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ABSTRACT

A computer programme to calculate wave refraction, wave
height and resulting longshore sediment trénsport is described.
Linear'theo;y is used to describe the waves up to the breaker’zone.
The longshore sediment transport rate is then evaluated using the

wave characteristics at breaking. The waves need not originate in

deep water, a useful feature when the offshore wave data are hind-

casted for shallow lakes. The computed wave direction and height
for a plane sloping bathymetry compare favourably to'énalytical re~

sults and to the results of another programme (Dobson, 1967).



RESUME

On. trouvera, dans les pages qui suivent, la description d'un
programme d'ordinateur destiné 3 calculer la réfraction des vagues,
leur hauteur et les quantités-de sédiments qu'ellesvdéposent sur les
rives. L'auteur a adopté la théorie linéaire pour décrire les carac— .
téristiques des vagues jusqu'd la zone des brisants. Il a ensuite
déterminé les quantiﬁés de sé&diments déposés sur la rive, d'aprés les
caractéristiques des vagues au moment ol elles se brisenf. Les vagues
ne prennent pas toujours naissance en eau profonde; it est bon de s'en
rappelet lorsqu'on fait des pré?isions 3 posteriori sur les vagues
échouant sur les rives d'un lac peu profond. Les résultats des calculs
effectués pour déterminer la direction et la hauteur des vagues sur des
fonds en plan incliné coincident admirablement avec 1eé donnéesvobtenues
par des analyses ainsi qu'avec les ré&sultats d'une autre méthode de

calcul (Dobsoh, 1967).




1. Introduction

For many problems in coastal englneerlng,'it is necessary to de-
termine the wave climate where the effects of bottom topography are import-
ant. Usually only the offshore wave climate is known or estimated and re-
course to analytical or empirical techniques is necessary to establish the_
shallow water wave climate. 1In recent years a number of papers have been
published on the subject of the numerical calculation of refraction,'and
are reviewed briefly in a paper by Skovgaard et al (1975).

This report describes a programme for_calculating not only wave
refraction, but also wave height and resulting longshore sediment transport
rateé. The waves do not have to originate in deép water. This feature is
useful when waves have been hindcasted in a shallow lake, where the depth
used for hindcasting is specified when the programme is run so that at the
start of the refraction calculations the waves have the correct character-

istics.

2. Assumgtions

First order linear theory is used. There are no currents, and
friction and percolation are neglected. Reflection and diffraction effects
are also neglected, leaving an initial value problem. The ﬁathematical
model assumes that all the wave energy is transmittéd along the wave ra&s
(i.e. none is transmitted parallel to the wave crests), so that the problem

of crossed rays and caustics cannot be handled.

3. Governing Equations

The dispersion relation for gravity waves is:

w? = gk tanh k h , . 1.




where w is the frequency in _rad/sec,‘ g is the acceleration of gravity, k
is the wave number, and h the depth.

The conservation of energy shows that the energy density (propor-
tional to the square of the wave height;) changes as a function of group

velocity and refraction along a wave ray:

Ec

1 .
= = 2.
’ . N
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where E is the energy density, cg the group velocity, B the wave ray separa-

tion, and subscript o refers to the initial conditions. v

The ray eéquations are:

dx

dc = ¢ coso ’

%% = ¢ sina s 3.
do _ _De

dt Dn ’

where x and y >a_re_ the position coordinates along,thé ray, t is the travel
time, ¢ is the phase speed, and o is the angle with respect to the x-axis.
-g—n is differentiation with respect to arc length along the wave front.

It can bg shown that dt = % Ds, so that equations 3 can be written

in terms of s, the arc length along the wave ray:

DX = cosa
Ds s *
Dy _ 4
Ds sin o , 4,
Do _ 1 De
Ds ¢ Dn )
' D_ ng Do , .
The operators Ds and b can be expanded:




D _ 3 in o 3
BE- = cos0 3% + sin o 3y

5.
%ﬁ' = = gin o %;' + cos o %; .

The equation for the ray separation, derived by Munk and Arthur

(1952) is:

D e+plgrqs -0, 6.
Ds* Ds ’ '
-1 dc dc
where p (s) = o (cos a % T sino 3y ’ . 7.
_ 1 2 vazc s a2c 2 3%
and q(s) = . (sin® o %2 2 sin 0 cos a 353y + cos® a 5;29 8.

The phase velocity is a function of Position coordinates bnly through its
dépendence on the depth, so that the chain rule may be used to evaluate its
derivatives in equations 7 and 8. Furthermore, as explained below, the
bathymetry is approx1mated locally by a plane so that only the first derlva—

tives of the depth need be retained, allowing equations 7 and 8 to be

written:
p (s) —-%%(%cosa+3—s1na) , 9
q(s) = lb %;%- (sin a g%-— cos o, _992 s 10
where a¢ é é
- 3 Th GFe o |
and giz%"'g‘ﬁ <c2<12+"c>2> > | 1L
with G‘; 2 kh




The progress of a wave ray is determined by solving equations 4.
Equation 6 is solved simultaneously and hence equation 2 can be solved.

The wave height can then be found because:

E = % ng2 Y A 12,

where p is the density and H is the wave height.

If the root mean square wave height is used to define the wave
then equation 12 gives the réot mean square energy density. Longuet-Higgins
(1972) showed that the longshore sediment transport rate can be related to
the root mean square energy density flux at the breaker zone. Then the long-

shore transport rate can be expressed as (Skafel, 1975):

S =1.533 x 10" f H2 e, sin 20, , 13.

where S is in msyr‘l; ® is the acute angle the breakers make with the normal
to the beach, and f is the frequency of occurence per year in percent. The
wave height and group velocity are evaluated where the wave breaks, which

is given by the condition (Noda, 1974):

2 >0.12 tanh kb, - - 14,

where L is the wavelength.

4.  Numerical Solutions

Thé bathymetry must be entered as an array with the depths speci-
fied at the intersections of a grid of equally spaced points, for example
every kilometre. Then the depth at any location within;a grid square ié.
estimated by fitting a plane to the depths at the local coordinates defined

by the grid square, using a least squares fit. The local coordinates of the




grid square and the depth are normalized by the grid size, simplifying the

evaluation of the relations in the regression procedure. The resulting

qormalized'equation for the plane is of the form:

ax + by + cz = d s ' 15.

whete a, b, and c are the direction cosines and d is the perpendicular
distance to the local origin. The derivatives of the depth with respect to

x and y are the slopes in the x and y directions, which are simply:

' 3h b 1
%=-—2—..and§=—; , . 16.

and the second derivatives of the depth are zero.

To ensure that the‘prgper plane parameters are evaluated for a
grid square containing the shoreline, it . is necessary‘to.assign elevations
landward of the shore that are mirror images of the adjacent depth values.
For example, if the oﬁerlay of the grid square on the hydrographic chart
shows that the shofe-intersects the square at (x,y) = (0,0) and (1,1) and
and that the depth at (x,y) = (1,0) is 3 metres, then at (x,¥) = (0,1) the
land elevation must be 3 metres.

When the wave breaks‘the acute angle between the wave ray and the
normal to the beach (directed towards the water) has to be found. The dir-
ection of the wave ray is known from the solution of the ray equations (4).
The normal to the beach is found from the following considerations. The
direction (8) of the line of steepest ascent up the plane containing the
beach differs frgm the normal to the beach by 180° and is thus the direction
needed, fér the difference (8§ - ) is the required angle. The steepest
ascent liﬁe is in the same vertical plane as the line through the ofigin

perpendicular to the plane, directed towards the plane. The projection of



the latter line onto the x-y plane is the angle &':

6! = tan~! b/a . ‘ . : , 17.
There is an ambiguity of 180°. If the direction cosine in theﬂz direction
(c) is negative, them |

§ =81 18.
If ¢ is ﬁositive, then:

§ = 8! +180° .

When (8§ - o) is positive the tfansport is to the right, looking from the
water towards the beach; and to the left when (8 - d) is negative.

The dispersion relation, equation 1 is solved by the Ngwton
iteration method. If a function is of the form f(x) = 0, then the next ap-

proximation to the root is:

E(X,_ )

Xn = Xn__1 - ?racn—-l') ’

where the prime denotes the derivative. It is convenient to rewrite equa-

tion 1 in terms of phase speed, ¢ = w/k:

- f (e) = ¢ - %-tanh %-h C s

Then £'(c) 1+ %% sech? %-h

Thus the phase speed is found:

c
n-1- & tanh wh
- W Cn—y
¢a = ¢pn-, ,
1+ 53 sech® wh
c
n- cn“l

The initial estimate used to start the iteration is the deep water value or

the previously calculated shallow water value. The iterations are stopped

when:



- < .
¢y =y~ ,l £ 0.0001c

The wave ray equations 4 and the refraction parameter, equation 6,

are solved simultaneously using a Runge-Kutta technique. Write>equations 4

in the form:

Dx _
. Ds cos O
by .
Dx sin a
Do _1 3dc oh . oh
s & 5 ( sin @ "% - €°S ¢ ay) ’

and equation 6 as two first order equations:
Ds = Y

by . . -
Ds 9B8-pPY.
Then let the increments in s be A, in x be r, in y be 0, in a be t, inB

be n, in Yy be n, and fi (s, ¥, y...) be the general representation of %g

through %%u The general form for the 5 first order differential equations .

to be solved simultaneously is shown in the following table.

S : X r = Af

i
5, X ry = A-fi (so, xo"“')
A . r) » A ry
+_ — - . — c—
A ra . A )
8+2 x+2 r3=A'fi (S°+§', xo+-2—', ...?
s + A x + 13 - _
) = A‘fi (so + A, X + r3, ee.)
R=g (r1 +2r2 + 2r; +ry)

And finally: x(s‘;, +4A)=x +R .-
, o




The necessary values of p, q, h and its derivatives, and ¢ and its deriva-
tives are evaluated at each step.

The increment iﬁ s i1s varied as a function of the depth to wave-
length ratio, and the depth. If, at the start of thg'ray, the wave is in
deép water the increment size is equal to the grid size until h/L < 0.5.
Then the Runge Kutta scheme is entered and the increment size is ten times
the depth when h/L > 0.15, and is twice the depth when h/L < 0.15.

The total distance travelled along the ray is calculated, and
after the ray enfers water of depth such that h/L < 0.5, parameters such as
location, direction, wave height are printed out at distance intervals about
equal to the grid size. |

When the wave breaks according to equation 14 all relevant para-
meters including the longshore sediment transport rate are printed. The
1ongsh6re transport rate must then be multiplied by the frequency of occur-

rence per year in percent to yield the correct result (see equation 13).

5. Programme Testing

The pfogramme (RAY4) was run using a plane sloping bottom as test
bathymetry for which analytical solutions are readily available for wave
height and ray direction. Another programme (Dobson, 1967) was run with the
same bathymetry and similar wave parameters so the results could be compared.

The bathymetry was defined by z = - 0.004x, for 0 < x < 18000 m.

The rays in each programme were started at: (xo, yo) = (16000, 2000). The
wave parameters for this ﬁrogramme (RAY4) were: f = 0.112 Hz (Period = 8.93 s);
Ho = 2.0 m; a, = 160° (acute angle with the beach ﬁqrmal = 200). The wave
parameters for the Doﬂson prdgramme were: Period = 8.95 s (f = 0.1117 Hz);

Hy = 6.50 ft (1.98 M); o .= - 200° (dcute angle with beach normal = 20°,




i.e. the same as in programme RAY4).

The step size and display increments differ in the two programmes,
.so listed results did not correspond. To overcome this the wave rays were
plotted on the same map and no differences were discernible in the traject-
éries of the two rays. In addition the trajectories were compared to the
trajectory obtained by graphiéal methods. The diffe;ences were very small,
less than the likely error in using the graphical>method.

At (x,y) = (2310, 6530),'the foilowing parameters from the Dobson

programme were compared to the analytical results:

Dobson Prog. Analytical ' | Error
Depth 30.33 ft. 30.315 ft. + 0.015 ft.
Angle 12.46° 12.254° + 0.206°
KS 0.9642 | 0.9641 © + 0.0001
KR | 0.9820 0.9810 + 0.001
B ' 1.0391 1.040 - 0.0009
H/H, 0.9462 . 0.9458 +0.0004

(KS is the shoaling coefficient and KR is the refraction'coefficient).
At (x, y) = (2709, 6445), the following parameters from the

programme RAY4 were compared to the analytical solutions:

RAY 4 Analytical Error
Depth 10.83 m . 10.8% m - 0.006 m
Angle 13.3° - 13.30° 0.0°
kS 0.9455 . 0.9457 - 0.0002
KR 0.9801 0.9827 - 0.0026
B 1041 1.0356 + 0.0054

H/Ho 0.9267 ' 0.9293 0.0026




At (x, y) = (783.7, 6815), where the wave broke, the following

parameters from the programme RAY4 were compared to the analytical solutions:

RAY4 Analytical _ Error
Depth 3.13 m 3.135 ﬁ - 0.005 m
Angle 7.6° ' 7.629° - 0.029°
KS - 1.1671 -
KR - . 0.9737 -
B - | 1.074 -

H/H 1.122 1.1364 - 0.0144

The errors associated with both programmes are small. The error
in the angle from the Dobson programme did not show up in the trajectory
plot as a shift in the location of tﬂe trajectory, suggesting that it is
too small to be significant. The error in the.WaVe height from the programme
RAY4 increases as the ray progresses into shallower water. This error is
due to the error in evaluating B, and is such as to underestimate the wave
height slightly. THe magnitude of this error is not sufficiently large to

be of concera.
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Appendix A

The input data required for the programme RAY4 are described in

this appendix. A flow chart of the programme is shown in figure Al, and a

listing of the programme is at the end'of this appendix.

Parameters: MM, NN, GS, I1II, D

MM,NN are the upper limits of the depth array in the x and y dir-
ections respectively. Tﬁe depth array is in ;he first quadrant

so the region eovered’by the depth array is:

| 0 < x < MM-GS,
OiyiNN-GS

Tﬁe tofal number of bathymetry poinés is MM+ 1)- (NN + 1).

The subscripts of arrays in Fortran start at one instead of zero.

This difference is taken care of within the programme so need not

concern the user.

GS is the size of the grid squares of the depth afray and is in
metres.
1T is the number of frequencies for which wave rays are to be

calculated.

D is the depth, in metres, used when the wave parameters were
 hindcasted. If the waves were hindcasted in deep.water3 enter a
large number up to 999.9.

The format for this card is:

FORMAT (12, 1X, I2, 1X, 6.1, 1X, I2, 1X, F5.1)

Cards 2 to (] + N). The depth array on N cards.

The data are to be arranged so that, starting at ¥=0, all the x

values are read in for each y successively. Currently the format,



set in statement 5, is FORMAT (16F5.1), so there are 16 x values
for each y value. The depths, in metres, are positive numbers,

locations above mean water level are mnegative.

Card N + 2. Parameter: DIFF

Parameter DIFF (in metres) allows the depths to be changed from
the datum used for the depth array. If the water level is in-
creased DIFF is a pésitive number.

The format is: FORMAT (F5.1).

3toN+ 2+ II. Parameters: W, AD, HRMS, XI, YI, DYI, YF,

Caxd§‘N;}

(where IT is the number of wave frequencies as entered on the
first card). The parameters on these cards are the wave fre—
quency in Hz, the initial direction of the wave rays in degrees
measured COunfer clockwise from the poéitive X-axis, the wave
height in metrés, and the starting iocafion of the first ray,

the increment in y for the start of'the next ray and the maximum
y (for the last ray). The last 3 parameters are in metres divided
by the grid size. If a different way of starting the rays is re-
quired (for example varying x with constant y), these data and
statement number 110 and the next statement can be changed. The
format for these cards is:

FORMAT (F6.4, 1X, F5.1, 1X, F6.3, 1X, F4.1, 1X, F4.1, 1X, F4.1,

11X, F4.1).
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Figure Al. Flow chart for the wave refraction programme (RAY4)
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RAN(2+3)/MASTER INTEGER WORD SIZS = 1 , * OPTION IS OFF 4 O OPTION IS
PROGRAM RAYY4 .
‘ WAVS AY PROGRAM=- AONY BATHYHMETRY. THE ROOT *EAN SQUARZ WAVE HIIGHT
C IS CALCULAT 0 ALONG A NUMBZR OF RAYS UP TO THE LOCATION WHERE TH'
C WAVE BRZAKS, (CRITERION- H/LeGT.0, 12*TANH(D*2%PI/L) ).,
c THE 30TTOM FOR ZACH GRID SQUARE IS APPROXIMATED BY A PLANE SURFACE,
C THE DEPTH ARRAY IS IN THE FIRST QUAJRAMNT. IF THE DEPTH AT THE START
C IS LESS THAN Os5¥ WAVELENGTH, A MESSAGE IS PRINTED AND CALCULATIONS
C CONTINUED, AT THE WAVZ BRt AKING LOCATION THE WAVE PARAMZITEIRS AN3J
) c THE LONGSHORE S=ZDIMENT TRANSPORT RATE ARE LISTED., THE LATTER HUST
C B MULTIPLIED BY THE FREQU-NCY OF QCCURRENCE (IN PERCENT) TO GIVE
C THE CORRECT VALUE OF TRANSPORT RATE IN 1ETRESvCUBED PER YEAR,
p c DEPTH ARRAY MAXIMUM DIMENSIONS CURR:Z NTLY (21 +46)
3 RZALZ (24 9‘06)9K,L Mi,Nl )
2 c PRINT TABLE HZADING, APPLIZS TO FORHAT STAT*HENT 18 ONLY.
PRINT 3 ‘
3 FORMAT(1H1,5X47HFRFQ4HZy10H START XyM, SX'g4HY 3 My4Xs17HA,DEG HRMS
f 1 M s BHSTOP Xy1y7X93HY 4Ma0X17HA4DZ6 HRMS Ma4Xqa3HHMy4X,6HCE
1)M/S,4X16HDA;UEGq2X19HSV0L,M3/Y) . :
B PRINT12
12 FORMAT (1H0)
6=9.,8C44
p PI=3.1415325654% ) . '
g c " READ I DEPTH ARRAY DIM: NSIONS {MM FOR X4 NN FOR Y ), GRID SIZE (METRES) .
3 G CURRENTLY SET TO 10060, NUW3 R OF FREQUENCIES, DEPTH IN METRES
3 C USED IN HINDCASTING WAVES - IF DECEP WATER ENTE R A LARGE NUMBZR
3 Cc UP TO 38393.59.
' C THE NUMBER OF BATHYMETRY POINTS IS (WW+1)¥(VV+1)
R READ (60 ,2) MMy NiHsyGS4TI1,0
b 2 FORMAT(12.1x,12,iX3F6.1,1x,12,1x,F5.1)
) IF(IFEOF(E0)+EQe=-1)G0OTO450
! 5 FORMAT(16F5.1) -
p M7=MM+1
3 N7=NN+1
" C READ IN BATHYH*TRY,IN M:TR Se MZAN WATER LEVEL IS ZERQLPOSITIVE
b Cc DOWNWARDS, PROGRAM CONVERTS . TO POSITIVE UPWARDSe. GRID POINTS
b C ONSHORE AND ADJACENT TO SHORELINE MUST BE #MIRROR IMAGES® ABOUT
y C WATER LEVEL OF ADJACENT OFFSHORZ GRID POINTS TO ALLONW RAYS 70 B:
i) Cc PROPAGATED INTO THOSE GRID SQUARES., DEPTH ARRAY IS ASSU4ED TO BZ
C IN THE FIRST QUADRANT. FORMAT IN STATEM‘NT 59 ONE Y VALUE PZR RzZAD.
DO7J=1,4N7
READI(BD4S)I(Z(I14J)41=14M7)
IF(IFEQOF(60).EQe=1)G0TO45D0
‘ 7 CONTINUZ
+ D0600I=1,M7
> DOB600J=14N7
2) Z(I’J’='Z(IJJ)
7 600 CONTINUE — '
o] C BASE BATHYMETRY ON CHART DATUM. ENTSR CHANGZ FROM DATUM (DIFF) IN
3 ] METRES, POSITIVZ NUMBER FORXR INCRzZASz IN DEPTH. .,V
) READI(H6I46)DIFF ' » .
1 IF{IFCOF(60).EQs-1)GOT0O45D
> .

6 FORMAT(FS5.1)




RAN (2. 3) /MASTER INTEGER WORD SIZZ = 1 , * OPTION IS OFF , 0 OPTION IS

OFF

IF (DIFFeZ0. 0. 160TOL

~0011=1 .47

D01J=1,N7
Z(I.J)=Z(IfJ)‘DIFF

CONTINUZ
NN470J05=1.11

READ WAVE CHARACTERISTICSs FREQe{HZ) yANGLE(DEGREES) yHRMS (M)
START LOCATION FOR FIRST RAY (XI,YI), INCREMENT IN 'Y FOR NEXT RAY,S

OO

START (DYI), AND MAX Y (YF), IN METRES OIVIDED BY GRID
S17zZ, (F.G, 6S=1G00, XTI, £TCe IN KILOMETRES.)

READIS50 ) 4)W3ADyHRMSy XTIy YIHZ0YIWYF
IF(JFEQOF(60)e=3,-1)GOTO450

FORMAT(FB el 931 XgFS el dXsFEo39iXgFhalodXgFbolsydXysFlhalodXoFlodl)
Wi=W :

WoWe2e¥PT
L=2. *G*PI /M2

A=AD*PI/180.
A2=A0 -

CP=W*L/(2.%PI)
W2=W+D/CP

AL=CP=(G/ W) ¥TANH (W2) .
RR=1.+(G*N/CP¥*2)¥ (L4 / (ZXP(W2)+ZXP(-W2))*¥%*2)

C1=CP-AA/BB

IF(ABS(C1-CP) L T, ,0001*%C1)GOTO510

cP=C1 .
GCTO5G6

510

cp=C1
WH=2.* W*D/CP

CG=e5<CP¥* (1L e+ WA/ (EXP (HW)=ZXP (=HW))/2:))
CPI=GP

CGI=CG
HRMS I=HRMS

M=0
N=0

8CJ

Mz=M+d
IF((M1-M) L T, 0)GOTO%30

Mi=M
IF(XT.LE.ML)IGOTOELD

810

GOTO084 3
N=N+1 -

IFC((NN=1) oLT.0160T0430
N1=

IF(YI.L=Z.N1)GOTO18
G0T0810

13

X=XI=-M1+1i.
12=0

Y=YI-HN1it+i,
XSEN=XT

YSN=YI . ,
DEEP WATER ENZRGY INTENSITY PARAMETZR FOR RIFRACTION CALCULATIONS,

BET=41, WAVE FRONTS ARZI STRAIGHT, SO DERIVATIVE W.ReTe RAY, 0BZT=0,

bﬂ O

_Ste MUNK ANO ARTHUR (1952), 2ND OROZR DsE. IS SOLVED AS 2 FIRST




RAN(2.3)/MASTER - INTEGZR WORD SIZZ = 1 4 ¢ OPTION IS OFF , 0 OPTION IS

OFF

ORDER DeE+Ss ALONG WITH WAVE RAY SYSTEM OF EQUATIONS
3 T=1, »

DBCT"-. . . -
GET NORQMALIZED DEPTHS FOR GRIOD SQUARE CONTAINING STARTING POINT

X233}

XoY ARZ THE COORDINATES RZILATIVE TO THIS GRID SQUARZ
CALCUL ATE DEPTH USING LESAST SQUARES APPROX. TO PLANE

14

AP=Z (M+1,N) /GS+Z (M+1,N+1) /GS
B=Z(M+1,N+1)/GS+Z (Ma N+1) /GS

C=Z(MyN)/GS+Z (M+1, N)/GS+Z(MaN+1)/GS+Z(M+1,N+1)/GS
Atlz=(L *AP=(L,*3-2,*C) +4,*(B=-C) ) /L. .

BN==(2¢* (4o *B=2.*C)#2.%(C=2.%B)) /%,
Pliz=(L¥(C=-8)-(C=-2,*B)-2.%A4P) /4.

RT=SQAT(1+AN*¥2+BN2*2)
AN=AN/RT

BN=BN/RT
CN=1,/RT

PN=PN/RT
DE=-PN/CN-AN*X/CN-BN*Y/CN -

ON=A8S (DR)
SX==-AN/CN

SY=-3N/CN
DC=0N*6S

K=0.

CCMPARZ DEPTH WITH DEZP NATLR WAVELENGTH AT START OF RAY,
IF(I2.,GT,.,0)G0TO011 ‘
12=1

IF(DD/L.LTes5)160T023
GCT022

11

]

CONTINUE

COMPARE DZPTH WITH DEZP WATZR WAVELINGTH AND MEAN WATER LEVIL
IF (DR.GT++0)GATNGI _
IF(0D/LelTe5)G0TO20

GoT02¢Z:
CONTINUE

PRINT623+9SX+SY,D0, XSN,YSN AyM4N
FORMAT(1H0, 16HD/L LT oe5 AT START,E51004y213)

STORE PARAMETZRS FOR LATER START OF FINITE DEPTH RAY
AND AMPLITUDE CALCULATIONS

XT=XSN

YT=YSN

DT=DN
AT=AN

BT=BHN
CT=CN

PT=PN
MO=M

NC=N
AO=A

SX0=3X
SYO=SY

XSH=XSN+CO0S (A)
YSH=YSN+SIN(A)




RAN(2.3)/MASTER I1NTSGZP WORD SIZZ = 1 , * OPTION IS OFF , O OPTION IS OFF

IF(XSNeLT+04)GITOL3D

-

TF(YSNelLT.0.)GOTOL3D
M;U .
N=0

Mz=M+1
IF ((MM=-1) L T,0)G0T0430

Mi=XM :
IF (XSMN,LE.M1) GOTO9

6GOT08
N=N+1

IF CCNN=N) oL Ta 5) GOTOR3C
N1 =N

IF(YSN.LZ.N1)GOTO10
GOYO9

X= XSN=11i+1,
Y=YSHN-N1+4.

GOTO1s

D/L.LT.0.5 SO BACK STSP ONZ INCRZM-NT AND GQ TC FINITE JFEPTH
RCUTINZ - :
cpo=CP

€CGO=C6
HRMSO= HIMS

XSHN=XT
YSN=YT

M1=MO
N1=NO

DN=DT
DO=DN*GS

SX=SX0
SY=S5SY0

W2=w*0p/CPO .
CH. AND CHH ARZ FIRST ANO SECOND DERIVATIVES OF PHASE SPZED WoReToe

DEPTH _ ,
GS=4 e ¥ W2/ (EXP(2.,%¥W2) ~EXP(=2,%UW2))

CH=CP>G3/(DD* (1, +G3S))
CHH==CH*2.%G/ (CP* (1, +5G9) ) *+2

DELR 15 DISTANGE TRAVELLEOD ALONG RAY, DELP IS A COUNTER FOR PRINTING
VARIA3LES AS THZ RAY PROGRESSZS IN SHALLOW WATER, CURRENTLY SET

OO

TO ONZ GRID SQUARE
DELR=SQRT((XSN-XI)**2+(YSN-YI)*%2)

IDEL=DELR
DELP=I3ZL

START OF RUNGE;KUTTA SCHEMZ FOR FINITE DEPTH CALCULATIONS
IF(DD¥W/ (2. *PI*CP).LT.415)G60T026

DZL=1G.*0N
607028

25

DEL=2, ¥ON
XO=XSN+1.,-M1"

}

2

- 28
)

YC=YSH+1,-N1
R1=DEL*COS(A)

S1=DZL*SIN(A)

T1=DEL*K*GS




TRAN (2, 3) /MASTER INTEGZR WORD SI1ZZ = 1 , * OPTION 1S OFF , 0 OPTION IS OFF

£l c FIND P ANC Q FOR MUNK AND ARTHUR D.Ze

g__. Pr==(COS(A) *SX+3IN(A)*SY)*CH/CP
1 QU=CHH* { (SX*SIN(A))*+2~ 2.*bIN(A)*COS(A)*SX*SY+(SY*COS(A))**2)/CP

U1=DSL*0385T*GS

V1==-0SL*GS* (QU¥3ET+PE¥DBET)
X1=XSN+R1/2,

Y1=YSN+S1/2.
A1=A+T1/2,

BET1=BEZT+.5%*U1l
DBET1=03ZT+.,5%V1

C LOCAT: POSITION FIND DZPTH SLOPZES
IF(Xi LT- 0- )G0TQ ‘-30

IF(Y1.LT«0a)G0TOL30
4=0

N=0
Ty M=M+d

IF((MM-1) LT, 0)G0TOL3D
1=

IF(X1.LE«ML)GOTO36

__GOTO34

36 N=N+1 _
IF ((NH=-M)LT«23150TOL3G
Ni=N .
IF(Y1, L_.Ni)GOTO38 .,
GOTO30o

38 X=X1+1.-M1
Y=Y1+1,.-N1

AP=Z (441 ,N) /GS+Z(M+1,4N+1)/GS

B=Z(M+1,N+1)/GS+Z (MyN+1)/GS
C=Z (M4 NI /GS+Z (M+1 ,N)/GS+Z (4, N+1)/G:+Z(M+11N+1)/GS

AN=« (Lo *AP= (44 ¥B~ 2.*C)+4.4(B Cl)/4,
BN==(2s* (4.%B=2:*C)+2.*(C=-2,%8)) /L,

FU=r WA N VT W NPT LTI NI VH R N TN L (O N JY AT

PN=-(Q.‘(C-B)-(C-Eo‘B)-Z.*AP)/#.
RT=SART {1 +AN*¥*24+BN¥2*2)

AN=AN/RT
BN=3N/RT

CN=1,/RT
PN=PN/RT

DR=-PN/CN-AN¥X/CN-BN*Y/CN
k DN=ABS (DR)

) SX==-AN/CN
) SY=-8N/CN

. DD=DN*GS ’ )
 C FIND CP ETC FOR NEW ESTIMATZ OF CU?VATURE' FIRST £STIMATE OF GP IN

ALGORITH FOR CP IS CURRENT VALUE
L3 W2=W¥*DD/CP

AA=CP-(G/ W) *TANH(W2)
BE=1.+(G¥DD/CP**2)* (Lo /(EXP(H2)+EXP(=U2) ) *%*2)

C1=CP-AA/BB
1F(4BS(C1- C°).LT..0001*Ci)uOT042

cpP=C1

C
>
)
] ‘ GoTOo4ut




?AN(2;3)/MASTER' INTSEGZR WORD SIZE = 1‘; = QPTIOM IS OFF., O OPTION IS  OFF

@

L2

ce=C1
W2=W*DD/CP

GG'Q.*NZ/(:XP(2.*N2)~EXP(*2;4N2))
CH=CP*GI/(DD*(1,+G3)) '

CHH=—CH 242 G/ (CP¥ (14 +69) 1 ¥%2
K= (1./CP)*CH* (STN (A1) *SX-COS(A1)*SY)*(=1,)

R2=0ZL*COS(A1)
S2=DSL*SIN(AL)

T2=DZL*K*GS
PE=-(COS(A1)%¥SX+SIN(A1)*SY)*CH/CP

QU=CHH¥* ( (SX*SIN(A1)) +* 2~ Zo*SIN(Ai)*"OS(Ai)*SX*SY+(SY*COS(Ai))**2
y/CP

U2=DZL*DBET1*6GS
V2=-DZL*GS* (QU*BET1+PE*DBETI)

X1=XSN+2/2.
Y1=YSN+S2/2.

A1=A+T2/2.
BZT1=BZT+.5%U2

DBET4=03ET+.5+V2
LOCATE POSITION,FIND DEPTH SLOPES

IF(X1.LT.0.)G0TO03D
IF(Y1.LT7.0.)60TOL30

M=0 -
N=¢ - -

La

M=M+1
IF((MM-M) L T, 0)GOTOL3DO

M1=M
IF(X1.LE.M1)G0OTOLE

GOTO4~
N=N+1

IF((NN-N).LT.u)GOTOQSD
Ni=N

IF(Yi. LEoNl)GOTOLS
GOTO46

438

X= X1+10-Mi
Y=Y1+1.=-N1

AP= Z(1+1oN)/GS+Z(H+1 N+1)/GS
B=Z(H+1,N+1)/65+7Z (MyN+1) /GS

C=Z(H,N)/GS+Z(M+1,N)/GS+Z(M,N+1)/GS+Z(H+1yN%i)/GS
AN== (4 o ¥ AP= (4 . ¥B-2,%C) +4 o * (B=-C)) /L,

BN==(2+* (46 *B=2e*C)+2.%(C=-2.%B) ) /%,
PN=={44*(C-8)-(C-2.*B)=2.%¥AP) /b,

RT=SQRT(1,+ANT*2+8N¥*2)
AN=AN/RT

BN=BN/RT

- CN=1./R7

PN=PN/RT
DQ—-PV/CN -AN*X/CN=-BN*Y/CN -

=ABS (DR)
SX=-AN/CN

SY=-3N/CN
DC=DON*GS




TRAN (24 31 /MASTER INTEGER WORD SIZE = 4 5 * OPTION IS OFF , G OPTION IS  OFF

C CP.K AT X+R2/2, ETC
50 W2=W*DD/CP

NT & WA

AA=CP-(G/W) *TANH(KW2)
BB=1 4+ (G*DD/CP+*2)* (4o /(EXP(H2)+EXP(-W2) ) *¥2)

C1=CP-AA/BB |
IF (A3S(C1-CP).LT,..0001%C1)GOT052

cpP=C1
GCTOS5G

-7 NN TN T

52 CF=C1
W2=W*DD/C?

64= Q.*NZ/(EXP(Z.*NZ)-tXP( ~2.%4H2))
CH=CP* G5/ (DD*(4.,4G3))

+~ W LN F

CHH=-CH*2,*G/ (CP% (1. +G9) ) **2
K= (1./09)4CH‘(SIN(A1)*SX COS(Al) SY)*( ~1,)

R3=DIL¥CO0S(AL1)
_S3=DEL*SINC(AL)

T3=DEL*K*GS
P»:-(COS(Ai)¥SX+SIN(A1)*SY)*CH/CP

QU=CHH* ( (SX*SIN(A1)) *#*2- 2.¥SIN(A1)*COS(Ai)*SX*SY+(SY*COS(A1))**2
o) /CP . ,

U3=DEL*DBET1*GS
V3=-DEL*GS¥ (QU*BET1+PE¥DRBRETL)

oA N RR L N R N U

X1=XSN+R3
Yi=YSN+S3

A1=A+T73
BET1=BcT+U3

)™

DBET1=D3ET+V3
c LCCATE POSITION LEPTH SLOPES

IF(Y1.LT.0.)G0TOL3D

M=0
N=(

54 M=M+1 .

M1=M :
IF(X1.LE.M1)G0T0O56

GOTOS54
56 N=N+1

IF((NN=NT.LT.01GOTO630
Ni=N

IF(Y1.LE.N1)GOTOEB
GOTO56

58 X=X1+1.-M1
Y=Y¥1+1.-N1

AP=Z(4+1, k)/GS+Z(M+1,N+1)/GS
B=Z(4+1,N+1)/GS+Z (M, N+1) /GS

C= Z(M,W)/GS+Z(W+1,N)/GS+Z(W,N+1)/GS+Z(M+1,N+1)/GS
ANS= (L *AP=(4,¥B-24%C) +4.* (B-C) ) /Lo

BN==(24s* (0e*B=24%C)+2.*(C-2,%B)) /t4e
PN== {4 * (C-B)-(C-2.*B)=2.%AP) /L,

‘RT= SQ’T(1.+AN‘*2+RN**2)
AM=AN/RT

’4-“1‘3'“"“‘-’@(’“\‘0‘\”‘“WI\J?"‘J\L‘UJ'\J )




RAN(243)/MASTER . INTEGZR WORD SIZz = 1 4 * OPTION IS

OFF

0 OPTION IS

OFF

BN=BN/RT

___‘ CN=1,./RT
- - PN=PN/RT

DP=-PN/CN=-AN¥ X/CH-8N*Y/CN

: DN=ABS (OR)
SX==AN/CN

SY==-8N/CH
DD=DN*G

, C  CP4K AT X+R3/2, ETC
7 W2=W*DD/CP

CAA= CP-(o/H)*TANH(NZ)
b BR=1,+ (G¥DD/CP**2)* (4, /(EXP(W2)+EXP(~ NZ))**’)

i Ci=CP-AA/BB
A IF(A3S (51~ CP).LT..0001*01)GOT062

H cP=C1
GOYOBE -

62 CP=C1
W2=N*00/CP

GO=U4 ¢ *H2/ (EXP(2,¥WH2) =EXP(=2.%4W2))
CH=CP*G3/(DD*(1,+G3))

CHH==CH¥2.¥ G/ (CP¥ (1, +59) ) *+2
K=(1.,/CP)¥CH*(SIN(AL1)*SX-COS(AL1)*SY)*¥(-1,)

4T NIT AT AN

R4=DEL+#COS (A1)

b SL=DSL¥SIN(AL)
3 ' TL=DEL*K*GS
P:=-(COS(Ai)*SX+SIN(A1)*SY)*CH/CP

QU=CHH* ((SX*SIN(A1)) +¥2- 2.*SIN(Ai)*COS(Ai)*SX*SY+(SY*COS(A1))**Z

) ) /CP

UL=DEL*DBET1%#6S
V4=-DZL*GS* (QU*SET1+PE*¥0BET1)

c MEW COORDINATE FROM R-K SCHc#Z IS-
CXSN=XSN+(1e /b)) * (R1+2,%R2+2.¥R3+RG)

3

YSNZYSN+(1e /Ce)* (S1+24%¥52+42.%¥S3+5¢L)
Az A+ (1,/60) ¥ (T142,¥T2+42.%T34T4L)

BET=BET+(1e/64) *(UL+2,¥U2+2,%U3+U4)
DBET=DBIT+(14/5+)%(V1+2.,%V2+2,*V3+V4)

el b A

c LOCATE THIS COORDINATE GET DEPTH SLOP:S
IF(XSN.LT.0,)GOTO4L3C

IF(YSN.LT.0.) GOTOL30
=0

N=0
€4 M=M+1

IF((M'-W)»LT.u)GOTO#BO
Mi=M

IF (XSN.LE.M11G0T0E6
. GOTO64

£6 N=N+1
IF((VN-W).LT 0) 6070430

N1=
IF(YSN.LC.Ni)GOTOGS

WAy WV EN T R A IR NI Ve el Tt

G0TOo66 : .

A4

'__‘ £8 X=XSN+1.-Mi




RAN (24 3)/MASTER - INTEGER WORD SIZ& = 179 ¥ OPTION IS OFF 4 .0 OPTION IS

OFF-

Y=YSN+1.-N1

CAP=Z(H+14N) /GS+Z (M+1,N+1)/GS

1

B=Z(M+1,N+1)/GS+Z{MyN+1)/GS

C=Z(M, N)/GS+Z(M+1,N)/GS+Z(MyN+1)/GS+Z(M+1 N+1}/GS
AN==(4 o *AP=(4e#3-2,%C) +4. ¥ (3-C)) / ke .
BNz==(2,* (ke *B=2,%C) +2.*(C-2.*3)) /b,

PNz==(44*(C-3)-(C-2.%B)=2.%AP) /4,
RI=SART(1. +AN**2+BN¥¥2)

AN=AN/RT
BN=8N/RT

CN=1,/RT
PN=PN/RT

Do ==PH/CN=-AN*X/CN=-BN+Y/CN
DN=A8S(3R)

SX==-AN/CN
SY=-8N/CN

DO=DN*GS -
CP4KoCG AT NEW XSHN,FTC

(S RN K 2]

70 W2=W*DOD/CP

AL=CP=(5G/W) *T ANA (W2)

85=1.¥(G*DD/CP**2)*(4./(EXP(H2)+EX9(-W2))**2)
=CP-AA/R8B

IF(ABS(Ci CP).LT..OOUI*Cl)uOTO?Z
CP=C1

GCTO76

72 CP=01

HNO W/GCP
=2,*WNO*DD L

CG—.S*CP*(1.+NN/((tXP(Hd) -EXP(- NN))/Z ))
W2=W*D3/CP

GC=lk ¥ H2/(EXP (2% W2) =EXP (=24.%H2))
CH=CP*G3/(DD* (1.,+G9) )

K= (1e/7CP)*{-SIN(A)*SX+COS(A)*SY)*CH
AQ=A

HPMS=HRMSO*SQRT(ABS(CGO/ (CG*¥BZTH) )
IF (HRMS*W/(CP*2, *PI).GT..17*TANH(DD*N/C°))GOTO99

- C

STOP RAY IF ON SHORE
IF (DR«GTes0)G0OTO99

RO=((1e/50) *(R1+2.¥R2+2.*¥R3+RL))I**2
SG=({1e/66) *(S142.%S2+2.,*S3+SkH))I**2

R2=R9+S3
DELR1I=SQRT(RY)

DZLR=DEZLR+DELRL
IF(DSLR.GTL.DELP)IGOTO750

GOTO7¢ed

753 AD=183.*A/PT

PRINT77 W19 XTI sYI9aXSNyYSN, AO,HQM:,DD prcha TosDELR,DELP

77 FCRUAT(LIH 4 FS5,3,2XsFHe392X9F6e392XsF6a392XsF64392X9F5e1,2XsF7o%,2X
e2F5.292X1F54242X3F5, 2,2X,_10 bg2X 92100 Ly 2X 92104k ,y2X) .

DELP=D-LP+1,

QO N U IV P G W0 N e WP PO 0 e N DT NS e e

7¢0 CONTINUE

6071021




RAN(2.3) /MASTER INTEGER WORD SIZZ = 1 5 * OPTION IS OFF , 0 OPTION I5

OFF

a3

AD=180.*A/P1

¢

FIND ANGLZ OF STEZPZST ASCZNT UP PLANE (THE NORMAL TO THE BEACH),
AND ACUTE ANGLE WITH WAVE RAY. :
PS=ALTAN2 (8N ,AN)+180,/P1

IF(CNeGToeD)PS=PS+180,

IF(PS,1T:0,)PS=PS+360,
PZ=PS-A0 |
P7Z=P7*P1/90,

SVOL=153304 0“CG*SIN(PZZ) *HRMS**?2

XS=XSN*GS
YS=YSN+#3S
XP=XI~GS

YR=YI*GS ,
PRINT LONGSHORE TRANSPORT RATEZ, ET7C. s FOR THIS RAY,

13

PRINT184HW1yXRyYRyA24HRMST ¢ XSoYSyADHRMS, D04CG4PZ4SVOL

FORMAT (1H ,5X,F5.c.zx,510.4,1x,£10.a,1x,F5°1,2x.F?.@,sx,sin.q,ix,s'

110e592XsF 501 93X0F7ed49eX9F534293X9F5.429LX9FB0l 92X9E1044)
NEXT MWAVE RAY : .

119

YI=YI+OYI :
IF ((YF-YT)etT.3,)GOTO470

820

N=0
N=N+1

IF((HM1-1) oL T+0)GOTOG30
N1 =N »

IF(YI.LENL1GOTO830
G0T0820

830
1312

M=g
M=M+1

IFC(NN-N) LT« D)GOTO4 39
Mi=M

IF(XIaLZ4M1)GOTOL1G
GO0TO112

114

A=A2+PT1/180.,
L=2,¥G¥DI/H**¥2

CP=CPI
C5=C6I

HRMS=HRMSI
G0T019

AD=A*180,/P1 :
PRINT75,W1, XI2YTyXSNyYSN,AD,HRMS,00,CP,CG,BT

FCRMAT (1H 36X 3F5:342X1F54395XsF6e 3:4X920H OUTSIDE ARRAY AT ,
FEe3e3X1FBe308X9F50193X9F70rstXsF5e2,3X9F56255X9F54292XeE100k)

L7¢0

GOTO120
CONTINUZ

450

GOTOL3D
PFINT78

78

4G9

FORMAT (1H=-y 20X911HEND OF FILE) )
CONTINUZ

STOP
END




- Appendix B
The Dobson wave refraction programme was written primarily to

plot wave rays. It is well documented by Dobson (1967). The version that
is available at the CCIW has been modified,from.the original, but is not
clearly documented. The programme has been amended to allow motre than one
depth array so th#é, for example, a nearshore situation can be examined us-
ing»én expanded scale. Since this programme may be more useful for some
problems than the one described in this report, it is included in this ap-
pendix. The documentation on the modifications is reproduced below, fol-

lowed by some notes on the format for the input data. A complete listing

is given at the end of the appendix.




Modification to the Dobson Wave Refraction Program

Dobson, R.S. 1967 Some Applications of a Digital Computer to Hydraulics
Engineering Problems. Dept. of Civil Engineering, Stanford
University, Stanford, California, Tech. Rept. No. 80.

PROGRAM:

This outline is not the be all and end all for wave refraction.
It is assumed that the reader knows the theory of wave refraction and is
familiar with wave refraction diagrams. For a review and references see
the MSc. thesis of E. A. Bryant, Dept. of Geography, McMaster University, -
1972,

The program calculates refraction of waves giving co-ordinates
and angle of a select point on a wave crest as it moves through a grid of
depth values. It also calculates the depth of water for each point, the
maximum error of this depth for each point, the standard deviation of the
least squares surface in calculating this depth. The wave length, speed,
height, and refraction and shoaling coefficients for each point are also
calculated. It also produces a rough printer plot of the results.

MODIFJICATIONS:

(1) Corrected by Dave Ingram to fit the CDC 6400.

- (2) Modified from modifications, by Professor G. F. G. Ratzer,
McGill University Computing Center, to the Wilson program, Modification
allows for a small grid to be incorporated into the program and the coordin-
ates and angle of the wave are calculated and printed.

(3) Modified by Ted Bryant to take the coordinates and angie of

~ the wave from above, along with Beta values calculated for these points in

the HEIGHT subroutine, so that the orthogonal can be run through the smaller
grid after the orthogonal has been put through the larger grid. Any number
of grids can be put in. The limitation being a maximum of 20 points or
orthogonals. For this modification NOSETS has been modified to be the
number of grids in the program. This becomes the first data card.

(4) The limitation on the output for calculations near the boundary

of the grid has been modified slightly by changing

.CARD 198* from 22 IF(X.GE.RHS.OR.X.LE.1.5) GO TO 23
to ’
22 TF(X.GE.RHS.OR.X.LE.1.1)GO TO 23
* Line 70, Subroutine REFRAC

- CARD 199* from  IF(Y.GE.TOP.OR.Y.LE.1.5) GO TO 23
' to ,
IF(Y.GE.TOP.OR.Y.LE.1.1) GO TO 23
- * Line 71, Subroutine REFRAC '




CARD 69* from RHS=RHS-~1.5
to

RHS=RHS~1.99
* Line 99, Program DOBW

CARD 71* from TOP=TOP-1.5
to
TOP=TOP-1.99
*Line 101, Program DOBW

(5) The program has been modified to incorporate storm surge
and tide compensation for a grid. This modification is only good where
the storm surge and tide are of equal height across the grid.

(6) The program has been modified to produce the point at which
a wave is breaking and the wave energy at the breaking point in 1b/ft of
wave crest/wave length. The former is the point at which water depth to
wave height equals 1.28. The equation of wave energy is from Munk and Tray-
lor 1947 Refraction of Ocean Waves. Jour. Geol. v. 55 Pg. 24, modified
from CERC Tech. No. 4 pg. 2 and 3, 1966.

TESTING:

- Part 1 and 4 of the modifications has been run against the origi-
nal data in the Dobson publication and the results were found to be within
rounding error of the computer. Part 2 and 3 have been tested by rerunning
the calculated wave co-ordinates, angle and Beta values, through the same
grid as the original wave was run through. The results were identical be-
tween the two calculations. <

QUESTIONABLE PARTS:

CARD 318 in the ERROR subroutine of the original program had IF

(NPT.LE.3). This statement may generate a mode four error for it
appears that the number in this line must equal the value of NPRINT inputted
into the program. The logic behind this card lies with the original program-
mer. No modification was attempted. No error resulted in the printed out-
put by setting the value in the statement equal to NPRINT, ' '

GRID SETUP:

The program is based on a rectangular grid of depth values. The
grid was positioned over the beach so that the shoreline in question was at
least two grid points away from the edge of the grid.



The grid unit represented by ABCD must be square.. This grid represents a
3 x 5 grid. The coordinate of a point on a wave crest to be run through
‘the grid must be at least one grid unit from the border of the grid to
enable interpolation of depth values. Thus it is legal to give D as the
coordinate of a point but not A4, B, C, E, or F.

" N.B. 1In the grid of depth values, point D has coordinates (2,4) since the
grid is a matrix, and D is represented by matrix coordinates. However,

when inputting the coordinates of D as wave inputs use Cartesian coordinates.
Thus D is inputted as (1,3) if it was a point on the wave crest from which
refraction was to be calculated. The program converts this to matrix co-
.ordinates. The output comes out as cartesian coordinates. Land values are
negative and calculated the same as depth values for the sea, by interpo-
lation onto the grid intersects. The grid should be detailed enough to allow
for most detail on a bathymetric chart.

VARTABLE COLUMN FORMAT DESCRIPTION

Card 1

NOSETS 1-5 integer. The number of grids to be run.

Card 2 :

MI, MJ 1-5 6-10 integer Must not exceed 100. The x and y dim-

ensions respectively of the grid of
depth values in grid units. For ex-
ample illustrated above MI 3,MJ=5

IGRON 11-15 integer Identifies whether the grid units are
in feet, miles or meters.
1 = feet
2 = miles
3 = neters
LIMNPT 16-20 integer - Gives the maximum number of points to

be calculated for each ray. Use 2000.

NPRINT 21-25 integer Gives the frequency of printed output
for each orthogonal. Usually 10 is
suitable. N.B. Questionable Parts.

GRID 26-35 floating The width of one grid unit in feet,
" point miles or meters to agree with the
value of IGRCON. .




- VARIABLE

DCON

DELTAS

GRINC

ZA

ZP

COLUMN

36-45

46-55

56-65

66-69

70-73

80

FORMAT

floating
point

floating

point

floating
point

. floating

point

floating
point

Ainteger

DESCRIPTION

The conversion factor to convert depth

- values, used in the grid, to feet.

The minimum step, in grid units, for
which refraction is to be calculated
in shallow water. Use .005.

The minimum step, in grid units, for
which refraction is to be calculated

_in deep water. Use .05.

Controls whether or not a smaller grid
or a grid card for a smaller grid is to
be used in the program.

ZA # 1.0 just the one grid

ZA = 1.0 at least one more grid in
the program or wave data is to be cal-
culated for a wave entering smaller -
grid. If just the latter with no exe-
cution of wave orthogonal in a ‘smaller
grid, set NOSETS = 1.

The interval in grid units for which
extra rays will be put on the smaller
grids.

IF ZA # 1.0, ZP set at 0.0

IF ZA = 1.0, ZP is set in grid units

and will allow the program to calculate
extra rays on each side of the ray com-
ing into the second grid of the program.
Since rays are usually diverged as re-
fracted into a concave shoreline then
few rays will enter a small grid. ZP
allows more rays to be put in so that
computer time may be saved by not having
to run the program a second time with
added rays as input to get the refraction
pattern in the smaller grid. This step
is subject to some error since the angle
is kept the same as the main ray. If zZP
is kept reasonable the error will be mini~
mal. The method is not the best. A
better one would be to calculate extra
rays half way between two main ones. The
programming for this becomes very in-
volved and has limitations.

Set equal to 1 for plot.



Cg;d 3

Card 4+x
DEP(I,J)

Card 5+x
TITL

Card 6 +x

NORAYS

HO

Card 7+x
SURGE

Card 8+x
SCALE

Card 9+x

X1, X2
Y1, Y2
- XscC

YSC

COLUMN

1-12

1-72

4-11

12-17

1-10

1-10

FORMAT

alpha

alpha
integer
floating
point
floating

point

floating
point

floating

~ point

(Only if ZA = 1.0
otherwise skip)
1-10, 11~20 floating

21-30
31-40

41-50

51-60

point

floating
point

floating
point

floating
point

- corner of the grid.

DESCRIPTION

Put in the format in which the depth
values of the grid are to be read.
Example: (16F10.3). This allows a
varied format without changing the
program.

‘The depth values for the grid. The

total number must equal MIxMJ. The
values start at the lower left hand
All x values are
read in before any change in a y value.

The title of the beach or program.
The number of rays or orthogonals or

points on the wave crest to be run.

The wave period in seconds.

The wave height in feet,

The tide or surge height in units to
agree with depth values in the grid.

Scale is given as numerator of ratio
I:X. Omit this card if MXX#1.
E.g. Scale: 1:4204, the real scale is
1"=4204 ft x 12'ig_= 50448"

, ft
or = 1:50000

\

The minimum and maximum x coordinates of
the small grid on the larger one.:

Minimum and maximum y coordinates of
the small grid on the larger one.

The dimension of the small grid in the -
X direction minus one grid unit.

The dimesion of the small grid in the Y
direction minus one grid unit.



FORMAT _ DESCRIPTION

(one card for each point)

VARIABLE COLUMN
.Card 10+x

X 1-7

Y 8-14

A 15-21

floating X coordinate of the original point on
point the ray.

floating Y coordiante of the original point on.
point the ray. Both X and Y must be 2 grid

unit from boundary.

floating The angle that the wave is travelling,
point measured negatively clockwise from posi-

tive X in degrees. E.g. 1If positive
x-axls is east, then the angle of a ray
‘travelling south is - 900,

If a grid card has been used and a second grid of values is to be worked
out, then repeat cards 2 to 4+x.

OUTPUT:

POINT
X,Y
ANGLE
DEPTH
MAX DIF
FIT
LENGTH
SPEED
HEIGHT
KR

KS

'gives the point on the ray for which data is printed out.

are the x and y coordinates of this point.

is
is
is
is

~is

is
is
is
is

the
the
the
the
the
the
the
the
the

angle from positive X that the wave is travelling.
calculated depth of water of this point.

maximum error in DEPTH as a percent.

standard deviation of the least squares surface.
length of the wave at the point.

wave velocity (ft/sec).

wave height in feet at the point.

refraction coefficient.

shoaling coefficient.



Input Data Format for the Dobson Programme

Card 1.

Card 2.

Card 3.

Cards 4+4x
Card 5+x
Card 6+x
Card 7+4x
Card 8+x
Card 9+x

Card 104x

NOSETS (1ine 78, PROGRAM DOBW)
FORMAT (I5)

MI, MJ, IGRCON, LIMNPT, NPRINT, GRID, DCON, DELTAS, GRINC, ZA,
ZP, MXX (1ine83, PROGRAM DOBW)
FORMAT (5I5, 4F10.5, 2F4.1, 6X, I1)

FMT (line 94, PROGRAM DOBW)
FORMAT (6A6)

DEP (I1,J) (line 96, PROGRAM DOBW)
FORMAT (FMT)

TITL (1ine 127, PROGRAM DOBW)
FORMAT (8A10)

NORAYS, T, HO (line 131, PROGRAM DOBW)
FORMAT (13, F8.2, F6.2)

SURGE (line 132, PROGRAM DOBW)
FORMAT (F10.3)

SCALE (1ine 10,SUBROUTINE LABEL)
FORMAT (F10.3)

X1, X2, Y1, Y2, XSC, YSC (line 147, PROGRAM DOBW)
FORMAT (8F10.3) '

ZX(NORAY), ZY(NORAY), AQ(NORAY) (line 218, PROGRAM‘DOBW)
(1 card for each ray)
FORMAT (3F7.2)

(The line numbers refer to the locations of the READ statements
in the programme or subroutine.)




OFF

NSI FORTRAN(2.3)/MASTER INTEGSEFR WORD SIZE = 1 4 * OPTION IS y 0 OPTION IS
LN _J0¢1 PROGRAM DCBW

;Q@. 02 C DOBW

LN J0G3 c BY R¢S.JOBSON ,

(N 2004 c A _PROGRAMME T0O CONSTRUCT RZFRACTION DIAGRAMS AND COMPUTE KAVE
LN 3055 C HZIGHTS FOR WAVES MOVING INTO SHOALING WATER. ‘

[N 3009 C STANFGRD UNIVERSITY..

LN 2007 c MARCH, 1G€7.,

LN JIGA C CORREICTEZD FOR THE 1814 7040 COYPUTER BY DAVE INGRAM=197¢,

LN 1039 c INPUT PARAMETERS,

LN 9010 c MI = MAX., VALUZ FOR I SUBSCRIPT, NOT TO EXCtED 100,

LN 9011 C MJ = MAX. VALUEZ FOR J SUBSCRIPT, NOT TO EXC:ZZD 100,

LN 3012 n IGRCON = GRID UMIT IDSNTIFER, 1 = FEET, 2 = MILES. 3 = METRES,
LN 5013 c LIMNPT = MAX. NUMBER OF RAY COMPUTATION POINTS.

LN 301c C NFPRINT = FEZQUINCY OF PRINTED OUTPUT FOR EACH RAY.

LN 0015 C ALL IN FORMAT I5, ,

LN 3015 G GPID = NUN3SPR OF GRID UNITS PER GRID DIVISION.

LN 2217 c DCON = MULTIPLIER TO CONVERT DZIPTH UNITS TO FZET.

LN 0018 c DELTAS = MINIMUM STEP LENGTH ALONG RAY IN SHALLOW WATZR.

LN 3013 c GRINGC = STEP LENGTH ALONG RAY IN DEEP WATER.

LN 962¢% c ALL IN FORMAT FiC.5. 7 :

LN JC 21 c CFMT = FORMAT FOR DZPTH DATA. EGo = (10F8.3). (2AB).,

LN 9022 r DEP(I,J) = N=eTH AT GRID POINTS. /

LN 3023 c MOSETS =NO OF GRIDS TO BE RUN. (I3).

LN 30264 c TITL = IDENTIFING TITLE FOR EACH SET. (1248).,

LN J025 c NORAYS = NO. RAYS IN ZACH SET. (I3).

LN 3026 [0} I = WAVE PERIOD., SECSe (FB8s2)s °

LN 0027 c H . = DEEP WATER WAVE HEIGHTs (F642),

LN 1028 c Xy Y = STARTING COORDINATES. (F7.2) . ‘
LN 00293 C A = INITIAL DIRECTION OF RAY. (F7.2). ‘

LN 2030 c ZP IS THE INTERVAL IN GRID UNITS FOR WHICH ZXTRA RAYS WILL 32
LN 3031 c , PUT ON THZ SMALLZR GRIDS.,

LN 3532 C IF ZA IS NOT EQUAL TO ONF THAN NO GRID CARD IS NEZDED

LN 0833 C IF ZA =ZQUALS ONE THAN A GRID CARD WILL BZ RZAD 1IN,

LN 003a C IF A PSN PLOT IS REQUIRED ST MXX ZQUAL TO 1

LN 0035 c IF MXX SQUALS 1 THEN A SCALZ CARD MUST 8E INSERTED BEFORE

LN 0336 c THE RAY DATA.

LN 2037 C IF MXX=1 AND NOSETS # 1 THEN THZ PROGRAM4 WILL NOT WORKe

LN 0038 c THE PROGRAM CAN ONLY PLOT ONS DIAGRAM.

LN 0C33 c ‘

LN 3349 C IXPLANATION OF THE GRID CARD

LN 2041 c THE GRID CARD IS PLACED BEFORE THE RAY CARDS,

LN 0042 c X1 AND X2 ARE THE X COORDINATZS OF THE SMALLER GRID ON THE

LN 0043 C LARGER GRID. »

LN 3044 c Y1 ANJ Y2 ARE THE Y COORDINATES OF THE SMALLZR GRID ON

LN 395 C THE LARGER GRID.

LN 2946 C XSC IS THE MI VALUS QF THE SMALLER GRID MINUS ONZ GRID UNIT.
LN 2047 C YSC IS THZ J VALUSE OF THE SMALLER GRID MINJUS ONE GRIOD UNIT.
LN 3048 c 80TH OF THE LATTER TW3 VALUZS ARE IN DECIMALS, :
LN 3049 C IF RAYS ARE TO B3E RUN THROUGH A SMALLER GRID, NOSZTS MUST 3%
LN 9650 C GRPEATER THAN 1, ‘

LN 2051 c AFTCR THE RAYS IN THE DATA DECK PUT IN THE PLOT CARD FQOR TH:Z

C

_L'.pasz

SMALLER GRID, FOLLOWED BY THE DEPTH VALUZS FOR THZ SMALLER GRID.




ST FORTRAN(2.3)/MASTER IUTCGZP WORD SIZZ = 1 4 * OPTION IS CFF 4 O OPTION 13

B CARZFUL BZCAUSE THZ PLOT CARD FOXR THZ SMALLER GRIOS WILL B-<

L 30532 C | \

M*Sh C NIFFERZNYT FROM THE ORIGIMAL PLOT CARD. . :

LN 55 C IF MO02Z THAN ONZ SXTRA GRID IS USED THEN FOLLOW THZ SAMZ

i N JAS6 c ~INSTPUCTION FQOR THE GRIOD CARD.

LN 3057 c CARD 116 REQUIRSS THAT A VALUZ BZ RZAD IN TO CCRRZISPOND TO A

LY 2058 C TINDS AND/OR A STOR2M SURGE FQR THE DEPTH GRID,

LN 2053 C | | '

LN 3065 COMMOt: /GR/ GX14GX2,GY1,6GY23XSCyYSCyX14X24Y1,Y2

LN 2361 COMMON /GRID2/ PANGLEZ 4ZX+Z2Y 281,782

LN 0062 COMMON/i/DEP(iQU,lUD){0(12)yE(6),81,82,CO,CXY,DCDH3DCON,DELTAS,DRC
LN 2063 1,0TGRy OXYyGRINCyHOy IGO0,y JGOsLIMNPT ¢NPRINT g NPT 3PHXyPHY 4 RCC0RHSHRK
LN J0&5 DIMINSION TITL( 8)sFMT (D) ¢ ZFEET(I9L) 4 ZFEZT2(30),ZX(30),2Y(30),

LN 3760 1PANGLF (30), AQ(30),731(33),7232(33)

Ly 3067 DATA IFZET, IMILES IMETRE/HHFESTSSHMILES,6HMZTRESY

LN 9068 C '

LN 3063 ZZ2=0.,0

LN 322790 Lt =0 '

LN 3071 WRITZ(6,60)

L 3972 60 FORMAT(41H1.3XL41HWAVE RZFIACTION BY METHOD OF ReSe DORSON,/1HTU 32X,
LN 2073 1S0HCIVIL ENGINZIZRING DEZPARTHMENT, STANFORD UNIVERSITY./Z) o
LN 2374 WRITE(5,55)

LN 3075 E4 FORMAT(4H 49X,63HBINSON-LEZNHIR PLOTTING ADDZI3 AND PROGRAM HMODIFICZ
LN Jo76 1 BY TZD BRYAMT,// 43X, =41HGE0GRAPHY DZPARTMENT, MCMASTER UNIV-RSITY
LN 3077 2/7)

N 3073 RZAD(5456) NOS-TS

LN 3073 5o FORMAT(IS) )

LN 00819 DO 1134 NOSET=1,NOSETS

LN 0081 C RZAD.BASIC DATA

LN 0062 o ' :

LN 3083 READ(5451) HMI +MJy IGRCONy LIMHPT¢NPRINTSGRID4OCONDELTAS,GRINC,ZA,ZH
LN 0084 1,MXX . ; :

LN 3085 £1 FORMAT(51544%F10.s542F4e146Xy11)

LN 2036 TF(MXXeEQol sANDo NOSETSNECL)HRITE(S5465)

LN 0087 IF(MXXsEQeDe ANDNOSZ TS NZ41)STOP

LN 0388 65 FORMAT(1H ,43HPROGRAM CAN NOT PLOT 40RE THAN ONE OTAGRAM./,1X,

LN 0089 1 €0HANY ERROR IN THE SECOND SEZIT OF DATA WOULD KILL ALL PLOTTING./
LN 0090 2 1X435HTHE CHANGE OF £RROR AND THE COST INVOLVED DO NOT MAKI nORE
LN 3031 3THAN ONZ PLOT PZIR PROGRAM FZASIBLE./1X,16HPROGRAM STOPPZD.)

LN 3052 IF(ZAWNZele) NGR=2 ‘

LN 0093 IF (MI .GTs 100 «OR. ¥J «GT, 100) GO VO 190

LN 7094 READI(5, 52) FMT

LN 3G 385 62 FORAT (G6A5)

LN 3095 RZAD(5,FHT) ((DIP(T,J),T=1,11)4J=1,4J)

LN 0097 WRITZ (6, FMT) ((DZP(I4J) 91214410 ,0=1,4J)

LN 0098 RHS = MI ,

LN J099 RHS=RHS-1.99

LN 0109 TO0P = MJ

LN 3101 TCP=T0OP-1.,93

LN 01G2 UNIT = GRID

LN 9153

g

GO 70 (16,417,18), IGRCON

15 IGRCON = IF:zt




SI FORTRAN(2.3)/MASTELR IHTEGER-HOQD SIZZ = 1 , * OPTION IS OFF 5 O OPTION IS

GO TO0 13
17 GRIU = GRID~€080. 21

H 065
N 6
L 07

IGRCON = IMILES

TR Y G0 T0 13
LN J109 18 GRID = GRID*2.231
N_0410 IGRCON = IMETPZ
LN-3111 19 CONTINUZ
iNoJ142 WPITE(H,63) HMI,4J JNPRINTLUNIT, IGRCON GPINC,DCON
LN 3113 £3 FORMAT (1HG, GX,21HPROGRAMME PARAMETZRS,//25%H GRID LIMITS, A3SCISSA
NoJ116 ] =,T4412Hy, ORDINATE =,T4,1H,/27H PIINTZID OQOUTPUT INTERVAL =,Tu,2H
LN J115 2PCINTSe/19H GRID SIZEy UNIT =9FSe491XyA691iHe/31H DEZP WATZIR IWCZ
LN 3115 ITMENTAL STEP =,F7.3.12H GRID UNITS./49H DEPTH CCNVERSION, DJEP(I,J
LN 2117 +) TO FZiT, MULTIPLY BYF6.3) . , )
LN 2118 IF(LL.GF<1) GO TO 25
LN 2119 GO TO 25
N 3120 25 DO 30 J=1,LL
LN J121 ZFEETLJ)I=(ZX(J)-X1)*GRID
LN 2122 ZFEET2 (J)=(ZY (J)=-Y1)*GRID
LN 3123 AQ(J)=PANGLE(J)
LN 2124 50 CONTINUE
LN 3125 26 IF(LL.GE+1) GO TO G4B&O
LN 0126 c - READ WAVE DATA
LN 0127 RZAD(S,57) TITL
LN 3128 €7 FORMAT (8A1()
LN 0129 LES IF(LL.GE«1) GO TO 2
LN 91325 LL=3
LN 0131 RCAD(5,58) HORAYS, T, KO
LN 9132 READI(S5 ,41) SURGE
LN 2133 41 FORMAT (F1C. 3)
LN 0134 58 FORAAT(I3,Fae2,F642)
LN 3135 IF (MXXeZQel) CALL LABEL(NORAYSsTyHOySURGETITL,H4IsMJsGRID,SCAL)
LN 3135 DO 46 I=1,MI1 : :
LN 0137 DO =0 J=1,MJ
LN 0138 IF(DEP(I+J) oL Teds)DEPLI, J)=DEP(I,J)=(3.0/DCON)
LN 3139 DEP(I4JY=DEP(I,4J) +(SURGZ/ICON)
LN 0140 0 CONTINUZ
LN 0141 WRITE(6,478)SURGE
LN 0142 4L78 FCRMAT(1H ,34HSTORM SURGE AND HIGH TIDE VALUE ISs1XyF1{.3)
LN 2143 IF(MXX e SQe1)IWRITE(6468)
LN 014+ €8 FORMAT(1H ,59HAAVE REFRACTION OIAGRAM WILL 3E PLOTTED IF INPUT IS
LN 01&5 1CCRRECT)
LN 3145 2 IF(ZAJNZ.1.) GO TO 1
LN J147 : READ(EL10Z) X1sX293Y1,4Y2sXSCeYSC
LN 148 105 FORMAT(8F10,3)
LN J143 IF(XSC.ZQ.0.0) GO TO 1
LN 0153 DELTA= (X2-X21) /XSC
LN 3151 WRITSE(5,106)X14X2,4Y1,Y2,05LTA,XSC,YSC
L 1152 106 FORMAT (1HO, 22H5RID CARD VALUSS Xy3S=92F10e2 43X y4HY 4S=42F40.2)
LN 3153 1 2X,6HDZLTA=41F10+243X,13HX - Y SCALE =,2F10.2//)
Lt 3154 GX1=X1+9ZLTA

GX2=X2-0ELTA
GY1=Y1+JZLTA




I FORTRANI(243)/MASTER INTZGZR.WORD SI1ZZ = 1 , * OPTION IS OFF 4 O NPTION IS

[ 1 57 GY2=Y2-DELTA
b A 1 IF(L1L.GEL1) GO TC 69
N J159 SI6=6,28316531/T
N 1169 CO = £E,120LQ€2*T
N 3161 WLO =.CO*T
Ho2162 DRC = WLO¥0,6
N 1163 DTGR = GRINC/CO
N Q164 UNIT = DTGR*GRID
N 0165 63 IF(LL.GZ.1) GO TO 22
LN 2166 GO T0 49°9
t N 3167 22 NCRAYS = LL
N _J16R8 77=1,
LN 0169 LL=0
LN 2170 DO 20 NORAY = 1, NOPAYS
LN 9171 X = ZFEZT(NORAY)/GRID
L 0472 Y = ZFZZT2(NHORAY) /GRID
LN 0173 A = AQ(NORAY)
LN 2174 QX1 = X+7P
LN J175 GY1 = ¥
LN J176 QxX2=X-72°
LN 3177 Qy2 = Y
i1 2178 Z =1,
LN Ji7% FMM = MI
LN 3188 FiUM = F4M=1,
L J161 GO TO 23
LN 182 23 NFT = 1
LN 2183 JGR = 2 ,
LM 3184 C¥YY = CO
il 0185 WL = WLO
LN 3186 81 = 7Z31(NORAY)
LN 167 B2 = ZB2(NORAY)
LN 0188 ‘ RK = 1. .
LN 0183 . SK = 4,
LN 9190 WRPITE(H,424) MOSET 4Ty NOZAYZUNITINPT, XsY,yA
LN 3131 24 FCRMAT (1Hi, /8H SET NO. I351C0Hy PERIOD =4F7.247H SECS. s,8H RAY
LN 0192 , 1ND.,I13413H, TIME STEP =,FB.-,6H SECS.//1H 93X s SHPOTINT 35Xy 1HX 98Xy 1H
LN 3163 2Y 26X 9 SHANGLE 95X 9 SHISPTHy X9 7HHMAX DIF 44 X9 3HFIToEX96HLENGTHy 4X9 SHSPE
LN _J19% BED 35Xy 6HHEIGHT 3 53X 9 2HKR 98 X9 2HKSy/7/1H 4174 3F9.2)
LN 2165 CALL RAYCONI(X,Y,A) A
LN 0198 - IF(ZP.2Q0.0.0) GO TO 20
LN 0197 IF(Z.EQ¢1.) GO TO 14
LN 5198 IF(Zsf0s2.) GO TC 31
LN 3199 IF(Z«GT.2.) GO TO 20
LN 0200 14 X=0X1
LN J2C1 : IF(XeGZ4FMM) GO TO 20
LN 3262 Y=QY1
LN 92C3 A =AQ(NORAY)
LN 2204 7 = I+1,
LN 22C5 ' GO T0 23
LN J206 31 X=Qx2

LN 2207 IF(X.GZ.FMM) GO TO 20
L! 08 Y=QY2




i

(ST FORTRAN(243)/MASTER INTEGE? NORO SIZE = 1 , * OPT;ON IS OFF , 0 OPTION IS

LN 0203 A = AD(HORAY) -

. N 10 Z=Z+1o '

LN 11 GO TO 23

LN 9212 23 CONTINUZ

LN 3213 C :

LN 214 C 75ST RAY DATA TO SE€ IF IT IS PUNCHED CORPECTLY.

LN J21i5 C ‘

LN J2i6 493 0O 112 NORAY=1,NORAYS

LN 0217 _ IF(ZZ.5de1e¢) GO TO 500

LN 1218 READ(5,52)ZX(HORAY) 4 ZY (NORAY) » AQ(NORAY)

LN 3213 53 FORMAT(3F7,2)

LN 322¢ _ X=ZX{NORAY)

Ly 0221 - o Y=ZY (NORAY). - ,

Ly 3222 TF (XoeGS e RHS o ORe Xa LE e 101 e OR Yo GEeTOPGORaYoLEL141) WRITE(S,70) NO2AY
LN 0223 IF (XeGEoRHS eOPRoeXelfelo1e0ReYeGEaTOPe ORaY,o LEL1.2)STOP 111

LN 224 70 FORMAT (1H o 30X, 1(H¥*>>%¥xx2xx,/,30X,29HRAY DATA LOOKS FI3HY, RAY NC
LN 3225 - 1¢9I1597 930Xy 10HeF# 25225 x2)

LN 9226 112 CONTINUS

LN 3227 WRITZ(6,71)

LN 3228 71 FORMAT(1H ,19HRAY DATA RZADS O.Ke)

LN 9229 500 DO 110 NORAY =1,KORAYS

LN 23233 IF(ZZ.52¢4.3) GO TO 110

tN 3231 IF(ZAsNZole) 6X1=0.0

LN 3232 IF(ZANZs1e) GY1=0,0

LN 0233 MXY=1

LN 3234 X=ZX(NOAY)

LN 3235 Y=27Y (HORAY)

LN 3236 A=AQ(NORAY)

LN 0237 IF(XsZQe0s0) STOP

LN J238 IF (MXXeSNe1)CALL GRAPHI(X,4YySCAL,MXY)

LN 3239 ) MXY=2

LN 3240 . NPT = 1

LN 2241 JGR = 2

LN 3242 CXY = (O

LN 2243 WL = WLO

LN 32tq4 B1 = 1,

LN 0245 B2 = 1.

LN J246 , RK = 1,

LN 3247 ' SK = 1,

LN 32«8 WRITZ(65,61) TITLyNOSETsToNORAYSUNIT,NPTyX sY A, HLO,C0,4HO

LN 3246 €1 FORMAT(1H148210/6H SET NOo 9I1341CHy PERIOD =,F7e297H SECSesy8H RAY
LN 32560 1NOvsI13,13H, TIME STEP =,FB.4y6H SECS.//1H 43Xs5HPOINT »5X,1HX 8%, 14
LN 3251 2Y 9 0Xe SHANGLE s SXyBHITPTHy4X 9 7HMAX DIF 34X 3HFI T95X o6 HLENGTH,y4X45HSP
LN 3252 350 35X s OAHEIGHT 33X 32HKR 48X 9 2HKS s //4H 31743F9.2,4,29Xy3F10.2) -
LN 2253 CALL RAYCON(XsY,A) )

LN 3254 " 110 CONTINUZ

LN 3255 111 CONTINUZ

LN 3256 WRITE(6,62) NOSZTS - :

LN 3257 ' 62 FORMAT (39H0 ALL SZTS COMPLZTED, NUMBER OF SETS =,14)

LN 3258 A . IF(HXXe=Ns1) CALL FINIS(MI,SCAL)

LN 0259 IF(MXXeEQel)WRITE (6453)

_Lﬁ‘ZEO £3 FORMAT(1H , 32HAAVE REFRACTION DIAGRAM PLOTTEZ0.)




NSI FORTRAN(2.3)/MASTER

INTEGZR WORD SIZZ

1 , * OPTION IS OFF , O OPTION IS

LN _J3261 GO TO0. 12
! 62 10 WRITE(5H.64) MIs1J )
Lid 32032 64 FORMAT (LHC,62HPROGRAMME STOPPZID, MI OR MJ GREATZR THAN 1GC NOT AL
{N J28% 10KED e MI =eJis74e MJ =e194)
LN Jd225% 12 SToP
LN 2266 N0




3] FORTRAN(2.3)/MASTER INTEGEIR. HWORD SIZt = + . OPTION IS OFF o 3 OPTION IS5
LN 3001 RLYCOT JECK

L n2 SUBRAUTINS RAYCON(X,Y,A) .

(N 9003 COMHON/l/DEP(103,100),0(12),E(B),Bl,BZ,CO,CXY,UCDH,DCON.DELTAS,D&C
(M o100¢ 1.DTGQ;DXYqGPINC.HO,IGO,JGO.LIWNPT,NPRINT,NPT,PHX,RHY,RCCOqRHS.RK,
it N JG0S 2SIG,SKoTOPs Vs WLy HLO s LLaNGRyJGR s Ty MXX 9SCAL o+ MXY
R I COMAOH/COMA/XP,YP

L 3607 ANG = A

LN 2068 T£0=0,

L 25C3 A = A*0.,017 4532325

LN 3317 CoSA = COS(A)

LN D311 SINA = SIi{A)

tN 90172 H = Ho :

LN 3013 160 = 1

Lo gols 10 Px = X

LN 2015 PY = Y

IN 2015 X = COSA*GRINC+X

LN 2017 Y = SINA*GRINC+Y

£ 2018 CALL DEPTHIX,Y)

LN 00618 NWRITZ = 4

LN 3020 IF._ (DXY oLE. 0,) GO TO 24

LN J021 "IF (DXY +LT. DRC) GO TO 11

LN 2122 NPT = NO2T + 1 -

LN 3023 IF (NPT «GT. LIMNPT) GO TO 26

LN 3024 IF(X.6GFE,RHS.,0FeXolZs1.5) GO TO 31

LN 0025 IF(YeGZeTOPsOReYeLEe1e5) GO TO 31

LN 3526 IF (NPT/NPRINT* PR INT-NPT NELC) GO TO 10 °

LN 3027 GC TO 21

LN 0028 31 NWRITE =E

LN 3¢23 GO T0 21

LN 263" 11 X = PX

LN 2331 Y = pPY

LN 00332 CALL CURVE(X,Y,A,FK)

LN 0C 33 12 NFT = NPT+1

LN J934 ' IF (NPT oGT. LIMNPT) GO TO 26

LN 3035 MWRITE = 1

LN 90356 CALL REFRACI(X,Y4A4FK,I15)

LN 0337 GO TO (18522,23424425427),115

LN 3038 22 NHWRITE = 2

LN 0039 GO TO 18

LN 000 23 NWRITE = 3

LN 2641 GO TO 18

LN oC42 24 WHWRITE = 4

LN 3043 GO TO 13

LN J0 Lk 25 NWRITE =5

LN 3045 GO TO 13

LN 9046 26 NWRITE = &

LN 00&7 GO T0 13

LN 208 27 MNWRITE = 7

L 2043 GO TO 13

LN 5655 13 CALL HEIGHT (XP,YP,44H) |
LN 3051 IF(TSNeZGots) GO TO 3 |
L 052

IF(DXY/H.6T.1.23) GO TO 3




SI FORTPAN(2.3)/HMASTER ITEGSR WORD SIZE = 1 , * OPTION IS OFF , O OPTION IS

053 TED=1.
LJ;LQEH . . ANG=A*57.29577351
tN JC55 NDITL(D,“)X Y A‘GvDXYqNLoCXYy
L1 9356 . FORMAT (LHO, 16HWAVE TS BREAKING/6X3F3.2,F11, 2,1ax.3F10 2)
LN IG57 T ENERGY = (HLeC/HL)* (DXY*H¥G4o/3.)%%1,5
LN 3058 _ENFRGY = (64.0/HLI¥ (XY H* 4. /30 )¥%1,5
L 1053 WRITE(5,5) ENZIRGY
L 006D 5 FORMAT (1H 2 30HHAVE ENERGY AT 3REAKING POINT=,F1i0. 2,1x,
LN 3061 1 31HL3/FT OF MAVE CREST/WAVEI LENGTH/) P
Ly 2362 3 TE(WWRITE.GT.1) GO TO 13
LN 3063 T IF(MXX.EQe1) CALL GRAPH(Xs YySCAL,MXY)
Ly 006« IF (NPT/NPRINT*NPRINT-NPT . HE. G) G) TO 12
LN 2065 13 ANG = A+ 5729577951
LN G668 21 CALL WRITER (XsYyANGyH,NWHRITE)
(N 0067 14 60 TO (10,12,19), IGO
L 0068 13 RETURN
LN 2069 o END '

USASI FORTRAMN DIAGMOSTIC RISULTS FOR RAYGGN

MO ZRRORS

FOLLOWING ARE COMMON BLOCK NAMES CR NAMES NOT ASSIGQED STORAGE

014

UMREFZRENGED STATEMENT LABELS

Go14




LI FORTRAN(2,3)/MASTER INTEGER - WORD SIZZ = 1 4 * OPTION IS OFF » 0 JPTIUN IS
N a1 c REFHAT DZCK A )

> 2 SURRIQUTINT REFRACIXaYaAsFKsI15)

.N3003 COMMON/ZL1/DEP(100,100) ,0(12),5(6)+B148B2+C0,CXY+0COH,0CON,DELTAS,URC
N_J004 140TGROXY.sGRINCsHOsTGOJGOsLIMNPT ¢ HORINT» NPT PHX4PHYyRCCO,RHS,RK,y
| N 3305 2SIGeSKsTOPy Ve WL o WLOs LL yHNGR 3y JGRy Ty MXX 9 SCAL 4 MXY
t0d05 COMMON /GR/ GX14GX2,GY1,6GY2,XSC,YSCoX14X2,Y1,Y2
N 0007 COMMON /GRID2/ PANGLE,ZX+ZY,231,ZB2 o
N_JJ08 DIMENSION PANGLE (S0) 47X(90) 42Y(SC) 4281 (398)5782(93)
N J603 IF(GX1oEQel ol e ANDsGY14EQe0od) NGR=2

N _3014° : NCUR = 1 :

N 9011 IF(JGR.3Q.1) GO TO 200

NoJ212 IF(N6R.5N,2) GO T0 2C%

N 3213 IF (XeGZeGXleANIeXoLEWGX2 e AND,

N 01y 1 Y6 GY1, AND, Y LELGY2) GO TO 201

N 9015 GO TO 200

No3016 201 JGR=1

[N 3017 LL={L+1

RERLEE WPITr(0,202) _ .

N 3013 202 FORMAT (1HD,26HAY HAS ENTERED SMALL GRID)

N 1026 ZX (L) =X :

| N 0021 ZY (LL) =Y :

N 2022  SX=((X=X1)/ (X2=X4))* (XSC+1,)

[N 3023 SY=((Y=Y1)/ (Y2=-Y1))* (YSC+1,)

N 2524 , PANGLIT (LL)=A*57,20577451

N 3325 HI=HO*RK*SK

N 902¢ ZRY(LL) = Bi

N 3027 Z32(LL) = B2

N 1528 WRITE(654253) PANGLECLL) 9 ZX(LL) gZY (LL)yHT

N 0029 203 FORMAT(1H 4, 50Xy 4F9.2)

N 3030 WRITE(H,250)SX,SY

N 9031 250 FCORMAT(1H ,59X,2F%.2)

LN 3032 . 200 CONTINUEZ

N 0333 GO TO (11,12,16), IGO

N D03y 11 FKM = FK

N 3035 ‘ IGO0 = 2

M 1036 12 DS = CXY*DTGR

N 3037 IF (DS «GZ. DELTAS) GO TO 20

N _J332 115 = 6 ,

N 0039 RETURN

N J04G 20 RESHMAX = £.30035/D0S

NO3061 13 DO 110 1=1,20

N 2042 DELA = FKM*0S

N 3043 V AA = A+DELA

N Il 6y AM = DELA*C .5+A

N 3045 XX = COS(AM)*0S+X

N JG46 YY = SIN(AM)*DS+Y

N 0047 ' CALL CURVEI(XX,YY, ARy FKK)

N 0048 IF {DXY +GT. Cs) GO TO 214

N J5u9 115 = & . ,

N Q650 RE TURN

N Q851 21 GO TO (111,16), HNCUR
N 2 111 FKM = (FX+FKK)*).°




31 FORTRAN(2,3)/MASTZR

INTCGEP. NORD STZ:Z = 1 4 * OPTION IS

OFF

?

3 OPTION I3

N

7%1..@5
1\!

6053

IF (I +2Qe. 1) GO TO 110
IF (RISMAX .GT. ABS(FKP-FKM)) GO TO 16

IF (I .EQ. 1&) FK18 = FKM

N 1055h 110 FKP = FKM
N 3057 IF (RZISYAX «GT. ABS(FK18=-FKi{)) GO TO 15
N 2058 J156 = 3 -

N D059 RETURN

N 3067 15 FKM = (FKM+FK18)*0.5

N 3061 NCUR = 2 :

N oJ062 GO TO 13

N 0063 16 X = XX

N 3064 Y = YY

W 2365 A = AA

N J0E6 FK = FXX

N D0€7 IF ({CUR +NEe 2) GO TO 22

N 3053 115 = 2

N 363 RETURN . o _
N_ggz7e . 22 IF(XeGZaRHS OReXsLEe1.1) GO TO 23
N 0071 IF(Y.GC.TOP,ORsYeLEa1.1) GO TO 23
N30 72 10 115 = 1

N 3073 RETURN

N (74 23 I45 = 5

N 30753 PETURN

N 0076 END

USASI FORTRAN DIAGNOSTIC RZSULTS FOR ReFRAC

\

ERRORS

FOLLOWING ARZ

COMMCN BLOGK NAMZS CR NAMES NOT ASSIGNzD STORAGE

3

GRIDZ




I FORTRAN(2.3)/MASTER INTEGER -WORD SIZE = 1 , * OFTION IS OFF , O OPTION IS
W oaLst C CURVZIR DJECK '
.ﬁ_ﬁz SURROUTINE CURVZ(XsY 4 8,FK) _ B
N 9003 COMMON/1/DEP(100+106),D(12),E(6),81,82+C04CXY,DCOH,DCON,DELTAS,ORC
N 2504 1 DTGRe XY sGRINGIHOIGDsJGO0, LIMNPT 4NPRINT 4 NPT 4PHX,PHY,RCCO4RHSHRK
N 000 2SIGeSKeTOPy Vo lL s HLOsLL yNGR9yJGRy T HXX 9SCAL ¢ MXY
N 0024 COMMON/COML/XP,YP
N J3G7 GO TO (10,11), IGO
REBHINY 11 CALL 0ZPTH(XsY) :
N 3003 IF (DXY+200. «GTe WL) GO TO 10
N 3040 IF (OXY oLFs Ue) RETURN
N 3011t JGO = 2 .
N 3012 ARG = 32.1723%DXY
N 0013 CXY = SGRT(ARG)
N 001k DCOH = 16.,08625/CXY
o015 GO TO 1%
49015 11 CI = CXY
N 0017 JGO = 1
N 3518 DO _12C I=1,5C
N 0312 ARG = (OXY*SIG)/CI
N 0029 CXY = CO*TANH(ARG)
N 2021 RESID = CXY-CI
N_0022 IF _(ABS(PZSID) LT, G.0501) GO TO 13
N 3323 126G C1 = (CXY+CI)*0,5
N 902k 13 RCCO.= CXY/CO
N 2025 SCMC = (1.-RCCI*RCZ0)*SIG
N 3025 V = SCAC*DXY+RCLO*CXY
N ooz DGOH = OXY*#SCMC/V
N 3328 15 PHX = E(L)*2.,*XP+E(5)%YP+EZ(2)
N 3029 PHY = Z(0)¥2.*YP+E(5)*XP+T(3) -
N_3033 FK = (SIN(A)*PHX=-COS(A)*PHY)*DCOH¥DSON/CXY
LN 0031 RETURN .
N 0032 END

USBSI FORTRAN DIAGNOSTIC RZSULTS FOR CURVE

NJ EZRRORS

“OLLOWING ARI COMMCN BLOCK NAMZS OR NAHMEL

S NOI ASSIGNED STORAGE

A




ST FORTRAN(2.3)/MASTER T IHTLGZR WORD SIZZ = 1 4 * OPTION IS OFF , 0 OPTION IS
6C1 DLPTHI DZCK

@2 SUBROUTINE DIPTH(X,Y) . : "

LN 03 COMMON/1/0EF (100,100),D(12) 4E (6),814B24C0+CXY,DCOH, DCON, DELTAS, DRI

LN 0004 4 ,0TGRyDXY4GRINCHO, IGO0, JGO, LI NPT NPRINT 4 NPT 4PHX4PHY 3 RCCO4RHSHRY

LN 3JOGS 2STG,SKsTOPyVeHL s HLOsLL 9iNGR 9 JGR s T9MXX 3 SCAL o MXY

LN 93006 COMMON/COMA/XP,YP

LN 3307 DIMZINSION SXY(72)

LN 30 CR DATA (SXY(J), J=1,72) /7030861241 30423664207,06,21770331,

LN 9309 10.23654207+~Ce08092823,2%=0,051435%1,=0008432823,54G0593066492%Ce1

LN 0010 2025277 4000558086 40, 0532296+,0,19677030,0,14413872,6.105586122,8.0

LN dC12 303110(,-0.0675837u,-0.63349263,c.03349232,-8.16241626,-0.34031t39

LN 9312 L0 o12L560190,0.126403135,040532296L,0.10586122,0.14413872,0413077C3

LN 2013 5.0.0334;252,-05033~9253}-,.u6755374,o.09031099,a.12;u3190,-0.12~@

LN d014 6161,-00334034099,=0416261625,44-0412435936,+2%04125,2%04,42%0,124535

LN 3015 7992*"60900&5263157’ C‘ou5203197700.9203158"1.0.)9263197’ uo-D?OBI#?O

LN 2015 B2% (e 157807 ty2%=0415789473,2%03445783473,~-0.1578S473,4L%-0.12453938

LN 2017 2% 00 92+0012592%-0e92%0412533939/

LN 001K I = X+1.

LN 3019 J = Y+1.

LN 1029 X2 = AMOD(Xyl.)

LN J021 YP = AMODU(Y s1.)

LN 3622 IF (NPT .EQ. 1) GO TO 11

LN j&23 IF (IP o NZ. %) GO TO 11

LN:302« IF (JP .EQ. J) GO TO 1%

LN 0025 11 IP = I

LN 026 JP = 4

LN 35327 D(1) = DEP(I,J)

LN 0028 D(2) = DEP(I+1,J)

LN 3029 D(3) = DEP(I+1,J+1)

LN 30389 D(s) = DZP(T,J+1)

LN 3031 D(5) = DZP(I+24J)

LN 0032 D(6) = DIP (I+2,J+1)

LN 9033 D(7) = DEP(I+1,J+2)

LN 0034 D(8) = DEP(I,J+2) -

LN 0035 D(9) = DEP(I-1,J+1)

LN 3036 D(10) = DEP(I-1,J)

LN 2037 D(11) = DEP(I,J-1)

Liv 3538 D(12) = DEP(I+1,J-1)

LN U39 D0 110 K=1,6

LN 0040 E(K) = Do

LN 3041 DO 110 L =1,12

LN _JC&42 LK = L+12%(K=-1)

LN 00¢3 119 Z(K) = Z(K) +D(L)*SXY (LK)

LN J04L 14 OXY = (S(4) +E(2)*XP+E(3) =YP+E(4)*XP*XP+Z (E)*XP*YP+E(BI*YP*YP)*DCO

LN 9645 RZ TURN '

L I54d END

o




ST FORTRAN(2,3)/MASTER . INTZGZR WORD SIZZ = 1 , * OPTION IS OFF 4, O OPTION IS

N Q001 c HIGHTS DZCK
J_f_té@D SUBROUTINE HE IGHT (XY AsH)
LN J003 COMMON/1/DEP(1304100) 4D(12) 3E(5),31,82,C04CXYsDCOH JCONs DELTAS, OR(
Ly 2058 : 1.0TGRyDXY9GPINCyHOyIGO,JGO0,LIMNPT NPRINT y NPT 4PHX4PHY s RCCO4RHS,RX,
LN 9GC5 2STIGySKeyTOPsVyWLyHLOy LLaNGRyJGRy Ty MXX ySCAL 4 MXY .
LN 3006 WL = HLO*RCCO ,
LN 3007 C G!! ROUNDZD OFF FRCM 12.5663706144 RDG, 03/12/7%
LN 0008 GN = 12.56€370614%0XY/HWL
LN J0C9 -~ SINZH= (EXPIGN)=SXP(=-GN))/2eb
LN 2013 C CG=(1.0+GH/SINH(GN))*CXY
LN 0011 CG=(1, 0+GH/SINIH)*CXY
LN 2012 IF (GG JLTe Ge) RETURH
LN 2613 SK = SART(CO/CG)
LN 391w RK = ABS(i./82)
LN 20615 PK = SQ2T(RK)
LN 3016 H = HO=*SK*RK
LN 3017 GC TO (11,12), JGO
LN 2018 11 U = =-2.*SIG*RCCO*CXY/(V*V)
LN 3019 GO TO 13
LN 3020 12 U = =-{ .5/DXY
LN Jg2i 13 U = U~ICON .
LN 022 DCOH = DCODH*DCON
LN 3023 COSA = (COS(A)
LN 3024 SINA = SIN(A)
LN J0es P = -(COSA¥ PHX+SINA*PHY)*DCOH*DIGR*2,
LN 9026 Q = ((;(#)*2.+U*PHX*PHX)*SINA*SIVA-(:(ﬁ)+U*PHX*PHY)*2 #SINA*COSA
LN 2027 1 +(E(B)*2 +U¥PHY¥PHY)+COSA*COSA) *OCDH+*CXY*DTGR*DTGR*2.
LN 2028 B = ((P=2,)%31+(L4.~-Q)*B2)/(P+2.)
LN J02¢ Bi = B2
LN 0030 . B2 = 33
LN J031 "~ RETURN
LN 3032 l END

USASI FORTRAN DIAGNOSTIC X5SULTS FOR HZIGHT

NQO FRRORS




SI FORTRAN(2,3) /MASTER  INT:GZW.WORD SIZE = 1 o * OPTION IS OFF 4, 0 OPTION IS

LN guG1 C . IRRORF DIClK -
: 2 SUBROUTINE ZRRO2(FIT,DIFMAX]
LN 9903 COMAOH/1/CEP(100,100),0(12),£(6)481,B2,C0,CXY,0CDH,OCON,DELTAS,IRC
LN 30 G4 1 DTGRsIXYGRINCHOsIG0,JGO,LIMNPT,NPRINT o, NPT o PHX PHY,RCCO,RHS,RK s
LN 3665 2SIGySKyTOPsVeHL s WLO,LL sNGRyJGR Ty HXX 4y SCAL 4 MXY
(1 3006 DIMINSION D2(<)
LN 2007 IF(NPTWLE.10) GO TO 11
LN 3902 IF (5P ,5Q, £(5)) GO T0 12
LN 3359 11 DF(1) = E(1) ‘
M. 0010 DP(2) = S(1)+(2) +5 (&)
LN 3011 DP(3) = E{1)+Z{2)+E(3)+E (&) +E(5)+E ()
LN 9012 DP(L) = S(1)+E(3) +3(6)
L 3013 DIFMAY = 3o
Ly 101¢% SUM = 0.,
Ln 018 DO 110 I=1,4
LN 016 DIF = A3S(D(I)-DP(I))
LN 3017 DIFMAY = AMAX1(DIF,0IFMAY)
L4 5318 - 140 SuM = JTF*DIF+SUM
LN 013 DIFAAY = DIFMAY+DGCON
Ly 53028 __SUM = SU4¥0.25
LN 3021 FIT = SQRT(SU™)
(N 3122 EP_= 2 (3)
LN 3023 12 DIFMAX = DIFHMAY/DXY*100,.
LN J024 RE TURN t
LN 3525 END '

USASI FORTRAN DIAGNOSTIC RESULTS FOR =ZRROR

NO E£ERRORS




51 FORTRAN(2.3)/MASTER INTZGIP. WORD S5IZ¢& = 1 4, * OPTION IS OFF o 0 JDPTION IS

WRITES DICK

L: 8001 C
. g2 SUBRAOUTIN: HRITER(XeYsANGaHyNHRITE)
LN 03 COMMON/1/DEP(10GU5100)4D(12)4,E(6)4B1+432,4,C0sCXY,0C0OHs JCONDELTAS, IR
Ly 200Gy 1+DTGRIDOXY6RINC,HO TG JGO oL TANPTZNPRINT 4 NPT ,PHX,PHY, 2CCO,RHS,PK
LN 35065 2SIGsSKyTOPy Ve WLy WLOs LLINGRyJGR, ToMXX ySCAL 9MXY
L 3006 £1 FORMATU(IH 217 43FCU.2,F11.243F10.2,F8:.2,3F10.2,2F10.%)
LN 3607 62 FORMAT (23H CURVATURZ AVERAGEZD AT POINT, I4)
LN 9308 £3 FORMAT (1H 4 42HRAY STOPP=D, HO CONVERIGENCE FOR CURVATURE,)
LN 2009 ts FORMAT(1H 4 32HRAY STOPPZID, REALCHZD SHORZS e X =Z4FT7e24EHy Y =4F742)
Ly 0010 €5 FORMAT(1H ,35HRAY STOPPZ0D, REACHED BOUNDARY, - X =,F7,2,5Hy, Y =,
LN 3311 1F7,.2)
L J¢12 £5 FORMAT (1H ,55HRAY STOPPZD, NUMBER 2F POINTS ZXCIZZIDS MAXIMUM.  LIM]
LN J013 1T =,Iey13H POINTS. X =yF74295Hy Y =4,F7,2)
LN 3014 £7 FGRMAT(1H ,51HAY STOPPZN, INCRIMZNT DISTANCE ALONG RAY LESS THAN,
LN 0015 1Fte3917H GRID UNITSe X =9F70290Hs Y =9FT702)
LN 0216 c
LN 0017 CALL ERROR(FIT,DIFMAX)
LN 031% WRITS(5,61) MPT,XsYsANG, DXY,DIFMAX,FIT WL90XY,H,RK SK
LN 331 GO TO (1142921922423, 244923)y NWRITE
(N 3020 20 WRITS(6,62) NPT
Ly 021 GO TO 11
L 3922 21 WRITZ(5463)
LN 3323 GO TO 12
LN 3024 22 WRITZ(5,54) X,Y
Ly 3023 GO TO 12 '
LN 03025 23 WRITE(H,55) X, Y
LN 3c27 GC TO 12 )
LN 3028 24 WRITE(5,55) LIMNPT,,X,Y
LN 2029 GO TO 12 _
LN 2030 25 WRITS(5,67) DELTAS, X,Y ’
LN 2031 12 160 = 3 ‘
LN 0032 IF (MXX.50e1) CALL GRAPH(X4Y,SCAL,MXY)
LN 3033 . IF{XXeZQe1) CALL PLOT(0e0904053)
LN 0034 11 RETURN
LN 035 END

USAST FORTRAN DIAGNOSTIC RISULTS FOR WRITER

M) ER

RORS




pp!

FIRTRAN(243)/MASTER INTZGER-WIRD SIZZ = 1 4y * OPTION IS OFF o O JFTIONW IS

CSUBROUTINE LABIL(N.TyHySURGZsTITL MI MJyGRIJH,SCALL)

N 2501
= 2 NIMINSION TITL(3)
03 CALL SYMBOL(Ge090e0y0s06Y9412HGILLIE ReDe$80.04512)

R GELL SYM3CL (2,04C+04Gs35,10HSZ0.PROC, 19C.0,10C)

N 5825 CALL DOY(RDT) :

N 006 CALL SYH80L (~s0,0.0,0,354,RDT7530,0,10)

JHo0507 CALL PLOT(Baydey=3)

N 0004 X=MI

N 35C9 Y=MJ

9019 RZAD(S,1)SCALT

JWNOJ011 1 FCRMAT(F10.3)

3012 . , '

WNO9513 SCALE IS GIVEN AS NUMEZIRATOR OF RATIO 13X

o301 X= (X*GRID)/SCAL= .

N 0015 Y=(Y*GRID)/SCALE

N J:16 IF(YeGT.28s C)NRITZ(H,10)Y

i 3017 IF(YeGTo280.0) STGCP 22

N304 17 FORMAT (1M ,31HPL 0T EXOFEZDS PAPER, HETGAT IS oF7.135X41SHINCREASE
N 30193 1SCALEZ. /) ‘ . ' 'Y
N_ G023 WEPITZ(6+.20) Xa Yo SCALE |
g2t 20 FORMAT (1H o 7THPLOT ISsF7e39s1Xy12HINCHES LOMNGy F7e3+1Xe114INCHZS W10
N 2022 1E4/31Xs13HSCALT IS 184F7.0)

N 9323 X=X+24¢0

N )02k Y=Y+2.30

N J02¢ CALL FLOT(24042.C0,3)

4 2326 CALL PLOT(2,.04Y42)

N 027 CALL PLOT(X Y ,42)

LN 35328 CALL PLOT(X 9240,52)

N 0829 CALL PLOT(2:042.042)

.4 2030 CALL PLOT(0.04040,3)

JN3031 I=SCALE

.M 3032 ERCODE(H,2,1) T

N 3933 2 FORMAT(I6)

4 0034 X=X=-1,932 )

N 0335 CALL SYH30L(X3148490e14,10HSCALE = 1,49000,10)

N335 X=X+1a2

N 3837 CALL SYABOL (X+1¢8+0s159T+Ga0y0)

_N 0038 SCALE=GRID/SCALS

N 3033 CALL SYMBOL{(2¢049162,0Ce 14’TITL10 0 933)

SRR ENCODE (3,3, N) N

N 00wl 3 FORMAT(I3)

N 3042 ZNCODE(3,5, ) T
N 043 ENCODZ (3454 HIH

R RN ZHCODE (8,45, SURGE) SURGE

N o90&5 5 FORMAT (F842)

N _0C&H WPITE(B1,40) T,H,SURGE

N i a7 4C FORMAT.(10X,; 343) . o

N 0J48 CALL SY13CL (24040 e7y0e1l4411HNOs OF RAYS,000,11)

N 0049 CALL SYMBOL(2¢040¢540014%93HPERIOD = ,04049)

N_0350 CALL SYMBOL (34690 e790e1tyNy0,043)

N- 3951 .
_H 52

CALL SYHBOL(3-7700513-1¥,4H5500vD.U:#)




S 1

FORTRAN (2 3) /MASTER INTZGER. WORD SIZZ = 1 4 * OPTION IS OFF , 0 OPTION IS

N 3053 CALL SYMBOL (5¢09Ce790e1to1ardHAVE HIUGHT = 4Ge091t)
i L CALL SYMBOL (be74304790e3i9H,00045)

! 55 CALL SYMBOL (744900790016 33HFTesCeal043)

LN J556 CALL SYIBIL (54090 54 0e1%41+HTIDE HIIGHT = 40els1%)
LN 1057 CALL SYIBOL(6e790e540e1%9SURGZ$040453)

N 00558 CALL SY430L (7 6000590015 93HFTegUoly3)

LN JC59 DECOIE (3,34 HI N

| 4 93060 DECOUJDZ (3,454 T

LN J061 DECODZ (3454 H) H

N 2062 _ DECODI (8454 SUZGZ)SURGE

LN 3053 WRITE(HLs50) TeH,ySURGE

i JtbL €0 FORMAT(1iX,3F8.2)

N 2065 RZ TURN

N 0066 £ND

USASI FORTRANMN DIAGHOSTIC RISULTS FOR LAB:L

N9 ERRORS




FORTRAN(2. 3) /MASTER INTZGZR WORN SIZZ = 1 5 * OPTION LS OFF , 3 OPTION IS

NST

LN G001 SUBROUTINZ GRAPH(AsBsSCALZ 4MXY)
£o2 X= A -

L 503 Y=8

L 000k X= (X*SCALF) 2.0

LN JGO05 Y= (Y*SCALE) +2.40

LN 1506 IF (MXY,FQ.1)CALL PLOT(X,Y,3)

LN 3607 IF (MXY  NE1)CALL PLOT(X,Y,2)

L1 1008 _ PETURN -

LN 3009 END

USAST FORTRAN DIAGNOSTIC R-SULTS FOR GRAPH

NO ERRORS
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