show two sets of plots,  for the

Pierson-Moskowitz and Top-l{at spectra. Each figure

shows four cases, outli.ned below:

t 7



F i F u r e s  3 , 4 , 5

a) NPM, P*M frequency spectrum, Coso (cr-a)

directional spectrum

b) NPM, P-M frequency spectrum, monodirectional

waves

c) NPM, Monochromatic r/aves

d) Physical rnodel, Monochromatic \raves.

F izures  6 ,7  ,8

a) NPM, Top-Hat frequency spectrum, Coso (a-c)

directional spectn:m

b) NPM, Top-Hat frequency spectrum, monodirectional

waves

c) NPM, Monochromatic waves

d) Physical model, llonochromatic 'waves.

Figures 3 and 6 show longshore current velocities,

Figures 4 and 7 show water set-up, and Figures 5 and 8

show wave heights (rms values for the spectral runs).

The following observations can be made on these

figures:

a) Longshore current velocities (Figs 3 and 6).

Seawards of the breaking region (ie where the peak

occurs),  there is l i t t le di f ference between the

spectral (F6D9) and monochromatic (FlDl) runs. At the

peak, there is a significant difference between the

two of about 20%. The difference is considerably

greater in going from F6Dl to F6D9 than from F1DI to

F6D1, indicating that the effect of a directional

spectrum is more significant than a frequency

spectrum. The effects of the Top*Hat spectrum are
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sljghtly stronger than the Pierson-Moskowitz spectrum,

as would be expected since the Top-Hat spectrum

contains greater amounts of rrave energy away from the

mean frequency. The agreement with eqperimental data

is better for FlD1 than F6D9 for both types of

frequency spectra.

b ) Wave set-up (Figs 4 and 7)

Differences between the spectral (F6D9) and

monochromatic (FlDl) runs are insignificant seaward of

the breaker region (where the minimr:m occurs).

Differences occur in the wave set-up landwards of the

breaker region, vith the greatest set-up for FlD1. In

contrast to the longshore current velocities, there is

a somewhat larger effect in going from FlDl to F6Dl

than from F6Dl to F6D9. there is little difference

between the Top-Hat and Pj-erson-tloskowitz spectra, and

the FlDl results do not appear to give significantly

better agreement with experimental data than the

spectral  runs.

c) Wave Heights (Figs 5 and B)

The effect of including wave spectra is to reduce the

wave heights by a maximum of about 7%. The largest

effect occurs in going from F7D9 to F7D1, indicating

that directional spreading of wave energy is more

important than frequency spreading. Ttre differences

between results using the Pierson-Moskowitz spectrum

and the Top-Hat spectrum are very smalI. In all of

these tests the wave breaking process is treated as

applying to random waves (including F1D1, where all

other proeesses are regarded as applying to

monochromatic waves). If the breaking process is

additionally regarded as applying to monochromatic

I9



3.3 Tests using Field

Data

waves, considerably better agreement with the

errperimental data is obtained (see Fig 31 of Southgate

1988)  .

3.3.1 InFroduct ion and Model Set-up

In the Spring of 1987, Hydraulics Research carried out

a field measurement exercise i.n the area around

Aberdeen Harbour. As part of this exercise, tidal

current velocities were measured using float-tracking

drogues released from various points along a

shore-normal line just north of the harbour (Fig 9).

These measurements were subsequently used to test the

Nearshore Profil-e Model in its predictions of tidal

current velocities (Southgate 1988 and 1989).

For the present purpose, the same model set-up,

profile line and bathymetry were used to assess the

relative effects of spectral and monochromatic waves

in a field situation. The profile line consisted of

41 grid points extendi-ng from deep water (50m CD) to

the top of the beach. The grid points were not evenly

spaced, being more concentrated nearer the coastline.

Sediment samples from the site indicated a seabed

composed predomi.nantly of fi.ne to nedir:m sand (about

200 microns). Accordingly the bed roughness factor

was set to a value appropriate to a tnlical ripple

height for this type of sand, of 0.01"6m.

For running the model with monochromatic waves

the following input wave parameters were used,

H  =  2 . 5 m

T  =  B . 0 s

ct = 30o (angle between

pro f i le  l ine) .

20
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b )

c )

Top-Hat and Pierson-Moskowitz frequency sPectra were

then constructed to give the same mean valu." of Hr*"

and T. The band widths and rrrave energies in each band

are shown in Table 2. A Cos6 (a-a) directional

spectrum was used.

3 . 3 . 2  R e s u l t s

Three sets of runs were carried out using

Pierson-Moskowitz frequeney spectrum and

Coso (cr-o) directional spectrum

Top-Hat frequency spectn:m and Cose (a-a)

directional spectrum

Monochromatic waves.

Figures 10, 11 and 12 show respectively the longshore

current velocity, wave set-up and wave heights (rms

values for the spectral runs) for the portion of the

profile line around the breaker zone, extending to

660m seawards from the shoreline.

The following observations are made on the figures.

a) Longshore Current Velocities (Fig 10)

There is little difference between results for the two

tytrles of spectra but a considerable di-fference between

these and the monochromatic run. At the peak velocity

this di-fference is about 20%, similar to that found in

the laboratory comparison. Shorewards of the breaker

zone the monochromatic values are consistently higher

than the spectral values,. but seawards they become

smal le r .
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CONCLUSIONS

b) Wave Set-up (Fig 11)

Seawards of the breaker zone, differences between the

runs are insignificant. tandwards, the monochromatic

run initially gives the highest set-up, the but very

close to the coast the highest values are achieved by

the Top-Hat spectrum. It would appear that the amount

of wave set-up is largely dependent on the details of

the spectrum.

c) Wave Heights (fig 12)

Differences of about 7% in wave height occur between

the monochromatic run and the Pierson-Moskowitz

spectrum around the breaker zone, a similar value to

thaL found in the laboratory tests. In contrast to

those tests, however, the Top-Hat spectrum values are

much closer to the monochromatic values. Close to the

coast the Top-Hat values actually exceed the

monochromatic values.

For the prediction of wave set-up, the I'equivalent

monochromatic wave" assumption appears to provide

sufficiently accurate results as those using a full

frequency and directional spectnrm. For the

prediction of wave heights, this assumpti-on results in

an overprediction by up to about 7%. This is on the

borderline of acceptable accuracy for most

applications and therefore it i-s reconrnended that for

the prediction of wave heights the model should be

used with ful1 input spectra where Lhese are

accurately known. However, the equi-valent

monochromatic wave assumption gives higher, and

therefore conservative, wave heights. Thi-s assumption

would therefore be just i f ied i f  the incident spectra

were not known, or known only with poor accuracy. For

applications involving the analysis of tens or

22



hundreds of thousands of wave values (for instance to

provide a data set for statistical extrapolation to

extreme wave heights) the use of monchromatic waves

may also be justified if there is a limit on the

available computing time.

For longshore current velocities, the equivalent

monochromatic wave can overpredict by up to 2O%. In

applications to longshore sediment transport this

factor will be further increased. Assuming that

sediment transport rates obey a fourth-power law in

current velocity, at 207" difference in current

velocity will result in a doubling of'the sediment

transport rate. However, this apparently large

difference is stil l relatively sma11 when set against

a variety of factors which contribute to the generally

poor predictions of sediment transport rates using

presently available theoretical and empirical

formulae.

Overall it is recornnended that spectral waves should

be used in the Nearshore Profile Model where these are

reasonably accurately known and when it is feasible in

terms of computational effort. If very large numbers

of wave conditions are required it may be necessary to

coarsen the spectral matrix or even to use the

equivalent monochromatic wave if computational time

and cost are limiting factors. However, it is

anticipated that under most circumstances, spectral

wave inout can be used.
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LIST OF SlIMBOIS

a Wave breaking parameter,  Eq 2.4.22

at Wave breaking parameter,  Eq 2.4.22

A Wave semi-orbital excursion length at seabed

A__, Root-mean-square value of A for wave spectrum, Eq 2.3.9rms
A---,-  Peak value of A for wave spectrum, Eq 2.3.10peaK
b Wave breaking parameter,  Eq 2.4.23

B Def ined by  Eq 2 .4 .7

Cf* Wave friction factor

C_, Absolute wave group veloci ty,  Eq 2.2.5ga
C__ Relat ive wave group veloci ty,  Eq 2.2.4gr
C-- Relat ive wave celer i ty,  Eq 2.2.3r
D. Rate of dissipation of wave energy by seabed friction

I

DU Rate of dissipation of wave energy by breaking

E Wave energy density per unit surface area

E(m) Complete elliptic integral of the second kind

f Absolute wave frequency

f  1  Def ined by  Eq 2 .4 .9

f  z  Def ined by  Eq 2 .4 .10

f3  Def ined by  Eq 2 .4 .L I

f  (Q)  Def ined by  Eq 2 .4 .20

F Force per unit surface area in longshore direction exerted

by  rad ia t ion  s t ress ,  Eg 2 .5 .8

g Acceleration due to gravity

h Water depth

H Wave height

Hl Breaker wave height

H _ - Root-mean-sguare wave heightrms
k Wavenumber ,  Eq 2 .2 .1

Ka Dopp ler  coef f i c ien t ,  Eq  2 .4 .29

K Ref rac t ion  coef f i c ien t ,  Eq  2 .4 .28r
K_ Shoa l ing  coef f i c ien t ,  Eq  2 .4 .27s
K(m) Complete elliptic integral of the first kind

m Def ined by  Eq 2 .4 .17

P r  D e f i n e d  b y  E q  2 . 4 . L 2

p z  D e f i n e d  b y  E q  2 . 4 . 1 3

p r  D e f i n e d  b y  E q  2 . 4 . L 4
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a Probabi l i ty of  occurrence of broken waves, Eq 2.4.L9

s Seabed slope

S or S, Surface elevat ion spectral  density(.
S Bottom orbital velocity spectral densityu
S__, Longshore component of wave radiat ion stress, Eq 2.5.2Ky
S, ,  Onshore component of wave radiat ion stress, Eq 2.5.1w
T Wave period

T_ Zero-c ross ing  wave per iod ,  Eq 2 .3 .3z
T"b Zero-crossing wave period at the seabed, Eq 2.3.14

U Depth-averaged current velocity

V Wave bottom orbital velocity for monochromatic waves

V, Peak wave bottom orbital velocity for monochromatic rraveso
V-^-,- Peak wave bottom orbital velocity for spectral waves,peaK

E q  2 . 3  .  1 1

V Root-mean-square wave bottom orbital velocity for spectrall:lns
w a v e s ,  E q  2 . 3 . 9

V__ x-component of V___, Eq 2.3.15x  ' r m s '  - 1  -  -  - '  - -

5 
y-component of Vrms, Eq 2.3.16

W lnstantaneous work on seabed done by one wave component,

E q  2 . 4 . 5

x Co-ordinate in longshore direction

y Co-ordinate in onshore direction

d Wave orthogonal direction

A Average wave orthogonal direction for spectral waves,

E q  2 . 3 . 4

% Average wave bottom velocj-ty direction for spectral waves,

E q  2 . 3 . L 7

B Wave d iss ipa t ion  fac to r ,  Eq  2 .4 .30

T Def ined by  Eq 2 .4 .8

0 Current direction

rl Wave set-up

I Wave breaking parameler,  Eq 2.4.18

F Wave ray  d i rec t ion ,  Eq 2 .2 .6

p Water density

0 1  D e f i n e d  b y  E q  2 . 4 . L 5

o 2  D e f i n e d  b y  E q  2 . 4 . 1 6

I Summation sign
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t,
d

lr,r

Absolute angular wave frequency (= 2nf)

Relat ive angular wave frequency, Eq 2.2.2

Previous grid point

Present grid point

IndividuaL wave spectral components

Component in x-direction

Component in y-direction

Subscripts

o

1

j

x

v

Abbreviations

F7D9 l,lave spectrum with seven frequency bands and nine

directional bands. Similar definitions apply to different

numbers

FlDl Monochromatic wave

Monochromatic Monofrequency and monodirectional wave

NPU Nearshore Profile Model

P-l{ Pierson-Moskowitz

rms Root-mean-sguare

1-D One-dimensional
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