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1. INTRODUCTION

HISWA 1is a numerical model, developed to hindcast waves in shallow water. The
progress in the implementation, documentation and testing of this model since
the last progress report (Booij et al., 1984) is described in this report. The
mathematical formulation of HISWA is only included in this report in so far as
significant modifications have been implemented. For a complete description
reference is made to Holthuijsen and Booij (1983, chapter 5) and Booij et al.,
(1984, chapter 4).

The status of the computer programs is described in chapter 2. In chapter 3 a
test 1is presented to verify the applicability of the simple approximation of
diffraction effects in HISWA. Tests for the various source terms are presented

in chapter 4. The conclusions of this report are given in chapter 5.



2. STATUS OF THE PROGRAMS

The model HISWA consists of 3 computer programs PREP, COMPU and OUTP of which
the status will be specified below. The latest version of the user's manual of
HISWA 1is included in appendix I. A complete overview of subroutines is given in
appendix II.

PREP is a program that reads the commands given by the user and prepares
instructions for the programs COMPU and OUTP. It is a modified version of the
program PREP of the refraction/diffraction model CREDIZ of Rijkswaterstaat.
PREP has been implemented and tested. Presently no system documentation of this
modified program is available. We plan to make a document with the
modifications in this program which together with the system documentation of
CREDIZ will form a provisional documentation of PREP.

COMPU forms the computational body of the model HISWA. In this program wave
conditions are determined on a rectangular grid through an explicit scheme
applied to two balance equations. This program has been implemented and tested.
The 1latest version of the system documentation of COMPU is included in appendix
III.

The original plan to develop two output programs (OUT1l and OUT2, see Booij et
al., 1984) has not been carried out because the development of OUT2 has
progressed more rapidly than was expected. OUTP processes the results of COMPU
in print, plot and tape output. It is a new program in which various parts of
the program UITV of CREDIZ are incorporated. OUTP has been implemented and
partly tested. A preliminary version of the system documentation of this

prbgram is included in appendix IV.



3. A TEST FOR DIFFRACTION

In the two balance equations implemented in HISWA (eq. 1 and 2) diffusion terms
are included to obtain diffraction-like effects. The purpose of these terms is
not to produce an accurate representation of diffraction but merely to spati-
ally smooth wave conditions in areas with strong gradients in wave height. The

equations are:
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Ao frequency integrated wave action
uB mean action frequency
oo relative frequency
So source term
wave action transport velocity componen
Cro? cyo, 60 ct P ty p ts

0 diffusion coefficient

The terms between brackets and preceded by the coefficient « represent the
diffraction-like behaviour in the model.

To investigate the applicability of this formulation and the value of the
coefficient @, the following test is carried out. In an area with a constant
depth (large compared with the wavelength) waves diffract around the tip of a
semi-infinite breakwater. In this test the mean wave direction is perpendicular
to the breakwater and the wave field is almost uni-directional (narrow directio-
nal energy distribution). The situation and information on the numerical grid
and incident waves are shown in fig. 1. The results of this test, for three
values of the coefficient oa(a = 0, 0.01, 0.02) are presented in fig. 2. In
fig. 2 the value of the diffraction coefficient K' (defined as fhe ratio of the
local significant wave height over the incident significant wave height) is
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plotted at various locations behind the breakwater.

For the case of an infinitely thin, semi-infinite, rigid breakwater Wiegel
(1962, quoted from Wiegel, 1964) presented diffraction coefficients obtained
through numerical computations based on the Sommerfeld solution of the
diffraction of 1light of one single wave component. In the Shore Protection
Manual (CERC, 1973) these results are presented in the form of diagrams which
show 1isolines of equal wave height reduction. These isolines (for incident wave
direction perpendicular to the breakwater) are included in fig. 2.

Fig. 2 shows that increasing the value of o yields more wave energy in the lee
of the breakwater but the diffraction coefficients for a = 0.02 (fig. 2c) are
still considerably lower than the theoretical values of Wiegel. Unfortunately
for higher values of o numerical instabilities appeared. In this test the mesh
size in the computational grid was chosen a fraction (1/5 and 1/2) of the wave
length. Since HISWA is designed for computations with considerably larger mesh
sizes, an even lower value of will have to be chosen for most applications of
HISWA to avoid numerical instabilities. This implies that the smoothing of the
wave field by the diffraction-like behaviour of HISWA is much less than by
diffraction proper. In fact, considering the required low value of O to avoid
the numerical instabilities one may well decide to remove the diffusion terms
from the HISWA model (unless a very small mesh size is used). The effect of
such a removal need not be dramatic for the results as the wave field in HISWA
will be smooth anyway (compared with a monochromatic model) due to the inherent

distribution of wave energy over the directions in HISWA.



4. TESTS FOR SOURCE TERMS

4.1 Wind induced wave growth
The wind induced growth of the directional energy density has been implemented
as formulated in Holthuijsen and Booij (1983):

dE U ¥ /B d ¥ /B d T /B3 ) e

(=2 =10 3 abed(-2—) 1= (-2 S atamh[(=2=) ) (3)
dt wind g a a b a

with

2 4
Eo = Eog /U10 g U10 is the wind speed relative to the mean current

B = the directional distribution: Eo(e) = B(6B)E.

Values for the coefficients a, b, ¢ and d are determined from the SWAMP study
(1981, fig. 7.6):

a=3.6.10°
b =0.21 . 10 2
c = 4.667

d = 0.3

The test results indicate a satisfactory performance of this formulation.

The formulation of the wind induced evolution of the wave frequency in
Holthuijsen and Booij (1983, eq. 62) did not give satisfactory results. A
different formulation is therefore presented here.
This formulation is based on an assumed universal relationship between the
dimensionless energy E and the dimensionless peak frequency f. From the SWAMP
study (1981, figs. 7.6 and 7.7) we found (roughly):

- ~P2

f = a)E (4)
with
a, = 2.91 x 1072
b, = -0.283

This relationship agrees well with the growth curves of the Shore Protection
Manual (see fig. 3). From equation (4) the rate of change of the dimensionless
frequency is readily obtained:

l/b2 ~(b2—1)/b2(§g

Cgé) = a b, £

. (5)
dt wind 2 2 dt wind
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Fig. 3 A universal relation between wave energy and —frequency.



This expression is the basic expression for the wind induced evolution of the
peak frequency in HISWA. However, HISWA accepts wave boundary conditions which

are given by the user. These wave conditions need not be in agreement with the
assumed universal relationship (4). The use of the evolution equation (5) is
then not appropriate. To remedy this situation, which may also arise due to the
effect of the other source terms in HISWA, we have chosen to let the waves
develop towards the universal relationship (4) whenever the wave situation
deviates from this relationship. The rationale for this development is based on
the effects of nonlinear wave-wave interaction (see Ginther, 198l1). The manner
in which this development takes place is modelled with a wave dependent

coefficient for the rate of change of the dimensionless frequency f:

df df
=) = (=) x C (6)
dt wind dt wind
modified original
in which -
£
€= ()™ (7
azE 2

The effect of this term is tested in a one~dimensional model in which eq. 6 and
the same wave growth formula used in HISWA (Holthuijsen and Booij, 1983,
eq. 52) were implemented.

The computed behaviour of the development of E and f is illustrated in fig. 4
for m = 5 and m = 10. This can be compared with the results of Giinther (1981)
who obtained his results with a five parameter deep water parametric model (his
fig. 14 transformed to E-f domain). The agreement in general behaviour and in
time scale seems fair considering the absence of any empirical information. The
value of m is arbitrarily chosen to be 5 in HISWA.

The formula for wind induced evolution of directional wave frequency “L

implemented in HISWA is consequently:

dw 3 1/b w dE w
o g 2 o b 1 o, o 5
S =5 2Ta,  byzp 2 (g | = b5 (8)
wind UlO wind 2na2(E°/B)
with

® =wy /g
o o 10
For the coefficient a, a larger value was chosen (0.04) which proved to give a
better fit with empirical data reviewed by Holthuijsen (see below).
In fig. 5 growth curves of wave height and —period in deep water, computed with

HISWA, are plotted together in one graph with a few relations from literature
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and empirical data from Wilson (1965, quoted from Holthuijsen, 1980). The wave
periods computed by HISWA are mean wave periods unlike the included results

from literature which deal with significant wave periods. Therefore, the

computed periods should be somewhat smaller (about 15%) than the significant

periods.

The overall agreement is satisfactory although for small fetches (; -
2 3

F g/U10 = 0(10 - 10)) the predicted wave heights are slightly below the

growth curves from literature (which are all in the upper part of the envelope

of observations).

4.2 Bottom dissipation

The formulation of bottom dissipation, implemented in HISWA, deviates slightly
from the one used by Hasselmann and Collins (1968) and described in Holthui jsen
and Booij (1983). The reason for this is the fact that this formulation
contains a bottom friction coefficient which is not dimensionless. In addition
its value and relation to wave and bottom conditions is not very well known.
However, the basic assumptions underlying the formulation of Hasselmann and

Collins (1968) are maintained. This basis is the quadratic friction law:
T =cg 0 uluf (9)

in which T is the shear stress vector at the bottom, p is the density of water
and u is the velocity vector at the bottom. The rate of dissipation of the
total energy Df is then given by:

Df =T.u (10)

or

3
De = c¢ p|2j (11)

Substituting the orbital motion at the bottom for a uni-directional mono-
chromatic wave component with height H and frequency w from the linear theory
of gravity waves gives:
3
Df = o cfp —o— H (12)
sinh kd '
in which k is the wave number and d is the water depth.

A commonly used value for the dimensionless coefficient c; is 0.01. This

-12-



expression can be extended to a uni-directional random wave field (Dingemans,
1983) by considering the joint distribution of H and T: p(H,T).

®©
D =3 Toeg / f (i) dp(, ) (13)
o o
A realistic function p(H,T) has a complicated form. To simplify the analyzing
p(H,T) 1is restricted to one wave period and a Rayleigh distribution of wave
heights. This approach is rather crude but it is deemed justified regarding the
uncertainties in the validity of eq. 13 and the value of Cee The result is:

3
1 w 3
pes —2 W
8/1 T sinhdkd 8

D

£ (14)
A comparison of eq. 12 and eq. 14 shows that the dissipation rates of a regular
wave train and a random wave field are approximately equal for H ~ 1.1 Hr
~ 0,78 H .

.8

Expressed in terms of wave energy density E eq. 14 becomes:

ms

dE
3

w? <u> E (15)

gsinhzkd
in which <u> is the orbital velocity at the bottom (linear wave theory).

2 £
= - - C
bottom dissipation

<w> = gy B2 (16)

In order to apply eq. 15 to a directionally decoupled model the dissipation

rate is assumed to be distributed proportional to the wave energy density in a

direction:
dE
o dE
at "Bty B BB (17)

in which B is the directional disgéibution of wave energy.
Accordingly the dissipation rate -2 is expressed by:

dt
dE w2
3+ = -2 /% cg —5— <u 3E (18)
bottom dissipation sinhzkod °© ©°
The orbital velocity at the bottom <uo> is approximated by (Collins, 1972):
2m 2
W, ] 4

<u > = / ——F—— E db (19)

© { sinhzk a’° }

o o .

_13_



The effect of a mean current on bottom dissipation is included in the same way

as the effects of orbital velocities. The equivalent set of equations

(frequency W, is replaced by relative frequency Oo) is:

(iE—o- "2/% 0—‘2’ { de > o < >} -
4t “pottom dissipation T gsinhzkod “tw Yo Cfc e (20)
<u>-{fw"_§“e}s .
° sinhzk a ©°
o
<u.,> = |ux cosf + uy sin6| (22)

The value of the coefficient cf

of 0.01 respectively 0.005 are assumed).

- has to be determined empirically (in HISWA

values of ce and c
w

fc
Further the influence of bottom friction on Wy is expressed by:
dub 2 ( -2 3 dEo } b3
(=) =W a; =g “w (52 (23)

dt bottom dissipation de bottom dissipation

Since there is practically no information on the coefficients a3and bbthis term

is assumed to be 0.0 in the tests presented in this report.

The decay of waves due to bottom friction was tested in shallow water (constant
depth) in absence of currents (fig. 6a). The computed decrease of Hs plotted
versus distance x is given in fig. 6b. A comparison with the analytical formu-
lation can be obtained as follows. For a monochromatic uni-directional wave

2
train in water of constant depth the ratio - %g/ﬂ is constant:
d = | dH
D¢ TxiCgPeE) e 3 (24>
Substitution of eq. 12 in eq. 24 yields:

2 c
-d_H-BHZ,Bn.ch k ,1:1‘—'a (25)

dx M E o coshkd sinh kd e

In fig. 6c this analytical expression (the parameters cg, ¢ and k are

evaluated from linear wave theory) is given together with numerical results of

HISWA. The agreement is good.

Empirical information on bottom dissipation is indirectly available in obser-

vations of wave growth in shallow water. Characteristic for these observations

wrlf e
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is the value of the total wave energy (or the significant wave height Hs) and
of the significant period in a stationary situation for a limitless water basin
and a homogeneous stationary wind field. Fig. 7 gives the HISWA results in
dimensionless form (determined with wind speed U10 = 10 m/s) and the review
results of Holthuijsen (1980). The agreement is good but the computed (mean)
wave periods are not asymptotic values since periods will continue to grow when
growth and dissipation of energy balance each other. The indicated results are
based on the value of the wave period at the moment when the energy attained
its maximum value. A refinement in the model to stop the development of the

period in these conditions should be considered.

4.3 Surf dissipation
The source terms for energy dissipation due to wave breaking in the surf zone

and in strong adverse currents implemented in HISWA (based on Battjes and

Janssen, 1978) are:

dEo 1 2 Eo
) = =0, g QW H — (26)
dtsurf dissipation bar Them B

=1
B, = 0.88 k= tanh (y kod/0.88) (27)
1-Q
b E
b _ g E (28)
1nQ,, Hi
dw dE b
2 -2 3
G SRS ) (29)
surf dissipation surf dissipation

A test was carried out with waves perpendicular to a beach having a bar-through
profile (fig. 8a). Wave conditions and dimensions of the beach profile were
taken from Battjes and Janssen (1978).

These authors checked their theoretical model with a laboratory experiment. The
values for o = 1.0 and 7Yy = 0.8 are used in this test. For this test
(dwo/dt)surf is assumed 0.0 since there is hardly any information on the
values of a, and b,.

In fig. 8b the computed variation of wave height is plotted versus distance to
the coast for both the HISWA results and the theoretical and laboratory results
of Battjes and Janssen. The agreement is good except for very small distances

to the coast where predicted wave heights are too large. This is at least

partly due to the absence of wave set—up in HISWA.

=175
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4.4 Dissipation due to currents

In addition to the surf dissipation mechanism (which operates also for strong
adverse currents, some dissipation is assumed for energy at high frequencies in
situations with strong opposing currents. This model is described in Booij

et al. (1984). The resulting source terms are:

dEo 1
(=) =-_—(E_=-E) (30)
de currents T] ° *
dwo 1
(—— == — (0w, - w) (31)
dt currents T2 ° ®
The relations between (Eo - Em) and (wo - ww) and uE/ub (uE is a critical

frequency above which wave components 1loose energy) is shown in fig. 9. The

time scales Ty and are assumed to be equal to the mean wave period.

T2
The above source term is tested only in the following hypothetical situation.
In deep water a narrow stream is assumed with high current velocities and
strong gradients (fig. 10a). The direction of incidence of the waves is 60°
relative to the main direction of the stream. In fig. 10b through 10d the
variation of wave height, —period and -direction in a section perpendicular to
the channel is shown with and without current induced dissipation.

The decrease of wave amplitude and -frequency and shift in wave direction seem
realistic although there 1is at the moment no empirical data to support these

results.
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5. CONCLUSIONS

The implementation of the numerical model HISWA is almost finished. Following
the tests of wave propagation (Booij et al., 1984) a number of tests is carried
out to check the representation in HISWA of diffraction effects, wind
generation and dissipation processes.

The computation of diffraction-like behaviour in HISWA seems only practicable
in situations in which the distance between the grid points is a very small
fraction of the wavelength due to numerical instabilities. We feel, however,
that this is not a significant limitation in the applicability of HISWA.

The results of tests for wind generation and dissipation processes agree well
with empirical data and analytical solutions in sofar as these were found in

relevant literature.
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HISHA user menual page 5
rzlatlonshiy {@e.s by rapid chianges in the bottom or current
patLern sr .nrou,n Jser=:innose csoundsry conditions)y the
2vo.utlon of tha mean frajyuency 15 adapted to force the wave
faald towards xhis relationshipe _

The effsct cf currants is includad b5y using the zpparent
3and  speed and direction in  the ‘srowth: and. evolution
2Xxprzszions ratner than the real wind speed and direction.
avd ZR33580 Zizsiunzlien

In snzl_cw witer *tne wave aenerdy in each spec+tral direction:
i3 dissigated in EIZWA by bpottom. *rictions .-This dissipation
1g deternined ulitn & “zirly conventiosn2l nonlinear bottom
frici.on nodel Zncludiny the effect of a mean currente.. It is
bssed on & conventional fornulation for periodic wsves
(quadratic ™ frictidvn Yaw) "uith '"the appropriate "parameters
adap*tad %o 3uit 2 random wave fi21ld as considerad in HISWA,

Juency 3is  only incdirectly affected by
potion fplctioniv-An HISHA, ~ virtually by an assumed
rc-vt onshiy with the wave enerjy dissinztion due t9 bottom

frictiona

In 2xiremel, snallow water th2 waves break in a surf zone.
The correspgondin, 2ner3y ziscsipation is determined in HISWA
With a oore=mod2l for the uweves ushich are higher than some
Lrasnuad Vvi_uszs cnly th2 %otal rate of enargy di ss*aation
s thus detsrmined (ile2e wntesratad over all dirsctions)e..:
This tatsl st is distriputed over the directions
wroyartlionsl 1o tne yavz snerzy in.a direction. '

The mesn wave frejuency is 3fectad only indirectly by surf
dissipaion —n RISWA,; virtually sy en assumesd relationship
Witn thy Jave ener_y dissipation due to surf breskings.

The ¢ffs:ct of = nzan cuarr2nt on surf drezking is not taken
NS0 ceTounts

-3 LuCC22l 2a353i038%520

In 2 s%rcn_ cdveres currznt zona2 wyave 2n2rzy is carried auway
D, =hz currentes TRis L2 anerly which in 3 full spectral
nodel (a1l zirections 2an? frejuzncias includad) is carried
D, Wave €0a70R2NTS that canrot  travel szainst the current
(er0pR_stadn 3083C 12385 Than current sgeed)e This energy is
reaova Tron 402 save *fleld in tng AISHA nodel tnrousgh 5h
‘raijdens iiszapatien Inm z2n assuned standard frequency
St Eran
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4e DESCRIPTICN GF COMMANDS

sae wmal 2% Svallable gcemazpids

~n_ commends sr2 availsble to users of HISWAS

omputad

T2tlz of the problem to b2 ¢

£331_.n spzc2 for dynzmic data pool

r24u23%s  tha output of intermediate rasults
1C3TIN; furposese

in2 ¢f uszar®s znput. S*tarts a computation.
2rin_3s dats ¢f old run back in*o me 1ory.

Se15 valuzs of certain jeners) parametars
position and sizs. of :owpuhut’onal grid
position andisize of bHottom wr*d

rzad cottom and/cr currant velocity values
defines inczden<t wave field

souncuar, conditicons 3¢ lateral cides of
cemputationszl ,rid

wnd ntlusnc2 on wave field .
srezkin, of uaves

botten friction

doffractian

-onnsnd 3

¢efnes zn output *rznme

2ofines =zn 2d<pJdt curve

de¥ines & set 0F cuz.dt points

reguests a 9lock mrint

rajuests crantin, of a2 %*3ble

Ca%S5 Soncarnin, gplottin. paper

reydests glotiin, of 3 figure

réeques<s a variftication plot

for

the



$ manusl : - paze 7
;3.'
| Egruily af Zhs Lacud
.Tha Znput  for HISWA is org3anized. in the form of commandse
; Zech  command i3  desijnzted Dy a keyword consisting  of
x LetTers una (sometimas) dijitsy but. 3lways besinning with a
fy l2t2ere Af4er <his ka2yuord usually other data appear, such
G a3 real or int2;er numbarcz, or character strings. Character
[ B SIrin_3 nust 32u43sS o2 2ncissed in guotes; keywords ars not
N Guotess It%trin’s and keydords hava an entirely different
meanin. to . the proZram) = 3tring. is a variabley a keyword
naz 2 flxe2 n2@nin, ins%ruc*ins the prozram +to perfornm
cardtain 2gtEEns.
I4 22 no<% #lusys nacessary to  2ctually write down 2all the
Ca%3 reguirzd o/ the pro_rane. In many cases the prozram will
assurne rzesonaola values for variables that do not appear in
The comnind, 'Th2 conmand Zescription will meantion whether an
AN2%SG2 vaade or & default value is 3assizned to a variable,
AR Znitla. vilue iz assijned Sy the program  at the very
start of tnz _¢c5y whereas 3 default value is ‘assizned at the
menent’ that the comnand 15 2xecuteds  Often an initial value
nd =z default value zre di€fzrant, '

.m

Lennands ars descrisesd in the following “$orme

- .
i .

80 b= e B Gm e 06
<
t
<
8
a8
t
N

!
!
> !
!
|

W ———————_— - ————————— - - — - —— - — - W W W W - -

*

The Toileaahy, rdles spply or thes conmand d2scription:

- K3, dorss are2 net anclesed sy s33J43r2 bractkats or jquotas,
wne l2%t:rs that sre uncerlined nust te copied literally:
otnsr Latiters or 1i51%s may be 2addedy, 2s well as the
cneracters = ard _e 36 in  tn2 conmangd outlined above one
M3, WritEt RIY or KEYHW or KEY=WIRD or KEYHOLE. etce
The Torst K2, u9rd ln the conmmand schems is . also the
CONMINS NIM2 e

- 3 nase2 Jetd2an sJuar?2 brackats is. %o be replaced by a
(rzal 2r Znte,er)  nuntzry 3 nsme detween gquot2s is to He
FPa.la3sd 3z 3 stron3sy 2lso encloszd in guotes, In the

& Somnung descrLption one can find 4hat the program does if
2 variatlsz Ls nat aszizned a walua BY tThe user, The
Irseraitiom 130 3n0uld azk2 clzsr uhenter 2 real or
LNtI_er namher 1s 3xpectad, ’

stal izc.el soxnt L3 not  parmittad in an  intezer

;. THE Zutu TWWeT T o_oven Zn *he2 ssne order 33 thav apsa2ar in
| AE 2.EerL.tione -T one Jantgs %S assLcn the value § to the
| Vil <d9ad ofinay ©N2 JrL%23 £ 9r Sey Or =8=45,

| - 2% 372 l.n. 2% n.4dt s st _3rse@ oenouch to hold tha data
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PRUJECT  °TITLEL®

o

I

|

!

WSS |

N : I
l

I

!

Bl e B B b e e B B 08
.
4
1
«4

.——--—--—-—----—---—-—--—-——-----------------—Q------------

A" descriptlon of <he run i1s ziven - in *he 3 lines “TITLEL"S
“TITLE2® 3nd °TITLE3 . Ezch of thess 'is maxe S8 churacters

i ilon e Tne lines will b2 reproduced in the o2utput by the
Prosrane Znitially sll three lines are ampty.

N ————_———_—_—— - ——— - - - . - — - = an " - ‘--------——-‘:
.
.

T T S s - —— - - ——— —— - - - - . = - en = e -

@rs in 2 dynamic data pool, which must
id 2ll this iInfornmation. . The command
he pocl o propar size. CNPOOLI is the
bootks ©0f eee  Numd2rs, The initial

- O

1o =

is sutftficiesnt for smaller

[ =2
3
.l
O
J

52 the fairst

e e e e e e e r et ccccmmm e ——————————
{ |
et . |- STDP ¢ WarRy™ ) ( SAVE ZHE] ) |
; o e e e e e e
<
A Marks tas ens 9f tne2 usars znpute
After tnlc conmand th: proram will start %o uwrite the model
descroption  ond cther ccnputational imstructions to file
: INST? Ceompu%ationil 2nstruztions)s  Unlass *he KE/UOPd NORUN
b 18 orasent.
Fur+tnarners 2+ uwil Writ:z' Tne ocu*tput parameters and output
r “3.%0 flls LiITY Coutput instructions), .
b Kaiyjuord DAYE L3 proesanty th2 model description,
0: 12%a and tdtput reaju2sts zcr2 wuritten to the file with
r 23 nanner WSR2, Thls file 15 callea the Workfila, it
® &N ¢ d3el ot one wPat: 13 garry out 3 series of
EeMHYLENE DS JZThnodT zein,  forcad ta rap23t the model
SESCPLyTaYn TN, IVvery Tin2e  TAs I0VED dz%s canhe restorasd
S0 TNT NexT PUM 5, TnE sioturd RISTIRE. Defouolty CWEI=10
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@t the SAVE fecility is not yet available

s £ 3|
- -

.

command RESTIRES the date - that were SAVED by the
command  JTSP in & prav.ous rufe Init? LUFI=12
<% tnis comnand is usedy, 1% should be the first in that rune.
Trhe reassn 25 4hat 2t woll desiroy 3all information entered
Dy prsvocus commands Initne same runy and will replace it by
infornztion from th2e run in which the SAVE was donee.
® Srne ¢330 20 Ln the samz run 3 PESTIRE and a SAVE on the same
%ﬂl filee In that cass, the information from the previous run_is
¥ los%t. If on2 uants to ra2tain th:z information from <the
é* Zprevious runy the valu2 ~for LWFY " in cemmand  "RESTORE must
differ from =ne one in-the comnand SAVE.
After RISTORE one has %o onter only tne  commands needed to
ehan, e <the mod2l; or %the dutpu<e
Rotad Ffacilit net Yet- availanle,

il Y

r R

o_ram araoduc=23 unexpected resultss this command can
0 Lns3truct the prosrane <40 produce intermediate
Jrin_ the computation procéesse

4 :

~nstrusts 4I3HA %o zroduse  test outnuts the larger
tne vailuz cf CITZST2; the mnore output is produced.
For  values Jnder 133 *he 2amount 15 usu3lly
reasenabls; for valuszs above 240 14 can be hugee :
cnotd ZITIST1=2, 50 no *teo:zt output is nades
Tefeulnt LUTZSTI=2%y. w23t output is made <that can
22 ZnTargrated oy the usere For hizher values of
-TESTZ sutput s madey  that c3n only bz
=atzroreted 5y those wuns have the prosram source
—=S%5R, 8% heir d4isposals

ZNswructs MITWA %o produce n2ssuje 1€ suhroutines
ars s2nta2reds ’
SITRACTI=1: only the farst antry is sijgnzlleds
SITRACEZI®ZY ever, 2n*ry is siznzlled;

“nlnt ZITRACIZ2=] (n¢ M2s33525)
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T ————— -~ ————_—————— - -~ - — - -~ -~ - —— - - -

.

.

: !

CLEVELT CHMAXSRRI . CGRAVI |
I

:

V3.u®3 %C vzrlious -enerzl parameters.
25 tne (censtant) water loval in the region Cin m).
() - . J
Cepns Jsed In th:z wave propajation compu<ation are
43l te  *he sum of the water level dzfinad by this
. ' ceanznd, and the 50%ton level resd by the command READ.
&' Yn-é: bt R =4 ::N b

ror level 3 computation may be
1l is coded s follows: 1:
203 r1ble) errorsy 3% Severe

2cce lera*;on (zn m/520e:5  anits

i

&;\ .
:’---—-——---—-—-—— --—------—---—--------‘-------—-----------
it

&

18

(%)
23
4
2
7%
e
i
[ ]
L}
<
T~
Ll
(S ]
(i ]
“n
it

SCYIRI' EMXJ. . LMYZ - LMD E

v
&3
t
W
r
<
‘3
(o}
L

&

o 3t

% b

I | FIxZo i §-Totn. CALPCT . !
|

4

l .. ROT CXPRI LYPRI EIXCR1' ILYLR)I |
L

P

|
!
|
|
|
Po- | | |
|
!
|
l

Defines tn2 positlon and siz2 o0f <he computational grid,.
The X=axis of %*nis _rid is th2 computational dirsction, the
Y=3xi3 .s normal %0 %his Zircc*tiones The X=axis should be
reuzhs, - an *h2 mean WYave propasaticn direction. The
orieniatiion ¢f the _rid can oaither be FIXED, or ROTATING.
S.Uoen tne lattsr 32 tne prosram chooses the X-3axis to be
Y €oIncicont witn tne aver:z_2 direction of the incomins waves
: SaNEN T, th2 cenmsad  INC this I3 23llowed only “or
parameiric Lncldent Javes (sze command ZHC PARA eeede
Meanin_ of the sazraneters:
‘ EXL;WJ' lensth of *tne _rid in Y¥=dirzction Cin m)e
® ZYLIND  Zonsth of the _rxd Ln Ye=dairac=ion (in 7).
SSEITOND Zirzzticnacnl atarvil of prosaczion directions for
“ALZIh the wav: znzrz, Jfensity will Se datermined (in
Zurersde TOLL sEsYer Aaugt se ghaller than 180
J2_r¢23s THe X=2ir2ction 31311 e in the middle of

s VS 2 Al LR N e I B o e iy b bt b
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*ha sestors ’
nunber: of ‘meshes . in X-f'raft~on. In view of
numerical stapility -the progsranm uwill check whether
LXLINI/ZKX2 45  smaller than ZYLINI/CMY] divided oy
tan(l.5xL3ZCTCRD), Zf noty an error m2ssage 1is
" wrontede 5

LMY 2 nanoer of nashes in Y=direction,

IMD3] nunber of supdivisions of <the directional interval,
¢ ESECTIRILALNOT S as *he syectral directional
FZ::OL‘J 10N,

Foxed rids  sesition of:" “%he .’ origin - of the
conputational srid in <erms of user coordinztes (X=
coordnates - in . m)a i s

’s (Y=coordinate, in
m)e "y
Fixec grid? orien%tation of  the computational grid
wlLtn respect. to th2 X-axis - of tha wuser coordinate
s/5t2n Cansle 3y desrees, measured
counterciockuise)d.
rotating: gridsiposition..of the rotation point 'in
user coordinates {in-md)eal

A b I | : 2

Roteting  Sridl position.. of the .rotation point” din
comautational srid coordinates-(in.m),

B e G o B B B B0

OTTaN £XUS2 LYJ31 [CALUE]. CMXI CMY) 3

'
-
——

(&)

T ———————————_— -~ — - —————_— -~ —— - — - - - - . . ————

|
!
|
|
{
!

2 of <he bottom arid, If a

wosition - and siz
2 current nas to be jiven at the

»!
ls mregsant th:

53 The botton,
S
Saltlon of *tn2 ori_in of the bottom 3rid in user
coordinstes. (in m)e
: L£YJ31 33
. CALYL] crizntztion o€ <hz sottom ;rid with respect <to the
[ Jesltive X=axis of the user ccordinsta system (anjzle
e L in dz_r22:z, m23asured counierclockwuiss).
s, ThX nunsar ¢f neshes :1n X-diraction of the bottom 3rid,.
v LMY nutizer 9F neshas in Y=diracticn of tha bottom gride.
g LIX3 r3sh siie in the Eo%ten srid Cin m).
& LoyYs T23h S5.Z2 Ln Tne So%ton rid (in a); default: egual
) te LK. '
EZZPYI Qapth Suesidd %ha SotTtom rid £in m)y If the
Cal.uTa%icnzi rez2on contzins Lecints outside the
2o%nelm _rldy L tnese points tne dapth will be tsken
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98

cDZPX]. Default:. LDEPYI=1000,

ar2 read by the command READ

Tn2a d0t%ton  lavels themselvaes

(S22  n2xt ccamand)e Thes2 zre  +*aken peeitively douwnuward,
measuraec “‘rom 2 43tun chesan by the user. A cer*tain uster
23vel (recd oy SIT LEVEL) constant over “he region. can: be
*addeds I¥ +ha water level is. not norizontaly one should
input *he :zctu2l depthy 2.2+ th2? bottom level measured from
The uster curfuczy instead of <the dapth relative to  the
chosan dz%une '

Pl B e b e B e 8

.—-----..--—------—---—------------------------------------.
.

I

i S3OTTCM ! |

|- ! '

READ < | => SEP | > A {

i ] - ! ! : !

| CURRENT K > ) [

, {ii: ommes e iy COMB & ] g )
= ! |

: |

gt : l

CEACT. CIDOFMI LIOLRAY - “FORMATZ. CPRINT) |

- e - l
--—---—-—-—---——----Q—---------——---------------------- :

Sot%tom confijuration and/or the
“he prozranes

The >o%t=om levels or. *he current vzlocity comnponents are
read from  the fil:z accordin. %o lay-out indax TIBLA], and
mul<iplied b, LFACIe - Defaulets? C[RACI=1. and CIDLAJI=1,
LIJLAl=1 nmezan: that th2 nunbers 3gpesr line by line Ca line
15 3 .2nz Zna X=Jdlrecilionl, witn 2ach line starting on a new
dnsut Zince IIDLAZ=Z nesns the - zane orders howavery a new
line nus+ not necassarily aupear on 3 new inhbut line.
LI0LAJ=2 m2:zns that  *he numbers sppear column by column
“2th 3 cooumn 13 mcant & lin? in Y=-direction), with a3 neuw
column startin_ on - new input linzy; =4 neans the sSame
cordcr, nouever; & N2y Coldmn must not neczssarily start on a
ngyY npdt lin2, '
The fornzt -n 4Rich . the numbers are curitten must 3lso be
+2VR2le Tn2 format nunoor ZI0FH4)  3s interpretad as follows?
S formaftl..FE) op L0 fields of £ wlacss; 6! C12F6), 82
ClOF:), : FUANAT aust Ze zrovided by <the Jusar, such as?
FLIIXy2288)", 1
Reardin, *hz wngut on the filz <“ne rules for crdinary
Foraran  Lagut gLl Le0e continuation nmarks asre2 not
Sllds2d.  Iin.d) C€O9ntondg In n2xt linz .of 2 line is not long
@noJ4_N ¢ 0l 5il =h: nundurs.
TENAFKT RIJAE U433z tng 2vIl €f the n2%t4en «¢ith respact to 3
coanon 2aTdite Tharrzforce o geozitive  daptn will usually mean

el PR SR GRS RN AN S v S O SO E P

s Ml
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+he sizn of the value
3 nezat ive value *o the number

If necessary,
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-
g A nine

of th3 bottonm levels by the
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uave fizld,
15 abzent it

incident
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WEVOBSe
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PARAMETRIC or in

M
O

user prescribest [HSIG],
maan wave pariody L[JIR],
snd L[DSFRIs which is 2
defined 35 f2llouse.
1t wavas are distributed
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on <thz soundary x=0y 3starting with the point y=0
eCclirun nust be pressnt onithe files

..----Q-—.I-------------- --------------‘—------------------_-:
: !

! R ! ! INC |

Lo ! --- A% |

3OUHIARY ¢ St | -
- 1. RIGHY - ] {' FILE  CNE2 |
Lo ! Lo—ee- i
.-----’---—--—_----‘--------------------------------------:

This comnane determines the bdoundary condition at  the

i3tcral side of the computational rejionsy ie.2e the wave that

ara2 .ncildant osver *hat perticular boundary. The command has

no-2%fect on the waves leaviny  the computational regions -
thass are aluays adsoriyed oy the Soundarye. If the command

“BTUTis absent ULt I3 zssumed that no wave:z entar ths rezion
from oussi iz,

{8 4
‘V?%e RIGNT ooundar, is *the boundary =], the LIET boundary is

§~fnv*~::.:.

ot

1 #3

tional direction =>

comai

ri_r* soundary

*he  wave s;ectrum 3t the ‘boundary (onl, the incoming

s the szme as thet of tne wave field entering

N x=7, which .3 definecd py thz command INC. Applicable
in th2 c3s3 o¥f INC PARAMETRIC. :

FILT LNF1Y ne spectrs are read from a filae. For each point
of the ooundzr, =ne ghole spostrum must 2e pr2sent on the
filsy 50 2lsce valuze for wave directions gozﬂten, out of the
Fe_ 200 musT De: avarlzzsla sn 4ne files altnouzh these do not
have zany 2ffe¢2t on 4n2 coOmpuUta%ione

vote! faglility nect veT aveilanlae

LI ey g e

L
[
Ls
[}
t1
i
[
3
()
| )
1
tJ

LIS -t . -

- —

!
!
:

!
<Rad €833 |
R

s et A 1 - SL Y ottt o N T
i e iy o LI i N ke L g St BT i R i e s S el i et il AL S e 5 0L s b S5
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I3 f page 15
-0n this command a saurc2 term due 40 wind influence is
asded 9  the ener_ s balsnce egquation., Cnly the values for
CViIL2, 4he wind valocity (&t an elevation  of 10 m, unit:
mvs) and [JIR] <the dirzction in which the :  wind blows, with

B5pPICT  TO th2a dJsar gogrdinate -system . (in degrees), are
eJuired, For th2 c*hz2r parameters rgasonsble values are

ssumed by the Lrosrane These values are .empiricale. Ref:

. —————— —————_——_——— ————— - — - ————— - ——— -~ — -~ -~

e e I - YT R e | - - ~
SeoARNL !.7 ..J.‘-'xl"l " - -ALFA‘J -
o omm ey - s~ -

¢ el Lmsl el D

B i B S - e B8
i
]
!

!
!
|
I
!

br23kingy can be

With " tnis comnand 2 courca term ‘due %o

Brecified,. For each cosfficient in  the -formula for: the
source term a  default value is assumed by the programe
gn_tiall; the orezking term is already presanty in contrast
'ﬁ;tn the wind z=nd  boztton friction terms, which - must
€xzlicitl, zuitchad on J4sin, %h2 commands WIND and FRICTION.
Inizizlly no Znfluznc2? of the oDbreaking rrocess on: the
freguenc, i assumod. The freguency influence can be
B i+ched on 53 BRE BREI 3

it the ka,juword PRI i3 not presanty tha projram assumes that
the oraankin_ process do2s not influsnce the frequancy of the
WZV2S, <t FRI L 2s _Jiven, th: chanze of fregquency is relzted
to "th2 cnun_® ¢¥ 4ave ensrZ;y DOy neszns of a formuls
descrisozd in r2f eee
e e T T E P P
l |
[ ERICTION IC®WI [LCFC3 ¢ "REQ  CA23 [B321) |
o \ !
P e e e et e mcmsccececcee—ece—————

Upon <nx2s ccnnand a sodrce term  Jue to bottom friction is

addade For  zach co27fizient 2 deftault value is assumed by

the pro_rany Jdsuzlly ot zuffices to ;ive ths comnand: FRIC

Gr: C‘:: =H.: . ::‘f: * e - '

Meanin® 9% piranetars?

L2 Coctf_cient for sHcttonm *friction - due to waves,

SCFed <oefficient for Sc<tsn friction du2 to the current,

FRZJ I¥ 2nis kayuord i35 presenty it iz a2ssumed that the
waVe ¥fraguznc, 23 influencezd 5 *thz bottom frictione.

A2l Foeter Lnoratz2 of chznze of frejuency

L33 PGl En rats 0f change of fraguancye

SV il v - - PUEEP R R SRS
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~Upon thic command diffraction terms are added to the model,

Hat i ds strgssed tnat  diffraction ise approximated rather
rodIniy. : ; : ‘

AL Lligel; valuz of LILALFAl cannot 3e siven, since it is
resir.cied oy “ne foruward stsp 3122. A value of CALFAJ which
ds %90 lsr_ey N3y caus2 numarical instabilities, )
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Sy3ads r£eaussis

There are doffercnt kinds of output commands: : :
Lo connunds <¢2fininy s2ts. of points  for ‘which one will want
! odtputs .

h W

The: followin: ‘types: of point sete: exist? ERAME, a
rectanular srray of pointsy CURV, 'a set of points along
3 curvey PITHT, a set of isolated pointse
ZeNémM@s und lines thst can-be plotted in fi3 ures.
an2s of “ouns or r2_2ons that must appear  in the plots
er2 definzd 5, <ne command PLACZ, and lines (for instance

contour of 3 certain object) are defines by

jdzstin; certain output actions.
ouUtput ‘availszole in HISWA 2res BLOCKs  3’'wave
: srinted for s rectangular array. of pointss.

::cn point. of 5 's2t.of points:a numboer of

~»rinted; PLLTy a3 fizure . is plotted . for .a

rz;ilony containing ‘iso-lines ‘of: ‘a 'scalar
and/or a3 vector: plot for ‘a wvector-type quantitys

command SHOW provides ' the pbssiSilify to

Q
fir 2 12iz2n of output framesy curves and pointse The
ccﬂﬂsnd sHIW disc has ‘options to ‘verify the depths:. and
currents vealccitizse The ver 1?'- *ion plots are mads before
conputation startss :

tha

T ————— "~ — -~ —_— -~ — -~ - -

1
s |

AME® EXLEND. CYLENT | CYRI-U£YPIT g

I
-
{ £% ]

CMX2 ~IAYY - TSCAL

|

T ———— - — - —————— -~ —_—— - — - . - -~

! |
| !
! |
l |
! |

+

AN CuTpuT ra_zon Jith razcizsnjular shape is defined. -The
nene of the sont sat i3 ‘SHEME’, 0y

%8 19c3%29n 135 <¢2%*.ned in terms of user coordinates) C[XPJ]
and LYP] are tn2 coordinztas ¢f <h2 orisin o4 the frame (in
leds wnNd ZALPI 23 %*ne snzle in dazrees of the x=axis of the
frams J.tn rzspezt %0 the x=axis 0f€¢ the user coordinate
S;STRMe

CXLEiNDY and ZYLZH2 r2 *tn2 ainsneszons of the frzme (in me)!
ThesSe Valu2s ar? rajuirede °*XJ and ZAYY are <the number of
meshzs clon_ 23ch of tha2 sides of  the frame. Default:
CHUXI=20,; ZiY¥YZI=ll, ftestricticnt if the frame is used in a
PLIT or CHoW Sommendsy THMYD must b2 smaller than Tée

CSCALZIZ -5 th2 32312 %0 whizh The rejion must be nlotted (if
Pa9%%2a, 23 r2yussted)y in cn on paper per m in realitye.
Tha ¢afau.t -3 cuznhn  =%na% 2 picture wi+n 2 wid<h (in Y-
dopgziiany 9t Lo o rusulisg

T R WAL S SR SR A L
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Ecch outiut goint set ie -characterized by its names denoted
in tThis manual as SHAME, If one zives two definitions for
N3 sane s2t nane, the first definition is lost,

curv *SNAME” f

s CAREI=UCYPALT € CIRTI - “CXPY,  LYPY: .-D> D

BP S S o— — — &

80 0 s Pk i b e BE

TS S SN e e - —_— - -~ - - - - - —— -~

Thnes coamand defines 3 sgt of output points " along a curvee.
ACTJdLll, thils curve is & brckan liney defined by meand of
ALS Eorner.pointse. " ; " -

Th2 comnand can te usad %o “efine more than one curva,

TSHAMI? rume of the pzoint 32t, maxe 8 characters.

LX?23 TYPLD user coordinstes of tha first Foint cf a curve

% (in Mede

EIAT nuaber . 5f sub=intervals’ (intezer) between tuwo
consecutive batueen two cornars of the curve: the
~rFo_rznm will _enerste CZINTI-: intermediate output

X Lointss .

LXP2  ZYP1 uJusezr coordinates of a corner point of the curvee.

- ——— T - ————_— ———— - -~ - - - - - = -

¢ :
! |
I RAY PRNAMEZ® 3 !
1* —— |
: EXPYY O LYP2D . CXU1d TLYRLD A |
! |
! ¢ EINTI LXT CY¥PY X0 CYOT N |
! |
T e e e m e cccccc e c———————
Teo2ther  wiwt the <conmend JIP (see next command) <this
ccamend sarver o Jfafine 2 3¢t c¢f output curves that follow
2 Leriiin d3Eth CONnTIur.
Tha £2anend. 2AY J2¢in23 5 set of straizht rays 2lon3; which
S the . ro_ran  Qill z24tzapt <o find a3 point with a certain
g 420%ne fucn & point will  be addad to the s2t of output
L Ppoints, ~z¢n of “nese rays is characterized by its end
#S2nts  (IXPJ, IYP) zand (IXZ2y, IY31).e 32tueen . two rays
i cefined >, 4h2 Jser the gprozram will Jenerztas CINTI-1
¥ “NLAra3dlEty rajse
3% CEAAMIT ruv2 of %tn2 s:% ¢f razyse Tho command J%P will refer
-“ s TRLZ ri % N3N,
| P bl B & 1 SXET Lyl Jser coordinates o0f the 2nd
“%aN%s 8% She first raye
Lot d numnocr of  susdavisicnsy the orosram Wwill jenerate
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. 2 ¢
- - iwe

CXPa LY RS ser coordinates of tha end points
of

T ——— - —————— -~ - — -~ .- . . .-

JIPTH *SNAMZ®  CPHAME < CNEP] >

e e e b ww

Tog2ther u e pr

cemnand sz output curves thst follow

a.certain - y

TSHAMIY nzne  of 4the output  curve, or the set of output
CUrvess :

‘RNAMI® name of ths set of rays; the program will search
n 2p

r
h CDEP] aslonz eaach ray in this

G

‘
s )
ot
v
3
1
+

oL

€Sels %

“he dapth on one ¢cf the output curves. More than one
values mey ba Jivene Z3ch value leads to an output
CUlVGCe

-~ — - —— - ————— - ——— - - - . - P e -

.
90 b b B e B4

-

-

, |

PCINTS CSHAMEI* CTLXRPY LYPLD |
!

!

:

This coamance defines a3 sat of individual output pointse

- T 2% nzne of the paint s3¢
LXPJ LYPZ wusar coosrdinctes of che ocutput pointe

:-—-——-—-————-—-——-——-———-———-——--————-——--—---------------. :
! ~ |
|'" PLALE |
| I |
¢ *DYAME®  [XP1] YP3I £5222]1 [SITY . > |
{
.
-

-

™

e om o=

Jefines nane 2f tounsy re_ions atce th3t ¢a2n bde plotted in
the f._ures ;rceduced oy the zrojrane Th2 command PLACE can
D& 2nl2red morz than once.s I3ch  *ime new names 2are addaed to
*he 3T 07 Nan2s3e.
' PUAMI® 13 tne name of & *cuwn or reion within the problem
® 3rcae It C3h 92 raxe 1% charzccters loni.
cXP3y IYPY =2rec %nz cocriinzwaes of the point of reference
(=N 1) uher2 thoe nane must de plctted.
CIZlZ2 Zs th2 size2 of *he charactars on the nlot (in cm)e

avious command) this
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Pafaults 228 ¢ne _ _

S | an iniejer numbsr indicating how the name must be
claced on the plote ‘ o ]
1 {cdefaultd? tha first letter is placed a+ the point
¢f referzance (1f the spac2 allows)s. This is intended
for. naMes of towns.e%ce
- the neéme 13 plotted with the point of referance
in.the niddle (i? - the. space 'allows). - This is
iatended *for nanes of rasionsy islands etce

2 <% th2 pecint of reference is nezr one of the edges
¢¥ the *ramz; %h: none will be shifted as far zs

— -

I el

[
s !
e , | l
CETHYY P C "CXPI L YPY Y ey ' i |

n

Pee e el B B

“nat can oe plctted in the figures

Oe¢fines one or nore lines
dro ‘uced' 5y tha pro:rame Th2 lines’ ‘consist of straight
rodsy of which “h2 2nZ points nust he 3jiven in the commande.
The conmmand LINEZ czn 5z entered nore than oncee Sach time
newd lin2s areg 2dcded to “th2 set of linss.
Tha cennand 1s .rovided <to facilitate orientation on the
plo%s, Cne €zn Indicate coastlinesy contours of certain
lendmarks 2%¢. For 2zcn line tha following data must be
antaore'd: .
«LINTYPI Zndicazes <wn2 tyne of lines

ve Hdeav, continucus linay ;

2% Than containuous liney

<! Continuous linc uith crass=hatches,

4 Thwn brokan Zon2.
L¥X22y ZYPZ coordinates ¢f a3 corner point of the 1lines. The

nunser of sorner Loints is freee.
Foer cuch nau line (:xcept the *irst) +*he number CLINTYP)
Must cppear on 2 n2y Lagut line,
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| => -PAPER 1
L - !

SLOCK  “SNANE® " < > £
S | BILE INFI |
| m-— |
HSIGH
e
1IR
e

G G B B Pt B P B G B s e S B B bowm B O~

N
A
v
(&)
{ &
P

4

-4
(%]
v

o e e i GO (DB
:
3
v
A

B b e B e B B e B B B e B B B S S B Bt Bnn o G B B i B G Bk B s Bt B . - 8 &

dass
i (B
v
i
2
-

-
i

B e

Thi sommand ifstrusts  +the outaut arogram of HISWA to
wroauce = bisck sriant or 3 nunber of block prints. The bdlock
¢cen  sLan2?r 2 rzde on papzry or on & fila for further
: CPUS233in_e 20 the latter c2s3 [MF] is the file referencs
NEISZIMe
ps Tha slock nriat 23 nade for the set of output points denoted
D, %2 nc.nt 2t ontnae CINAMT . Tnis point set must be of the
R o2 2 F
in b o I ~rin%t  on paper  sonl, intecer nurhers ara
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e The number printed 3is the value of  the variable

wrinted

divided by L[UNITI.  ©CTnoose LUNITI small 2nough so that a

sufficient nuader of si_nificant dizi%ts remains. For each

intejer 3 places are 3v ailable. The above does not apply in

tha case of ' output 2o a file., In that csse the number are

4rittsn 1o the file in real format. Default: CUNITI=1.:"
iiternatief! Als TUNITI ontbreekts stelt het programma
zelf een waarde vast. it s

The :block print ctan be made for ;everal dlfferent variables:

ASI5H the s_onificant wave haizh<ts

PZRIC2 tha mean wave period e _

JIR tne n2an Jave direction - (in' dezreess measured
counterclockuise  from  the x-axis of +the output
frams); this, is the  dirsction normal.. to the  wave
crestz; note tha%, .if currsnts  are presenty this
dirsction is different  from ' the- 2nergy transport
dZrec ion. : {saimy . ;

25PR the direcizonal spread of the waves (in dezrees),

DEPTH tha dep’.h, b i 5T f“,: pa T i e TR o ‘f‘,_.‘ :

VEL the current valocityy ~.both the ' x=  and-.the y=

1 compenent uwlth respect to. the frame coordinate
systen arz prin%ad. et Ll i :

FORCE th2 rzdistion 3tress sradienty, which is equal to the
resultin, “force exerted b5y thz waves per unit
surfacsay poth .th2 x= 3nd the y=-component with
respect to the frama coordinate system are printede.

TRANIP  tne ener_, <rznspert vactors So0th the x= and the y-

= cengenent  4ith raspect %o the frame coordinate
Sys%en ar2 printacs

TRY N2 enar, .y *ransport in y=direction,

SISSIP the esn2r_y z2issipztiony

LEAK the leakz_2z of o2nsr;y over the sector boundaries,

Bg- the fracztion of  breakinz waves (z parameter in the
surft orazkin; foraula)de

Altarnotieft vactorizls sroothedan niet w2erjeven t,0eVe
Trofte=coordinzg4an, nNaar %.0.ve user coordinates. .

b sl B



M-

TR e

TRl WA I Bl Gl BABIRT Mg AL

s N

BT L e, e N IS

o TN 3 T TP e i R e - ¢
'

T

ba;q 26

user msnual

ZSWA

HIS

g
BO TS S N W —_—— - — ——— — — —— —— —— — V—— V— — ——— — ———————————— ——— — ————
- 9 ]
[} ki ]
i [}
] ]
[} [}
| o '
] 1
=) b : |
] ]
] |
| 1 ]
i ]
i ' ]
[ ]
] wi )
] |
] ]
V) '
[} ]
] ]
[ ]
] ]
Y | !
e ) N L}
] e . = — ]
| ; 1
i ]
i - \ )
i u L}
] nc = > ]
] u (W] 1
1 o []
- < N —
] (2 W} 1l 1
] - 1
] ) L 1
L] ] LU | I
] Pl ]
] ———— —— — Tl At - ——— . —— . — — — T — —— ——— - —— . — — . W — . - ——— A W — . — - — — — 1
1 v '
i (g 0. n |
] = (8] o w (T8 “)y [ i
[} » G k1 - () LAt ., I oo vy Ve o |
1 U3 1 N (A | [ | a | =35} S | e | o. | v <t ] I | 1
] 2 > B | il (SE I | " 1 & 2 | S | w | U R L | Fa il | c. [« SR | L | '
i = LR R R R R S P L e LT o B o T I SO T R SO B i
< I}
i “h T e g e HE W g e it w8 g e g e et T T R T R e T I T, L]
) s \’ 1
] 1
i i
] 1y ]
1 -4 i
| 7y 3 N I
i [ | '
1 [ DO | i
! |
| '

DO TTE S e T TV NG e @ R AW D WD g v ) D i) W W WG ) (e W S @ g W ~ W WD WP Al A ) W @ T W@ P - @ . —y § B Pl e e d e =8 e B

t3able.
fils for

croduce 3

10

k=]

on

R

Trz

.‘_. —ps



HISHA user nanual
fudrtnar  processin
reforence nunbars.
The table =2s madza
the solnt se% nan
t.o%e For. each o
rattan in s .row.
ha <aple canpve.nm
f.+hase are alres
ectorial juzntiti
ivan ylth respect
Uil2 Vvar.acles
eCctionsy and uhi
aZe
F srobiem . x=
Ye +sroblom y-
b P distzncae 3
soint sat
disranca 3

2APSH

o

.
.
!
]
‘
!
.
H

niz c¢cyamand prov

¢ D2 uscds

“FACd is. an en
the. “"arosr
cnoesz CFA
&ag coapu?

CWIOTHI 25 *tha 23

page 25

Je In the latter case [NFJ is the file
for th2 set of ouiput points denotad by
¢ ‘SNAME®, Tnis point- seot can be  of any
Utputs foint all differant variables . are
zde fcor seversl different varisbles; most
dy descrioed with the command 8LOCK. The
2s  VZILCCITYs FIRCEZ and TRANSPI®T s3re now
*“0 *he user coordinz=te systems’ X ;
ar2 ‘addady’ which  indicate “h2 output
cn mi;ht 28 nz2eded for further processing,
coordinats of the -output point: o
coordinata of the output point
1sn, an ou%tput curve (only useful i€ the
15 of typa CYURVE). For the first point the
Qe 5

CMIDTHI

e i e Xk L T Ty p——————

!

id2s informz*tion abou. th2 plotting paper
larzemznt factor for the figures made by
3 in. the preparation phasz one can
Cl smzll2r than 1 in order to save plot
er. coste  JInits ZFA"“.

2r width to be used for the figures,
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CPLACES ) CLTINESD

3 € Weeun <

N oUTHUT meadie D Masha o
- 1

-

entazazn a contour inz gl

1 to produce a3 figure
ctor plo<,

2% of output points danoted by the

a2 plot L3 nzda for thae s

Sint 2t nama  “SHANMI®e This point sex must 52 of thoe type

G oA S Tl e® TalaAT SO TYARTH e

o ™ L2 i dlla Ve - VML Ve T O CVON e

ha *TITLZ? 235 paottad uith the fijuree If no title is siven

s =he uaser; tnz .ro_ran 4ill ensrate 3 title,

or ¢ne £CH.tr viIriasle z contour plo<% is m=dey if <the part
22 eee -3 Fgrugonts Thz variszplz: is charsctarzzed by s
grder? (223 FLEZSDy LZPTE eteceds In the dzscription of
2 caanznd JLILY L+ 13 dascriped shich keyuord indicstes

HETH ON, SatE. VIPILMULEe

4l

Possis |
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Fer tne contour plot one  chould prescribe! CSTEP], the
d_fferance in value for <+uo n2izhbourinzs contours (default:
ledy LNINIy the minimum value for. which a contour  is made
(Zefadlt?! (.)y 2nd LIMAX1, the maximum value for which a
contour is drayn (defaules-18%LSTSPIY
Alternatief? sls ISTEP] niet sespecificeerd is, dan zal
het 2raramma voor CMIN de minimale functiewsarde neme,
3lz Jdeze 00k niet _espacificeerd 13y en voor [MAX] de
meximals functiewaarde, 2vene2ns indien die - niet
2sguacificaard ize Vor TSTEP] 23l  het projramma
VErvos_2ns namand (CMAXI-IMINI)Z190. :
A vector Llot can be mnmade for -one of the following
variables?! currzrt velocity Ckeyward VEL), snercy transport
CTRANSP)y. or %na radistion.stress. jradient. CFIRCED..
The Jser nust prescrine [3CALE], this is the scale %o which
the vastors are loxtad,  CSCALET is 4in cm Con papar) per
unit of the rhyszcsl varizble (for instance a/Zs in the case
v :-'\.

2 ﬁie{"jéspecificeerd isy- maak+

Alternatiefl als “ESCALE
net gro_ramna de'wasrde zo  dat ‘de piiltjes niet langer
- yordan dan d2 roos*terzfstand.
<f tne Ke,word PLA I3 prasanty names of places (defined in
the commend PLAY wiolld ¢ plottad  in the . figuree  If <the
kKeyuerd LI4 135 present, lines (defined in the command LIN)
will S plotted in <he fi_uree

!
.
i
i

:
!
|
! 3H3W FEHAYR TITLES L |
L !
l ! (
} | BCATICNS -~ ESYMSITY | |
] ¢ =T ! '
! ! |
! L B3STTON £3TEP] CMIND MAY] > . & |
' ) | === ! l
! H | |
i YOCURAIANT TSCALE] { |
] . | - | |
® 5 |
: |
! TFPLRLEE)Y T LLINES)D |
. - - !
R i

Sezfor2 <*tne computsation is
serve %3 facilitste the
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of ochut'points denoted byAthe_
s point se*t must be of the type
GRID S : : :

t2ed with the fijures If no title is ziven
ro,ran 3;11 sensrate a titles

SHOW LITATIONE 3 <the locztion of output frames, curves and
Points 15 shown. Iin the fisuree LSYMSIZI is the size -of the
symdoels on ths ploty in cme Default: SYMSIZ=0,.28 .

TTOM ¢ Zisc-=lines of the bot4om level hare shcun; for
’ Z%I?Z and CHMAXY sze command PLDT.

HAIU CUZRENT . 2 a3 -vector p-ot of ths current velocity is
1aces. for L3LALE] s22. command: PLOTe i mmyiuw uew i i i ;

.'-;,..1_’ I“n"‘

J‘P-q : "l - ....“’: Vit ,- 5

: !
wl‘ ‘ i ‘ i i /ﬂf' A ..A |
1 - i L0 ¥ i.\ : : |

| !

file uwith refarence number

Spectra . ‘are uritten onto tho

HH%le Thnesz sp2cira can De usad 3as input with the command
INC (Zncident Jzves) - or 82U (houndary conditions). . This
fzcility is 'usaful in the c&s32 ¢* nesting of models, or if
ona wan<s <o rastart a Jos

Notel this: facilidy is not yet avsilable.




Appendix II List of subroutines.

Name

PREP

used by program(s)

COMPU

OUTP

ADDURI
ADDURR
BRTRAF
COPYS
GETKAR
INBOPD
INCHAR
ININT
INKEY
INREAL
INREKP
INUPT
IRAAI
LEESEL
NEWUR
NWLINE
ODALPR
ODAPT
ODDELP
ODDELR
ODEXP
ODSHIF
PLODEP
PLOSIT
PLOTX
PLSTRM
PLTKOP
PLYN
PNAMES
PRCON
PROUT
REDEP
REINVA
SRTVAR
STARTW




BOCUR
DIFT
DISPA
FRABRE
ITWN
NUMSC
PREDT
SBOT
SDBR
SSURF
STARTB
SWIND
SUMDE
TERMD
TRSY
TRST
VWPRO
WAVPA
WRIRE

BLKHFD
BLKPT
BLOKX
Gl

G2
ISOVEC
IXPOL
ODGETR
PSET
TABPRT
TOGPCP
UVDEP
UVDIR
UVDISS
UVDIST
UVDSPR
UVENX
UVENY
UVFRX
UVFRY
UVHSIG




UVIPOL
UVLEAK
UVPER
UvVQB
UVUX
Uuvuy
UVXP
UVYP

ADPOOL
COPYCH
DISTR
DIVKOP
INKAD
INPDC
INPOOL
KARSEL
KOMPAR
MSGERR
ODGET
ODLOC
OPENF
PCOAST
PENTO
PLNAME
SNYPT1
SNYPT2
STRACE
VERSIE
WRCOM
WRCOMX
WRDUMP
WRPOOL
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program COMPU

date of printing: 19 September 1984
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Ne. Booij
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1. INTRODUCTION

1.1 General characteristics of the model

In this document the system documentation of a numerical
shallow water waves hindcast model named HISWA is presented.
This model is expected to provide realistic estimates of the
wave conditions in the Oosterschelde. It is a directionally
decoupled parametric model containing bottom refraction,
.wave growth, dissipation due to wave breaking (surf zone)
and bottom friction as well as a simple representation of
diffraction effects. Further the effects of currents on
refraction, wind generation, bottom friction and wave
breaking in deep water is included.

For the mathematical formulation of this model reference is
made to Holthuijsen and Booij (1983).

Iwo balance equations in the parameters A0 (frequency
integrated wave action) and W0 (mean wave action frequency),
containing gradients in three dimensions x, y and 6 (wave
direction), are solved :

@_(CX0.A0)+@_(CYO.RO)+d_(CO0.A0+Cdif (CYO0.2_AO

Y Y 26 X
-CX0.2_A0)}=S0-A0.d_WO (1)
oY 00 WO AT

d_(CX0.W0.AR0)+2_(CYO.WO0.A0)+2_ (C60.W0.AD
oX oY 26

+Cdif (CY0.2_(WO0.AOQ0)-CX0.0_(WO0.R0)))=H0.S0 (2)
X oY 00
in eg. 1 and 2 :

cxo, CYO0, Ce60 are the components in X, Y resp. 6
direction of wave action transport velocity

00 is the relative freguency

SO0 is the source term including wind generation, bottom
friction and wave breaking (surf zone and deep water)

Cdif is a diffraction coefficient

(expressions for these terms are given in chapter 3)

A numerical grid is defined in three dimensions x, y and ©
(fige 1)« The direction of wave propagation & is defined as
the angle between the wave number vector and the positive X-
axis, measured counter-clockwise.
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fig. 1 the computational region

The computation progresses in the positive x-direction and
propagation of wave energy is limited to a sector defined by
6a and 6b around the direction of the x-axis. The
computations are carried out line by line with an explicit
predictor-corrector scheme. The number of corrector steps is
free but two steps are sufficient to obtain a stable scheme.
Lines are defined parallel to the y and & axis.

Beside the computational grid described above two other
grids are used in the model HISWA :
- a problem grid in which the user defines
his problem (in x-y plane)
- a bottom grid containing the bottom topography
and current field (in x-y plane)

1.2 Computer programs
The model HISWA consists of three computer programs :

PREP input preparation and control part

COMPU computational part

JUTP output of results
Here the the computational part COMPU will be considered.
The programs PREP and OUTP are adjusted versions of the
programs PREP and UITV of the refraction/diffraction model
CREDIZ of Rijkswaterstaat.

INPUT :

In the program COMPU instructions, definitions of grids,
coefficients etc. (formulated in PREP) and arrays containing
bottom topography and current field are read from a file.
PROCEDURE : ~
First the values of the frequency integrated action A0 and
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mean action frequency W0 are determined at the boundary x=0.
Further depths, currents, wave numbers and wave propagation
velocity components are computed at this boundary. For every
new 1line (x=n%*dx) A0 and WO are obtained through the
application of the numerical scheme described in section
1.1.

OUTPUT :

For every line the following results are written to a file
.that will be read by the program OUTP :

wave action, -frequency, relative frequency, group
velocity, wave number and components of wave action
transport velocity (in every grid point in the y-6
plane)

leakage of energy through the & boundary (for every
value of y)

dissipation of energy due to bottom friction, surf- and
deep water breaking (for every value of y)

the fraction of breaking waves (for every value of y)

1.3 Documentation

A description of the computer program COMPU is given in
chapters 2 through 4.

In chapter 2 the structure of the program COMPU is
explained. The relations between the subroutines in COMPU
are shown in block diagrams. An example of a block diagram
is given below.

fige. 2 block diagram

In the program or subrutine A, subroutines B and D are
called. Further subroutine C is called in subroutine B.

The structure of a program or subroutine is presented in
Nassi-Schneidermann diagrams. For convenience the
conventional construction in the left part of fige. 3 is
replaced by the one on the right.



if ... then

if L R B B

. fig. 3 representation of a conditional statement

Descriptions of the various subroutines are given in chapter
3. The sequence 1in which the subroutines are discussed
corresponds with the place in the program COMPU at which the
subroutine is called for the first time. Parameter lists of
the subroutines are described in which input- and output
parameters are denoted by (I) resp. (0).

In chapter 4 the storage of variables and arrays in common
blocks and files 1is described. A flexible handling of
computer storage, necessary for the considerable number of
arrays in COMPU is obtained through the application of a
Dynamic Data Pool.

In this report reference is made to the system documentation
of CREDIZ for a detailed description, in so far as
subroutines and other facilities of the model CREDIZ are
implemented in the present model.
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2. STRUCTURE OF THE PROGRAM COMPU

The computational part COMPU of the model HISWA is a FORTRAN
program consisting of a main program and various
subroutines. Input is read from a file named INSTR and
output is written to a file named REKRES (section 4.3).
Fige 1 shows a diagram of the main program.

| read dimension of pool and testparameter |
| from file INSTR |

| CALL INPOOL initialize the pool and fill |
| it with empty arrays |

[ CALL WRCOM read common blocks and pool |
| arrays from file INSTR |

| CALL WRCOMX write common blocks and pool |
| arrays to file REKRES |

| CALL STARTB compute wave parameters on line I
x=0 and write the results to file REKRES |

for every line do |
| CALL NUMSC compute wave parameters on this |
t line and write the results to file REKRES |

fig. 1 diagram of the main program

A block diagram showing the relations between the various
subroutines of COMPU 1is given in fig. 2. Separate diagrams
for the subroutines WRCOM, WRCOMX, WAVPA and TERMD are
included in fige 3 through 6. The subroutines STRACE, COPYCH
and MSGERR are called in various parts of the programe.



COMPU

|
| ===OPENF

| |
[ -==-VERSIE

-=-=INPOOL
I
| ==-REQDA

-==WRCOM
|

~=-=-WRCOMX
t

‘—--

|

|

!

|

|

|

l

|

|

|

|

|

I

:

| ==-ADPOOL
| l
| | ==-REQDA
|

| ==-DIVKOP
|

|

:

|

|

|

|

|

|

|

|

|

|

---STARTB
l

|
| ==-DISTR

|
| ---WAVPA

l |

l l---
|

| =--WRIRE

-==NUMSC

|
| ==-PREDT

|
--=DISPA

---TERMD
I

--=SUMDE

---WAVPA
|

I
|
I
|
|
|
|
|
|
|
|
|
|
l
|
’
|

-=--WRIRE

|
| ---FRABRE

open all necessary files

a message is given at the moment
the model HISWA is generated

initialization of the dynamic data pool
expansion of the dynamic data pool
a major part of the common blocks

is written to and read from a file

ditto except for the common block UITVDA

reduction or expansion of a pool array
expansion of the dynamic data pool
a title is written above the output

computation of wave parameters at the
boundary x=0

computation of directional distribution
computation of wave parameters at a line

in the computational grid

results of computations are written to a file
computation of wave parameters at a new line

wave action and frequency are computed throug!
linear extrapolation from the former lines

computation of parameters in source terms
the fraction of breaking waves is computed
the terms of the two balance equations

are computed in a grid point

evaluation of balance egquations yields the
wave action and -frequency in a grid point
computation of wave parameters at a line

in the computational grid

results of computations are written to a file

fige. 2 relations between subroutines in COMPU



WRCOM
|

| ==-WRPOOL a pool array is read from or written
i | to a file
l
| ==--ADPOOL reduction or expansion of a pool array

{
|
| |
| | ==--REQDA expansion of the dynamic data pool
I
|

---WRDUMP an array is printed

fig. 3 relations between subroutines in WRCOM

WRCOMX
| =--WRPOOL a pool array is read from or written
| | to a file
: | =--ADPOOL reduction or expansion of a pool array
: :---REQDA expansion of the dynamic data pool
:---HRDUMP an array is printed

fig. 4 relations between subroutines in WRCOMX

WAVPA
| ===BOCUR depths and currents are determined
| | at a line
| I
| } ==-=INPDC depth and current are determined in
l a bottom grid point
|
| ===ITHWN wave number and relative frequency are
i computed in a grid point
l
| ===VWPRO propagation velocity components are

computed in a grid point
fige 5 relations between subroutines in WAVPA

TERMD

}---TRSY divergence of transport in y-direction
{ =—-TRST divergence of transport in €-direction
:---DIFI diffraction terms

{---SHIND wind generation source terms

:---SBOI bottom dissipation source terms

j ==~SSURF surf breaking source terms

{---SDBR deep water breaking source terms

fig. 6 relations between subroutines in TERMDE
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3. DESCRIPTION OF SUBROUTINES

In this chapter the subroutines of the program COMPU are
described. A number of these subroutines is copied from the
model CREDIZ with a few adjustments in the source text. Only
a short description is given of the function of these
subroutines and reference is made to the documentation of
CREDIZ.

3.1 Subroutine OPENF

In this subroutine all necessary files are opened in order
to reserve input/output buffers. This action is taken in
connection to repeated calls of the standard routine REQDA.
This subroutine is copied from CREDIZ.

3.2 Subroutine VERSIE

A message is printed at the moment (time and date) the model
HISWA is generated.

This subroutine is copied from CREDIZ.

3.3 Subroutine INPOOL
The dynamic data pool is initialized by this subroutine.The

dimension of the pool is determined from the common variable
NPOOL (NPOOL = 1024) . A number of empty arrays is initiated
(50 in he program COMPU) .

INPOOL is copied from CREDIZ with minor adjustments.

3.4 Subroutine REQDA
The standard routine REQDA,copied from CREDIZ, is used for

expansion of the dynamic data pool.

3.5 Subroutines WRCOM and HRCOMX
A major part of the common blocks is written to and read
from a file by the subroutines WRCOM and WRCOMX. This is
necessary for the communication between the programs PREP,
COMPU and OUTP. The difference between WRCOM and WRCOMX is
the fact that WRCOMX doesn't read or write the common block
UITVDA, containing instructions and information for the
program OUTP.

WRCOM and WRCOMX are copied from CREDIZ with minor
adjustmentse.

3.6 Subroutine WRPOOL

The subroutine WRPOOL reads or writes a pool array
(unformatted) from resp. to a file.

WRPOOL is copied from CREDIZ with minor adjustments.

3.1 Subroutine ADPOOL

This routine is called by WRCOM,WRCOMX and in the main
program for shrinking or expansion of an array in the
dynamic data pool.

Subroutine ADPOOL is copied from CREDIZ with a few
adjustments. -
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3.8 Subroutine WRDUMP

The contents of an array is printed by the subroutine
WRDUMP . v
WRDUMP is copied from CREDIZ with minor adjustments.

3.3 Subroutine DIVKOP

Function:
.A title is printed above the output of the program COMPU.
DIVKOP is copied from CREDIZ.

3.10 Subroutine STARIB

Function :

In the subroutine STARIB the wave conditions at the boundary
x=0 are determined. Further the directional distribution of
waves in an ideal wind field with given wind direction is
determined.

Method :

The wave action AO(y,®) and -frequency WO0(y,®) are read from
the file INSIR.

Depths and currents are determined at the boundary x=0.
Wave number, relative frequency, group velocity and
components of propagation velocities are computed in every
grid point in the Y-6 plane.

Next these parameters are written to the file REKRES.

Structure :

*STARTB=

| determine wind direction relative to the
| computational grid |

| CALL DISTR compute the directional
| distribution of waves |

| read wave action and -frequency from the file |
| INSTR I

| CALL WAVPA determine wave parameters
| at boundary x=0 |

| srastmmntmbntn SEoes S e l
| CALL WRIRE write wave parameters to file REKRES |

The call of this subroutine is :
CALL STARTB

3.11

;)

ubroutine DISTR
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Function :
In subroutine DISTR the directional distribution of waves is
computede.

Method :
For the directional distribution a cos*%COEF distribution is
chosen. The parameter COEF is supplied by the user.

COEF
B () =c.cos (é-DIR) .A(Y) for |6-v|<90 deg.

1)
=0 for |@-v|290 deg.

(DIR is the mean wave direction)

The call of this subroutine is :
CALL DISTR (DIR,COEF ,NORM)

Parameters :

DIR (1) mean wave direction

COEF (I) parameter of directional distribution

NORM (I) 1 the normalization coeff. ¢ is computed
=0 c is assumed to be known

3.12 Subroutine WAVPA

Function :

In this subroutine wave numbers K0, relative frequency 00,
group velocity CGO and propagation velocity components CXO,
CY0 and C80 are computed at a line IX in the computational
grid.

Method :

In order to evaluate these parameters first the depths D and
current velocity components UX, UY at 1line IX are
determined. ’



12
Structure :

if predictor is passed or line is boundary |
x=0 then |

|
|
| | move arrays containing depths and currents |
| | at line IX to arrays with old values |

| CALL BOCUR compute depths and currents |
| at line IX |

B0 Gt S G S — — — — — — — — — — — — f— q— g— o——
'
|
)
|
|
]
)
H
1
!
]
|
1
|
|
|
|
'
1
|
!
|
]
]
L}
|
|
)
|
!
|
]
1
|
|
'
|
]
]
)
|
]
|
]
|
'
|
|
|
'
!
'

-—

| for every € do |
| persetmasssucsLsness s s et s ———— |
| | CALL ITWN calculate wave number and |
| | relative fregquency |
[ o i et A 5 |
| | CALL VWPRO calculate group velocity and |
} I components of propagation velocity |

The call of this subroutine is :
CALL WAVPA (IX)

parameter :
IX (I) line in computational grid at which wave
parameters are computed (X=(IX-1)DX)

3-13 Subroutine BOCUR

Function :

In this subroutine depths D (Y) and current velocity
components UX(Y), UY(Y) are determined at a 1line in the
computational grid.

Method :

For every grid point, bottom grid coordinates are computed
and depth and current velocity components are determined
through bilinear interpolation.
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Structure :

#*BOCUR=*

|

| | determine bottom grid coordinates of point |
T i e s S AT S Py I
| | CALL INPDC determine depth and current |
| | in point |
[ et e o o e s e e [
| | if current is on then |
I S S e [
| | | determine current relative to |
| | | computational grid |

The call of this subroutine is :
CALL BOCUR (1X)

parameter :
IX (I) line in computational grid at which depths
and currents are computed (X=(IX-1) .DX)

3.14% Subroutine INPDC

Function :
Depth and current velocity components are computed in a
point given in bottom grid coordinates (IB,JB).

Method :

A bilinear interpolation is carried out with the surrounding
points in the bottom grid. If point (IB,JB) is 1located
outside the bottom grid then a constant depth and no current
is assumed.
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Structure :

*INPDC=

I else |
| e e i o S s e 8 Sl c
| | current is 0. |
[ 50 S0 00l e oy o o o o A A o o |
| else |
l ...................................................
| | depth is constant value outside bottom grid |
| | and current is 0. |

The call of this subroutine is :
CALL INPDC

3.13 Subroutipe IIWN

Function :
In ITHN the wave number KO and relative frequency 00 in a
grid point (IX,I1Y,IT) is determined.

Method :

The current component in the direction of wave propagation
is Jdetermined.

U = Uxecos® + Uy.sin® (1)

If U > 0 then the wave number KO is computed through a
Newton-Raphson iteration process, applied to eg. 2.

172
F = WO-KO(UX.cos@+UY.sin®) -(g.KOs.tanh (K0.D)) =0 (2)

This procedure requires an estimate of the wave number KO as
a start value. Here the value of KO on line IX-1 is used as
an estimate for KO. At the boundary x=0 the following
approximation of KO is applied.

m==== =  eesceccccccccccceo-- (3)

WO (tanh (WO .D/g))
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The relative frequency 00 is calculated with eg. 4.

1/2
00= (g«K0.tanh (K0O.D)) (4)

If U < 0 first the frequency Wc is determined which is the highest
freguency capable to transport wave energy against the current U.

.For this purpose eg. 5 is solved through a Newton-Raphson iteration
processe.

B D
; i U + dl.( ———— e eemcccccc-———- ) :o (S)
2.K1 sinh (2.K1.D)
with
1/2
gl = (g.Kl.tanh(K1l.D)) (6)
Wc is given by
Wc = K1.U + 01 (7)

If WO < Wc (eqe 2 has a solution) then KO and 00 are
computed with the procedure described above. If W0 > Wc (eq.
2 has no solution) then K1 and Ul are used as estimates of
KO Iespe 60.

A source term Sdbr 1is introduced to dissipate wave
components with frequency > Wc (section 3.28).
For points outside the bottom grid KO is computed with eg. 8.

2
KO=W0 /g (8)

If a negative depth is encountered then KO and U0 are given the
values -1.0 respe. 0.0
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Structure :

F“ITWN=

| compute current component in direction of
wave propagation

- —— - ——————— - - — - -—-— —— . -—— - - —— =~

if U < 0 then

| compute estimate for wave number K1
| compute function G

| for i= 1 to 50 while G > accuracy do
i compute derivative of G

|

|

| |

| | compute wave number K1
| |

|

| compute function G

| compute critical frequency

| critical frequency is -1.

if critical frequency < 0 or > wave frequency

(1] —————.——.———————.—.——-—————-————————--——-—
L1

I----- ................... - ——— - ——————— -~
- —— - — - ——-—— - - ——— - —— - —————————— -
---------------- L - — - - ———— - —— -
............ - — - ———— - —————

- — . T ————————— —————— ——— —— . ———— — ——— ————

--l
: .................................... -----—--‘
-
-~
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The call of this subroutine is :
CALL ITWN(IX,IY,IT)

Parameters :
IX (I)

IY (I) coordinates of point in computational grid
IT (I)
3.16 Subroutine VWPRO

Function :

In subroutine VWPRO the group velocity CGO and the
components of wave action transport velocity CX0, CYO0 and
ceo are determined in a point (IX,1Y,IT) in the
computational grid.

Method :
The relations for the parameters mentioned above used in
this model are :

1 D
CGO = O0( ==== 4 =~=—cccecccec--- ) (1)
2.K0 sinh(2.K0.D)
CX0 = CGO0.cos® + UX (2)
CY0 = CG0e.sin® + UY (3)
oo oD @D aUX oUX
Ce0= - ====veeece—=(-sinb--+cosé--) -cos® (-sin@---+cos@---)
sinh(2.K0.D) oX oY X oY
auyY oUY
-sin® (-sin@---+cosf---) (4)
X oY

The terms containing current velocity components UX and UY
in eg. 2 through 4 are omitted if no current is present.

The term C60 is evaluated intermediate lines IX and IX+1.
Derivatives of depth and current are determined through a
central difference scheme (after the predictor step).

If negative depths are encountered then all velocity
components are given the value 0..
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Structure :

“VWPRO%

|

|

i

| | the value 0. |
5550 e e eSS [
| else |
| B A S S B B e B B oo o |
| | compute group velocity |
T s |
} | if predictor step is passed then |
| 1 1eesetamdtebssmmbacimmnsa s ———— l
| ) | compute depth derivatives and current |
| | | derivatives |
| 5 e o s s s l
| | compute components of wave action transport |
| | velocity |
| | (Cé0 only if line # boundary x=0) |

The call of this subroutine is :
CALL VWPRO (IX,IY,IT)

Parameters :
IX (I)

IY (I) coordinates of point in computational grid
IT (I)
3.17 Subroutine NUMSC

Function :
In th2 subroutine NUMSC wave parameters are computed at a
new line IX+1 in the computational grid.

Method :

The following numerical scheme is applied :

Estimates for the wave action A0 and -frequency N0 at line
IX+l are obtained through a 1linear extrapolation from the
lines IX-1 and IX (predictor step). With these estimates the
other wave parameters at line IX+1 can be determined. Linear
interpolation between the lines IX and IX+1 yields the wave
- parameters at line IX+1l/2, necessary for the corrector stepe.
The corrector step (which can be repeated several times)
consists of an explicit differential scheme,applied to the
two balance equations described in section 1l.1l.

The amount of energy 1lost through dissipation (FD) and
leakage of energy through the boundaries 6a and 6b (FL) is
kepte.



19

Results of the computations are written to the file REKRES.

Structure :

NUMSC=

: T ———— . - —————-— - —— - --—-—---—--------—---:

| CALL PREDT predictor estimates for wave action |
| and -frequency on line IX+1 |

move contents of arrays with new values of wave |
number,relative and critical frequency and propaga-|
tion velocity components to arrays with old values |

............ e _---------------------_-I
CALL WAVPA compute wave parameters at line IX+1l |

determine depths and currents |
intermediate lines IX and IX+1 |

1 determine wave parameters intermediate lines |
} IX and IX+1 |

CALL DISPA compute parameters in dissipation |
terms |

for every y do |
----- ----------------------------------------|

if last corrector step is in progress then |

| initialize leakage and dissipation |

|

|

|

) |

I | s ——————— |
| | | CALL TERMD compute terms of the |
| | | two balance equations |
] | et e o o n o o
| | } CALL SUMDE determine wave action |
| | | and frequency |
| S RO 5 S (S i Bl el e st S g |
| | if last corrector step in progress then|
b ] e o e e |
t | | compute leakage and dissipation in |
| | l point x,y |

|
|
|
|
|
|
|
I
|
i
|
|
|
i
l
|
|
I
|
i
|
|
I
|
|

| CALL HAVPA compute wave parameters on line IX+1l}|

- ——— - -~~~ -

—————— ———— —— —— {—— — — — —— —— —— — —— — — — — — — — — G— p— —— —



20

The call of this subroutine is :
CALL NUMSC (IX)

Parameter :
IX (I) wave parameters are determined at line IX+1
in the computational grid (X=IX.DX)

3.17 Subroutine PREDT

'Function :
Estimates for the wave action A0 and -frequency W0 at line
IX+1 (predictor step) are determined in this subroutine.

Method :

The predictor is a simple extrapolation procedure. A0 and WO
at line IX+1 are determined as follows :

IX+1 IX IX-1

A0 2.A0 - AO (1)

IX+1 IX IX-1
Wo = 2.0 - WO (2)

If a negative depth is encountered then A0 and WO are given
the value 0..

If the estimate of the wave height in a grid point (X,Y) s
obtained thus, exceeds the local maximum wave height
(gamma®*d) then the predictor estimates of A0 in this point
are reduced accordingly.



21
Structure :

*PREDT*

| for every y do |

| move wave action and -frequency |
| to arrays with old values and |
| compute new values |

- -

| move wave action and -freguency |
| to arrays with old values and |
| give new values the value 0. |

if wave energy exceeds local maximum |
wave energy then |

| reduce wave action in grid point |
| XeYe® |

MR e e - - T ———————————————————————————— ——— -

The call of this subroutine is :
CALL PREDT (IX)

Parameter :

IX (I) wave parameters are determined at line IX+1
in the computational grid (X=IX.DX)

3.18 Subroutine DISPA
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Function :
In this subroutine parameters at line 1IX+1/2 are determined,

necessary for the evaluation of the dissipation terms in the
two balance equations.

Method :
The following parameters are determined :
orbital velocity at the bottom Ubot
current velocity at the bottom Ucur
wave energy density Et
local maximum wave height Hm
the fraction of breaking waves Qb
For these parameters the following relations are used :

_ Uo?ao 1/2
Ubot = ( DBa >  ==c-cecoeea- ) (1)
o sinhz(KO.D)
Et = DB.> 00.A0 (2)
o
-1 1

Hm = 0.88.K0 .tanh(gamma.K0.D/0.88) , KO

==« 2KO (3)
Ne -

(the coefficient gamma is given by the user)

1-0b Et

—e== = =By==- (evaluated in FRABRE) (4)
2

1nQb Hm
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Structure :

*DISPA=

-

CALL FRABRE compute fraction of breakingl
waves |

- ——————— - ————— - ——— - - — - ————— ——— ——— - —— - -~ <

The call of this subroutine is :
CALL DISPA

3.1 Subroutine FRABRE

Function :
In this subroutine the fraction of breaking waves in a point
X.,Y in the computational grid (Qb) is computed.

Method :
The fraction of breaking waves 1is given by the implicit
relation :

Et
F = 1-Qb+8e---2.1nQb = 0 (1)
2
Hm

The following approximation is applied (Dingemans, 1983) :

2 1/2
b = (BEt/Hm ) (2)

2
(2b - 1) 0.5 <b <1 (3)

Q0

0 b < 0.5
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Qb = 0 b < 0.3 (4)
2

2 Q0 - exp ((Q0-1)/b )
.................... 0.3 < b < 0.9

"
(@]
o
]
o
.

b - exp ((Q0-1)/b )

Qo 0.9 < b < 1.0

Ihe parameters Et and Hm (in eqg. 1) are determined in
subroutine DISPA.

The call of this subroutine is :
CALL FRABRE (1Y)

Parameter :
IY (I) y-coordinate of point in which the fraction
of breaking waves Qb is computed

3.20 Subroutjine IERMD

Function :

In this subroutine the terms of the two balans eguations are
evaluated in the point IX+1/2,1Y,IT. The source terms SO
and dW0/dT are split up in components of wind generation,
bottom friction, surf breaking and dissipation in adverse
currents.
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Structure :

*TERMD=

T o ——— - ——— - —— -~ —_—— -

CALL TRST compute transportation terms in |
6é-direction |

if deep water breaking is on then |

........................... - —— - - ——— ———— '
l CALL SDBR compute deep water breaking terms |

The call of this subroutine is :
CALL TERMD (1Y,IT)
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Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

3.21 Subroutine IRSY

Function :

.The transportation terms of the two balance equations in y-
direction :

@_ (CY0O.AO0) and @_ (CYO0.WO0.AO)
oY oY

are determined in this subroutinee.

Method :
A conservative central difference scheme is applied :
IX+1/2,1Y+1,1IT IXel/2,1Y-1,IT
f = £
Bf =  eeesssmassesmeme e ———— (1)
oY 2.dY

Energy entering the computational region through the
boundaries Y=0 and Y=LY is not taken into account. At these
boundaries somewhat different schemes are used.

Structure :
*TRSY%*

if point is located on boundary and wave energy |
is entering the computational region then |

l value 0. |

O - —————— - ———————— - — . ————— ——— ——— -~ ——— - ——— - —— - -

The call of this subroutine is :
CALL TRSY(1Y,IT)

Parameters :
IY (I)

) coordinates of point in computational grid
IT (I)

3-22 Subroutine IRST

Function :
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The transportation terms of the two balance eguations
@-direction :

@_ (Ce0.R0) and @_ (C60.W0.A0)
o8 26

are determined in this subroutine.

.Method :

A conservative central difference scheme is applied :

IX+1/2,1Y,1IT+1 IX+1/2,1Y,IT-1

Bf = Soemmsemsmmiecerem— e s (1)

Energy entering the computational region through

in

the

boundaries ©=6a and €=6b is not taken into account. At these
boundaries somewhat different schemes are used. The leakage

through these boundaries |C60|.AR0.00 is kept.

Structure :

if point is located on bouhdary and wave energy |
is entering the computational region then |

| value 0. |

if point is located on boundary and wave energy |
is leaving the computational region then |

The call of this subroutine is :
CALL TRST(IY,IT)

Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

323 Subroutine DIFT

Function :
The diffraction terms in the two balance equations :
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@_(CAif (CY0.2_AO-CX0.2_A0))  and
28 X oY

@_(CAif (CYO.@_(WO.RO0) -CX0.2_(WO.AOD)))
26 dX oY

are determined in subroutine DIFT.
. Method :

Derivatives in x,y and € direction are approximated by
central difference schemes :

IX+1,1IY,IT 1x,I1Y,IT
f f -f
e ——— (1)
X ax

IX+1/2,IY+1,IT IX+1/2,IY-1,IT
f f -f
e E e e oo (2)
DY 2.4y

IX+1/2,IY,IT+1  IX+1/2,1Y,IT-1
pf  f -f
e E e o (3)
28 2.de

At the boundaries in the y-8& plane somewhat different
schemes are applied.

The call of this subroutine is :
CALL DIFT(I1Y,IT)

Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

3.24 Subroutine SWIND

Function :
In this subroutine the wind generation components

SO and a_wo
wind dt wind

of the source terms in the two balance eguations are
determined.

Method :

The following relations are used for the terms mentioned
above :
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d-1 c=1
-—- 2 _1_ -
3 d d d c
Uulo IE/B| | E/B | 11 E/B |
SO = === Babcd < === > < 1- (-=--) > < = atanh((-=--) ) > (1)
wind g | a | | a | |b a |
3 (b2-1) /b2 | IS
g 1/b2 W 1 | W |
d WO = ===- 2Pl.a2 b2 (==~) - SO ( ==recccccce= > (2)
dt 5 2P1 B wind| b2|
wind ul1o | 2PI.a2(E/B) |
with
2
g
E is the dimensionless wave energy density EQ0.---- ,E0=00.A0
4
uio
v10

W is the dimensionless mean action frequency W0.---

|
B is the directional distribution of waves,EO0(Y,0)=B(6).Et (Y)
Ul0 is the wind velocity at 10m elevation relative

to the current velocity
a,b,c and d are coefficients derived from literature

Eq. 1 and 2 hold only for growing waves (E<aB).In the case
E>aB then the wind generation terms are assumed to be 0.
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e :
D=

determine wind speed vector relative to
current vector |

CALL DISTR determine directional distribution |
around wind vector |

pute dimensionless wave energy density E |
and frequency W |

of this subroutine is :

CALL SWIND(IY,IT)

Parameters :

IY
IT

(I)
(I)

) coordinates of point in computational grid

3.25 Subroutine SBOT

Function

The bottom dissipation terms

SO

and a_wo

bot dt bot

are computed in this subroutine.

Method :
The following relations are applied :
SO = -0 «00.A0 (1)
bot bot
dWo 2 -2 3 b3
——— =N0 .a3(g .WO .W «00.A0) (2)
dt bot bot
with
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1/2 0o
W = (8/pl) =mmmmmemmeeee- o« (Cfw.Ubot+Cfc.Ucur) (3)
bot 2
ge.sinh (K0.D)

The second term in eg. 3 is omitted if no current is
present. In this formulation the effects of currents on
.bottom dissipation are included in the same way dissipation
due to wave orbital velocities is determined. The same
procedure with somewhat different relations is applied in
the model CREDIZ.

The terms

W and d_wWo
bot dt bot

are determined in point IX+1/2,IY,IT in the computational
grid. The wave action A0 in the 1linear term SObot is
included implicitly in the two balance equations (section
3.27) .

The coefficients Cfw,Cfc,a3 and b3 have to be determined, by
the user, empirically.

The call of this subroutine is :
CALL SBOT(1Y,IT)

Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

3.25 Subroutine SSURE

Function :
The terms representing dissipation of wave energy due to
surf breaking

SO and d_Wwo
surf dat surf

are determined in this subroutine.

Method :
Relations for these terms applied in this model are :
SO = =W «00.A0 (1)
surf surf :
dWo 2 -2 3 b4
-—- = WO .all. (g .WO .W .00.R0) (2)
dt surf ' surf

with
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2
1 Hm
W = alfal.---.Qb.HO.--- (3)
surf 8pi Et
The terms
W and d_Wo
surf dt surf

are determined in point IX+1/2,1Y,IT in the computational
grid. The wave action A0 in the linear term SOsurf is
included implicitly in the two balance equations (section
3.27) .

The coefficient alfal is of order 1 while the coefficients
al4 and b4 should be determined empirically.

The call of this subroutine is :
CALL SSURF (IY,IT)

Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

3.21 Subroutine SDBR

Function :

The terms representing dissipation of wave energy in
currents with direction opposite to the direction of wave
propagation

SO and d_Wo
dbr dt dbr

are determined in this subroutine.

Method :
Relations for these terms applied in this model are :
£
SO = =N OGOOAO‘ W & wae- (1)
dbr dbr dbr taul
awo g
-——- = = ====,W0 (2)
dt dbr tau2
with

taul, tau2 are time constants to be determined empirically
- 1 .
(initially values WO are assumed)
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-4
f = 0.3326 (Wc/KO0) for Wc > 0.8547 WO
2
= =54712 (Wc/WO0) + 6.830 (Wc/W0)=-1.042 for 0.5979 WO < Wc
< 0.8547 WO
= 1. for Wc <€ 0.5979 WO
=3
1 - 0.4434 (Wc/WO)
g 5 1 &= sestseseacmmmdaesees for Wc > 0.8547 WO
-4
1 - 0.3326 (Wc/W0)
3 2
0.66667 (Wc/WO0) - 0.59788 (Wc/W0) + 0.071238
= ] = ecrccmccccccc e c e cc e ———— e ———————
2
(Wc/W0 - 0.59788)
for 0.62 WO < WUc
< 0.8547 WO
= 1 = Wc/WO for Wc < 0.62 WO

If EO = 0. then g is given the value 0..

The call of this subroutine is :
CALL SDBR (I1Y,IT)

Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

3.28 Subroutine SUMDE

Function :
In this subroutine the wave action A0 and -frequency WO in
the grid point IX+1,IY,IT are determined.

Method :
The two balance equations 1 and 2 are solved.
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SO
(] wind
--(CX0.A0) = ~-(transportation+diffraction terms) + -=----
X 0o
1 dwo
(W o+ W + W - -=,===)A0
bot surf dbr WO dt
SO
@ W0. wind
--(CX0.W0.A0) = -(transportation+diffraction terms) + —---&---
ox 0

- (W + W + W ) WO.AQ
bot surf dbr

For brevity the transportation- and diffraction terms as
well as the source term dW0/dt have not been written in full
in eg. 1 and 2.

The numerical scheme applied to these equations is:

IX+31,;1Y,IT JXX+1,1Y¥,IT IX,1Y,1T IX,IY,IT
CXo f - CXo £

H IX+l1,IY,IT IX,IY,IT
=G - -(f + f )
2

with =

f represents the terms A0 (eq.l) or W0.A0 (eg.2)

G contains the non-linear terms of eq. 1 and 2

H contains the linear terms of eg. 1 and 2
Further the dissipation of wave energy
(Wbot+Wsurf+Wdbr)A0.00.d6 is determined in point
IX+1/2,IY,IT in the computational grid.

Structure :

“SUMDE=*

| determine wave action and -frequency l
| i S S e e e I
| if last corrector step is in progress then I

| R R e A S ST |
| | compute dissipation of wave energy |

: ---. - —— . ———————-— - - -—-—— ——-— ——-¢-----—--:

The call of this subroutine is :
CALL SUMDE(IY,IT)

(2)

(3)
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Parameters :
IY (I)
) coordinates of point in computational grid
IT (I)

3.23 Subroutine WRIRE

Function :

.In the subroutine WRIRE arrays containing wave parameters at
a line in the computational grid are written to the file
REKRES .

Structure :

*WRIRE=*

| write leakage of energy FL,dissipation of

| energy FD,fraction of breaking waves QB and the]
| wave action transport velocity component C80 |
| to the file REKRES |

|
urite depth D,current velocity components UX,UY (if]
current is oft then fill arrays with 0) ,wave action|
AO,-fregquency W0,relative frequency 00,wave number |
KO0,group velocxty CGO0 and wave action transport |
veloc1ty components CX0,CY0 to the file REKRES

The call of this subroutine is :
CALL WRIRE (IX)

Parameter :
IX (I) results of line IX in the computational grid
are written to the file REKRES

3-30 Subroutine _IB.QE

This subroutine, called at the start of every subroutine and
the main program, provides a message of the entry of this
subroutine resp. programe.

STRACE is copied from the model CREDIZ.

3.31 Subroutine MSGERR

The subroutine MSGERR, called when an error is encountered
during the execution of the program COMPU, provides an error
messagee.

MSGERR is copied from CREDIZ.

3.31 Subroutjine COPYCH
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In subroutine COPYCH character strings are copied to real
variables and back. It is copied from CREDIZ.
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4. STORAGE OF DATA

4.1 Dynamic data pool
As in CREDIZ a dynamic data pool is wused to obtain an
efficient and flexible storage of arrayse. With the
subroutine ADPOOL the dimension of an array can be extended
or reduced. The structure of the pool is the same as in
.CREDIZ.
An element of an array A is found by :

A (I) =POOL (1A+I), IR is the adres of array A
A two-dimensional array is stored row by row :

ege. : array B(l:n,l:m)

storage in pool :
B(1,1),¢¢¢,B(n,1),B(1,2),¢e+,B(n,2) B(1,m) ,eee,B(n,m)

thus B(k,1)=POOL (IB+(1-1)n+k), IB is the adres of array B
For more detailed information on the structure of the
dynamic data pool, reference 1is made to the system
documentation of CREDIZ.
The following arrays of the program COMPU are included in
the pool :

L A3 pJ Ll 1
| number| name | adres | description |
t + + t 1
| 1 | DEP | IDEP | depths |
| 2 | VX [ IVX | x-component current velocity |
| 3 | VY I IVY | y-component current velocity |
| 4 | WARO | IWAO | wave action (o0ld line) i
| 5 | WFO | IWFO | wave frequency (old line) |
| 6 | WKO | IWKO | wave number (old line) |
| 7 | RFO | IRFO | relative frequency (old line) |
| 8 | CGO | ICGO | group velocity (old line) |
| 9 | CXO | ICXO | x-component wave action |
| | | | transport velocity (old line) |
| 10 | CYO | ICYO | y-component wave action |
| | i | transport velocity (old line) |
| 11 | WA | INA | wave action (between old and new line) |
| 12 | WE | IWF | wave frequency (between old and new line) |
] 13 ] WK | IWK | wave number (between old and new line) |
)} 14 } RF | IRF | relative frequency (between old |
| I | | and new line) |
} 15 | CG | ICG | group velocity (between old and new line) |
} 16 | CX | ICX | x-component wave action transport |
| | | | velocity (between old and new line) |
| 17 | CY § ICY | y-component wave action transport |
| | | | velocity (between o0ld and new line) |
| 18 | CT | ICT | é-component wave action transport |
| | | | velocity (between old and new line) |
| 19 | WAN | IWAN | wave action (new line) |
| 20 | WEN | IWFN | wave frequency (new line) |
| 21 | WKN | IWKN | wave number (new line) |
| 22 | REN | IRFN | relative frequency (new line) |
| 23 | CGN | ICGN | group velocity (new line) |



| 24 | CXN
| |

| 25 | CYN
| |

| 26 } DD
| 27 | DC
| 28 | HM
| 29 | QB
| 30 | ET
| 31 | FD
| 32 | FL
| 33 | CRN
| |

| 34 | UCUR
| 35 | DEO
| 36 | UXO
| )

| 37 | UYO
| l

| 38 | DEM
| 39 | UXM
| I

| 4o | UYM
| |

| ul | DEN
| 42 | UXN
| |

| 43 | UYN
| |

| 4y | CRO
l |

| 45 | CR
| ¢

| |

L. A

b-———'——p———.—.—-—-——o———.-——.'————-—-———-—.Q——-.—..—'———.

ICXN
ICYN

IDD
IDC
IHM
IQB
IET
IFD
IFL
ICRN

IUCUR
IDEO
10X0
IUYO

IDEM
IUXM

IUYM

IDEN
IUXN

IUYN
ICRO

ICR

|
I
|
|
|
|
|
|
|
I
|
i
|
|
|
|
|
I
|
|
|
|
|
I
|
|
I
|
|
I
|
I
|
|
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Xx-component wave action

transport velocity (new line)
y-component wave action

transport velocity (new line)
derivatives in bottom geometry
derivatives in current field

local maximum wave height

fraction of breaking waves

directionally integrated wave energy
dissipation of wave energy

leakage of wave energy

maximum frequency that is able to transport
wave energy against current (new line)
current velocity near the bottom

depths (old line)

x-component current velocity

(old line)

y-component current velocity

(old line)

depths (between old and new line)
x-component current velocity

(between old and new line)

y-component current velocity

(between old and new line)

depths (new line)

x-component current velocity

(new line)

y-component current velocity

(new line)

maximum frequency that is able to transport
wave energy against current (old line)
maximum frequency that is able to transport
wave energy against current (between old
and new line)

I
I
|
|
I
|
|
|
|
|
I
I
|
|
I
[
|
|
|
|
|
|
!
|
|
|
I
I
|
|
I
|
|
|
s

table 1 arrays in dynamic data pool

4.2 Commpn blocks A number of common blocks are defined in
which principal data for the model HISWA is included.Each of
these blocks contains a certain category of information :
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r T -
| name | description |
¢ + 4
| TITEL | title |
| DEPROS | location and dimensions of bottom grid |
| REKROS | location and dimensions |
| | of computational grid |
| TRANSF | transformation coefficients between |
| | different grids |
| NUMS | information on the numerical scheme |
|} TERMDE | terms of the balance equations |
| TESTDA | information for output control |
| | (especially the tracing of errors) |
| FYSPAR | physical parameters |
} UITVDA | information for the program OUTP |
| | (not used by the program COMPU) |
| REFNRS | data set reference numbers |
| LEESDA | information for reading data |
| PJOL | references to arrays in the |
| | dynamic data pool |

table 1 description of common blocks

Most of the common blocks are copied from the model CREDIZ.
In the following only the changes with regard to the common
blocks in CREDIZ are discussed. For more information
reference is made to the system documentation of CREDIZ.

TITEL as in CREDIZ
DEPROS the elements AKX,CCGX and WKCX are omitted

REKROS the following elements are added :
MTR number of grid points in e-direction
TETAA
) boundaries of computational grid in &-direction
TETAB
DT grid size in e-direction

TRANSF as in CREDIZ

NUMS ~ contains the following elements :
NCOR number of corrector steps
IPRE indicator of predictor step
ICOR indicator of corrector step
IOBW option for the representation of the boundary
condition at x=0
ICUR switch for the introduction of current
IDIF switch for the introduction of diffraction
IWIND switch for the introduction of wind
IBOT switch for the introduction of bottom dissipation
ISURF switch for the introduction of surf breaking
IDBR switch for the introduction of deep water breaking
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WDIP wind direction relative to problem grid

WDIC wind direction relative to computational grid

Ul10 wind velocity at 10 m. elevation

Ul10C wind velocity at 10 m. elevation relative to current
ADIR coefficient for directional distribution of waves

AT (300) wave action at boundary x=0

WT (300) wave frequency at boundary x=0

BDIR(30) directional distribution of waves

CDIF diffraction coefficient

PWIND (10) parameters of wind generation (a,b,c,d,a2,b2)
PBOT (5) parameters of bottom dissipation (Cfw,Cfc,a3,b3)
PSURF (5) parameters of surf breaking (alfal,gamma,al,bu)
PDBR(5) parameters of deep water breaking terms (taul,tau2)
CNORM normalization coefficient of directional distribution

TERMDE contains the following elements :

FYA
) transportation terms in y-direction

FYF
FTA

transportation terms in 6-direction
FTF
DIFA

diffraction terms
DIFF
WINDA

wind generation terms
WINDF
WBOT

bottom dissipation terms
BOTF
WSURF

surf breaking terms
SURFF
WDBR

deep water breaking terms
DBRF

TDIS dissipation of wave energy
TLEAK leakage of energy

TESTDA as in CRED1Z

FYSPAR the following elements are omitted :
IM,DEP1,DEP2,DEP3,UX1,UX2,UX3,UY1,UY2,UY3,
AK1,AK2,AK3,CCG1,CCG2,CCG3, WKC1,WKC2,WKC3,
ISTA1,ISTA2,1STA3,SIGMA1 ,SIGMA2,SIGMA3,
SINH1,SINH2,SINH3,AMPL1,AMPL2 ,AMPL3
the following elements are added :

DEPTH depth in a point in the bottom grid
uxc
) current velocity components relative to computational grid
uyc
WNU wave number
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ULTVDA as in CREDIZ (for the time being)
REFNRS the elements HULPF1 and HULPF2 are omitted
LEESDA as in CREDIZ

POOL this block will be adjusted to the new construction
of the dynamic data pool (section 4.1)

‘4.3 Files

In the model HISWA a number of files are used that serve as
communication tools between the programs PREP, COMPU and
OUTP. Two of these files are used by the program COMPU :
a) INSTR
This file contains instructions formulated in PREP and data
necessary for the computations carried out in the program
COMPU.
contents :
NPOOL dimension of pool
ITEST test parameter
common blocks :
TITEL, DEPROS, REKROS, TRANSF,
NUMS, FYSPAR, REFNRS, UITVDA, TESTDA
arrays :
DEP,VX,VY,OUTREQ,OUTDA
b) REKRES
In file REKRES the results of the computations carried out
in the program COMPU are stored. This file will be read by
the program OUTP.
contents :
common blocks :
TITEL, DEPROS, REKROS, TRANSF,
NUMS, FYSPAR, REFNRS

arrays :
DEP, VX, VY
DEN, UXN, UYN, WAN, WFN,
-) line x=0
RFN, WKN, CGN, CXN, CYN
rL, FD, 0B, CT ) line x=(i-1/2) .dx )
)
DEN, UXN, UYN, WAN, WFN, )i=1,MXR-1
) line x=i.dx )
RFN, WKN, CGN, CXN, CYN )

Each array in the files described above is preceded by the
dimension of the array. The same conventions as described
under 4.1 are applied with regard to he storage of two-
dimensional arrays. Files are read and written unformatted.
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Output Program HISWA/OUTP

The program HISWA/OUTP processes the results computed by the
program HISWA/COMPU. The results are stored in the file
‘COMPRES"*. The processing is controlled by the output
raquests encoded in the pool array OUTREQ, and using data in
the array OUTDA.

HISWA/OUTP starts reading the output requests and output
data. For each output request the file COMPRES is read, for

the output points values are interpolated from the data in
that file.
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linkage diagram of Hiswa/Outp

__BLKHFD $ block heading

Outp.MAIN

:______HRCOMX etc. $ read output instructions

:_.____BLOKX $ prints a block table

l :______PSET $ determines output point set
:______UVIPOL $ reads results and interpolates
: :____,.IXPOL
: : G1 $ interpolation
} :______GZ $ functions
|
|
|

__BLKPT $ prints numbers
|

UVHSIG etc.

TABPRT $ prints a table
___PSET $ determines output point set
__UvIpOL $ reads results and interpolates

!

|

|

I I

l l——___IXPOL
!

I

I

I

|
| cse § see above

__UVHSIG etc. $ determines values

ISOVEC $ produces a plot
| .
| cos $ see next page

WSPEC $ spectral output to disk
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linkage scheme of plot routipes

ISOVEC

PNAMES
I
I

PCOAST

PENTO
|

$ writes certain numbers to file
$ pen moves to certain position
$ a line is plotted
SNYPT1 $ determines crossings
SNYPT2 g with frame edge
$ plots names in the figure
PLNAME ¥ plots one name
$ plots lines in the figure

$ pen moves to certain position

PLYN
|

| SNYPT1
|
 —

SNYPT2

page 3
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Description of subroutines
MAIN program

The main program reads the output instructions that have been composed
by the Reading program of HISWA. Furthermore it reads some general dat
concerning the computation from the file containing the computational
results.

Depending on the type of output request MAIN branches to the subroutin
that produces that particular output.

After this subroutine has finished its task, MAIN will process the nex
oatput intstruction.

HISWA/OUTP Main program
R2ad from file INSTU: some general output parameters and
pool arrays IOUTR (output requests) and IOUTD (output data).

Call WRCOMX $ reads data concerning the computation from the
$ file REKRES

For each output request do
Obtain from array OUTREQ:
- pointer to next request
- type of output request RTYPE

*BLK®* : Call BLOKX $ block output
*TAB* : Call TABPRT $ tabular output
*PLOT* : Call ISOVEC $ plot

*SPEC® : Call WSPEC $ spectral output

BLOKX, TABPRT and ISOVEC

The output routines BLOKX, TABPRT and ISOVEC have to a large
extent the same structure. Each of these works in the
following way: It obtains from array IOUTR the necessary
parameters for the output at hand. It calls PSET, which
determines the type of the output point set, and which
stores the user coordinates of the output points in the
arrays IXP and IYP. It calls UVIPOL, which reads the
computational results and interpolates these to the output
pointse. It calls UVHSIG or another routine which calculates
the requested variable, which it then prints, writes to
disk, or plots, as the case may be.

Parameters are:

RTYPE type of output request

IUREC place where to find the output instruction in
array IOUTR

BLOKX, TABPRT and 1SOVEC

Obtain from array IOUTR:
KNAAM $ name of output point set
Call PSET $ determines KTYPE, type of the point set,
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$ MIP, number of points in the set.
(in the case of BLOKX and ISOVEC:)
If KTYPE is not *KADR' (frame)
Then Error message
Obtain NVAR, number of variables that must be output.
Determine IUR1, and IUR2, indicating where to find ISOORT,
which indicates the type of variable wanted for output.

Call UVIPOL $ reads computational results and
$ interpolates to output points

For JVAR from 1 to NVAR
Determine ISOORT § type of variable
Depending on value of ISOORT,
output UVHSIG, UVDIR, UVPER etc.
$ see section on coding and processing of variables
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Bopl arrays in output module

3 v v B ]
| 1] IDEP | depths in the bottom grid [
| 2] IVX | x-velocities in the bottom grid |
| 3} Ivy | y-velocities in the bottom grid |
| 4j IOUTR| output requests {
| S| IOUTD| output data t
| 6| IFF | unused |
| 71 IWAN | wave action density |
| 8] IWFN | mean frequency |
| 9] IRFN | mean relative freguency |
| 10} IWKN | wave number |
| 11} ICGN | group velocity |
1 12} ICXN | x-comp. of group velocity |
| 13] ICYN | y-comp. of group velocity |
| 14} IFL | energy leakage on a line halfway |
| i | between two lines in comp. grid |
| 15} IFD | dissipation |
| 16} I0B | fraction of breaking waves |
| 17) ICT | transfer velocity in Theta-dir. |
| 18} IXp | the set of output points in |
| | | problem coordinates |
I 19]) IYP | ve !
| 20} IXC | the set of output points in |
| | | computational grid coordinates |
I 21} IYC | ve |
| 22} IDEN | depths on a line of the |
| | | computational grid I
| 23} IUXN | x-velocities |
| 24} TUYN | y-velocities |
| 25} INF | indicates for each variable JVAR |
| | | where data can be found in array IFOP |
| 26} IFOP | function values in the output |
| | I points |
| 27} IAl | auxiliary array |
| 28] IA2 | oe |
I 29| IA3 | oo |
S A i J
Add to common area /UITVDA/: XPQ coord. of frame base

point in user coordinates

YPQ

COosS coeff. to transform from computational to

USIN

frame coordinates
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Coding of output reguests

The output requests are coded in array OUTREQ (pool array
with pointer IOUIR). The coding of the output requests as
given by the user is carried out by the subroutine PROUT in
the reading program. Each output request is represented by
one record in the array.

The structure of the array OUTREQ is as follows:
- OUTREQ (1) number of places occupied in the array.

- OUTREQ (2) place in the array where the 1last record
startse.
for each record the following data:
- NEXT pointer to next record in the array
- TYPE type of output request
- SNAME name of point set for which output is
requested, ’

occupying places in the array.
- other data specifying the output reguest (see below).

The following TYPEs of output request occur:

*BLKP* or *BLKD' block type print or output to file
'*PLOT* plot of iso-lines and/or vectors

*SPEC*' output of spectra to file.

The data in the record depend on the type of the output
regquest. For each type they are described in detail as
follows:

Block output

- 'BLKP' or °'BLKD® type of output
- SNAME output point set
- NREF file reference number of destination
- NVAR number of variables which is to be written.
For each of the NVAR variables:
- ISOORT type of physical variable
- DFAC factor with which each value is multiplied.

Plot

- 'PLOT* type of output

- SNAME output point set

PTI title of the plot

ISOORT type of physical variable in iso-line plot

= FSTEP step of function

- FMIN minimum function value

- FMAX maximum function value.

- ISOORT type of physical variable in vector plot
- SCALE vector scale.

IPLAC flag for plotting names of places
ILINS flag for plotting lines

Spectral output

- SSPEC?
- SNAME
- NREF destination of the output (unit reference number)
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Coding and processing of variable types

In the output requests the type of variable that is wanted
on output is encoded by the number 1SOORT. With each type
of variable a different procedure is carried out by the
subroutine UVIPOL.

In the following table one finds for each value of ISOORT:
code of the type in the user's output reguest, description
of the wvariable type, procedure carried out by the
subroutine UVIPOL. In the procedure description Sum(..)
means the sum over the directions.

1. HSIG significant wave height
Proc. UVIPOL: Sum(REFN=*NAN) into aux. array Al
Into array IFOP: interpolated value of Al
Proc. UVHSIG: u4=Sgrt (F1)
2. DIR dominant wave direction
Proc. UVIPOL: Sum(Theta*WAN) into Al, Sum(WAN) into A2
Into IFOP: interp. Al, interp. A2
Proc. UVDIR: F1/F2
3. PER mean wave period
Proc. UVIPOL: Sum(WFN*WAN) into Al, Sum(WAN) into A2
_ Into IFOP: interp. Al, interp. A2
Proc. UVPER: 2%PI%*F2/F1
4. DEPT depth
Proc. UVIPOL: into IFOP: interpolated value of DEN
Proc. UVDEP: F1
S. VEL current velocity
Proc. UVIPOL: into IFOP: interp. UX, interp. UY
Proc. UVUX: F1
Proce. UVUY: F2
6. FORC resulting force exerted by the waves
Proc. UVIPOL: n=.., cost=cos(theta), sint=sin(theta)
Sum ((n*cost*%*2 + (n-.5)) * WAN) into Al
Sum (n*cost#sint % WAN) into A2
Sum ((n*sint*%*2 + (n-.5)) * WAN) into A3
Into IFOP: x-derivative of Al, y-der. of A2,
x-der. of A2, y-der. of A3
Proce. UVFRX: F1+F2 =
Proc. UVFRY: F3+Fu4
7. TRAN energy transport
Proce. UVIPOL: Sum(CXN*RFN*WAN) into Al,
Sum (CYN*RFN#*WAN) into A2;
Into IFOP: interp. Al, interp. A2
Proc. UVENX: F1
Proce. UVENY: F2
8. DSPR directional spread
Proc. UVIPOL: Sum(WAN) into Al, Sum(Theta*WAN) into A2,
Sum (Theta*%*2 % WAN) into A3;
Into IFOP: interp. Al, interp. A2, interp.
A3.
Proc. UVDSPR: Sqgrt (F3/F1-(F2/F1) %%2)
9. DISS dissipated energy
Proc. UVIPOL: Into IFOP: interp. FD
Proc. UVDISS: F1
10. LEAK energy leak over sector boundary
Proce. UVIPOL: Into IFOP: interp. FL
Proc. UVLEAK: F1
11. QB fraction breaking waves
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Proc. UVIPOL: Into IFOP: interp. QB
Proc. UVQB: F1

12. XP x-coordinate of output point
Proc. UVXP: Pool (IXP+1IP)
13. YP y-coordinate of output point

Proce. UVYP: Pool (IYP+1P)
14. DIST distance of output point along curve
Proc. UVDIST: 0, if IP=1;
Value in IP-1 + distance to point IP, otherwise



