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ABSTRACT

rn nany coastal situations, refraction and diffractlon are of equal
irnportance in detennlning j.nshore wave conditions. Models exist which are
able to descrlbe each process separately, but an attempt to combine both has
not been made.

ThJ.s report describes a modlfled versLon (OUTMY II) of the wave refraction
rnodel currently in use at Hydraullcs Research Ltd. ModiflcatLons, lncludlng
dlffractlon calculatlong, are based on the SomnerfeLd solutlon, whl.ch
reduceg a groyne or breakwater to a slmple, eemi-Lnfinlte straight Line.
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INTRODUCTION

BACKGROT'ND

2.L  Mode l l ing  o f

refract ion

Ihis report is intended for use with the OUTMY user

manual (Ref 1), which contains a detailed account of

the refraetion techni.ques used by OUTRAY II. These

techniques have been developed over a number of years

at Hydraulics Research Ltd and form the basis of an

efficient, low-cost nodel. Ttrough appropriate for

many situations, OUTMY is lj:nited to cases in which

refraction is the dominant process and as such is

unable to account for diffraction effects. When

coastal features such as breakwaters have a strong

effect on inshore trave conditions through

diffraction, it then becomes necessary to include

thern in a refraction study.

This can be illustrated with reference to a previous

study made at Perunaenmawr in North Wales (fig 1). In

this example, waves arriving from the North-East and

the North-West are diffracted by Puffin Island and

the Great Ormes Head respectively. Under such

circunstances, therefore, a study would ideally

consider the combined effects of refraction and

diffraction when calculating inshore \rave conditi-ons.

OUTRAY II is designed for use in situations such as

th is .

The following description represents a brief account

of the refraction techniques used by OUTMY and

OUTMY II. A comprehensive analysis is available in

the OUTMY handbook (Ref 1).

OUTRAY II employs a backtracking method based on the

prineiple of reversible ray paths. The model traces

a fan of rays at regular angular intervals from a



2.2 Model l ing of

diffraction

refraction point. The rays undergo refraction and,

if they reach the specified offshore boundary,

finally contribute to the transfer functions. These

transfer functions can then be used in further

calculations to determine both inshore rrave spectra

and significant wave heights.

OUTRAY II enploys two subroutines to calculate the

necessary diffraction coefficients, both of which are

contained in the program block DNEXSUBS (see Fig 2).

The coefficients are determined by the Sorrnerfeld

solution (Ref 3), which considers waves incident on a

semi-infinite, straight line segment. The line

segment is used to represent coastal features such as

breaklraters and headlands.

The rays are sent out in a fan, in either a clockwise

or anticlockwise direction, chosen so that rays

strike the breakwater before striking the offshore

boundary. In Figure 3 the rays have been traced in

an anticlockwise direction such that rays 1,2 and 3

are consecutive. Point E represents the refraction

point, and BD the semi-infinite breakwater.

Ray 2 is termed the 'shadow ray' and it is to the

angular box containing this ray that the contribution

of di f f racted rays in region D (Fig 4) is added.

This contribution is calculated for each indi-vidual

wave period. The three quantities WDSH (the path

Iength of ray 1), ADSH and BDSH are required by

WDIFF to calculate the diffraction coefficient of

every ray that is influenced by the breakwater. This

calculation takes two possible forms:

1. Each ray whieh crosses the extended line of the

breakwater (AB in Fig 3),  whi le missing the

breakyater i tsel f ,  is modif ied by a di f f ract ion



coefficient which results in a re-distribution of

the transfer function values.

2. Ttre contribution of rays in region D to the

angular box containing tay 2 (Figs 3 and 4) is

calculated once for each wave period. For each

angular box contained in D, an average

diffraction coefficient WHT is calculated and

squared. If refraction 1s considered important

in this region then the coefficients are

nultiplied by their corresponding transfer

function values (calculated at point B, the

breakwater end point). This array is

consequently used to transfer the offshore energy

spectrum from the offshore boundary to point B.

A maximum of 15 spectra can be transferred in

this manner. The new spectra can be used in the

normal way, with the transfer functions, to

calculate inshore wave conditions.

3 OUTRAY II

3. I Information

required to run

OUTMY II

3 . 1 . 1  M U L T S P E C

An offshore spectrum is required, and must have the

following format.

IMAX JMAX

TSTART TSTEP

WDIR U1O DUR H3OFF TZOFF WVDIR

( S P T ( I , J ) ,  I  =  l , I M A X ) ,  J  =  l , J M A X )

where the parameters represent

IMN( Number of wave peri-ods

JMAX ^ Number of offshore boxes
J



WDIR Wind direction in degrees true

north

U10 Wind speed in ms-1 at a height of

10m above the sea surface

DUR The storm duration (seconds)

H3OFF The significant offshore wave

height (metres)

TZOFF Mean offshore wave period

(seconds)

WVDIR Wave direction i-nshore in degrees

true north

SPT(I,J) The spectral conponeot

S ( f : , e : ) d f : d 0 ,  f o r  t h e  I t h
r-- J r- J

angular box and Jth wave period

3. I .2  DREFDATA

The parameters shown below which are lower case are

identical to those used by OIJTRAY, while the upper

case parameters represent the additional break-water

infornation required by OUTMY II.

t i t le

mxplot nray LINED

scale papsiz

NFRQ NROTA NTOB NOSP

GRAD CONST DIFF RTI'IBKW

XLI Y,Lz YL2 YL2

nc

x g ( l )  y s ( l )  i m ( r )  j m ( l )  x o ( l )  y o ( l )

xg (nc) yg (nc) im(nc) jm(nc) xo (nc) yo (nc)

ig xs ys wlevel dmin

stang eang

t

- 1 . 0  - i . 0

a n s ( 1 )  

: : :  

a n s  ( 1 0 )

ang(jnax-f) ang(jnax)



Ttre additional parameters are defined as follows:

LINED

NFRQ

NROTA

NTOB

GRAD

Describes the orientation of the

breakwater relative to the global

x and y axes. If the breakwater

is parallel to the x- or y-axis

then LINED = 3 or 1 respectively.

LINED = 2 when the breakwater has

a finite, non-zero gradient. If

diffraction is to be ignored,

then LINED < L and the variables

described below (on lines 3-5)

can be set to durrny values

The number of wave frequencies

considered for each run

If NROTA ( 0 the rays are traced

in a clockwise direction,

otherwise they are traced in an

anticlockwise sense

If depth variations in region D

(see Fig 4) are signi f icant,

refraction becomes important, and

NTOB is set to a positive nurnber

( ie NTOB > 0).  In such

circurnstances the program reads

in a set of transfer functions,

obtained at the breakwater tip,

and multiplies each component

by its corresponding frequency

spectrum component SPT(I,J)

The breakwater lies on the line

y = GRAD*X + CONST, where GRAD

represent the gradi.ent relative

to the positive g1oba1 x-axis.

If the breakwater is parallel to

either the x-or y-axis (ie

LINED I 2) then GRAD can be set

to any dunny value



CONST If TINED = 2, then CONST equals

the y-coordinate of the extended

breakwater as it intersects the

global y-axis (in metres)

DIFF represents the perpendicular

distance from the breakwater at

which the individual ray is

considered to have been stopped

(ie the breakwater is assumed to

be 2*DIFF metres wide)

Ttre angle in degrees true north

of the breakwater measured at its

tip (0 < RINBKI{ < 360). See

Figure 4

The horizontal lirnits XLl, XL2

(Y'Lz > XLI) and vertical limits

YLl, YL2 (Yt2 > YLl) define the

rectangle containing the

breakr.rater. If the breakwater is

parallel to the x-axis then

YLL = YL2, and similarly if

paral lel to the y-axis,

XLl = XL2. The limi-ts are

relative to the global axes and

in metres.

DIFF

RIT.IBKI{

xtl ,xL2,YLL ,YLz

3. 1.3 TFI'NCGENWB

If NToB ) 0 (see previous section) then a set of

transfer functions TFTTNCGEWB must be obtained for the

point at the tip of the breakwater. The file

reguires the following format:

TN(1 ,1 )

TN( I , JMAX)

uN(1 ,1 )

TN(IUA(,1)

TN(IMAX,JMAX)

uN(r t1Ax,1)



TJN(I,JUA() T'N(IMAX,JMAX)

v N ( 1 , 1 )  v N ( r M N ( , l )

VN(l ,JMA() . . .  VN(IM$(,JMfi()

where IMA)( is the nr.rmber of wave periods and JMA)( the

number of offshore boxes.

3.2 Operat ion of

OUTMY II

3,2.I The code generatinF program - DGENPROG

DGENPROG, the code generating program, and its

conesponding control file DGENDATA are used to

generate the main program segment DOUTMY2. In order

to run DGENPROG, the input/output channels must be

assigned as fol lows.

Channel number Input./output file

I The control file

DGENDATA

0 The output file

DOUTMY2

3.2.2 The wave refract ion/di f f ract ion program -

DOUTRAY2

The program segment DOUTRAY2 contains the master

segment and the transfer function subroutines. to

run this segment, the two subroutine blocks DNEXSUBS

and DREFSUBS must be made available, and Lhe

input/output channels assigned as follows:

Channel number Input/output file

I The control file

DREFDATA (see

3 . t . 2 )



The ray file

DMYGEN (see

3 .3 .2 )

The cell

adjacency file

DNEXLOUT (see

3 .3 .2 )

The depth grid

f i le (see Ref 1)

The offshore

spectrum file

MUTTSPEC (see

3.  1 .  r )
The transfer

functi-on file

TFTINCGENWB - if

NTOB > 0 (see

3  .  1 . 3 )

The modified

offshore spectrum

file MULTSPEC2

( s e e  3 . 3 . 3 )

The transfer

funetion file for

display DTFNPGEN

( s e e  3 . 3 . 4 )

The condensed

transfer function

file DTFIJNCGEN

( s e e  3 . 3 . 4 )

3.3. i  DNEXLOUT

As well as containing information about the grid

system, this file also contains details of rays which

cross the extended line of the breakwater. The

format of^this information is as follows.
U

o

l 1

15

16

oL7

o23

24

3 .3 Output from

OUTRAY II



T ADSH BDSH WDSH NORAY W

T Wave period (seconds)

ADSH Angle between ray and true north

as it crosses imaginary line

BDSH Angle between true north and last

ray to hit breakrrrater

WDSH Path length of last ray to strike

breakwater

NORAY Ray number

W Ttre square of the diffraction

coefficient

3,3.2 DRAYGEN

This file is written to only if NRAY is set to a

positive number. When written to it contains

information on each ray that either strikes the

breakwater, or reaches the offshore boundary. Each

line gives details of a single ray.

T AIN AON AI.JU NORAY )G YE WT CFIN

T Wave period

AIN The bearing in degrees true north

of the wave ray at the refraction

point

AON The bearing in degrees true north

of the wave ray at either the

offshore boundary or the

breakwater

ANU The value of the refraction

coeff ic ient (U) for this ray

NOMY The N0MYth ray to be traced for

period T

XE,YE The co-ordinates, relative to the

global axes, of the ray path end

point



WT

CFIN

Ihe path length of the cornpleted

ray in nr:mber of wave lengths

The wave celerity at the ray

end-point in ms-l

3.3.3 MULTSPEC2

The offshore spectn:m is read by OUTMY II from the

f i le MULTSPEC (see 3.1.1),  rnodif ied, and wri t ten to a

new file I.IULTSPEC2 which has an identical format to

the original file.

3.3.4 the t tansfer funct ion f i les

The modified transfer functions are written to two

files, as in OUTRAY, which are called DTFTTNCGEN and

DTFNLPGEN.

3.4  Descr ip t ion  o f

diffraction

subroutines

3.4. 1 DIFFR (W, I 'TDSH)

DIFFR is one of two diffraction subroutines attached

to MXSUBS. DIFFR ealculates and sets all the

parameters which are required by WDIFF to calculate

the diffraction coeffici.ents. the variables

transferred by the subroutine call statement, are

defined as follows.

Name Description Input/Output

W The ray path length I

MDSI{ Variable indicating I

whether the rays have

passed the breakwater

10



3.4.2 WDIFF (TITETAO, THETA, R, W)

WDIFF is called by DIFFR to calculate the diffraction

coefficient for a particular combination of THETAO,

THETA and R which are defined by

Name Description

THETAO Incident angle
THETA Diffracted angle
R Path length
W The square of the

dif fraction coef ficient

Input.,/Output

I
I
I
o

For descriptions of the variables transferred by the

common block statements see the appendix to this

report.

4 SAI.'PIE RI'NS OF

OUTRAY II

4.1 Introduct ion

fn this section a comparison of two separate runs is

made - the first a refraction-only run, and the

second a combined refraction-diffraction run. A

previous refraction study at Sines Harbour, Portugal

(Ref 4), rras used as a basis for these runs (see

fig 5). The grid system const,itutes two rectangular

grids of roughly equi-valent proportions (Fig 6). The

brealcwater is represented in the model by a vertical

straight line segment.

As in OlfTMY, the main program segment is created by

use of DGENPROG and DGENDATA.

4.2.L The CONTROL FILE

Table 1 shows the form of the control file DREFDATA

to be used in both runs. The refraction point is

1 l

4.2 The runs



- 300m offshore, in a region that is well protected

by the breakwater. The local grid coordinates of

th is  po int  are,  in  metres,  (1187.5,  1131.25)  and the

offshore boundary is chosen to be the positive global

x- and y-€rxes. Rays are sent out at one degree

intervals, from 90oN to 270oN, for each of the 7 wave

periods (4 seconds to 16 seconds in 2 second

increnents).

4.2.2 Run ONE

For the first run TINED is set to O in the control

file DRIFDATA which will result in a refraction-only

run equivalent to the OUTMY model. Table 2 shows

the resulting transfer function file, DTFNLPGEN.

4.2.3 Run TI,IO

In run two LINED is set the alternative value of 1

vhich enables the model to access the two di.ffraction

subroutines DIFFR and WDIFF. Setting LINED to a

positive number means that the breakwater parameters

on lines 3 to 5 of DREFDATA must be set.

Here DIFF equals 50rn, NROTA is set to I (so that rays

are traced in an anticlockwise sense) and NTOB to O

because the breakwater is sufficiently close to the

offshore boundary to make refraction in area D (see

fig 4) relatively unimportant. In addition to the

control fi1e, an offshore spectrum file MULTSPEC is

required (Table 3). Ttris file contains one spectrum

(so NOSP is set to 1),  and is based on the

Pierson-Moskowitz distribution, obtained for a

wind/wave direction of 270"N, offshore wave hei.ght

3.7m and offshore wave period 8.4 seconds.

In addition to the transfer function files, a

modified offshore spectrum file MULTSPEC2 is created

t2



(Table 4). A comparison of this file with WLTSPEC

reveals systematic differences between the tlro

spectra. Components bounded by OoN and 220oN are

unchanged, while those bounded by 230oN and 360oN are

zero. Each component in the angular box 220oN-230oN

has an added diffraction eompdnent which represents

the accumulated wave energy contained in the angular

region 230oN-360oN. The transfer funct ion f i le

(Table 5) exhibits sinilar variations when compared

to the original file (Table l). Components in the

angular region 230'N-360oN are likewise zeto, while

the remaining components display a rredistribution'

of the original refraction-only values.

If NRAY is set to a positive nr:mber then information

concerning diffraction processes j-s written to

DNEXLOUT (Table 6). ADSH, BDSH and the path length

are the three pri.ncipal variables used by WDIFF to

calculate the sguare of the diffraction coefficient W

for every ray that crosses the extended line of the

breakwater. Each value of W is consequently used to

modify the transfer functions, and this accounts for

the aforementioned redistribution.

4.2.4 Inshore wave condit ions

Tables 7 and B show the resulting inshore r{ave

conditions for each of the two runs. There is a

significant difference between the two inshore wave

heights, demonstrating in this more extreme case the

effect of including diffraction in the refraction

calculat ions.

In conclusion, OUTMY II  of fers a quick, ef fect ive

and relatively cheap model with which to describe

simple di f f ract ion processes, and as such represents

CONCLUSION

13



a useful companion to the refraction nodel currently

avai lable.
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L E  2  -  L i s t i n g  o f  D T F N L P G E N w i t h  L I N E D  =  $  (  i . e .  n o  d i f f r a c t i o n  )
x**** : *xx*) rx) rx i rx .xx*x,Kxxx**xxr(***x**xx; r*xxx**r* : **** ) rxxx***xx* :*xx; r ) r *xx*

*
xT R A N S F E R  F U N C T I O N  T N

x *x*xxxxxxxx*x*x xxx.x

F R E Q U E N C Y  ( H Z )  0 . 2 5 0  0 . t 6 7  0 . 1 2 5  0 . 1 0 0 0 . 0 8 3  0 . 0 7 1  0 . 0 6 2

rAB
x)tx
x
x
x
*
x
)t
*
x
x
)r
t(
x
x
*
x
x
x
*
x
x
x
*
x
x
x
x
x
x
x
x
x
*
x
x
x
*
x
x
t(
x
*
x
x
t
x
x
x
x

x
x
x
x
x
x
*
x
t(

A N G L E  ( O E G  N O R T H )

000 -010
010 -020
020  -030
030 -  040
040 -050
050 -060
060 -  070
070 -080
080 -  090
090 -100
100 -110
110  -  120
120 -  1  30
130 -140
140 -  150
150 -  160
160  -  170
170 -  180
180 '190
190 -200
200  -21  0
2to-220
220-230
230 -240
240-250
25  0  -260
zbo -270
270 -280
280 -290
290 -300

.300 -310
310 -320
320  -  330
330  -  340
340 -350
350 -360

0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0  .  0 0 0  0 .  0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0  . 0 0 0  0 . 0 0 0  0  . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . q - 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 3 9 4
1  . 0 0 0  0 .  s € } 4  0 . 3 9 4
1  . 0 0 0  0 . 8 8 0  0 . 9 6 5
1  . 0 0 0  0 . 9 7 8  0  . 9 5 1
1  .  0 0 0  0 . 9 7 8  0  . 8 5 0
1  . 0 0 0  0 . 9 7 8  0 . 7 5 2
1  .  0 0 0  0  . q 7 a  0 . 8 5 0
1  . 0 0 0  0  . 9 7 8  0  . 8 4 8
1  .  0 0 0  0  . 9 7 8  0 . 8 5 2
1 . 0 0 0  0 . 9 7 8 '  0 . 8 5 7
1 . 0 0 0  0 . 8 8 0  0 . 8 6 2
1  . 0 0 0  0 . 9 7 a  0 . 7 6 9
0 .  c 0 0  0 . 2 9 3  0 . 4 8 3
0 . 1 0 0  0 . 2 9 6  0 . 0 9 7
0 . 0 0 0  0 . 4 c 6  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 9 4
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0  . 0 0 0  0 ;  0 0 0  0  .  0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .  oo0
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .314  0 .111
0 .210  0  ,  t Lz
0 .631  1  . 3C2
1 .263  0 .4e8
0 .522  A  . 723
0 .832  0 .845
0 .618  0 .605
0 .833  0  . 722
o  . 726  0  . 846
o .836  0  . 841
0 .  q45  0 .955
0 .  a43  0 .  s46
0 .844  0 .939
0 .317  0 .350
o .422  0 .462
0 .000  0 .114
0 .105  0 .112
0 .  o00  0 .  o00
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000
0 .000  0 .000

0 .000  0 .000  *
0 .000  0 .000  x
0 .000  0  . 000  x
0 .000  0 .000  *
0 .000  0 .000  *
0 .000  0 .000  x
0 .000  0 .000  x
0 .000  0 .000  x
0 .000  0 .000  *
0 .000  0 .000  x
0 .000  0 .000  x
0 .000  0 ,000  x
0 .000  0 .000  x
0 .114  0 .232  X
0 .117  0 .25b  X
1  . 490  1  . 704  X
1 .040  0  , 9a7  x
0 . c49  1 .031  X
0 .824  0 .756  X
0 .553  0  . 604  *
0  . 809  0  . 731  x
0 .820  0  . 896  *
0  . 80s  0 .868  *
1 .055  0 .98C  X
1 .031  1 .231  *
1 .014  0 .935  X
0 .376  0 .525  *
0 .370  0 .257  X
a .242  0 .375  X
0 .117  0 .000  x
0 .  106  0 .  115  l *
0 .000  0 .000  x
0 .000  0 .000  x
0 .000  0 .000  x
0 .000  0 .000  x
0 .000  0 .000  x

*
x*x**x: [xxxt (xxxx**x)r (xx*xxx*xxxxxxxxx*xxxxxxxxx;(xxxxxxxx*xxxxxxxxxxxxl (xx



T A S L E  3  -  L i s t i n g  o {  o f f s h o r e  s p e c t r u m  ,  M U L T S P E C

*x i t i *xxx* ; t t t ) t (x * t ( *xxJ( *x )Fx ; rxxxxxx* ) r ; f ;okxxxxx t ( l l ( ; l ( ; *xxx l f r : l ( ] k l f t (xxJ( : r *xxx
x
*
*
t

x
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s
*
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x
x
x
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x
x
x
*
x
*
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x
x
x
x
x
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x

7 3 b
4 . 0  2 . O

2 7 0 . 0  1 0 . 0  8 6 4 0 0 . 0  3 . 0 7
0 . c 0 0 . ' 0 . 0 0 0  0 . c 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 .  0 0 0  0 . 0 0 0  0 . 0 0 0
0  . 0 0 0  0 .  0 0 0  0 . 0 0 0  0 , 0 0 0
0 . 0 0 0  0  .  o o 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0 ' 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
c .  c 0 0  0 . 0 0 0  0 . 0 c 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0  .  0 0 0  0  .  0 0 0  0 .  0 0 0  0  . 0 0 0
0 . 0 0 0  0 .  0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 .  0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 1  0 . 0 0 1  0 . 0 0 2
0 . 0 0 1  0 . 0 0 ?  0 . 0 0 5  0 . 0 0 6
0 . 0 0 2  0 , 0 0 6  0 . 0 1 1  0 . 0 1 4
t . 0 0 3  0 . 0 1 0  0 . 0 2 1  0 . 0 e 5
0 . 0 0 4  0 . 0 1 5  0 . 0 3 0  0 . 0 3 7
0 . 0 0 5  0 . 0 1 8  0 . 0 3 b  0 . 0 4 5
0 . 0 0 5  0 . 0 1 8  0 . 0 3 6  0 . 0 4 5
0 . 0 0 4  0 . 0 1 5  0 . 0 3 0  0 . 0 3 7
0 . 0 0 3  0 . 0 1 0  0 . 0 2 1  0 . 0 2 5
0 . 0 0 2  0 . 0 0 6  0 . 0 1 1  0 . 0 1 4
0 . 0 0 1  0 . 0 0 2  0 . 0 0 5  0 . 0 0 6
0 . 0 0 0  0 . 0 0 1  0 . 0 0 1  0 . 0 0 2
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 .  0 0 0  0 . 0 0 0  0 . 0 0 0

a . 3 7  2 7 4  .  A
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0  .  0 0 0  0  . 0 0 0  0 .  0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
o .  0 0 0  0 .  0 0 0  0  .  0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 1  0 . 0 0 0  0 . 0 0 0
0 . 0 0 4  0 . 0 0 1  0 . 0 0 0
0 . 0 1 0  0 . 0 0 4  0 . 0 0 1
0 . 0 1 8  0 . 0 0 6  0 . 0 0 1
0 . 0 2 6  0 . 0 0 9  0 . 0 0 2
0 . 0 3 2  0 . 0 1 1  0 . 0 0 e
0 . 0 3 2  0 . 0 1 1  0 . 0 0 2
0 . 0 2 6  0 . 0 0 s  0 . 0 0 2
0 . 0 1 8  0 . 0 0 6  0 . 0 0 1
0 . 0 1 0  0 . 0 0 4  0 . 0 0 1
0 . 0 0 4  0 . 0 0 1  0 . 0 0 0
0 . 0 0 1  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
0 . 0 0 0  0 . 0 0 0  0 . 0 0 0

K * X * X X X ) * X X X X X X X * X * X * X ) T X X X X * X X ) r X ) r ) K * X * ) K * : * ) * X J l ( X X X X X ) * X X X X X * X ) k X X *
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7 3 6
4 . A  2 . 0

? 7 0 . 0  1 0 . 0 0  4 6 4 0 0 . 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0  .  0 0 0 0  0  .  0 0 0 0  0 .  0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0  . 0 0 0 0  0 .  0 0 0 0  0  .  0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0  . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . o 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 c 0  0 . 0 0 1 0  0 . 0 0 1 0
0 . 0 0 1 2  0 . 0 0 2 8  0 . 0 0 7 6
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0  . 0 0 0 0  0 .  0 0 0 0  0 .  0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0  . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0

3 . 6 7  8 . 3 7  2 7 0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 .  c 0 0 0  0 .  0 0 0 0  0
' 3 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 e 0  0 . 0 0 1 0  0
0 . 0 1 0 1  0 . 0 0 7 7  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0  .  0 0 0 0  0 .  0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 c  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0
0 . 0 0 0 0  0 . 0 0 0 0  0

U

0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0  . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0  . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0  . 0 0 0 0
0 0 e 3  0 . 0 0 0 3
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0  . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0  . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0
0 0 0 0  0 . 0 0 0 0

x x *,r x * x x x x x x x x * x x x * :( x x x * x x x x x x x x x x x x x x * x x * x x t( x x x x ;r x x x * x x l( x x /(
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TRANSFER FUNCTION TN
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F R E O U E N C Y  ( H Z ) 0 .250  0  ,  t b7  0 .  125 0 . 1 0 0  0 . 0 8 3  0 . 0 7 1  0 . 0 6 2

x
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x

x
x
x
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*
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*
x
x
x
x
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x
x
*
x
*
x
*
x
x
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x
x
x
*
*
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x
x
x
x
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A N G L E  ( D E G  N O R T H )

x
x
*
x
x
*

000 -010
010 -020
020 -030
030 -040
040 -050
050 -060
060 -070
070 -  080
080 -090
090 -100
100 -110
110 -120
120 -130
1  30 -  140
140 -150
150 -160
160 -  170
170 -180
180  -  190
190 -200
200 -210
210 -220
220  -230
230  -240
240 -25  0
25  0  -260
260-27 0
270  -280
280  -290

'?CO-300

300 -310
310 -320
320  -  330
330  -  340
340 -35  0
350 -360

0 .000  0 .000  0 .000  0 .000  0 .000  0  . 000  0 .000  x
0  . 000  0 .  000  0  . 000  0  .  000  0 .000  0 .000  0 .000  x
0 .000  0 .000  0 .000  0 .  000  0 .000  0 .000  0 .000  x
0 .000  0 .  000  0  . 000  0  .  000  0  . 000  0 .000  0 .000  *
0 .000  0 .000  0 .000  0 .  000  0 .  000  0 .000  0 .000  *
0  . 000  0 .000  0 .000  0  . 000  0 .  000  0 .000  0 .000  x
0  .  000  0 .  000  0  . 000  0  . 000  0  . 00c  0 .000  0 .000  x
0  . 000  0 .000  0  . 000  0 .  000  0  . 000  0 .000  0 .000  *
0 .  000  0 .000  0  . 000  0 .  000  0 .  000  0 .000  0 .  000  x
0  . 000  0 .000  0 .000  0  .  000  0 .000  0 .000  0 .000  x
0  .  000  0  .  000  0  . 000  0 .  000  0  .  000  0 .000  0 .000  *
0 .000  0 .000  0  . 000  0 .000  0  . 000  0 .000  0 .000  x
0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  x
0 .000 .  0 .000  0 .000  0 .314  0 .111  0 .114  0 .232  X
0 .  000  G .000  0 .394  0 .210  0  ,  t t z  0  .  t  t 7  0 .256  X
1  . 000  0 .984  0 .394  o  . 631  1  . 3C2  1  . 490  L  . 704  *
1 .000  0 .880  0 . c65  t , 263  0 .828  1 .040  0 . c87  x
r . 000  0 .q78  0 .951  0 ,522  0 ,723  0 .949  1 .031  X
1 .000  0 .  q7B  0 .850  0 .832  0 .852  0 .826  0 ,743  *
1 .002  0 .989  0 .758  0 .622  0 .580  0 .541  0 .647  *
0 .990  0 .946  0 .864  0 .926  0 .852  0 .941  0 .824  X
1 .0?c  1 .010  0 .809  0 .606  0 .695  0 .534  0 . . 570  x
0 .L67  0 .076  0 .071  0 .079  0 .091  0 .047  0 ;051  x
0 .  o0o  o  . 000  0 .000  0 .  000  0 .  000  0 .000  0 .000  x
0 .  000  o  . 000  0  . 000  0 .000  0 .  000  0 .000  0 .000  x
0 .000  0 .000  0  . 000  0 .000  0 .000  0 .000  0 .000  x
0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  x
0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  x
0 .  000  0 .  000  0  . 000  0  . 000  0 .  000  0 .000  0 .000  x
0 .000  0  .  000  0  . 000  0 .  000  0  .  000  0 .000  0 .  000  x
0 .  000  0  . 000  0  . 000  0  . 000  0 .  000  0 .000  0 .  000  x
0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  x
0 .  000  0  .  000  0  . 000  0  .  000  0 .  000  0 .000  0 .000  x
0  . 000  : 0  .  000  0  . 000  0  . 000  0 .  000  0 .000  0  '  000  x
0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  0 .000  x

0  . 000  0 .  000  0  . 000  0  .  000  0 .  000  0  . 000  0 .000  x

xx
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TABLE 6  -  Ex t rac t  f r omDNEXL0UTshow ing  add i t i ona l  i n f o rma t i on
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*xxx*xxxx*xxxx)rx xxxx*x*xxxx*xxxxxxx x*xxxxl (*x*xxxx*xxxxxxxx*xx

P E R  I O D

'4 .  oo'. '
4 .00
4 :00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4 .00
4  . 00
4 .00
4 .00
4 .00
4 .00
4  . 00
4  . 00
4 .00
4  . 00
4 .00
4 .  00
4 .0 .0
4 .O0

ADSH

2 2 2 . 5 0
2 2 1  . 5 0
2 2 0 . 5 0
2 1 q . 5 0
2 1 8 .  5 0
2 t 7  . 5 0
2 1 6 . 5 0
2 1 5  .  5 0
2 1 4 . 5 0
2 1 3 . 5 0
2 1 2 . 5 0
2 1 1 . 5 0
2 1 0 . 5 0
2 0 9 . 5 0
2 0 4 .  5 0
2 0 7  . 5 0
2 0 6 . 5 0
2 0 5 . 5 0
2 0 4 . 5 0
2 0 3 . 5 0
2 0 2 . 5 0
2 0 1 . 5 0
2 0 0 . 5 0
1 9 9 . 5 0
1 9 8 . 5 0
1 9 7 . 5 0
1 9 6 . 5 0
1 9 5  . 5 0
1 9 4 . 5 0

EDSH

223 .50
223 .50
223 .  s0
223 .50
e23 .50
223 .50
2?3 .50
223 .50
223 .50
223 .50
223 .50
223 .50
223 .50
223 .50
223 .50
223 .50
2e3 .50
223 .50
223 .50
223 .50
223 .50
223 .50
223 .50
223  . 50
223 .50
223 .50
e23 .50
223 .50
e23 .50

PATH
L E N G T H

6 1  . 7 8 C
6 1 . 7 8 9
6 1  . 7 8 9
6 1 . 7 8 9
6 1  . 7 8 9
6 1 . 7 8 C
6 1 . 7 8 9
6 L . 7 A 9
6 1  . 7 8 9
b L , 7 A 9
6 1  . 7 8 9
6 1 . 7 8 C
6 1  . 7 8 9
6 1  . 7 8 9
6 1 . 7 8 9
b t , 7 8 s
6 1  . 7 8 9
6 1 . 7 8 C
6 1  . 7 8 9
6 1 . 7 8 9
6 1  . 7 8 9
6 1 . 7 8 q
6 1 . 7 8 9
6 1 . 7 8 e
6 1 . . 7 8 9
6 1 ' . 7 8 9
6 L , 7 8 9
6 L . 7 A g
6 1  . 7 B C

RAY
NUMBER

4 B
4 9
5 0
5 1
5 2
5 3
5 4
5 5
5 6
5 7
5 8
5 9
6 0
6 1
6 2
6 3
b 4
6 5
6 6
b 7
6 8
6 9
7 0
7 t
7 2
7 3
7 4
7 5
7 6

w

0 .  38
0 .54
0 .75
0 .9q
1  . 20
1  . 33
! . 2 9
1  . 0 4
0 . 8 6
0  . 8 2
1 . 0 1
1 . 1 6
1 . 0 5
0  . 8 8
0.  ca
1 . 1 1
0 .  9 6
0  . 9 4
1 . 0 q
0  . 9 6
0 . 9 9
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APPENDIX

Details of Corunon Blocks

Unique to OUTMY II





Name

/oFsPEC/

/DIFMC/

/BWATER/

/NGRID/

/DBRY/

/PERIOD/

ADSH

BDSH

WDSH

RTNBIG.I

LINBD

GRAD

CONST

DIFF

NGRID

IG

OUTRAY II

Value set

DOUTRAY2

DOUTMY2

DOUTRAY2

DBREFRAC

DOUTRAY2

DOUTRAY2

DOUTRAY2

DOUTRAY2

DOUTRAY2

DOIJ:TRAY2

DOUTMY2

DOUTRAY2

DOUTRAY2

DOUTMY2

DOUTMY2

DOUTMY2

DOUTRAY2

APPENDIX

Details of

Variable

sPT(  15  ,L5  ,72 )

t{Box

NOSP

Comnon Blocks unique to

Descript ion

Offshore

spectrum attay

Number of

angular boxes

Number of spectra

in MULTSPEC

S e e  3 . 2 . 1

See  3 .  1 .2

Nr-unber of grids

Number of grids

containing current

ray position

S e e  3 . 2 . 2

S e e  3 .  1 . 2

Period

Calculations

using IPth

frequency

NRAY

xLI,XL2

YL1,YL2

T

IP






